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MICROBIOLOGICAL AND SENSORY STUDIES
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ABSTRACT

Chemical, microbiological and sen-
sory changes of orange slices of dif-
ferent Tarocco clones, packaged with 
films of different permeabilities were 
analyzed, in order to find the clone 
most suitable for processing and the 
best packaging conditions to extend 
its shelf-life and marketability. The re-
sults of the chemical analyses showed 
significant changes in firmness, total 
acidity, colour and anthocyanin content 
for some of the clones during storage 

RIASSUNTO

Nel presente lavoro i cambiamenti 
chimici, microbiologici e sensoriali 
di arance cv. Tarocco minimamente 
trasformate, confezionate con tre film a 
diversa permeabilità sono stati studiati, 
allo scopo di individuare sia il clone più 
idoneo alla trasformazione in IV gamma, 
sia le condizioni di confezionamento in 
grado di allungare la shelf life e quindi 
valorizzare tale prodotto. Compattezza, 
acidità, colore e concentrazione in anto-
cianine sono i parametri chimici in cui 
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at 4°C. Although the vitamin C content 
in all the clones decreased, its high re-
sidual content after storage maintained 
the antioxidant protection of the orange 
slices. For all of the microbial groups 
studied, all of the samples showed 
Colony Forming Units (CFU) per gram 
that were lower than the limits speci-
fied by microbiological criteria generally 
used, until the 12th day of storage. The 
best clone, from a chemical and senso-
rial point of view was “Gallo”. No cor-
relation was found between microbial 
growth and changes in sensory aspects 
with respect to the permeability of the 
films tested. The isolation of false posi-
tive Listeria monocytogenes, pointed out 
the need to set up a suitable method for 
isolating this pathogen from this type 
of food product.

sono stati osservati cambiamenti signi-
ficativi, solo per alcuni cloni, durante la 
conservazione. Inoltre, sebbene tutti i 
cloni analizzati abbiano mostrato perdita 
di vitamina C, la concentrazione residua 
di tale componente è sufficiente al man-
tenimento delle difese antiossidanti di 
tale prodotto. Per quanto riguarda i ri-
sultati delle analisi microbiologiche, tutti 
i campioni analizzati hanno mostrato, 
fino al 12° giorno di conservazione, per 
tutti i gruppi microbici ricercati, valori 
di UFC/g (Unità Formanti Colonia/g) 
inferiori ai relativi limiti microbiologici 
fissati per i vegetali di IV gamma. Il 
miglior clone di arancia, dal punto di 
vista chimico e sensoriale, è risultato 
il Tarocco “Gallo”. Per i film a diversa 
permeabilità esaminati nessuna corri-
spondenza è stata trovata tra crescita 
microbica e cambiamenti nelle caratter-
istiche sensoriali. Per quanto riguarda 
la ricerca di Listeria monocytogenes 
l’isolamento di falsi positivi ha fatto 
emergere l’esigenza di mettere a punto 
un sistema di isolamento adeguato per 
tale matrice alimentare.

INTRODUCTION

The development of Minimally Proc-
essed Vegetables (MPV) could help 
diversify and promote the processed 
fruit product industry, which is very 
important for the economy of the Medi-
terranean regions, particularly, for Sicily, 
where orange production is widespread. 
The MPV market is increasing because 
of consumer satisfaction with respect to 
various factors: demand for convenience 
foods in response to an increase in out-
of-home eating, women working and the 
demand for fresh, untreated, healthy 
food products (JACXSENS et al., 1999; 
SENESI et al., 2000).

MPV products are already popular in 
catering, such as airplane meals, but, 

like all unpreserved food products, they 
have a short shelf-life, between 5 and 7 
days (ALBENZIO et al., 1998; CREMONESI 
and EPIFANIO, 1999). Current trends are 
to extend the shelf-life of MPV products 
by finding the most suitable cultivars, 
reducing the microbial load (washing or 
sanitizing procedures, modified-atmos-
phere packaging, refrigeration and oth-
ers) and enzymatic degradation through 
fast heat treatment (WATADA et al., 
1996; WATADA and QI, 1999; QUAGLIA 
and RAFFO, 2001). Studies have been 
done on different MPVs, including fen-
nel (ALBENZIO et al., 1998), vegetables 
(TOMASONI et al., 2001), apricots (MAS-
SANTINI et al., 2000) and apples (ANNESE 
et al., 1997; BUTA et al., 1999).

