
Abstract 

In this work, we have evaluated the performance, of an electric comb
equipped with five undulated fingers used for mechanized the harvest-
ing of table olives. The first aim of the work was to test three different
types of coating materials used for covering the fingers: Silicon (S),
Vulcanized rubber (VR) and Natural rubber (NR). The diameter of the
coating materials tested were 7mm (D1), 14 mm (D2), 19 mm (D3) in
order to evaluate the damage of different working conditions on the
intact olives. During harvesting, silicon at 7mm and 14mm resulted in
the largest percentage of undamaged the fruit (67% and 65%), natural
rubber 63% and vulcanized rubber at the 54%. The second aim was to
evaluate the combination, in terms of the best performance, of the
machines used for mechanized harvesting of table olives. Several fac-
tors have been examined: undulating fingers variation thickness, dif-
ferent rotational speeds and different coating materials used to reduce
the impact damage on olives. From the tests on olive tree we have
determined that while plastic materials (S) and (NR) appear to have a
positive role in harvest quality, the vibration transmitted to the opera-
tor’s hand is great from 6.48 m/s2 for S to 6.31 m/ s2 for NR and 2.92
m/s2 for VR, respect to the materials used.

Introduction

Hand harvesting of table olives is expensive because it involves a
large number of workers and thus high labor costs, but it does ensure
a high quality of the final product. To reduce production costs, many
olive operation are now using mechanical harvesting equipment
(Ferguson, 2006). The use of hand-held machines in olive harvesting
have always been marked by a lack of information from an ergonomic
point of view. The hand-held harvesting can expose the workers to

noise, vibrations transmitted to the hand-arm system (Cerruto et al.,
2009; Deboli et al., 2008; Gambella et al. 2012; Pretti et al. 2013) and
arm muscle fatigue due to the machine weight. Essentially, tables olive
harvesters can use three different systems to detach the fruit: 1) shak-
ing the trunk, applied in traditional or intensive groves; 2) directly
shaking specific areas of canopy using hand portable vibrating combs
with rotating heads, suitable even for large trees and expanded
canopies; 3) laterally shaking the canopy of the entire plant using a
straddle engine with bilateral sets of shaking rods, borrowed from viti-
culture, on hedge trained plants. Trunk shakers, electrical comb, rake
stripper and others typologies of harvesters are widely used in the
mechanical harvesting of oil olive groves (Gil-Ribes et al., 2009,
Paschino et al. 2010). However, the table olives had a number of vari-
ous factors that make the use of the shakers difficult and among that
limits its use are: high fruit retention force, high fruit bruise suscep-
tibility, lack of tree pruning adaption to mechanical harvesting and the
hand-arm vibration transmitted to operators. All of these limitations
imply in some cases a low harvesting efficiency and high percentage
of damaged fruit (Kouraba et al., 2004; Ferguson et al., 2010;) A pre-
liminary study on the fruit damage was carried out by Paschino et al.
(2010) on the use of electric hand-held harvesters, equipped with tita-
nium undulating fingers coated with silicon, and on the damage pro-
duced by the different working conditions during harvesting of table
olives. Experiments in the field have highlighted that during table
olive harvesting contact between undulating teeth with reduced coat-
ing thickness and the fruit increased the damage by nearly 60%
(Paschino et al. 2010). Another study investigated the level of vibration
generated by three different types of plastic coating materials used on
titanium fingers in order to minimize the damage to the olives. The
mechanical damage during harvesting consists of local tissue degrada-
tion combined with an output of intracellular water and the oxidation
of phenolic compounds after impact (Segovia-Bravo et al., 2009). The
oxidation process produces a darkening of the green color on the olive
surface. After some time, depending on the intensity and characteris-
tics of the impact, the area effected begins to darken, first superficially,
then spreading deeper into the flesh until it reaches the endocarp
(Ben-Shalom et al., 1978) of the olive. 

Aim of the work

The purpose of this study was to evaluate the performance of an
hand-held olive harvester consisting of an electric comb equipped with
fingers coated with various materials and to assess olive the damage
during harvesting. Additionally we measured the level of vibration
transmitted to the operator’s hand by the harvesting equipment. 

