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Abstract

The ripening of Bella della Daunia table olives was monitored and the structural and compositional differences between the raw and
processed products were investigated. The amount of oil in the pulp, the moisture, the reducing sugar content and the composition of
fatty acids were determined by means of routine analyses. The results provided information on the variations that occur in the Bella della

Daunia olive with ripening. They confirmed the correlation between decreases in sugars and water and increases in oil content. Analyses
carried out on processed olives showed the effects of processing on components.

Magnetic resonance imaging (MRI) was employed in order to monitor (non-invasively) the different stages of maturation and the
processed olives. This technique proved useful for monitoring the evolution of water and oil distribution.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Bella della Daunia table olives were awarded Protected

Designation of Origin (PDO) status in 2000 (European
Communities, 2000), in accordance with community regu-
lation 2081/92. PDO is awarded to typical agricultural
foods whose characteristic features are fundamentally or
exclusively due to geographical environment, including
both natural and human factors; besides, production,
transformation and processing must occur in the place of
origin according to the corresponding production disciplin-
ary (European Communities, 1999). Bella della Daunia

table olives are produced in a restricted area in the province
of Foggia, Apulia (Southern Italy). Environmental factors,
together with the variety and the methods of cultivation,
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harvesting and processing, define the typical and organo-
leptic features of the olive, regarded as one of the best cul-
tivars for the production of table olives. The purpose of
this study was to investigate the changes of a number of
compounds found in Bella della Daunia olives during ripen-
ing and after processing. To this end, the amount of oil in
the pulp, the moisture and reducing sugar content, and the
composition of fatty acids were determined. While the liter-
ature has extensive data on the composition of olives dur-
ing ripening (Nergiz & Engez, 2000; Rial & Falqué, 2003;
Finotti et al., 2001), there is no information on the struc-
tural distribution of oil and water in olive tissue, nor on
the changes taking place due to ripening and processing.
Magnetic resonance imaging (MRI) enables the quality
and ripening-related processes in agricultural products to
be monitored non-invasively (Clark, Hockings, Joyce, &
Mazucco, 1997; Jagannathan, Govindaraju, & Raghuna-
than, 1995; Joyce, Hockings, Mazucco, & Shorter, 2002;
Gussoni et al., 1993). Since olive fruit has a high oil content
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with a resonance signal from oil protons that resonates
about 3.5 ppm away from water, chemical shift selective
MRI experiments could be carried out in order to identify
oil and water distribution separately and to estimate the
variations as ripening progressed.

The objective of combining traditional and MRI analy-
ses is to obtain a complete chemical and structural study of
olive ripening.
2. Materials and methods

2.1. Olive samples

Sufficient amounts of olives were hand-picked from all
sides of one olive tree from October 2002 to January
2003. The samples analysed are shown in Table 1. Sample
6 was made up of pickled green olives processed by the Siv-
iglian method, while sample 7 was made up of pickled
black olives, processed using the Californian system.

The samples were immersed in liquid nitrogen, and
stored at �80 �C prior to analysis.
2.2. Moisture, oil, fatty acids and reducing sugars

determinations

Moisture content was determined by measuring the
weight difference when 10 g of homogenised olives were
dried in an oven at 105 �C for 5 h.

Oil content was determined by Soxhlet extraction, using
petroleum ether on homogenised olives dried in an oven at
50 �C.

Fatty acid composition was determined by gas chroma-
tography (GC), using previously described procedures and
instrumentation (Sacco et al., 2000).

Reducing sugars were twice extracted from 1 g of
homogenised freeze-dried olives with 20 ml of water–etha-
nol solution (1:1) for 30 min. The extracts were filtered
using a funnel with fritted glass filter support and evapo-
rated at 40 �C to eliminate the ethanol. The solution was
brought to 100 ml with water. This solution was used to
titrate the Fehling solution (1 ml of reagent A: copper sul-
phate, 1 ml of reagent B: sodium and potassium tartrate
and NaOH, 15 ml of water), using methylene violet as
indicator.
Table 1
List of the analysed samples

Sample number Picking date

1 30/10/02
2 11/11/02
3 27/11/02
4 18/12/02
5 13/01/03
6 Green pickled olives
7 Black pickled olives
2.3. MRI measurements

The imaging experiments were performed at 4.7 T
(200 MHz for 1H) on a Bruker Avance 200SWB NMR
spectrometer operated with PARAVISION. The Micro2.5
gradient system has an inner diameter of 40 mm and pro-
duces maximum gradients of 1 T/m. The radio-frequency
birdcage resonator has an inner diameter of 25 mm,
restricting the sample diameter to about 23 mm. A spin-
echo imaging sequence, with a chemical shift selective exci-
tation pulse and a slice-selective refocusing pulse, was used
to obtain selective images. The field of view of 25 mm � 25
mm was divided into 128 � 128 voxels; the repetition time
was 2 s and the echo time 8.2 ms.

