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Abstract: Traditional olive orchards have been grown for thousands of years and still occupy most of the
world’s olive cultivation area. To compete with olive oil produced in the higher-yielding intensive orchards,
the oil from traditional orchards must be of high quality. We evaluated oil quality — potential and actual (under
commercial conditions)—and identified the stages in the production chain that reduce oil quality in the
traditional sector in the Middle East region. Our findings show a clear negative impact of growers’ traditional
practices on both chemical and sensorial characteristics of the olive oil. The oil originating from the commercial
process had higher free fatty acid and lower polyphenol and carotenoid contents, lower stability, lower
pungency, fruitiness and bitterness, and a higher prevalence of organoleptic defects than oil originating from
fruit picked from the same trees in the experimental procedure. The current, commonly harvesting technique
of pole beating significantly increased fruit injury and fruit with mold, leading to a reduction in oil polyphenols
and an increase in free fatty acid level compared to manual picking. After harvest, storing the fruit for more
than 48 h in plastic bags reduced oil quality dramatically. The traditional olive orchard could potentially be a
source of high-quality Extra Virgin Olive Oil. However, handling of the fruit—from the trees until the end of
the oil-extraction process—is done incorrectly, adversely affecting oil quality.

Keywords: harvesting; oil quality; olive; traditional cultivation

1. Introduction

Olive oil, recognized for its nutritional [1], sensory [2], and medicinal attributes [3], holds a
unique place in the culinary [4] and Mediterranean landscapes [5]. For centuries, olive cultivation has
been intertwined with human history, playing a pivotal role in various cultures and civilizations [6].
Traditional olive production accounts for a large proportion of the olive orchards, particularly in
marginal areas. In general, the traditional system can be described as a low-intensity farming system
[7]. Itis associated with old trees grown at low density without irrigation, giving low yields, receiving
low agrochemical inputs, and with a low degree of mechanization [8]. Olive harvesting in traditional
olive orchards is mainly performed by manual methods using long poles or sticks [9], and temporal
delays between harvest and milling are common [10].

The Middle East region plays a special role in olive cultivation. It seems that domestication and
cultivation of olives started in this region ca. 6500 years ago, earlier than any other place in the world
[11-14]. Hence, this area has the longest tradition of olive cultivation.

The traditional rainfed olive orchards in the Middle East grow ‘Souri’ as the predominant
cultivar [15,16]. Those orchards are not adapted for mechanical harvesting, and manual harvesting
leads to increased labor costs. In addition, the productivity of those orchards is relatively low
compared to intensive orchards, and their low profitability is raising concern about their future. One
of the solutions proposed in Europe for the low profitability of the traditional orchards was to brand
those oils under the Protected Designation of Origin (PDO) system, which allows the growers to get
higher prices for their virgin olive oil (VOO) [17]. However, for the branding of VOO, the first step
must be to obtain extra virgin olive oil (EVOO). Past surveys have shown that most of the oil
produced in traditional orchards does not meet this quality standard. We therefore assessed the
causes of VOO deterioration in traditional orchards in the Middle East. Specifically, we explored the
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potential of the traditionally grown olives to produce high-quality oil and assessed the overall effect
of the growers’ practices, harvesting methods and fruit storage from harvest to mill on the oil’s
quality.

2. Materials and Methods

Three aspects were studied: the effect of general orchard management, the effect of harvesting
method and the effect of fruit storage practice.

2.1. Orchard Locations

Eleven traditional, rainfed olive orchards of different ages were selected from the south
(32022718.35”"N35°02'17.29”E) to the north (33°04'36.78”N35°30'49.97”E) of Israel, in the summer of
2021. In each orchard, six bearing trees (replicates) with medium to high fruit load were selected.

The geographical distribution of the different orchard locations is presented in Figure 1. The
southernmost orchard was selected in the southernmost region where rainfed olives can still be
cultivated commercially in terms of precipitation. From that region, the selected orchards followed a
southwest-to-northeast line.

Mediterranean Sea

Figure 1. Geographical distribution of the sampled olive orchards.

