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Effect of Irrigation with Reclaimed Wastewater on Soil Properties and Olive

Oil Quality
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ABSTRACT

A number of Mediterranean countries have experienced severe imbalances of water supply and demand. Due to water
scarcity, Jordan has very limited fresh water resources and the demand on water is ever increasing. Reclaimed wastewater
is considered one of the alternative sources of irrigation water in these countries. A two consecutive year monitoring study
was conducted in 2002 and 2003 to evaluate the effect of reclaimed wastewater (from Al-Samra Treatment Plant (STP))
on soil chemical properties, leaf mineral composition and olive oil quality. A reference olive orchard irrigated with fresh
water of comparable age located near the STP was chosen for this comparative study using the local olive cultivar ‘Nabali
Baladi’ in both locations. Soil, water, olive leaves, fruits and olive oil samples were analyzed according to standard
methods. Irrigation with reclaimed wastewater significantly increases K and P concentrations in the soil of the STP olive
orchard as compared to the reference orchard; while irrigation water indicated no significant differences in pH values
between the two sources of irrigation water. Water salinity and Na™ were much higher in reclaimed wastewater as
compared to fresh water. However, CI, S0,% and heavy metal concentration remain within the standard limits in both
water sources except for Mo which exceeds the standard limit.

Olive leaf tissue showed higher N, P and K concentrations from orchard irrigated with reclaimed wastewater. However, Fe
and Mn concentrations were higher in olive leaves from the reference orchard. Results also showed no trend of increasing
heavy metal concentrations in the leaves of olive trees in both orchards. Percent of olive oil content, expressed as dry
matter, was significantly higher in fruits from the STP orchard as compared to the reference orchard. Olive oil quality
parameters indicated no significant differences in moisture content, specific gravity, refractive index, free acidity and
iodine value extracted from olive fruits at both locations. Trace elements (Fe, Cu) and heavy metals (Pb, Cd) in olive oil
were below the detectable level for both olive orchards. This indicated that there was no residual effect of RWW irrigation
on the concentrations of trace elements and heavy metals in olive leaves during the study period.
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INTRODUCTION
Olive (Olea europaea L.) cultivation was developed
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by ancient civilizations around the Mediterranean Basin.
Today, olive remains one of the most important crops in
the region and holds enormous economical and
agricultural importance. Olive is the most important tree
crop in Jordan with an annual production of 243,000
tons of olive fruits cultivated on about 126,000 ha
(Ministry of Agriculture, 2006). Jordan places tenth on
the list of the world’s nations in olive oil production
(100C, 2005).
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Land areas available for agricultural development in
the Middle-East are located in arid and semi-arid zones,
where cultivation compels utilization of large amounts
of irrigation water and where good quality water sources
are particularly scarce. Among various water
conservation practices, the use of non-conventional
water resources, such as treated wastewater must be
probed (Mahasneh et al., 1989; Al-Lahlam et al., 2003).
Jordan's 19 wastewater treatment plants generate more
that 80 million cubic meters of treated wastewater per
year. This volume is significant and will play an
important role in meeting future demands for water in
Jordan. Wastewater reuse for agriculture offers the
greatest scope for application because it usually has the
potential to meet growing water demands, conserve
potable supplies, reduce disposal of pollution effluent
into surface water bodies, allow lower treatment costs
and enhance the economic benefits for growers due to
reduced application rates for fertilizers.

Irrigation allows cultivation of olive in semi-arid and
arid geographic locations, where rain-fed olive orchards
are unfeasible (average annual rainfall of less than 300
mm per year). Fresh water in these dry areas is scarce
and only low-quality (saline and reclaimed wastewater)
sources of water are available for olive irrigation. There
is little information regarding the effect of reclaimed
wastewater (RWW) on olive trees. There is also no
information available today considering the effect of
reclaimed wastewater (effluent) irrigation on oil quality.

