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ABSTRACT

To satisfy consumer demand for riper fruits, a system for field packing stone fruits was set up
based on an experimental electrical traction platform. Tree-ripened peaches and nectarines were
sorted and field packed in plastic clamshell containers and delivered directly to retail outlets.
Productivity and fruit characteristics such as size, flesh firmness and soluble solids concentra-
tion were evaluated. While the observed working capacity was comparable to that of convention-
al harvesting systems, the fruit characteristics (size and flesh firmness) did not always meet the
required consumer-oriented higher quality standards.
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INTRODUCTION

In a standard supply chain, after harvesting,
fresh fruits are transported to packing houses
where they are sorted, packed and sometimes
refrigerated before marketing (SHEWFELT and
PRUSSIA, 2009). The sorting and packing pro-
cesses are usually performed automatically by
machines which play a major role in the occur-
rence of skin damage and product down-grad-
ing (RAGNI and BERARDINELLI, 2001). Accord-
ing to the European Commission Regulation
(EC, 1221/2008) on marketing standards, there
should be no mechanical injuries with the possi-
ble consequent degenerative processes on fresh
fruits belonging to the “extra” categories (toler-
ance of 10%).

These quality standards are met by harvest-
ing at an early stage of maturity as higher values
of flesh firmness reduce the probability of dam-
age (BERARDINELLI et al., 2006), but this prac-
tice precludes the achievement of ideal ripeness
(ROBERTSON et al., 1992).

The determination of stone fruit maturity de-
pends on the combination of parameters such
as ground color, firmness and size (CRISOSTO,
1994). Fruit flesh firmness and soluble solids
concentration (SSC) are the main indices relat-
ed to quality as perceived by the consumer. The
SSC at the same acidity level, is related to the
perception of fruit sweetness intensity; values
higher than 9.5% identify peaches with an ac-
ceptable taste for quality fruit production (ALA-
VOINE et al., 1988). Flesh firmness is one of the
best indicators of ripeness and a predictor of
shelf life (CRISOSTO, 1994). Even if it is not possi-
ble to define universally accepted values of flesh
firmness which identify the fruit maturity level,
CRISOSTO (2002) reported that fruit are consid-
ered “ready to buy” at 26.5-35.3 N and “ready
to eat” at 8.8-13.2 N and DI MICELI et al. (2010)
indicated that values higher than 53.9 N always
resulted in unacceptable fruit. However, when
the product has little handling or is sorted and
packed directly in the field the reference range
that provides improved organoleptic characteris-
tics can reach lower values of firmness (CRISOS-
TO and VALERO, 2008).

Several researches have shown that the inten-
sity and gradation of skin color, fruit size, togeth-
er with eating quality (flavor, taste and texture),
influence consumer acceptance and therefore
sales (BRUHN, 1991a, b; HARKER, 2001; GARIT-
TA et al., 2008) and that very often flavor compo-
nents never reach levels that can provide an ac-
ceptable or good flavor (BASSI and SELLI, 1990;
CRISOSTO et al., 2001). More generally consum-
er dissatisfaction is mainly related to the lack of
ripeness (HERRERO-LANGREO et al., 2012) and
especially to flesh hardness and lack of flavor
(CRISOSTO et al., 2006; IGLESIAS and ECHEVER-
RIA, 2009). This dissatisfaction is reflected di-
rectly on consumption. For example, CLARETON

(2000) reports that as many as 80% of consum-
ers in France are dissatisfied with peach qual-
ity. The reduction in peach consumption ob-
served in Italy in recent years was also mostly
attributed to the low product quality which was
not appreciated by consumers because harvest-
ed when unripe or characterized by a heteroge-
neous maturity level (DELLA CARA, 2005). The
quality of peaches can be improved if the fruits
are harvested at a later stage of physiological
maturity. In fact, early harvesting compromis-
es quality and disappoints consumer expecta-
tions since peach flavors are only produced on
the plant at the advanced maturity stage (ROB-
ERTSON et al., 1992). Consumer demand for a
ripe product contrasts with the current meth-
ods of harvesting in big containers such as field
bins or crates, which are not suitable for tree-
ripened fruits that are to be delivered directly
to retail outlets.