Orchard characteristics are presented in Table 1. The southernmost orchards were at a low
altitude of 60-180 m.a.s.l. and the altitude increased with the northward progression of the orchard
locations.
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Table 1. Some characteristics of the sampled olive orchards.

Average annual

Orchard location Grower Geographic coordinates Altitude ~ Orchard . Tree. Cultivar  precipitation
code (m.a.s.l) age distancing (mm)

Zemer G3 32°22'18.35"N35°02'17.29'E 60 80 10*10 Souri 595
Ara 1 G1 T 180 15 7*6 Souri 620
Ara 2 G2 180 >100 10*12 Souri 620
llania G4 Southernmost orchard 300 90 8"9 Souri 500
Deir-Hanna 1 G6 300 8 66 Souri 616
Deir-Hanna 2 G7 300 70 10*10 Souri 616
Deir-Hanna 3 G8 300 18 4*7 Souri 616
Eilaboun Junction G9 Northernmost orchard 200 120 1010 Souri 550
Moran Junction 1 G11 500 >100 810 Souri 700
Moran Junction 2 G11 500 >100 1010 Souri 700
Hanania farm G10 900 >100 6*10 Souri 737
Alma G5 33°04'36.78"N35°30'49.97"E 600 >100 10*10 Souri 688

2.2. Fruit sampling

2.2.1. Effect of commercial practices on oil quality

In all 11 selected traditional rainfed olive orchards, the soil is stony and calcareous, with a
medium to heavy texture. The climate is typical Mediterranean with a cool, rainy winter and a dry,
hot summer. A few days before the commercial harvest, a 2-kg sample of olives was hand-picked
from each selected tree in each orchard.

2.2.2. Effect of harvest method

In 4 of the 11 selected orchards, simultaneous with the grower’s harvest, three harvest methods
were tested in four trees (replicates): 1) manual picking, 2) the traditional harvest method, i.e., beating
the crown with a pole to detach the fruit and collecting them on nets extended on the ground, and 3)
using electric combs (Pellenc, France) to detach the fruit and collect them on nets extended on the
ground. In each orchard, a 2-kg subsample of olives was taken from each tree and harvest method.
The trees were randomly allocated for the different harvesting methods.

2.2.3. Effect of fruit storage

In two of four selected orchards, two types of storage were tested during the commercial harvest:
in ventilated 20-kg boxes and in non-ventilated 20-kg plastic bags. Three storage times were tested:
24, 48, and 120 h. Each combination of storage method and storage duration had four replicates.

2.3. Fruit characterization

The following fruit parameters were measured on a subsample of 100 fruit: rotten (moldy) fruit
index and injury index. Both indexes were on a scale of 0-10, where 0 was no rotting or injury and 10
was heavily rotten or injured. Rotting and injury intensities were estimated for each of the 100 fruit
in the subsample, and the number of fruit from a given category was multiplied by the intensity level,
resulting in a rotting/injury intensity. The minimum possible value of this parameter was zero and
the maximum was 10.

2.4. Laboratory and commercial oil extraction and oil content determination

Commercial oil extraction performed in 3-phase medium-sized olive mills. Laboratory oil
extraction of all olive samples conducted using a laboratory-scale olive mill (Abencor, MC2 Ingenieria
y Sistemas, Seville, Spain). After extraction, the oil filtered using filtering paper. A subsample from
the olive paste was taken to determine oil and water content using a NIR spectrometer (OliveScan,
Foss, Denmark) [18].
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2.5. Oil chemical analysis

An olive oil sample was taken from the olive mill at each orchard, representing commercial
harvesting and oil-extraction processes. This sample was filtered and analyzed with the olive oil
samples obtained from the laboratory extraction. Chemical analysis was performed as described
previously [19].