A number of studies during the past decades have
demonstrated that irrigation may dramatically increase
olive yield under typical Mediterranean climatic conditions
(Cruz-Conde and Fuentes, 1984; Patumi et al., 2002). Olive
is considered moderately tolerant to salinity (Maas, 1990;
Gucci and Tattini, 1997; Chartzoulakis et al., 2002), and
therefore low-quality water sources including treated

wastewater may be a useful option. It was reported that
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RWW available for irrigation is commonly characterized
by high salinity, excess levels of B and significant but non-
uniform concentrations of both potential plant nutrients (N,
P, K and micronutrients) and environmental contaminants
(Pescod, 1992). The few publications available on the use
of RWW for irrigation of olive trees are limited mostly to
water from olive industry; table olive industry (Murillo et
al., 2000) or mills. A study from Tunisia demonstrated that
the use of treated chloride-sodic wastewater increased
vegetative growth and olive yield in comparison to non-
1999).
wastewater is often characterized by relatively high

irrigation regime (Charfi et al., Reclaimed
concentrations of nutrients including K (Pescod, 1992)
which should be beneficial for the olive plant. This is
complicated by the fact that recycled water is also
characterized by high levels of Na* and NH," that may
cause reduction in K level in leaves through antagonistic
effects of these cations on uptake and transport of K (Tattini
et al., 1995; Dag et al., 2004; Al-Absi et al., 2003).

There is little to no literature regarding the effect of
RWW on olive oil quality, despite the fact that it is
already used in some countries (Tsagarakis et al., 2001).
Regarding the relatively high salinity of reclaimed
wastewater, Wiesman et al. (2004) found no effect of
saline water irrigation (comparing to fresh water) on
fatty acid composition, especially peroxide value and
fatty acid profile. Saline water increased the level of
certain antioxidant components (polyphenols and
Vitamin E), which might indicate an advantage to the
reclaimed wastewater.

The main objective of this study was to investigate
the effect of RWW irrigation on soil properties, leaf

mineral composition and olive oil quality.

MATERIALS AND METHODS
A two-year monitoring study was conducted in 2002
and 2003 to investigate the effect of RWW irrigation
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from Al-Samra Treatment Plant (STP) on soil chemical
properties, olive leaf composition and oil quality. A
reference site was chosen to assess the extent of
irrigation with RWW
comparison to fresh water. The reference site is a private

pollution induced by in
olive orchard irrigated with fresh water and located
nearly 5 km north-west of the STP site.

The planted orchards, both at STP and reference
orchard, were divided into four plots, each consisting of
four olive trees of ‘Nabali Baladi’ cultivar. Olive trees at
the STP orchard were subjected to surface irrigation
(Basins) with reclaimed wastewater since 1986. Soil
samples were randomly collected from each plot in
September for two successive seasons at three depths
(0-30, 30-60 and 60-90 cm). Soil samples were air-dried at
room temperature and ground to pass a 2-mm sieve.
Saturated paste extracts of soil samples were analyzed for
pH, EC, Na, Ca, Mg, HCOs, CI, SO4, N, SAR, P, K, Fe,
Cu, Mn, Cd, Pb, Ni, Zn, Mo, Se and As, according to
methods of soil analysis (Anonymous, 1994). Plant
available P was analyzed by the ascorbic acid molybdenum
blue method after sodium bicarbonate extraction (Olsen and
Sommers, 1982). Exchangeable K was analyzed by flame
photometery after neutral 1.0 N ammonium acetate
extraction (Knudsen and Peterson, 1982).

Water samples were collected each season in
September from the STP irrigation water and from the
reference irrigation well. Water samples were analyzed
for pH, EC, TDS, Na, Ca, Mg, HCOs, CI, SO,, SAR, P,
K, Fe, Cu, Mn, Zn, Cd, Pb, Ni, Mo, Se and As,
according to standard methods for water and wastewater
analysis (Anonymous, 1998).

Composite olive leaf samples were collected in July
from the periphery of each tree in the plot. Olive leaves
were washed with 0.1% neutral detergent, dried at room
temperature in the shade for 24 hours and then in the
oven at 70°C for 48 hours and electrically ground using
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a Molinex blender mixer to pass a 20-mesh screen. The
resulting powder was wet-digested using, preferentially,
a 1:4 acid mixture of HC1O, and H,SO, for trace element
analysis (Cajuste et al., 1991). Olive leaf contents of
specific elements and heavy metals were analyzed
according to official methods of analysis of AOAC
(Horwitz, 2000).