To improve the organoleptic quality of fresh
fruits and consumer satisfaction some post-
harvest processes such as sorting and packing
could be done directly in the field during the
harvest, which would allow more mature fruit to
be picked. It is evident that this “freshly picked
fruit” product has a limited shelf life, requires
specific packaging and should be delivered di-
rectly to retail outlets through a suitable sup-
ply chain. Field packing systems for vegetables
and fruits are gaining importance mainly due to
the lower cost compared to packinghouse facil-
ities and fewer injuries to the product because
of reduced handling (KADER, 2002; CRISOS-
TO and VALERO, 2008). Few studies have con-
sidered the efficiency of field packing systems
of fruits in terms of consumer-oriented qual-
ity improvement. A type of fruit called “Tree
Ripe” was evaluated on the U.S. market that
are usually harvested when more mature and
packed on small, labor intensive hand packing
lines, because they cannot withstand the rig-
ors of typical commercial packing lines (MITCH-
ELL et al., 1989).

SHEWFELT et al. (1989) verified that harvest-
ing of more mature peaches with packing in the
orchard results in a quality superior to pack-
inghouse peaches even if losses for field packed
peaches were higher than packinghouse fruits,
probably due to a lack of careful grading by the
pickers in the orchard. However, the authors
do not describe the field packing method con-
sidered.

In many typical areas for the production of
stone fruits in Italy, it has become customary to
set up the harvester for the housing of single-lay-
er wooden boxes to field pack fruits and obtain
more mature produce that is easy to sell. Pre-
liminary economic analysis were carried out to
evaluate the efficiency of these harvesting sys-
tems (VANNINI, 1999). Studies have also shown
that high-quality stone fruits may obtain higher
prices than lower quality fruits harvested beyond
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the minimum maturity stage (BRUHN, 1991a;
JORDAN et al., 1990; PARKER et al., 1990).

Based on the concept of providing the con-
sumer with optimum quality, the Growers Co-
operative Terremerse (Ravenna, Italy) and a
large-scale retail trade company Coop Italia
(Bologna, Italy), as part of the project “Appe-
na Colta” (freshly picked), involved some lo-
cal farms in marketing fruits with a high lev-
el of ripeness. Firmness values in the range
14.7-34.3 N were considered suitable for stone
fruits for immediate consumption without fur-
ther handling (MAZZINI et al., 2007). In collab-
oration with the Cooperative Terremerse, this
paper assesses a system for harvesting stone
fruits with a high level of ripeness using an
experimental electrical traction platform set
up for field harvesting, sorting and packing
peaches and nectarines.

MATERIALS AND METHODS

The harvesting, sorting and packing opera-
tions were carried out by a self propelled exper-
imental field packing system. The vehicle was a
platform with electrical traction constituted by
two components (Fig. 1). The first was a self-
propelled working platform manually operat-
ed by a shaft. Manual sorting and packing were
done on this component. These operations were
performed by two pickers, one on either side of
the platform, who separately picked, sorted and
packed according to three size classes: AAA (80
and over but under 90 mm), AA (73 and over but
under 80 mm) and A (67 and over but under 73
mm) (EC, 1221/2008). The second component
was a farm cart used to transport the empty
packaging and the packaged product.

The field testing was conducted on a farm in
the province of Ravenna, northeast Italy, consid-
ering two cultivars of Prunus persica (L.), Batsch

Fig. 1 - Platform for sorting, harvesting and packing fruits.
1, self-moving working platform; 2, farm cart for transport.
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Fig. 2 - Sorting and packaging operations.

Rome Star (peach) and Sweet Red (nectarine),
and two growers highly experienced in the selec-
tion of freshly picked fruits. Both orchards were
4 years old, trained to delayed vase, and planted
with a distance of 5.5 m between rows and 3.5
m between trees on a row. The agronomic man-
agement of the orchards was aimed at obtain-
ing fruits with a high level of flavor. In particu-
lar, the nitrogen fertilization and pruning were
done before the fruit stone hardening and when
fruits were 8-10 mm in diameter, respectively.
These were followed by green pruning.

The picking, sorting and packing processes
were conducted with the vehicle in stationary
mode by two pickers who assessed the matu-
rity level on the basis of their experience. The
pickers worked in the inter-row area on ei-
ther side of the platform. After picking, they
placed the fruits on a side support attached to
the packaging area by a revolving arm. After
reaching a weight of 2-3 kg (about 25 peach-
es), the fruits were sorted using a fixed me-
tallic sizer and packed in different clamshell
plastic containers (jardipack®, Groupe Guil-
lin, Ornans, France) according to size class
(Fig. 2). The boxes, containing 4 fruits each,
were then placed in collapsible crates (0.60 x
0.37 m, CPR System, Bologna, Italy) (6 boxes
per crate). The tasks that completed the field
operations involved placing the empty pack-
aging and the packaged product on the sec-
ond component of the vehicle, then transfer-
ring the crates onto an open lorry.