Images of the three olives were obtained using the
Mini0.36 gradient system with an internal diameter of
85 mm and maximum gradients of 0.14 T/m. The corre-
sponding birdcage resonator had an inner diameter of
64 mm.

3. Results and discussion

3.1. Routine analyses

Fig. 1 shows moisture, oil and reducing sugar contents
for the samples. The decreasing moisture content during
ripening is typical of olives of other cultivars (Nergiz &
Engez, 2000). The moisture content is due to biological
development, but also to human and climatic factors, such
as irrigation, rainfall and temperature. The high moisture
content of sample 5 compared to sample 4 can probably
be attributed to picking after rainfall or irrigation.

The amount of oil increased over the course of the sam-
pling period, while reducing sugar content decreased,
except for the last sample. A relationship was found
between oil accumulation and sugar content. This correla-
tion can be explained by considering that sugars are precur-
sors of fatty acid biosynthesis in the olive fruit (Wodner,
Lavee, & Epstein, 1988).
Fig. 1. Moisture, oil, and reducing sugars contents of the analysed olives.



Fig. 2. Olive section.
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Water contents in samples 6 and 7 were higher than
those in the other samples, probably because of the wash-
ings they undergo during processing; in fact, the osmotic
process raises the water content of olive tissue (Bianchi,
2003; Marsilio, Campestre, & Lanza, 2001). The oil content
of these samples was unchanged, while reducing sugar con-
tent decreased, probably due to being solubilized in wash-
ing water.

Table 2 shows the percentage content of fatty acids. The
most common fatty acids in these olives were oleic, pal-
mitic, linoleic, stearic and behenic acid. Fatty acid content
does not present any particular trend with ripening; how-
ever, it is noticeable that, with ripening, the oil fraction sen-
sibly enriches in longer-chain fatty acids. Samples 6 and 7
have the same fatty acid composition as the other samples,
showing that processing does not influence oil composition.

3.2. MRI analysis

The olive is structurally constituted of different parts:
the epicarp, the mesocarp and the endocarp. The latter
contains the seed, made up of the tegument, the albumen
and the embryo (Fig. 2).

The chemical shift selective MRI images for samples 2, 3
and 5 are shown in Fig. 3 (sample 5 had to be slightly cut in
order to fit into the resonator). Image 3a shows water pres-
ence in the pulp near the epicarp, but also around the endo-
carp, with a radial crown distribution. The signal intensities
show that the water quantities near the epicarp and the endo-
carp are comparable. Water is also present in the seed, but in
a minor quantity. A detailed analysis of image 3a shows that
there is more water in the tegument and in the embryo than
in the albumen.

The oil selective image (3b) presents a less evident distri-
bution. Oil is located principally around the endocarp and
becomes less abundant toward the mesocarp, again with a
radial crown distribution. The seed has a well-defined oil
distribution, with oil appearing to be concentrated in the
centre of the embryo. Moreover, the intensity of the oil sig-
nal in the seed is higher than that in the pulp.
Table 2
Fatty acids [%] of oil extracted from the analysed olives

Fatty
acids

Sample
1

Sample
2

Sample
3

Sample
4

Sample
5

Sample
6

Sample
7

C14:0 0 0 0 0.28 0.22 0 1.04
C16:0 17.1 18.8 16.3 18.9 19.4 15.5 18.3
C16:1 0.96 0.93 0.56 0.57 0.64 0.73 0.33
C17:1 0 0.21 0 6.63 0 0 0
C18:0 3.60 3.95 4.09 4.25 5.10 3.48 3.87
C18:1 62.3 60.8 62.4 54.9 57.8 68.2 54.5
C18:2 7.81 9.22 8.37 7.22 8.86 9.44 6.20
C20:0 0 0.90 0 0.22 0 0 0
C18:3 0.65 0.47 0.61 0.60 0.54 0 0.87
C20:1 1.09 0.42 0.78 0.51 0.77 0.79 0
C22:0 3.01 2.10 3.68 5.01 3.93 1.08 3.56
C24:1 1.86 0.98 2.23 0. 0 1.13 0.77 1.63
C22:6 0.60 0.38 0.47 0.47 0.47 0 9.29

Fig. 3. Axial images of olives. (a) Water selective image and (b) oil
selective image of sample 2; (c) water selective image and (d) oil selective
image of sample 3; (e) water selective image and (f) oil selective image of
sample 5.
Image 3c shows the distribution of water in the olive in
sample 3. It is comparable to that observed in sample 2, but
the radial crown distribution around the endocarp is not
evident. Water is concentrated in the outer pulp. This could
indicate the water trend with ripening.
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The oil distribution observed in image 3d is analogous
to that of sample 2. From a comparison of the signal inten-
sities, it seems evident that oil is concentrated near the
endocarp. In this image, the germ signal is absent, which
is surprising, since it is known that the germ contains a cer-
tain quantity of oil. This result has been investigated more
accurately in further experiments and will be discussed
later.