Olive fruits were harvested in November and sent
directly to olive mill for oil extraction. Fruit samples
were taken for determination of oil and moisture content.
After pit removal, fruits were crushed and dried at
105°C for 3 hours. The dried matter was weighed,
moisture content recorded and the total oil was extracted
using Soxhlet apparatus with petroleum ether as solvent.
The oil content was calculated on a dry weight basis
(Paquot, 1997).

Analysis of olive oil quality parameters including
moisture content, specific gravity, refractive index, free
acidity, peroxide value, iodine value, trace metals and
heavy metals was performed according to the methods
described in the International Standard Organization
(I1SO) and the International Olive Oil Council standards
(100C, 2003).

Statistical analysis was performed using SPSS program
(version 10, 1999). Means were calculated for the four
replicates of each sampling site in both studied orchards
and compared using Studant’s t-test (Little and Hills, 1978).

RESULTS AND DISCUSSION

Analysis of Irrigation Water

Reclaimed wastewater analysis showed significantly
higher salt concentrations, Na*, HCO3, SO,%, SAR, P,
K, Fe, Mn, Se and As for the 2002 season as compared
to fresh water used in the reference orchard (Table 1).
However, during the 2003 season, RWW analysis
showed significantly higher salt concentrations, Na’,
HCOg3, CI', SAR, P, K, Fe and As, as compared to fresh
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water used in the reference orchard. In addition, Pb, Ni
and Mo concentrations were below detection. The
average concentrations of most cations, anions, trace
elements and heavy metals in RWW were within the
Jordanian standard for water use in irrigation of fruit
trees (Table 1).

Reference well water was found to have EC values
of 1.23 and 1.26 dS/m and SAR values of 1.86 and 8.44
in 2002 and 2003 seasons, respectively. According to
Rhoades et al. (1992), this type of water is classified as
slightly saline. However, STP effluent water is classified
as moderately saline for the 2002 and 2003 seasons
based on available EC and SAR values (Table 1).

Soil Analysis

Soil analysis for both STP and reference orchards
indicated that soil texture was silty clay. There was no
effect of irrigation with RWW on soil pH as compared
to soil irrigated with fresh water for the 2002 and 2003
seasons (Tables 2 and 3). Results revealed no variation
in soil solution pH over the two seasons, which may be
explained by the fact that our studied soils are high in
CaCO; which buffers soils in the pH range of 7.14 to 8.5
(Lindsay and Schwab, 1982). Soil EC was negatively
affected by irrigation with RWW as compared to soil
irrigated with fresh water. In general, soil EC increased
by irrigation with RWW. Soil EC was 3.26, 5.05 and
1.83 dS/m for depths 0-30, 30-60 and 60-90cm,
respectively for soil which received RWW, while soil
EC was 1.38, 1.73 and 3.40 dS/m at the same depths,
respectively for soil which received fresh water for the
year 2002 (Table 2). The same trend was observed also
for the 2003 season (Table 3). Fardous and Jamjoum
(1996) reported EC values of 5.67 dS/m at 10-20cm
depth for STP soil profile.

Irrigation with RWW increased the concentration of
soil exchangeable K and available P at all soil depths as
compared to soil which received fresh water for both
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2002 and 2003 seasons (Tables 2 and 3). For example,
soil P content was 159.59, 156.72 and 143.59 ppm for
depths 0-30, 30-60 and 60-90cm, respectively for soil
which received RWW, while soil P was 49.72, 46.97 and
38.14 ppm at the same depths for soil which received
fresh water for the year 2002 (Table 2).