Although many of these investigations 
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have dealt with the quality of MPV, the 
industrial production of Minimally Proc-
essed Fruit (MPF) is still considered dif-
ficult due to the great assortment of fruit 
and their rapid enzymatic spoilage. Fruit 
salads are the only exception (SENESI 
and DE REGIBUS, 2002). MPV and MPF 
are consumed without cooking, so this 
makes the presence of pathogens a pub-
lic health concern (JAY, 1995). The usual 
sources of pathogen contamination come 
from irrigation or wash water, manure, 
infected operators and/or facilities with 
poor hygiene (FDA, 1998).

In Europe there is no microbiological 
policy for MPF and MPV, but two criteria 
are widely used: DGCCRF (1992) and CN-
ERNA-CNRS (1996). The first correlates 
the shelf life of MPV with 5x107 CFU g-1 
of total aerobic count and recommends 
testing for the absence of Listeria mono-
cytogenes and Yersinia enterocolitica in 
25 g of sample. According to CNRNA-
CNRS (1996) the limit for total aerobic 
count is 108 CFU g-1 and the absence 
of L. monocytogenes in 0.01 g of sam-
ple, at the time of consumption. L. 
monocytogenes contamination of MPV 
is a major concern that needs to be ad-
dressed in order to increase the safety 
of these products, since incidences of 
L. monocytogenes infections have been 
associated with fruit and vegetables 
(SCHLECH et al., 1983; MARRANZANO et 
al., 1996; HO et al., 1986; HEISICK et al., 
1989). In 1998, the National Advisory 
Committee on Microbiological Criteria 
for Foods (FDA, 1998) stated that with 
regard to juices, L. monocytogenes has 
to be considered the target organism in 
the absence of known specific pathogen-
product associations.

Oranges, being a non-climacteric fruit, 
and due to their morphological and phys-
iological characteristics, show good po-
tential for being minimally transformed 
(PRETEL et al., 1998). Studies on mini-
mally transformed blond oranges have 
been conducted on enzymatic peeling 
and modified atmosphere packaging 

(PRETEL et al., 1998), sensory changes 
during storage at low temperatures (RO-
CHA et al., 1995), shelf-life extension of 
peeled oranges by citric acid treatment 
(PAO and PETRACEK, 1997) and micro-
biological stability and development of 
bitter substances (PAO et al., 1997). No 
study has been done on MPF of blood 
orange cultivars, such as Tarocco. This 
cultivar has excellent sensory charac-
teristics with a red pulp, a distinctive 
aroma and a balanced ratio of sugars 
and acids (RAPISARDA, 2000; RAPISARDA 
et al., 2001), the presence of anthocy-
anins and a high vitamin C and hydroxy-
cinnamic acid content (RAPISARDA and 
INTELISANO, 1996).

The aim of the present work was to 
find the best Tarocco clone and the best 
packaging conditions in order to extend 
the shelf-life of minimally processed 
orange slices. To do this orange slices 
were packaged with films of three differ-
ent permeabilities.