Free fatty acid (FFA) levels were determined using International Organization for
Standardization (ISO) analytical method 660. FFA level was expressed as percent oleic acid. Phenolic
compounds were isolated from a solution of oil in hexane by double-extraction with methanol-water
(60:40, v/v). Polyphenol content, expressed as tyrosol equivalents (mg kg oil), was determined with
a UV-visible spectrophotometer (Beckman Coulter, Fullerton, CA, USA) at a wavelength of 735 nm,
using Folin—Ciocalteu reagent [20]. Fatty acid composition was determined by gas chromatography
following cold methylation according to International Olive Council (IOC) method COI/T.20/Doc.
No. 24, 2001. Chromatographic analysis was performed using an Agilent 6850 N gas chromatograph
equipped with a mass spectrometer (Agilent Technologies, Santa Clara, CA, USA) and DB23 capillary
column (60 m long, 0.25 mm diameter, 0.25 pm film thickness; J&W Scientific, Folsom, CA, USA).
Helium was employed as the carrier gas (Maxima, Ashdod, Israel). The detector temperature was set
to 250 °C. The oven temperature was held at 175 °C for 5 min, then increased at 5 °C min! to 240 °C
and held for 7 min until the end of the 25-min run. The injection volume was 1 pL (regulation EEC
2568/91, corresponding to American Oil Chemists’ Society [AOCS] method Ch2-91). Fatty acids were
identified by comparing retention time with standard compounds (FAME Mix C8-C24, Supelco,
Bellefonte, PA, USA). The relative composition of fatty acids in the olive oil was determined as the
percentage of total fatty acids.

Total carotenoid content was measured according to the method described by Salvador et al. [21]
modified for a 96-well plate: 420 pL oil was mixed with 980 pL isooctane to obtain 30% oil in
isooctane, and 200 pL was pipetted into a 96-well plate and read at 470 nm, in four replicates. Path-
length correction and specific extinction values were used. Sterol analysis was modified for a 96-well
plate from Aradjo et al.[22]. A 100-uL aliquot of oil was mixed with 900 uL chloroform, and 300 uL
was pipetted out and mixed with 200 uL chloroform; 200 pL of this solution was pipetted into a 96-
well plate , which was kept in the dark for 15 min then read at 625 nm. Tocopherol analysis was
modified for a 96-well plate from Wong et al. [23]. A 40-pL aliquot of oil was weighed, and 1 mL
toluene was added and mixed well; 700 pL 2,2’-bipyridine (0.07% w/v in 95% aqueous ethanol) and
100 pL FeCls-6H20 (0.2% w/v in 95% aqueous ethanol) were added in that order. The solution was
made up to 2 mL with 95% aqueous ethanol. After standing for 1 min, absorbance at 520 nm was
determined using a blank solution as a reference, prepared as above, but omitting the oil. Solutions
were protected from strong light during color development. The method was calibrated by preparing
standards containing 0-240 ug of pure a-tocopherol in 10 mL of toluene and then analyzing as above.

2.6. Oil sensory analysis

Sensory assessment was performed by an IOC-recognized panel (Israel’s Southern Panel)
following the IOC COI/T.20/Doc. No 15/Rev method regulation.
2.7. Data analysis

Data were analyzed by one-way analysis of variance using JMP software version 16 (SAS
Institute, Cary, NC, USA). Significant differences were determined by Student’s t-test at P < 0.05.

3. Results

3.1. Effect of current commercial processes on oil quality

In this experiment, we assessed the effect of the current commercial processes used by the
farmers in the oil-production chain (which includes harvest, fruit storage until milling [time and
storage conditions and milling] and oil extraction) and compared them to experimental laboratory-
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scale processes. The experimental process aimed to minimize oil deterioration and thus reflects the
quality potential of the oil if the harvesting and milling are done properly.

Oil content in the paste, based on the dry weight of the sampled fruit, is presented in Figure 2A.
In most orchards, oil reached the maximum possible content of 50% [18], or was very close to this
value at the time of the experimental harvest.
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Figure 2. (A) Oil content in the dry olive paste in the different orchards (averages of 6 trees per
orchard). The vertical red line indicates the 50% value. (B) Free fatty acid (FFA) content in oils
extracted in the laboratory from experimental harvested olives and in oils obtained from the
commercial harvest and oil-extraction processes (conducted by the grower). Differences between
treatments are significant (paired observations t-test; P = 0.0023). (C) Polyphenol content in oils
extracted in the laboratory from experimental harvested olives and in oils obtained from the
commercial harvest and oil-extraction processes. Differences between treatments are significant
(paired observations t-test; P < 0.0001). (D) Stability of the oils extracted in the laboratory from
experimental harvested olives and in oils obtained from the commercial harvest and oil-extraction
processes. Differences between treatments are significant (paired observations t-test; P <0.0001).