The concentrations of Fe, Mn, Zn and Mo in STP soil
solution were not significantly different from those of the
reference orchard for the 2002 and 2003 seasons.
However, Cu concentration was significantly higher in the
reference orchard compared to STP orchard (Tables 2 and
3). Irrigation with RWW showed no significant addition
of heavy metals (Pb, Cd, Ni and Se) to soil at all depths.
These results may be attributed to low contents of trace
elements and heavy metals in RWW used, since the
influents of STP is almost exclusively of domestic origin,
with little industrial contribution. In general, our results
are in harmony with the findings of Khattari and Jamjoum
(1988) who conducted a study on the effect of effluent
irrigation on quality and yield of sweet corn and some soil
properties, and concluded that effluent irrigation raised
soil EC. and increased concentrations of extractable P, K
and to a lesser extent micronutrient cations; while no
contribution to heavy metal input to soil was observed.
However, Al-Gazzaz (1999) reported that reclaimed
wastewater irrigation from STP increased soil solution K*,
extractable P and extractable Fe and Pb, while extractable
Cd was below detection.

Olive Leaves Analysis

In general, olive leaf analysis showed higher
concentrations of N, P and K for olive trees irrigated
with RWW as compared to those irrigated with fresh
water in the reference orchard. However, the difference
was significant only for N and K for the 2003 season
(Table 4). Olive leaves of the reference orchard
accumulated higher concentrations of Ca, Mg, Fe and
Mn for the two sampling years, even though the
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difference was significant for only Mg and Mn elements.
Olive leaf analysis showed no trend of increasing heavy
metal concentrations for trees irrigated with treated
wastewater compared to those irrigated with fresh water
(Table 4). These results may be explained by the relative
low concentrations of trace elements and heavy metals
in the STP orchard soil. Al-Gazzaz (1999) reported that
olive irrigated with reclaimed wastewater results in
higher olive leaf concentrations of Cu, Fe, Mn, Cd and
Pb. Fardous and Jamjoum (1996) reported high K
concentration in corn leaves in response to irrigation
the
micronutrients in corn leaves was not affected by

with reclaimed wastewater. However, level of
reclaimed wastewater irrigation. Furthermore, Khattari
and Jamjoum (1988) reported that effluent irrigation
caused an increase in sweet corn leaf N, P and K and
thus in the total dry matter yield.

For diagnosis of the nutritional status of olive trees in
our study, results of olive leaf chemical analysis were
compared with documented standards. Olive trees from
STP and reference orchard proved to be both deficient in
Cu while exhibiting sufficient supplies of N, P, K, Ca,
Mg, Fe and Mn (Jones, Jr. et al., 1991; Reuter and
Robinson, 1986). On the other hand, olive leaf Na and
Cl were normal at both sites (Reuter and Robinson,
1986). In addition, leaf Cd and Pb were normal at both
sites (Chaney, 1983, cited by Cajuste, 1991).

Effect of RWW on Oil Content and Quality
Parameters

Olive fruit moisture content for trees irrigated with
reclaimed wastewater was not significantly different
from trees irrigated with fresh water in the reference
orchard. Oil content of the olive fruits, expressed as
percent of dry matter, was significantly higher in the
fruits harvested from the STP orchard compared to
reference orchard (Table 5). Higher oil content in fruits
from STP orchard may be explained by higher P and K
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levels in soil solution and in olive leaf tissue, in addition
to differences in soil salinity of both orchards. Cimato
(1990) reported a positive correlation between potassium
build-up in the olive fruit and its oil content. Inglese et
al. (1996) attributed higher oil content in irrigated olives
compared with non-irrigated ones, to higher K
concentrations in the olive fruits. Al-Gazzaz (1999)
reported that fruits of olive trees irrigated with recycled
wastewater exhibited higher oil content compared with
fresh water irrigated trees. Loupassaki et al. (1993)
found that soil application of N fertilizer depressed olive
flesh oil percentage by 4.18% in comparison with
unfertilized control due mostly to the enhancement of
vegetative growth and hence delayed fruit ripening.