MATERIALS AND METHODS

Sample preparation

Fruit from 2 consecutive years (2002-
2003) belonging to five different clones 
of cv. Tarocco (“Arcimusa”, “Scirè”, 
“Gallo”, “Rosso” and “Meli”), grown in 
the experimental field of the “Istituto 
Sperimentale per l’Agrumicoltura” (Aci-
reale, Catania – Italy) was used. Selected 
oranges were washed with a solution 
containing 200 ppm Cl2, rinsed with dis-
tilled water, dried and peeled manually. 
The oranges were then sliced (about 1 
cm thick) along the equatorial diameter 
using an electric slicer, and packaged 
under normal atmospheric conditions 
with films of three different permeabili-
ties (Table 1). Vacuum packaging was 
only done for Tarocco “Gallo” with film 
1. Films 1 and 2 were heat welded to 
white CPET plastic boxes (117x227x35 
mm), while film 3 was welded to white 
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PP plastic boxes (117x227x49 mm). A 
TecnoFoodpack, mod. Easypack (Pavia, 
Italy), sealing machine was used for the 
packaging. Each box, containing 4 or-
ange slices (about 180 g), was kept at 
4±1°C for 14 days. All samples were 
prepared under a suitably equipped and 
hygienically controlled environment to 
reduce microbial contamination. Dur-
ing storage the boxes were sampled 
every three days to determine physico-
chemical, microbiological and sensory 
parameters.

Physico-chemical analyses

Five independent samples were 
prepared for the physico-chemical 
analyses of each cultivar. The firm-
ness of the orange slices from each of 
five boxes was determined using a TR 
di Turoni & C s.n.c. (Forlì, Italy) digital 
penetrometer. The colour was evalu-
ated (CIE L* a* b*) using a Minolta 
CR200 colorimeter (Minolta, Milano, 
Italy). The chemical analyses were 
carried out on the juice obtained by 
squeezing the orange slices from each 
box using a kitchen blender. pH, to-
tal acidity (TA) and total soluble solids 

(TSS) were determined following clas-
sical analytical methods (MAF, 1989; 
KIMBAL, 1999). The anthocyanins, ex-
pressed as mg L-1 of cyanidin-3-gluco-
side, were determined using the method 
of RAPISARDA et al. (1994). The ascorbic 
acid concentration was determined by 
HPLC (RAPISARDA and INTELISANO, 
1996), using a Waters mod. 600-E liquid 
chromatograph (Milano, Italy), equipped 
with a PDA Waters 996 detector and 
Millennium 32 Waters software. The 
column was a C-18 Hypersil ODS-5µ 
(Phenomenex, Torrence, CA) maintained 
at 35°C; the elution was performed with 
a buffer solution consisting of KH2PO4/
H3PO4 at pH 2.3, at a flow rate of 1 mL 
min-1. The wavelength was set at 260 nm. 
The sugars (sucrose, fructose, glucose) 
were determined by HPLC, using the 
liquid chromatograph described above, 
equipped with a refraction index detector 
(W-410) fitted with an aminic column IB-
SIL5-NH2 (Phenomenex, Torrence, CA). 
The mobile phase used consisted of an 80:
20 mixture of acetonitrile and water with 
a column flow of 1.8 mL min-1. Physico-
chemical analyses were only performed 
on the orange slices packaged with film 
1. The statistical analysis of the results 

Table 1 - Characteristics of the three films used.

                                                                              Film 1                               Film 2                              Film 3

                                                                 Oriented Nylon (OPA)           Polyester (PET)              Polyester (PET)
                                                                            17 g/m2                           41.7 g/m2                        16.8 g/m2

Stratigraphy                                                        Adhesive                                                                  Adhesive
                                                                             2 g/m2                                   -                                 2 g/m2

                                                                      Polyester (PET)                                                    Polypropylene (PP)
                                                                            42 g/m2                                  -                               45.5 g/m2

Permeability to O2                                            35 cc/m2/24h                    56 cc/m2/24h                 110 cc/m2/24h

Permeability to water vapour                            15 g/m2/24h                      13 g/m2/24h                    45 g/m2/24h

Permeability to CO2                                                   -                             217 cc/m2/24h                           -

Sealing point                                                     140°/220°C                       140°/220°C                     135°/150°C
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was carried out using the MSTAT WIN 
10 program. The program performed 
the analysis of variance (ANOVA) and 
the means were separated by the Tukey 
test.