Materials and methods

The harvesting trials were carried out on a farm which specialized
in table olives production, located in the plain of Ozieri, northern
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Sardinia, Italy. The “Manna” (Olea Europea L.) cultivar was used in this
experiment. the harvesting test was conducted in the first 10 days of
January 2012 during the green maturation stage. The olives were har-
vested from 54 plants and graded by size with divergent wires. The elec-
tric comb used was mounted on a telescopic pole and powered by an
electrical DC power pack (ISO-Tech). In order to reduce the probability
of impact damage, three different coatings for undulating fingers were
prepared with overall diameter of 7.1 mm (D1), 13.9 mm (D2) and 19.2
mm (D3). Three different types of elastic material, Silicon (S),
Vulcanized rubber (VR) and Natural rubber (NR), with three different
hardness value in Sh.A scale were also used for each diameter: Silicon
(Sh.A 50); Natural Rubber Sh.A (45-55) Vulcanized Rubber Sh.A (80-
90) (Fig. 1). An acquisition system (Larson Davis, model HVM1009) for
measuring vibrations was used to measure and recording hand-arm
vibration exposure. A triaxial accelerometer, which measures the vibra-
tions along the three axes (x, y and z) simultaneously, was used. The
accelerometer model was SEN020 PCB (ICP Company) positioned on
the top of the hand grip, to assess the tool vibration.

Damage evaluation of fruit
The harvested olives were classified according to the different kinds

of damage that was found on the skin and based on previous experi-
ments carried out with the same harvester. For each classified group of
olives, all were exposed to air for 24 hours to allow for oxidation. This
allowed on damage caused by harvesting equipment to become visually
evident. The impact damage caused by undulating fingers contact was
visually assessed using the system proposed by Mohsenin, (1996) and
Treeamnuk et al. (2010) as shown in Figure 2. The biological damage
was classified using the system proposed by Riquelme et al. (2007).
Three types of damage were identified for all the harvested olives and
these were divided up as follows:
- 1st class-damaged olives during the harvesting phase (Fig. 2a and
2b). 

- 2rd class-biologically damaged olives.
- 3th class-intact or undamaged olives after harvesting. 
The following formulae were used to classify the harvested olives,

based on the detected damage: 
Damage % per class of olives 1st, 2nd and 3th = (n° of damaged

olives/n° of olives harvested from the plant)* 100
In each individual case, the percentage of intact olives was obtained

from the difference between the overall total, the percentage of dam-
aged olives and the percentage of olives with biological damage. 

Statistical analysis results

The General Linear Model (GLM) procedure of Minitab 16 Ltd soft-
ware was used to statistically analyze the data on the percentage of
intact fruit and the damaged percentage of olives harvested with three
different thicknesses of undulating fingers, the three different speeds
and with three different types of plastic materials. The following formu-
la was used, y=D+V+M+D*V+D*M+M*V, where y, each time, is the
percentage of intact olives and the percentage of olives damaged by
impact; D, each time, is the overall diameter of the coating of undulat-
ing fingers (3 levels: D1, D2 and D3); V each time, is the rotational
speed of undulating fingers (3 levels: V1; V2 and V3); M is the type of
plastic material used for coating the undulating fingers (3 levels: M1,
M2 and M3). D*V, D*M and M*V are the interactions between the
above listed factors. The multiple comparisons were computed using
Tukey’s test (confidence = 95%). The data of the level of vibration
transmitted to the operator’s hand were statistically analyzed by simple

analysis of variance (ANOVA). The means were separated with the
Kruskal-Wallis test. The level of statistical significant was stabled at p
 0.005 

Results

Table 1 outlines the percentages of intact olives. The variance analy-
sis for damage showed significant results only for materials. The thick-
ness of the coating also had a significant impact on the percentage of
damage. Specifically, 35% of olives harvested with a thickness of D1
showed significant more damage than those harvested with thickness-
es of D2 and D3. Average damage (5.34%) was markedly less when vul-
canized rubber was used than when silicon (19.48%) or natural rubber
(19.89%) was used (Table 1). In terms of the efficiency of the material
used, if one adds the percentage of impact damage to those of intact
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Figure 1. The different types of plastic material applied to the rotating fin-
gers: (NR) natural rubber, (S) silicon and (VR) vulcanized rubber.