In general, all olive oil quality parameters fall within
the standard limit values (Tables 6 and 7). Results showed
that moisture content, specific gravity, refractive index,
free acidity and iodine value for olive oil extracted from
fruits of the STP orchard were not significantly different
from those in the reference orchard. However, peroxide
value was significantly higher for olive oil extracted from
fruits of the reference orchard, even though its value
remains below the standard limit. Trace elements (Fe, Cu)
and heavy metals (Pb, Cd) were below the detectable
levels for both olive orchards (Table 6). Analysis of fatty
acid composition revealed no significant differences
between olive oil extracted from olive trees grown in the
STP and the reference orchards except for palmitic acid
and linoleic acid which were significantly lower for oil
extracted from the STP orchard compared with the
reference one (Table 7). There is little to no literature
regarding the effect of reclaimed wastewater on olive oil
quality, despite the fact that it is already used in some
2001). According to
Kiritsakis (1998), nitrogen is considered essential for

countries (Tsagarakis et al.,

lipogenesis. It has been observed that nitrogen-fertilizer
increases the oleic and stearic acid content of olive oil.
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Dag et al. (2004) reported that olive oil produced under
saline irrigation do not differ significantly in terms of
quality parameters from other oil produced from rain-fed
and fresh-water irrigated orchards. Cresti et al. (1994)
reported that salinity increased olive oil linoleic-linolenic
acid ratio and decreased the oleic-linolenic acid ratio.

CONCLUSIONS
Results of the current study indicated that there was
effects of RWW the
concentration of trace elements and heavy metals in

no residual irrigation on
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olive leaves during the study period.
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Table (1):Physical and chemical analysis of reclaimed wastewater from Al-Samra Treatment Plant (STP) and the
reference orchard irrigation water for the years 2002 and 2003 as compared to Jordanian standard (JS-893/2002)
for reclaimed wastewater used for fruit trees.

2002 2003
Parameter Unit Reference Reference JS**
STP Orchard STP Orchard
pH - 8.32 a* 8.15a 8.18a 8.00a 6-9
EC dSm 26la 1.23b 2.62a 126 b 25
TDS ppm 1681.60 a 808.75 b 114850 a 584.25 b 1500
Na* 1091 a 3.62b 23.24a 16.21b 10
Ca? 3.18a 3.18a 3.26a 3.39b 11.5
Mg 3.32a 439b 3.86a 412 a 8
HCO5 meq L™ 7.25a 1.08 b 7.15a 0.71b 6.5
Cr 6.62 a 8.04 b 12.48 a 7.82b 11
S0,% 250a 1.97b 12.67 a 1553 b 10
SAR - 6.04 a 1.86 b 12.29 a 8.44 b 9
P 13.53a 3.34b 13.65a 252b 30
K 48.50 a 7.75b 52.20 a 571b -
Fe 0.17a 0.02b 0.17a 0.02b 5
Cu 0.02a 0.0la 0.02a 0.02a 0.2
Mn o 0.11a 0.02b 0.03a 0.02a 0.2
Zn PP 0.05a 0.06 a 0.04a 0.03a 5
Cd 0.02a 0.02a 0.0la 0.02a 0.01
Pb 0.04a 0.14b bd* bd 5
Ni 0.02a 0.0la bd bd 0.2
Mo 0.06 a 0.04a bd bd 0.01
Se b 1.88a 0.54 b 0.52a 0.51a 50
As bp 468 a 0.64 b 5.35a 0.66 b 100

*Means within rows for each year having the same letter are not significantly different at 5% probability level according to Studant’s t-test.
** Jordan Standard for Reclaimed Waste Water (Ministry of Water and Irrigation, 893/2002.

! bd: Below detection level.
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Table (2): Soil physical and chemical properties of collected soil samples from Al-Samra Treatment Plant area
(STP) and the reference orchard area at three depths for the year 2002.