Microbiological analyses

The microbiological analyses were 
performed on three independent sam-
ples every three days (0, 3, 6, 9, 12 and 
15 days of storage). The slices in each 
box were aseptically weighed and put 
in a sterile plastic bag to be blended in 
a Stomacher (Lab-Blender 400, Stew-
ard Medical, London, UK) for 3 min. 
Mesophilic viable counts (MVC) were 
performed on Plate Count Agar (Oxoid, 
CM325, Hampshire, England), after 48 
h incubation at 32°C; psychrotrophic 
viable counts (PVC) were done with the 
same medium but were incubated at 
15°C for a week.

Enterobacteriaceae counts were deter-
mined by using Violet Red Bile Glucose 
Agar (Oxoid, CM485) after incubation for 
24 h at 37°C; lactic acid bacteria counts 
(LAB) were determined using MRS (Ox-
oid, CM359). The pH of the medium was 
adjusted to 5.4 with lactic acid and the 
Petri dishes were incubated at 37°C for 
48 h, in anaerobic conditions. Yeast and 
mould counts were determined with Sa-
bouraud Dextrose Agar (Oxoid, CM41) 
after incubation at 25°C for 4 days; ace-
tic acid bacteria were determined using 
GYCA medium (g L-1: 50 g glucose; 10 g 
yeast extract; 30 g calcium carbonate; 
25 g agar) after incubation at 32°C for 
48 h; acidophilic bacterial counts were 
performed using Orange Serum Agar 
(Oxoid, CM657) after incubation at 32°C 
for 48 h.

Regarding Listeria isolation, 24 boxes 
of orange slices packaged with film 1, 
were randomly analysed, from the 6th to 
the 15th day of storage, according to the 
USDA method (McCLAIN and LEE, 1988). 
Twenty-five grams of sample were added 
to 225 mL of Listeria Enrichment Broth 

Base (Oxoid, CM863) plus supplement 
(Oxoid, SR141E). After blending in the 
stomacher for two minutes, the sample 
was incubated at 30°C. After 4, 24, 48 
hours and 7 days, aliquots of 0.1 mL 
were taken and enumerated by plating 
into Listeria Selective Agar Base (Oxoid, 
CM856), with the addition of supplement 
(Oxoid, SR140E). Black colonies on this 
medium were presumed to be Listeria 
colonies.

Two colonies, from each plate, were 
randomly chosen, recovered on Tryptone 
Soya Agar (TSA) (Oxoid, CM 129) plus 
0.6% Yeast Extract. The morphology 
was determined by optic microscopy 
and the isolates were tested for Gram 
stain, catalase activity, tumbling motil-
ity, β-haemolysis, sugar fermentation 
and growth in Nutrient Agar (Oxoid) 
supplemented with NaCl (up to a final 
concentration of 20%).

Sensory analyses

The profile method UNI U590A1950 
(1998) was used to track the sensory 
changes in the product over time with 
respect to shelf-life and packaging ef-
fects. In this method the qualitative-
quantitative aspects of the sensory 
attributes of the sample are described 
by a trained panel (ISO 8586-1, 1993). 
The judging was carried out in a labo-
ratory that complies with the UNI ISO 
8589 (1990) standards. The panel was 
made up of 24 students of the Univer-
sity of Catania between the ages of 24 
and 28 years. The judges first selected 
the attributes to describe the product 
(freshness, aroma, acidity, juiciness, 
sweetness, firmness, off-flavour and 
overall judgement). They then evalu-
ated the intensity of each attribute 
(UNI ISO/WD 4121, 2001) using a 
response scale, assigning a score be-
tween 1 (minimum) and 9 (maximum). 
The data obtained were submitted to 
ANOVA to verify significant differences 
among attributes during storage. Spi-
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der diagrams were used to graphically 
represent the data.

RESULTS AND DISCUSSION

Physico-chemical analyses

Fig. 1 reports the firmness values of 
the slices of the Tarocco clones studied. 
Significant reduction in firmness was ob-

Fig. 1 - Variation in orange slice firmness of five 
clones of cv. Tarocco during storage at 4°C (capital 
letters = p<0.01; small letters = p<0.05; ns. = not 
significant).

served in “Meli” and in some samples of 
“Arcimusa” during the two-week storage 
time. The change in firmness, in “Meli”, 
may be related to the fact that it has the 
highest level of pectin esterase enzyme, 
which destroys the cell wall, resulting 
in loss of firmness (ALZAMORA et al., 
2000).