FFA content in the oil obtained from each of the sampled orchards is presented in Figure 2B. For
all orchards, FFA values of the experimental sampling were lower than those measured in the oil
obtained from the commercial harvest and oil extraction. While in the experimental harvest, all of the
samples were below 0.8%, the threshold for EVOO, in the commercial harvest, most of the samples
(6 out of 11) were above this threshold and did not meet the standard for EVOO.

Polyphenol content in the oil obtained from each sampled orchard is presented in Figure 2C. In
all 11 orchards, oil polyphenol content in the experimental harvested fruit was higher than in the oil
from the commercial harvest.

Oil stability in the different oil samples is presented in Figure 2D. Oil stability values in the
experimental harvested fruit were significantly higher than those measured in the oil from the
commercial harvest.

The oil’s secondary metabolite content is presented in Figure 3A-D. Oil carotenoid content
(Figure 3A) and oil chlorophyll content (Figure 3C) were higher in the experimental harvested olives
compared to the commercial harvest and oil extraction. Oil tocopherol content (Figure 3B) showed
no consistent trend between experimental and commercially harvested olives. Although phytosterol
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most cases (Figure 3D), the differences were not statistically significant.
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Figure 3. Total carotenoid (A), tocopherol (B), chlorophyll (C) and phytosterol (D) content in the oils
extracted experimentally and in oils obtained from the commercial harvest and oil-extraction
processes (conducted by the grower).

There was a significant difference in fatty acid profile between the oil obtained from the
commercial process and that obtained by the experimental one (Table 2). The farmer’s practice led to
a significant elevation in oleic acid, margaric acid and the MUFA/PUFA ratio, and a significant
reduction in palmitoleic acid, linoleic acid, linolenic acid and the SFA/UFA ratio.

Table 2. Oil fatty acid profile, ratio of monounsaturated to polyunsaturated fatty acids
(MUFA/PUFA), and ratio of saturated to unsaturated fatty acids (SFA/UFA) in oils originated from
commercial and experimental harvesting in 11 traditional orchards.

Treatment Palmitic Stearic Palmitoleic Oleic Linoleic Linolenic Arachidic Margaric MUFA/PUFA SFA/UFA
acid (%) acid (%) acid (%) acid (%) acid (%) acid (%) acid (%) acid (%)
C16:0 C18:0 Cl6:1 C18:1 C18:2 C18:3 C20:0 C17:0
Commerecial 11.8 3.6 0.7 711 10.0 0.4 0.5 0.6 7.1 0.21
Experimental 144 3.7 1.0 65.9 11.7 0.7 0.9 0.4 5.6 0.25
Significance * N.D. * * * * N.D. * * *

*Significant differences between oil originating from commercial harvest and that from experimental harvest (P
<0.05). N.D., no significant difference. .

The average fruitiness level in the experimentally harvested fruit was 3.5, whereas in the
commercial harvest, it was only 1.6. Average olive oil bitterness was 3.8 in the experimental harvest
and 2.4 in the commercial one, and oil pungency, which was 4.2 in the experimental harvest, was
only 2.6 in the commercial harvest. In the experimental harvest, 3 out of the 10 oils contained defects
and defect level was relatively low (<2), whereas in the commercial harvest, 9 out of the 10 oils
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contained defects, and their levels were high, ranging between 2 and 4. Hence, the experimental
harvest resulted in better positive attributes and less negative attributes than the commercial one.