To assess the productivity of the field harvest-
ing, handling and packing processes, the follow-
ing working parameters were measured:
time(s) required for vehicle relocation;
time(s) required for fruit picking and basket fill-
ing;
time(s) required for fruit sorting;
time(s) required for fruit packaging;
time(s) required for transferring crates from the
second component onto the open lorry;
global working time(s), including the time required



for placing the empty packaging on the platform;
mass (g) of the total harvested product.

Work quality assessment was conducted con-
sidering both cultivars, two pickers and three
size classes (A, AA, AAA), the mass (g) and di-
ameter (mm) were measured on samples of 12
randomly selected fruits. The flesh firmness (N)
was determined using a fruit texture analyzer
(Guss Manufacturing Ltd., Strand, South Africa)
and soluble solids concentration SSC (%) was as-
sessed using a digital refractometer (Atago, Mod-
el PR 101). The mean value of two measurements
conducted on two different peeled sides of the
same fruit was considered. Data were statisti-
cally analyzed using SPSS software (SPSS 13.0
for Windows, IBM SPSS Statistics). Statistical
differences between means were tested by Anal-
ysis of Variance (ANOVA) according to Tukey’s
HSD (P<0.05). Levene’s test (P<0.05) was used
to test the homogeneity of variances.

RESULTS AND DISCUSSION
Working capacity

Sorting and packing phases required more
time (52.2%) than that necessary for fruit pick-
ing and basket filling (35.8%). On the whole, the
main operations (fruit picking, basket filling,
sorting and packaging) required 88% of the total
working time. The remaining 12% was equally
distributed between the complementary process-
es: vehicle relocation (3.3%), packaging transfer
(4.2%), other times (4.4%).

A mean working capacity of 87.8 kgxh™ (396.5

fruitsxh) and 82.1 kgxh! (393.2 fruitsxh!) was
observed for Rome Star and Sweet Red cultivars,
respectively.

Quality parameters

Average values, standard deviations, min and
max values calculated for the mass (g) and di-
ameter (mm) of the sampled fruits together with
the percentage of fruits belonging to each class
are summarized in Table 1. Most packed fruits
were in size class AA (54% for “Rome Star” and
47% for “Sweet Red”), while classes A (17%) and
AAA (9%) were the least represented for Rome
Star and Sweet Red cultivars respectively. The
correspondence between the effective diameter
of packed fruit and that indicated on the pack-
aging is shown in Table 2. For the size classes
A and AA, about 10% of fruits differed in size
from that indicated on the packaging, apart
from “Rome Star” class A (19%). For size class
AAA, the correspondence between the declared
and effective classification was very low: 52% of
“Rome Star” and 56% of “Sweet Red” fruits were
erroneously packed. The pickers were inclined
to overestimate the fruit size and wrongly pack
more than 50% of fruits in class AAA when in
fact they corresponded to class AA. In size class
AAA about 52% of fruits of both cultivars had a
smaller diameter (3 mm less) than that indicat-
ed. However, according to the European Regu-
lation (1221/2008/EC), a maximum of 10% of
fruits with a diameter less than that declared
meets the criteria of tolerance. Analyzing the
fruit size distribution within the same cultivar,
picker and size class (Table 3), no significant dif-

Table 1 - Peach cultivar size attributes (mass and diameter) and percentage of fruits in each box size class.

Cultivar Size class Mass (g) Diameter (mm) N° of fruits
(%)
X SD Min Max X SD Min Max
Rome Star A 180 16 154 240 71 2 66 79 17
AA 217 15 190 254 76 2 68 80 54
AAA 261 17 232 312 80 2 77 86 29
Sweet Red A 182 13 154 206 69 2 66 72 47
AA 225 13 196 250 75 2 72 78 44
AAA 276 20 240 330 80 2 75 87 9
Table 2 - Percentage of fruits corresponding to the size class declared on the packaging.
Declared size Cultivar A AA AAA
Picker1 Picker2  Total Picker 1 Picker 2 Total Picker1  Picker2  Total
Corresponding Rome Star 75 88 81 100 83 92 50 46 48
Sweet Red 88 92 90 96 83 90 33 54 44
Overestimated Rome Star 8 4 6 0 17 8 50 54 52
Sweet Red 13 8 10 4 17 10 67 46 56
Underestimated Rome Star 17 8 13 0 0 0 0 0 0
Sweet Red 0 0 0 0 0 0 0 0 0
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Table 3 - Fruit diameter (mm) by picker within different size classes.