The Tarocco clone slices that were 
used had two different pH values: 
“Meli” and “Arcimusa” had pH values 

Fig. 2 - Variation in orange slice pH of five clones 
of cv. Tarocco during storage at 4°C (capital let-
ters = p<0.01; small letters = p<0.05; ns. = not 
significant).



280 Ital. J. Food Sci. n. 3, vol. 16 - 2004 Ital. J. Food Sci. n. 3, vol. 16 - 2004 281

of 3.31-3.37 while the other clones had 
higher pH values (3.60-3.83) (Fig. 2). 
These differences are also reflected 
in the total acidity (TA) which was 
above 1% in the first two clones and 
between 0.6% and 0.8% in the other 
clones (Fig. 3). During storage, there 
was a significant increase (p<0.01) in 
pH in the “Scirè” and “Rosso” clones, 
manifested after about 8 days of stor-
age. Regarding the total acidity, the 

data showed a constant trend in all 
the clones, with the exception of the 
“Arcimusa”, where there was a signifi-
cant drop (p<0.01) after the 7th day of 
storage. The lack of any correlation be-
tween TA and pH is probably due to the 
buffering capacity of the orange juice 
that tends to annul small variations 
in acidity.

The TSS values (Fig. 4) in all the 
clones did not show variations during 

Fig. 3 - Variation in orange slice TA of five clones 
of cv. Tarocco during storage days at 4°C (capital 
letters = p<0.01; small letters = p<0.05; ns. = not 
significant).

Fig. 4 - Variation in orange slice TSS of five clones 
of cv. Tarocco during storage days at 4°C (ns. = 
not significant).



282 Ital. J. Food Sci. n. 3, vol. 16 - 2004 Ital. J. Food Sci. n. 3, vol. 16 - 2004 283

storage. Such a trend was confirmed by 
evaluating glucose, fructose and sucrose, 
which, except in the case of “Gallo”, re-
mained almost constant during the entire 
storage time (Fig. 5). In “Gallo” there was 
a decrease in glucose and fructose from 
the first days of storage. The decrease 
in these sugar concentrations may be 
due to the high respiratory activity of the 
fruit immediately after cutting, when the 
monosaccharides are used as substrates 
in the metabolic process (ROCHA et al., 
1995).

One of the most important objec-
tives for minimally processed fruits 
and vegetables is to maintain the 
original colour (DRANTES-ALVAREZ 
and CHIRALT, 2000). In the case of 
the blood oranges, anthocyanins are 
responsible for the characteristic red 
colour of the pulp. Although these pig-

Fig. 5 - Variation in orange slice sugar (glucose, fructose and sucrose) of five clones of cv. Tarocco during 
storage days at 4°C (capital letters = p<0.01; small letters = p<0.05; ns. = not significant).

ments are stable inside the fruit, when 
sliced they may deteriorate due to light, 
oxygen or endogenous enzymes (GROSS, 
1987). On the other hand, the high acid-
ity of the product helps to balance out 
these negative effects by stabilising the 
anthocyanins by shifting the equilib-
rium of dissociation towards the form 
of flavilium salts (BROUILLARD, 1982) 
and preventing peroxidase (LO SCALZO 
et al., 2003) and polyphenoloxidase en-
zyme activity (GONZALEZ et al., 2000), 
which is responsible for the browning 
of the slices. There was a statistically 
significant decrease in the anthocyanin 
content (p<0.05) only in “Rosso” (Fig. 
6), the clone with the highest initial 
anthocyanin content (229.8 mg L-1). 
Therefore, in all clones except “Rosso”, 
the high acidity effect stabilized the 
anthocyanin level.
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Fig. 6 - Variation in orange slice anthocyanins of 
five clones of cv. Tarocco during storage days at 
4°C (capital letters = p<0.01; small letters = p<0.05; 
ns. = not significant).