3.2. Effect of harvest method

In this experiment, we aimed to separate the harvesting stage from the commercial oil-
production chain to understand its role in oil-quality degradation. Manual harvest represents the
least disruptive harvesting, used in the first experiment (‘experimental” harvesting). Pole beating is
the commercial method used by the farmers, and the electric comb is a more modern method of fruit
harvesting that saves on labor.

The fruit that were harvested by pole beating were significantly more injured than the manually
harvested fruit (74.5% vs. 38.6%, respectively), whereas electric-comb harvesting resulted in an
intermediate value of 58.3% injured fruit (Figure 4A). Moreover, fruit mold was more than double
with the pole-beating and electric-comb harvesting methods compared to the manual method (Figure
4B). FFA levels were significantly higher in the oil originating from pole-beating-harvested fruit
(0.49%) compared to manual harvesting (0.38%); electric-comb harvesting resulted in an intermediate
value of 0.42% (Figure 4C). All treatments met the EVOO standard. Commercial harvesting (pole
beating) also caused a reduction in polyphenols in the oil, from 648.8 mg kg oil (manual harvesting)
to 482.3 mg kg oil. Electric-comb harvesting resulted in an intermediate level of 549.4 mg kg oil.
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Figure 4. Effect of harvest method on fruit injury (A), development of fruit mold (B), oil free fatty acid
(FFA) content (C), and oil polyphenol content (D). E-comb, electric comb.

The harvesting method barely affected the contents of secondary metabolites in the oils (Figure
5). Carotenoids, tocopherols and phytosterols were not significantly affected by the harvesting
methods, whereas chlorophyll content was significantly higher in oils obtained from fruit harvested
by the electric comb (Figure 5A).
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Figure 5. Effect of harvest method on total carotenoids (A), tocopherols (B), chlorophyll (C) and
phytosterols (D) in the oils. E-comb, electric comb.

3.3. Effect of fruit storage

Mold was more prevalent in fruit stored in plastic bags (Figure 6A). FFA levels in the extracted
oil increased for 48 h, and then increased sharply toward 120 h storage of the fruits; this deterioration
process was faster for fruit stored in bags vs. ventilated boxes (Figure 6B). Polyphenols in the
extracted oil decreased gradually with no difference between fruit-storage methods (Figure 6C), and
similar trends were observed with oil stability (Figure 6D).
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Figure 6. Effect of olive storage (length and conditions) on fruit mold (A), free fatty acid (FFA) content
(B) and polyphenol content (C) in the o0il, and oil stability (D).

Total carotenoids in the oil decreased slightly with length of fruit storage, this reduction being
more pronounced for the bagged fruit (Figure 7A). The negative impact of storage in bags compared
to boxes was highly pronounced for tocopherol, decreasing to a third of its initial level, and
significantly lower than when fruit were stored for 120 h (Figure 7B). Chlorophyll levels in the oil
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increased slightly with fruit storage, with no difference between bags and boxes (Figure 7C).
Phytosterols also increased during fruit storage, with slightly higher values for the bags (Figure 7D).
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Figure 7. Effect of olive storage (length and conditions) on total carotenoids (A), tocopherols (B),
chlorophyll (C) and phytosterols (D) in the oil.

4. Discussion

Various different factors contribute to the reduction of VOO quality along the production chain:
orchard management [24] —e.g., high irrigation levels [25] and over-fertilization with nitrogen [26],
harvesting—where the method might harm the fruit and reduce oil quality [27], the time elapsed
between harvesting and milling [28] and the oil-extraction method [29]. Here, we clearly show good
potential for the traditional olive orchards to produce high-quality oil; the FFA and sensory
assessment values indicate that the oil can be classified as EVOO. However, as shown in Figs. 2B, 2C,
2D, 3A and Table 3, the growers’ practices result in much lower oil quality, which does not meet the
extra virgin quality standards.

Table 3. Intensity of the positive and negative attributes of the sensory assessment of the oils
originated from commercial and experimental harvesting in 11 traditional orchards.