Figure 2. Classification of damages detected during mechanized harvest-
ing and 24 hours ofter the exposure of drupes to air: (a) example of super-
ficial impact damage caused by undulating teeth consequently the comb-
ing operation; (b) deep damage caused by the insertion of the drupe
between the undulating teeth and the rotation block of the mechanical
harvesting tools.



olives, then the percentages of potentially transformable fruit are
85.9%, 95.1% and 97.7% for VR, NR and S, respectively. Direct observa-
tion of the olives also showed that olives harvested with undulating fin-
gers coated with silicon were more intact than those harvested with
undulating fingers coated with vulcanized rubber (Table 1). There were
significant differences in the percentages of intact olives, depending
on the thickness of the coatings. The results were 36.75% intact with
D1, 56.00% intact with D2 and 61.89% intact with D3. These results
highlight that the best results are obtained with coatings D2 and D3
(Table 1). The rotational speed also had a significant effect on the
results. As the rotation of the fingers increased the percentage of intact
olives decreased (62.31% with V1, 56.07% with V2 and 36.16% with V3),
irrespective of the thickness of the coating (Table 1). The material used
did not significantly affect on the percentage of intact olives. This type
varied from 47% for natural rubber to 56% for silicon (S). 
There were significant differences in results depending on the coat-

ing material used when the smallest thickness was used (D1), but this
was not true for D2 and D3. Table 2 illustrates the percentages of intact
olives. There were a significant percentage of olives harvested suitable
for transformation in brine, when the silicone or natural rubber was
used for coatings the finger, while for the fingers coated with vulcan-
ized rubber the percentage of intact olives were 54.1% and 54.4%. 
When the D1 and D2 thickness in natural rubber or in silicon was

used, the percentage of intact olives decrease from 63.8% to 60.8% to
the first and from 67.5% to 65.0% to the second. Vulcanized rubber with
D1 and D2 thickness, had the same percentage of intact olives 54.1%
and 54.4%. The percentage of intact fruit rose from 17.6% to the natural
rubber, to the 42.2% of the vulcanized rubber respectively (Table 2). In
terms of operative parameters, the best combination appear when was
used the natural rubber or the silicon at the D1 or D2 thickness. All the

plastic materials utilized show a low quality of the olives harvested
when were used with the thickness D3 (Table 2).
Table 3 shows the values of acceleration weighted with the machines

used on olive trees at the rotation speed of 4000 rev/min, set by the pro-
ducer, but considering all the sizes of finger coated (D1, D2 and D3)
and types of material used (natural rubber, silicon, and vulcanized rub-
ber). Data were also analyzed to assess rotational speed of the combing
fingers. The fingers coated with silicon and vulcanized rubber pro-
duced dynamic acceleration levels increasing in function of the thick-
ness. Different outcome had the rake type NR. In fact, it, with a thick-
ness D2, the acceleration value was 5.73 m/s2, lower than the thickness
D1 and D3 (6.31 m/s2 and 9.59 m/s2 respectively. 
The value of maximum acceleration equal to 11.38 m/s2 was pro-

duced by silicon comb with a thickness D3, while the vulcanized rubber
comb had values of 7.19 m/s2. Also during the dynamic combing, the fin-
gers mounted in the harvesting head produced an abnormal kinematic
behavior, due to the excessive thickness of the material used for the
fingers coating. For the D2 thickness the vulcanized rubber had a value
of acceleration equal to 3.92 m/s2 (almost three times less than the fin-
gers coated with silicon, 11.37 m/s2), while the natural rubber reported
5.73 m/s2. For the thickness D1 and D3, the lower acceleration values
are 2.92 m/s2 and 7.19 m/s2 for fingers coated with the material vulcan-
ized rubber. For the thickness D1, the highest acceleration value is 6.48
m/s2, produced by the silicon type. For the natural rubber type, the max-
imum acceleration was 9.59 m/s2 for the thickness D3, while for the
thickness D1 was 6.31 m/s2 at the same rotation speed. The statistical
analysis with rotation speeds of 4000 rev/min shows a significant dif-
ference in working conditions considered. The significant statistical
differences assigned to all the three materials three different behav-
iors, even if the minimum values of acceleration were recorded for all
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Table 1. Variance analysis of foliage and branches damage, impact damage and intact fruits. 