These results were also confirmed by 
measuring the colour coordinates, CIE 
L* a* b*, which only showed a decreasing 
trend in the red index, a*, in the “Gallo” 
and “Rosso” clones (Fig. 7). Regarding 
the yellow index b*, only slight differ-
ences were observed in the same samples 
of the “Gallo” clone. No significant var-
iations in the luminosity values, L*, were 
observed in the clones. These data are 
a further confirmation of the absence of 
browning phenomena in the slices dur-

ing storage which would have occurred 
if the L* values had decreased and b* 

had increased.
The Tarocco variety of orange is the 

richest in vitamin C (RAPISARDA and IN-
TELISANO, 1996; RAPISARDA et al., 2001). 
Recent studies have shown that the 
vitamin C content in the juice of some 
clones, varies between 60 and 90 mg/100 
mL (RAPISARDA and RUSSO, 2000). The 
vitamin C level in the just-prepared slices 
is perfectly in line with the above values 
(Fig. 8). However, during storage the vita-
min C content decreased in all the clones. 
In “Meli” the vitamin C content decreased 
but the differences were not statistically 
significant. The “Rosso” clone had the 
highest vitamin C loss with a decrease of 
roughly 40% in 15 days of storage. The 
variation in the other clones was between 
10% (“Meli”) and 30% (“Gallo”). It should 
be noted that the “Rosso” clone had the 
highest vitamin C content (78.9 mg/100 
mL) at the beginning of storage. Therefore, 
this decrease during storage did not lead to 
an excessive reduction in the antioxidant 
protection of the slices.

Microbiological analyses

The number of all detected microbial 
groups, expressed as CFU g-1, was the 
average of the three repetitions and all 
Standard Deviations were below 0.05 
(data not shown).

The values of CFU in any case were 
lower than the limits established by 
microbiological criteria for MPV (CN-
ERNA – CNRS, 1996), both on the produc-
tion day and on the last day of storage at 
4°C. Only the mould and yeast counts, 
on the 15th day of storage were high 
(1x109 CFU g-1) so, the microbiological 
results are only shown for samples until 
the 12th day of storage. All the clones, 
packaged in the three films, had CFU g-1 
values lower than 10 until the 6th day of 
storage in films 2 and 3 (the mesophilic 
viable counts were 4.3x103 and 3.0x103 
CFU g-1, respectively). These results are 
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very good, since NGUYEN-THE and CAR-
LIN (1994) reported mesophilic bacteria 
counts after production of minimally 
processed vegetables to range from 103 
to 109 CFU g-1, and despite such high 
counts, product quality was still consid-
ered acceptable.

The Tarocco “Gallo” clone was the 
best processed orange. The lowest CFU 
g-1 was obtained with film 1, followed by 
films 3 and 2. Fig. 9, 10 and 11 report the 
microbiological evolution during stor-
age of Tarocco “Gallo” slices packaged 
with films of different permeabilities. 
Moreover, only this clone was vacuum 
packed. As shown, the best results were 
obtained when “Gallo” was packaged un-
der vacuum (Fig. 12). In this case the 
number of CFU g-1 was lower than 1 for 
all microbiological groups even at the 

Fig. 7 - Variation in orange slice colour parameters (CIE L* a* b*) of five clones of cv. Tarocco during 
storage days at 4°C (capital letters = p<0.01; small letters = p<0.05; ns. = not significant).

12th day of storage. The positive effect of 
vacuum packaging is thought to be due 
to a lower respiration and reduction of 
the overall rate of metabolic processes 
which results in a better retention of the 
physiological state of the product and 
consequent inhibition of the growth of 
spoilage microorganisms (NGUYEN-THE 
and CARLIN, 1994). When the slices were 
packaged in film 1, the CFU g-1 values 
for the microbial groups were below 2 
until the 12th day of storage. Figures 
9 and 10 show that there were higher 
values when films 2 and 3 were used. 
These data are in agreement with other 
studies which have demonstrated that 
microbial growth in ready-to-eat fruit 
is not the most relevant problem, even 
if spoilage increases (SENESI and PAS-
TINE, 1996).
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Fig. 8 - Variation in orange slice ascorbic acid of 
five clones of cv. Tarocco during storage days at 
4°C (capital letters = p<0.01; small letters = p<0.05; 
ns. = not significant).