Cultivar Picker A AA AAA
X SD Min Max X SD Min Max X SD Min Max
Rome Star 1 714 a 2.6 66.8 788 76.0a 15 73.5 787 804a 2.0 777 85.7
2 69.9b 19 66.1 743 755a 2.7 68.3 80.0 802a 2.0 770 83.5
Sweet Red 1 69.2a 15 66.0 715 743a 1.3 725 770 796a 22 74.5 84.0
2 69.2a 1.8 65.5 720 749a 19 715 780 80.0a 2.7 75.5 870
Different letters indicate significant differences within the same cultivar and size class according to Tukey’s HSD, P<0.05.
Table 4 - Flesh firmness (N) within different size classes.
Cultivar A AA AAA
X SD Min Max X SD Min Max X SD Min Max
Rome Star 485a 183 6.0 787 511a 190 8.5 80.8 448a 165 1.3 65.8
Sweet Red 437a 183 8.3 718 340b 142 48 513 18.1b 11.0 45 40.6
Different letters indicate significant differences between cultivars according to Tukey’s HSD, P<0.05.
Table 5 - Soluble solids concentration (%) within different size classes.
Cultivar A AA AAA
X SD Min Max X SD Min Max X SD Min Max
Rome Star 11.6a 14 9.1 14.7 114a 1.1 9.1 134 124a 1.1 9.6 14.2
Sweet Red 13.3b 1.0 11.4 149 136b 0.8 12.1 152 140b 0.8 12.4 15.5
Different letters indicate significant differences between cultivars according to Tukey’s HSD, P<0.05.
Table 6 - Percentage of fruits within flesh firmness classes.
Cultivar Size class Flesh firmness classes (N)
0-14.7 14.7-34.3 34.3-53.9 53.9-73.6 >73.6
Rome Star A 8 8 46 33 4
AA 8 8 29 46 8
AAA 4 21 38 38 0
Total 7 13 38 39 4
Sweet Red A 13 13 42 33 0
AA 17 25 58 0 0
AAA 50 38 13 0 0
Total 26 25 38 11 0

ferences were observed apart from “Rome Star”
class A. In this case, picker no.1 selected fruits
with a significantly larger diameter.

Average values of fruit flesh firmness and solu-
ble solids concentration are given in Tables 4 and
5. In general, “Rome Star” packed fruits showed
significantly higher mean values in terms of
flesh firmness (N) than the Sweet Red cultivar
apart from class A. On the contrary, in terms
of SSC (%), highest mean values were observed
for “Sweet Red” packed fruits. For flesh firmness
the range of variation appeared especially wide
for class A (7.6-78.7 N for “Rome Star” and 8.3-
71.8 N for “Sweet Red”). A lower range of vari-
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ation was measured for class AAA (15.5 - 65.8
N for “Rome Star” and 6.4 - 40.6 N for “Sweet
Red”). A wide range of variation was also meas-
ured for the soluble solids concentration, espe-
cially for “Rome Star” class A (9.1-14.7).

The percentages of fruits within flesh firm-
ness and soluble solids concentration classes
are shown in Tables 6 and 7 respectively. For the
flesh firmness 13% of “Rome Star” and 25% of
“Sweet Red” fruits showed values corresponding
to the recommended range (14.7-34.3 N). Most
“Rome Star” packed fruits showed flesh firm-
ness in the 34.3-53.9 N and 53.9-73.6 N class-
es and 7% of the packed product was overripe.



Table 7 - Percentage of fruits within soluble solids concen-
tration classes.

Cultivar Size class Soluble solids
concentration classes (%)
<10 10-11 1112 12-13 >13
Rome Star A 13 25 29 17 17
AA 5 40 35 10 10
AAA 4 8 25 38 25
Total 7 24 30 21 17
Sweet Red A 0 0 17 25 58
AA 0 0 0 17 83
AAA 0 0 0 8 92
Total 0 0 6 17 78

For “Sweet Red” fruits, the 34.3-53.9 N class was
over represented (38%) while 26% of the prod-
uct was overripe.