Parameter STP Reference Orchard
Soil depth Unit
ordep 0-30 30-60 60-90 0-30 30-60 60-90
(cm)
pH 7.70 7.78 7.90 7.95 7.90 7.85
EC dSm? 3.26 5.05 1.83 1.38 1.73 3.40
Na* 9.98 8.69 7.54 5.63 6.72 12.32
Ca* 9.75 7.00 5.25 2.50 2.75 4.62
Mg 10.25 7.25 5.00 5.00 6.25 10.62
HCO3 meqL™ 2.50 2.50 2.50 2.50 2.50 2.50
Cr 6.25 4.38 5.62 8.75 9.38 13.12
S0,% 21.23 16.07 9.92 1.88 3.84 11.95
Na % 33.34 39.88 43.01 44.76 45.63 47.95
N % 0.11 0.82 0.05 0.10 0.80 0.07
SAR - 3.15 3.38 3.34 2.97 3.18 4.04
P 195.59 156.72 143.59 49.72 46.97 38.14
K 983.92 894.62 833.25 503.12 451.20 425.85
Fe 5.40 4.38 5.19 4.77 3.67 4.16
Cu 0.99 0.89 0.85 1.33 1.24 1.24
Mn 19.26 20.05 15.79 18.89 16.54 17.24
cd ppm 0.09 0.06 0.05 0.07 0.06 0.06
Pb 0.21 0.18 0.20 0.12 0.10 0.08
Ni 0.76 0.73 0.63 0.57 0.55 0.53
Zn 2.63 3.79 1.71 2.25 1.10 1.47
Mo 0.48 0.65 0.68 0.46 0.62 0.53
Se 0.74 1.30 1.77 0.38 0.39 0.58
As ppb 9.66 14.89 22.10 19.27 16.19 19.75
Silty cla Silty cla
Soil texture y iy Silty clay  Silty clay y cly Silty clay Silty clay

loam loam
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Table (3): Soil physical and chemical properties of collected soil samples from Al-Samra Treatment Plant area and
the reference orchard area at three depths for the year 2003.

Paramete
rameter STP Reference
Soil depth Unit
Oll de
P 0-30 30-60 60-90 0-30 30-60 60-90
(cm)
pH - 7.62 7.55 7.72 7.80 7.80 7.70
EC dSm* 2.36 2.72 1.96 1.24 1.68 3.92
Na* 8.87 13.77 7.48 4.08 21.77 21.07
Ca 8.75 18.75 7.00 5.50 7.75 11.00
Mgt 5.50 12.00 6.50 4.62 10.25 8.00
HCOy meqL™ 5.62 6.25 5.50 6.00 6.25 6.00
cr 11.88 23.75 13.12 6.75 27.25 31.62
S0,% 5.62 14.52 2.35 1.46 6.02 2.44
Na % 38.61 34.21 37.06 28.26 36.54 39.79
N % 0.44 0.09 0.07 0.42 0.06 0.06
SAR 3.17 3.61 2.96 1.79 5.49 6.78
P 124.08 98.08 93.38 10.81 13.68 13.09
K 873.88 806.31 648.65 357.66 303.60 233.79
Fe?* 8.36 7.32 7.69 6.67 6.40 7.31
cu®* 0.89 0.84 0.75 1.09 0.97 0.86
Mn?* 10.04 10.04 10.02 16.35 13.39 11.58
cd* ppm 0.06 0.08 0.07 0.09 0.06 0.05
Pb?* 0.41 0.41 0.43 0.50 0.48 0.42
Ni 0.44 0.45 0.42 0.42 0.34 0.29
Zn 5.32 4.36 2.56 5.10 6.43 16.91
Mo 0.00 0.00 0.00 0.00 0.00 0.00
Se o 3.37 3.84 4.46 1.99 2.92 2.67
As P 26.38 27.60 34.16 7.14 11.20 8.03
. Silty cla ) . Silty cla ] .
Soil texture y cly Silty clay  Silty clay y cly Silty clay  Silty clay

loam loam
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Table (4): Average olive leaf content of elements at Al-Samra Treatment Plant and the reference orchard for the
years 2002 and 2003.