Regarding the isolation of Listeria, 
after identification tests, none of the 19 
presumptive Listeria strains were iden-
tified as Listeria spp. Eleven isolates 
which were Gram positive, catalase 
positive, non- spore forming and able to 
grow at high NaCl concentrations were 
identified as Staphylococcus spp., 3 were 
Pediococcus pentosaceus and 1, being 
strictly aerobic, able to grow at up to 5% 
NaCl and produce a yellow pigment was 
Micrococcus spp. The isolation of non-

Listeria strains has been reported in the 
literature for sea food (BEN EMBAREK 
et al., 1997), where Corynebacterium 
was identified. In the present case, the 
isolation of Gram positive non-Listeria 
strains could be due to the inhibition of 
acriflavine by the low pH values of the 
oranges and the presence of carboxylic 
acids, as previously reported (BEUMER 
et al., 1996). Presently no data has been 
published on the natural occurrence of 
Listeria in orange slices, but the need 
to assure its absence in the product re-
quires that a suitable isolation procedure 
be set up to assess the microbiological 
risk of the minimally transformed orange 
slices (SZABO et al., 2000).

Sensory analyses

The sensory profile study showed 
an overall decay of fresh fruit char-
acteristics during storage. In fact, the 
intensity of all the attributes decreased 
while, off-flavours appeared, which is 
certainly a negative attribute. This more 
or less rapid trend allowed the different 
clones to be screened during shelf-life. 
The clone “Gallo” which showed a slow 
decay and no notable off-flavour was 
found to be the most suitable for this 
use, because it shows the promise of 
longer storage. On the basis of these 
results, the influence of packaging 
films on the sensory parameters of the 
“Gallo” slices was investigated. The 
different results are graphically illus-
trated as profiles at 0, 8 and 15 days. 
Samples packaged with film 1 showed 
statistically significant differences 
(p<0.05%) between fresh and 2 to 3-day 
slices for all attributes except firmness 
and acidity (Fig. 13). Film 2 (Fig. 14) 
gave an acceptable performance even 
if fresh and 8-day slices were different 
(p<0.05%) for all the attributes, except 
firmness and off-flavour. The statisti-
cal analysis (ANOVA) of the sensory 
attributes showed that film 3 had the 
lowest incidence of significant differ-
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Fig. 9 - Microbiological evolution during storage time at 4°C of Tarocco “Gallo” slices packaged in film 1.

Fig. 10 - Microbiological evolution during storage time at 4°C of Tarocco “Gallo” slices packaged in film 2.
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Fig. 11 - Microbiological evolution during storage time at 4°C of Tarocco “Gallo” slices packaged in film 3.

Fig. 12 - Microbiological evolution during storage time at 4°C of Tarocco “Gallo” slices packaged under 
vacuum conditions.
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Fig. 13 - Sensory profile of Tarocco “Gallo” slices packaged in film 1 (significant p<0.05 for all attributes 
except acidity and firmness).

Fig. 14 - Sensory profile of Tarocco “Gallo” slices packaged in film 2 (significant p<0.05 for all attributes 
except off-flavour and firmness).
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Fig. 15 - Sensory profile of Tarocco “Gallo” slices packaged in film 3 (not significant for any of the at-
tributes except freshness and firmness p<0.05).

Fig. 16 - Sensory profile of Tarocco “Gallo” slices packaged under vacuum conditions (significant p<0.05 
for all attributes).
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ences between fresh slices and slices 
at different storage times. At the end 
of the trial, only freshness and firm-
ness were significant (p<0.05%) with 
respect to fresh slices (Fig. 15). The 
“Gallo” slices packaged with film 1 
(Fig. 16) under vacuum showed statis-
tically significant differences (p<0.05%) 
between fresh and 2-3 day slices for 
all attributes which were completely 
unsatisfactory.