For the soluble solids concentration, about 68%
of the “Rome Star” cultivar fruits showed values
higher than 11% and overall, the data showed a
higher level of SSC related to the fruits of larger di-
ameter. In fact, about 87.5% of the fruits in class
AAA had an SSC higher than 11%. The percentage
of fruits (7%) with values of SSC lower than 10%
is in any case not negligible. For Sweet Red culti-
var, no fruits had an SSC lower than 11% (class A)
and 12% (classes AA and AAA) while 80% of fruit
in classes AA and AAA had an SSC>13%.

Significant differences emerged between mean
values calculated for the two pickers in terms
of flesh firmness and SSC, apart from the flesh
firmness for Sweet Red cultivar (Table 8).

CONCLUSIONS

The retail trade is paying increased attention
to providing fruits of high quality to satisfy the
consumer demand, especially in terms of a high-
er level of ripeness that is the primary criteri-
on for the selection of fresh fruits by consum-
ers (NICHOLS, 1993). The proposed system of
field packing allows fruit handling and the time
between harvesting and consumption to be re-
duced and is thus suitable for highly perisha-
ble tree-ripened fruits.

The average harvesting rates of 76.2 and 88.6

kgxh per picker are comparable to those report-
ed in literature for fruit harvest-aid (REID, 1976;
VANNINI, 1999).

With regard to the ability of the pickers to cor-
rectly identify the fruit size and place them in
clamshell boxes with the right diameter class, the
results are not satisfactory and the correspond-
ence between the declared and effective classifica-
tion decreased passing from the first two classes
(A and AA) to the third (AAA). In fact the pickers,
even if skilled, were inclined to overestimate the
fruit size, assigning a high percentage (> 50%) to
the larger size class AAA, even if the mistake in-
volved mainly fruits (52%) that were only 1 mm
smaller than the minimum diameter of the class.

In terms of flesh firmness, harvested fruits did
not show the required maturity characteristics. In
fact, only 12% of “Rome Star” and 25% of “Sweet
Red” packed fruits can be considered suitable for
distribution as “freshly picked fruit”. This is relat-
ed to the fact that the maturity stage was assessed
by a visual observation of the fruit color. These op-
erations are undoubtedly subjective and depend
on the experience and sensitivity of the picker
(SLAUGHTER et al., 2006). Furthermore, during
the sorting process, the pickers also have to check
for a wide range of potential defects making this
a challenging inspection task (STUDMAN, 1998).

Since the evaluation of fruit ripeness based
on skin background color has proved to be in-
adequate the field packing system should in-
clude rapid and non-destructive methods on
the harvesting platform for an objective assess-
ment of size and quality parameters (VALERO et
al., 2007). Examples of well-known techniques
are those based on computer vision for the fruit
size (LI et al., 2011; MOREDA et al., 2009) and
VIS-NIR (visible-near infrared) spectroscopy for
the internal quality parameters (BERARDINELLI
et al., 2010; SLAUGHTER, 1995; ZERBINI et al.,
2006; ZIOSI et al., 2008).

Given that the manual sorting required a lot of
time (23% of the total), the application on the har-
vesting platform of these evaluation systems of
fruit size and ripeness could reduce sorting times
and, at the same time, improve the quality of the
packed product. In any case the field packing sys-
tem has been shown to be lacking an expert crew
leader to continuously monitor the orchard, de-

Table 8 - Average values of fruit flesh firmness and soluble solids concentration for the two pickers.

Cultivar Picker Flesh firmness (N) Soluble solids concentration (%)
X SD Min Max X SD Min Max
Rome Star 1 426a 16.3 7.8 69.6 115a 11 9.1 14.2
2 53.7b 18.2 59 80.4 121b 14 9.1 14.7
Sweet Red 1 30.0a 16.0 6.5 54.5 14.0a 0.78 12.1 15.5
2 33.8a 20.0 45 71.8 13.3b 0.98 11.4 15.2
Different letters indicate significant differences between pickers and within the same cultivar and parameter according to Tukey’s HSD, P<0.05.
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termine the optimum harvest maturity stage and
oversee the sorting and packing by the field work-
ers. The expert should be considered essential and
integral to the field packing process (CRISOSTO
and VALERO, 2008) and should be a skilled tech-
nician with a decision-making role who could be
provided by the growers cooperative that acquires
the fruits. So, with the integration of the proposed
automated measurement systems, the supervision
of an expert and eventually a penalty on the price
paid to the producers who do not meet the qual-
ity standards, the system could be a good solu-
tion for field packing freshly picked peach fruits.
Finally, given that the system could convey part of
the valued added directly to the growers, the high-
er costs incurred for the improved sorting process
may be balanced by increased revenue compared
to that from traditional fruits.
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