The characteristics of images 3e and f are analogous to
those of sample 3, except for the fact that the seed is evi-
dent and assumes the same structural characteristics as
sample 2. Moreover, image 3e has a sufficiently high reso-
lution to show that the distribution of water in the embryo
is not uniform. Intensity comparison shows that the water
content in the seed from sample 5 is lower than that in the
one from sample 2, while oil content increases and is more
homogeneously distributed in the pulp, in agreement with
previous studies (Gussoni et al., 1993). This trend is consis-
tent with the observation that water content, both in the
seed and in the pulp, is reduced.

The images of the processed products are shown in
Fig. 4. In the water selective image 4a the water signal is
almost completely located in the entire mesocarp region
and in a thin layer around the epicarp, while its intensity
decreases towards the endocarp. Particularly, in this image,
there are alternating bright and dark areas close to the epi-
carp. These areas are close to the rods of the birdcage res-
onator and show artifacts due to inhomogeneities in the
radio-frequency field. The seed structure is not evident
but there is a water-rich region in its lower right corner.
In the oil selective image, the signal intensity is higher
around the endocarp and decreases toward the flesh. The
distribution of oil in the seed is the same as in the previous
samples.
Fig. 4. Axial images of processed olives. (a) Water selective image and (b)
oil selective image of green pickled olives (sample 6); (c) water selective
image and (d) oil selective image of black pickled olives (sample 7).
These images introduce a few considerations. First, in
raw olives, water and oil are both concentrated around
the endocarp. A tentative explanation for this behaviour,
assuming that there is a high porosity region around the
endocarp, is that both water and fat will concentrate in this
area, resulting in an undifferentiated distribution of these
two components in the pulp.

During ripening, water seems to move from the inner
mesocarp toward the outer mesocarp. To explain this phe-
nomenon, some authors have considered (Joyce et al.,
2002) that, with ripening, an increase in permeability or
the rupture of a cell membrane could lead to the displace-
ment of air. For this reason, signals due to water protons,
that were previously adjacent to spaces occupied by air, are
no longer dephased and give a stronger signal.

One of the most relevant questions emerging from this
study regards the absence of the seed signal in the oil selec-
tive image. This was observed on one olive picked on 27/
11/02 (Fig. 3d) and one on 13/01/02 (images not shown).
This is not easily explainable, since it is known that the seed
contains both water and oil at the same time. The signal
was also not visible using volume-selective spectroscopy.
To finally ascertain this result, a simple one-pulse spectrum
from the entire isolated kernel was recorded, and still there
was no signal about 3.5 ppm downfield from water. For
this reason, it was supposed that the oil components of
the seed are supported on woody constituents of the seed,
thus losing mobility and relaxing too fast to give narrow
signals. In contrast with previously reported data (Gussoni
et al., 1993), this phenomenon does not seem to be depen-
dent on ripening.

In order to study the differences between fruits picked
on the same day, and to evaluate whether the observations
performed on the samples can be generalised, three olives
picked on 27/11/02 were inserted into a gradient system
with a 64 mm internal probe diameter. The images
obtained are shown in Fig. 5.

Although there are no evident differences in the water
selective image, in the oil selective image, the top olive does
not show the band of high intensity around the seed that is
present in the other two olives. This leads to the conclusion
that ripening in the different fruits can occur at different
times and the factor that influences this behaviour may
Fig. 5. Axial images of three olives. (a) Water selective image and (b) oil
selective image of sample 3.
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be a different position on the tree. This suggests that it is
not possible to generalise our considerations, unless MRI
investigations are carried out on a large number of different
fruits picked on the same day. Also evident in Fig. 5, is a
darkened region around the air/olive interface in the centre
of the picture, again showing a susceptibility artefact. This
artefact will be studied carefully if quantitative analysis is
performed.

4. Conclusions

The results provide information on the variations that
occur in the Bella della Daunia olive with ripening. They
confirm the correlation between decreases in sugars and
water and increases in oil content. Routine analyses carried
out on processed olives showed how processing affects
components.

MRI highlighted local movements of macro-compo-
nents in the pulp during ripening. Evidence was obtained
of a wave of apparent high water activity moving out from
the inner to the outer mesocarp during the ripening
process.

The questions arising from this work (absence of the oil
signal in some seeds and differences between olives picked
on the same day) warrant extended work on a larger num-
ber of olives picked in different years in order to show the
relationship between these behaviours and the degree of
ripening.

The MRI approach could be used to characterize olives
of different cultivars to provide information about the
NMR parameters that differentiate the olives and explain
characteristics such as pulp consistency and detachment
of the pulp from the kernel.

The results of such a study should be of value in the
agricultural industry for quality control and for character-
izing typical agricultural products.
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