Thickness Foliage and branches Impact Intact fruits

7 mm (D1) 14.62 (± 3,36) 34.49a (± 3,10) 36.75a (± 5,41)

14 mm (D2) 16.58 (± 3,36) 24.94b (± 3,10) 56.00b (± 5,41)

19 mm (D3) 13.51 (± 3,36) 20.13b (± 3,10) 61.80b (± 5,41)

Speed (rpm)

V1 11.68 (± 3,36) 23.36 (± 3,10) 62.31b (± 5,41)

V2 14.08 (± 3,36) 21.64 (± 3,10) 56.07b (± 5,41)

V3 18.96 (± 3,36) 34.56 (± 3,10) 36.16a (± 5,41)

Materials (Type)

Natural rubber (NR) 19.89a (± 3,36) 27.83 (± 3,10) 47.38 (± 5,41)

Vulcanized rubber (VR) 5.34b (± 3,36) 30.39 (± 3,10) 50.26 (± 5,41)

Silicon (S) 19.48a (± 3,36) 21.39 (± 3,10) 56.91 (± 5,41)
Means that do not share “a” letter are significantly different (p 0.005). Grouping information using tukey method and 95,0% confidence.

Table 2 The percentage values of intact fruits harvested with undulating teeth coated with different plastic materials: natural rubber (NR), Silicon (S)
and Vulcanized rubber (VR).

Thickness Percentage of intact olives Percentage of intact olives Percentage of intact olives
(Natural rubber) (Silicon) (Vulcanized rubber)

7 mm (D1) 63.8a 67.5a 54.1ab

14 mm (D2) 60.8ab 65.0a 54.4ab

19 mm (D3) 17.6b 38.2ab 42.2ab

Means that do not share “a” letter are significantly different (p 0.005).
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the tests conducted with the protective material with greater rigidity as
that of vulcanized rubber type (Table 3). From tree tests, it can be
deduced that in tests on olive tree materials silicon and natural rubber
appear to have a positive role in increasing vibration (from 6.48 m/s2

for silicon to 6.31 m/ s2 for natural rubber and 2.92 m/s2 for vulcanized
rubber), with respect to the material used.

Conclusions

This research demonstrated that the type and thickness of materials
used on the harvesting fingers are important consideration when har-
vesting table olives. 
The tests using natural rubber or silicon with D1 and D2 thicknesses

resulted in between 65% and 67% of intact fruit. These results are sig-
nificantly higher than those for fruit harvested with undulating fingers
coated with vulcanized rubber for all three types of undulating fingers
considered. The working conditions used allowed for variations in the
rotational speeds. When the percentage of intact drupes is added to
those potentially transformable (foliar and branches damage and con-
tact damage), the percentage of transformable fruit ranges from 85.6%
with D1 to 97.5% with D2 and 95.4% with D3. In terms of the material
used the trend is similar, with the percentage of transformable drupes
rising from 85.9% when vulcanized rubber is used to 95.1% with natural
rubber and 97.7% with silicon. 
The hand-arm vibration from the different comb models tested

depended mainly from kinematics of the comb used, varying in the dif-
ferent trials from a minimum of 2.92 m/s2 to a maximum of 11.38.4
m/s2. Probably this aspect is the main element to be taken into account
by the ergonomic point of view. With the same diameters (D2 and D3),
silicon, natural rubber and vulcanized rubber, in all tests, produced
higher levels of acceleration (i.e.11.38 m/s2 11.37 m/s2) in silicon D2
and D3. Finally, even for the thickness of 7 mm was found the same
results with the silicon and natural rubber with acceleration levels
higher than the vulcanized rubber (6.48 m/s2 silicon, 6.31 m/s2 natural
rubber and 2.92 m/s2 vulcanized rubber). 
The statistical analysis showed similar behavior for the two materi-

als of the elastic type, different from the more rigid material (vulcan-

ized rubber). The action of the foliage certainly affects the level of
acceleration transmitted to the hands of workers, because of olive trees
have been recorded different global acceleration values. Finally, taking
into account the measurements made during collection, can derive spe-
cific guidelines on the use of personal protective equipment.
This results in the later formation of more or less extensive superfi-

cial browning, and injuries of different depths. The value of the product
is reduced and there is a loss of product consistency. The information
obtained on table olive damage during fruit detachment with an elec-
tric comb can be used by the producers to determine how to reduce and
prevent bruising during harvesting operations. 
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