Attribute  Grower: Gl1 G2 G3 G4 G5 G6 G7 G8 G9 Gl0 Gil1

Harvest:

Fruitiness  Exp. 5 35 35 35 4 3 3 33 4 23 28
Com. 23 2 2 2 4 0 2 2 0 0 ND
Bitterness  Exp. 45 4 3 4 4 4 4 3 4 4 4
Com. 25 25 2 2 3 25 25 25 25 2 ND
Pungency  Exp. 45 5 38 4 4 4 5 4 4 4 4
Com. 3 35 2 2 4 2 3 3 15 2 ND
Defects? Exp. 0 0 0 0 0 1.8 1 0 0 05 0

Com. 23 35 2 3 0o 4 4 4 35 38 ND
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Exp. = experimental harvesting, Com. = commercial harvesting. *The main defect detected by the sensory panel
was ‘fusty’.

Seeking the ‘bottlenecks’ in farmers’ practices that lead to the reduction in oil quality, we isolated
two components in the production chain: harvesting method and fruit storage. Regarding harvesting
methods, pole beating, which is the prevalent commercial harvesting method, was found to cause
substantial fruit injury (Figure 4A) and lead to an increase of fruit with mold (Figure 4B), resulting in
reduced polyphenol (Figure 4D) and increased FFA (Figure 4C) levels in the oil compared to manual
picking. Hence, the commercial harvesting practice contributes to oil-quality deterioration. Using
electric combs for harvesting resulted in somewhat better oil quality (Figure 4), but not significantly
so because this method also damages the fruit. The negative impact of aggressive olive harvesting on
oil quality has been described in the past [27,30]. Regarding fruit storage prior to oil extraction, we
evaluated two problems that are prevalent among the traditional growers: one is delayed shipment
of the fruit to the mill and the other is storing the fruit in non-ventilated bags. Our results indicated
a steady decline in polyphenol content (Figure 6C) and oil stability (Figure 6D) along storage. There
was a minor increase in FFA levels of oil extracted from fruit stored for up to 48 h, followed by rapid
deterioration resulting in a sharp increase in FFA values (Figure 6B), which was further accelerated
in fruit stored in bags. Tocopherols also decreased sharply in fruit stored for a long period in bags
(Figure 7B). Indeed, un-ventilation played a crucial role in attaining the critical threshold at which
aerobic respiration shifts to anaerobic fermentative metabolism through the reductive
decarboxylation of pyruvate to ethanol. This process induces the development of negative chemical
and sensorial attributes in olive oil [31].

European Regulation 432/2012 distinguishes olive oils in terms of their effect on health, which
depends on their polyphenol content (Commission Regulation, EU 2012). The oils in this study were
characterized by relatively high levels of polyphenols (Figs. 2C, 4D and 6C), more than 250 mg kg-!
oil, and can thus be classified as “health-protecting food products.” Polyphenols contribute to the
oil’s stability and shelf life [32], as well as to its sensory characteristics [33] and health properties [34].
The high level of polyphenols in traditional orchards is due to the water stress, which enhances
polyphenol synthesis. Water stress has been previously shown to increase the activity of enzymes,
including L-phenylalanine ammonia-lyase, responsible for the synthesis of phenolic compounds [35].

In the current study, we focused on traditional rainfed orchards. Those orchards are generally
owned by smallholders and have been grown for generations by the same families, a situation that
makes it difficult to introduce new cultivation techniques —which have been widely adopted in the
intensive olive cultivation practice—that can improve olive oil quality. Although the results of this
study indicate specific means that might improve oil quality in traditional olive orchards, their
implementation remains socially and culturally challenging [36].

5. Conclusions

Olive oil produced from rainfed, traditional orchards in the Middle East has potentially high
value due to its high content of bioactive polyphenols and the potential of branding it as PDO EVOO.
However, the current study shows that olive growers of traditional orchards in the region apply
incorrect practices that reduce the oil’s quality. This includes fruit injury caused by aggressive
harvesting and long storage of the fruit in unventilated bags. To ensure the future existence of those
valuable (to heritage and landscape) orchards, educating the olive growers and improving the
production chain will allow them to market high-quality PDO EVOQO, increasing their profitability
and resilience.
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