2002 2003 Standard
: olive leaf
Parameter Unit .
STP Reference STP Reference nutrient
content**
N % 1.94+0.16 a * 1.36+£0.06 a 2.3240.12 a 1.31+0.11b 1.5-2.0
P % 0.10+0.01 a 0.10+0.00 a 0.14+0.01 a 0.12+0.01 a 0.1-0.3
K % 0.94+0.04 a 0.86+0.05 a 1.40£0.04 a 0.75+0.09 b >0.8
Na* % 0.04+0.00 a 0.04+0.01 a 0.1720.01 a 0.10+0.01 b -
Cr % 0.08+0.00 a 0.08+0.00 a 0.05+0.00 a 0.02+0.00 a -
Ca % 1.21+0.03 a 1.26+0.06 a 1.184+0.03 a 1.26+0.04 a >1.0
Mg % 0.15+0.01 a 0.20+0.01 b 0.1720.01 a 0.26+0.02 b >0.1
Fe ppm 289.50+34.64a 389.00+74.02a 389.75+40.47a 524.00£70.57 a -
Mn ppm 37.00£1.22 a 65.50+4.86 b 47.75+1.25a 60.75+2.93 b >20
Cu ppm 2.25+0.25 a 1.50+£0.29 a 4.25x0.25 a 3.50+0.50 a >40
Pb ppm 1.25+0.32 a 0.69+0.16 a <0.01 <0.01 2-5
Cd ppm <0.2 <0.2 0.09+0.02 a 0.2620.04 b 0.1-1.0
Cr ppm 0.65x0.14 a 0.70x0.11 a 0.76x0.11 a 0.97+0.17 a -
Ni ppm 1.95+0.25a 2.00+0.15a 2.08+0.05 a 2.20+0.11 a -

*Mean + SE of four replications. Mean separation, by Studant’s t test. Means within rows for each year having the same letter are not
significantly different at 5% probability level.
** Source: (Reuter and Robinson, 1986).

Table (5): Percent of oil and moisture content in ‘Nabali’ olive fruits grown at Al-Samra Treatment Plant and the
reference orchard for the season 2003.

Parameter STP Reference
Moisture content (%0) 50.89 a* 51.06 a
Oil content (%) (Dry weight basis) 52.06 a 47.52b

* Means within each row having the same letter are not significantly different at 5% probability level

according to Studant’s t-test.
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Table (6): Quality characteristics of olive oil extracted from ‘Nabali’ cultivar grown at Al-Samra Treatment Plant
and the reference orchard for the season 2003.

Parameter Unit STP Reference Orchard Limit
value**
Moisture content % 0.12 a* 0.14a Max 0.2
Specific gravity at 20°C gem 0.912a 0.912a 0.910-0.916
Refractive index at 20°C - 1.469 a 1.469 a 1.467-1.470
Free acidity as oleic acid % 0.50 a 0.52 a Max 3.3
Peroxide value meq O, kg™ oil 12.62 a 17.48b Max 20
lodine value g/100g 84.27 a 81.24 a 75-94
Iron (Fe) mg/kg NIL! NIL Max 3.0
Copper (Cu) mg/kg NIL NIL Max 0.1
Lead (Pb) mg/kg NIL NIL Max 0.1
Cadmium (Cd) mg/kg NIL NIL Max 0.1

*Means within each row having the same letter are not significantly different at 5% probability level according to Studant’s t-test.

INIL: non-identifiable level.

**Source: (I0OOC, 2006). Trade standard applying to olive oils and olive-pomace oils. International Olive Oil Council,

(COI/T.15/NC no.3/Rev. 2) Madrid, Spain.

Table (7): Fatty acid composition of olive oil extracted from ‘Nabali’ cultivar grown at Al-Samra Treatment Plant
and the reference orchard for the season 2003.

Fatty acids (% m/m methyl esters) STP Reference Orchard  Limit value**
Palmitic acid C16:0 13.01 a* 14.01b 7.5-20.0
Palmitoleic acid C16:1 1.09a 121a 0.3-3.5
Stearic acid C18:0 2.74a 2.65a 0.5-5.0
Oleic acid C18:1 68.06 a 67.24 a 55.0-83.0
Linoleic acid C18:2 13.06 a 13.73b 3.5-21.0
Linolenic acid C18:3 0.95a 0.80a Max 1
Arachidic acid C20:0 0.58a 0.44 a Max 0.6
Behenic acid C22:0 0.15a 0.14a Max 0.2

*Means within each row having the same letter are not significantly different at 5% probability level according to

Studant’s t-test.

**Source: (I00OC, 2006), Trade standard applying to olive oils and olive-pomace oils. International Olive Oil
Council, (COI/T.15/NC no.3/Rev. 2) Madrid, Spain.
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