CONCLUSIONS

The results of the physico-chemical 
analyses showed no essential differences 
among the five Tarocco clones packaged 
with film 1. It was shown that Tarocco 
“Rosso” had the greatest decrease in 
anthocyanins and in vitamin C content. 
Consequently, microbiological and sen-
sory parameters were used to select the 
most suitable Tarocco clone to be proc-
essed.

The microbiological and sensory 
results showed that the highest stabil-
ity was achieved with Tarocco “Gallo”, 
whose shelf-life at 4°C was longer than 
12 days. Regarding the packaging con-
ditions, the microbiological results are 
not in agreement with the sensory ones. 
In fact, from a microbiological point of 
view, no substantial differences were 
observed in Tarocco “Gallo” packaged 
with the three different permeability 
films, while the sensory results showed 
that the product packaged with film 3 
was the most palatable. This study 
shows that film 2 can be proposed as 
a compromise to prolong the shelf-life 
to over 10 days, at 4±1°C. Since the 
microbial safety of MPV must be en-
sured, as well as maintaining accept-
able sensory and microbial quality, the 
lack of a suitable isolation procedure 
for L. monocytogenes indicates that due 
precaution must be taken to extend the 
shelf-life of refrigerated minimally proc-
essed orange slices.
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ABSTRACT

The effect of calcium (Ca) and fun-
gicides on fungal pathogens of sweet 
cherries, cvs. “Bing” and “0900 Ziraat”, 
in Normal Atmosphere (NA) and Modi-
fied Atmosphere Packaging (MAP) 
was investigated. The most effective 
treatment was MAP+iprodione. The 
MAP+iprodione treatments reduced 
the percentage of rotted fruit in cv. 
“Bing” from 23.40 to 7.74% and from 
11.89 to 5.75% at the end of the tri-
als in 1998 and 1999, respectively, 

RIASSUNTO

È stato studiato l’effetto del calcio 
e di diversi fungicidi sugli attacchi 
fungini post-raccolta di ciliegie dolci 
cv. “Bing” e “0900 Ziraat”, conservate 
sotto atmosfera normale (NA) e modifi-
cata (MAP). Il miglior trattamento si è 
rivelato quello con MAP+iprodione. Tale 
trattamento ha diminuito la quantità di 
frutti marciti della cv. Bing dal 23,40 al 
7,74% nel 1998 dal 20,14 al 12,90 nel 
1999, mentre ha diminuito la quantità 
di frutti marciti della cv. 00900 Ziraat 
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INTRODUCTION

For fruit having high export value 
such as sweet cherry, improving stor-
age conditions, prolonging the storage 
time and developing novel postharvest 
treatments are important issues. Gen-
erally sweet cherries can be stored at 
1-0°C and 85-90% relative humidity 
(RH) for 1-4 weeks (BLAZEK et al., 1983; 
PANOVA and POPOV, 1987; VIDRIH et al., 
1998; ESTI et al., 2002). The storage 
time can be prolonged if the cherries 
are stored under modified atmosphere 
packaging (MAP) and controlled atmos-
phere (CA) conditions (BERGER et al., 
1990; ERIS et al., 1993; MEHERIUK et 
al., 1995; THOMPSON, 2001; TIAN et 
al., 2001; JIANG et al., 2002; SPOTTS 
et al., 2002). Furthermore, the use of 
antagonistic microorganisms against 
postharvest diseases has been shown 
to be less successful than the use of 
synthetic fungicides (AGRIOS, 1997; 
COPPING, 2001).

The effects of Ca and some fungicides 
on the storage time and fruit quality of 
sweet cherries which were stored under 
normal atmosphere (NA) and modified 

atmosphere packaging (MAP) conditions 
were investigated.

MATERIALS AND METHODS

The sweet cherry cultivars “Bing” and 
“0900 Ziraat”, which are widely grown in 
Turkey and have high export value, were 
used in the studies conducted in 1998 
and 1999. Initial analyses were carried 
out after the sweet cherries were har-
vested and the fruit was divided into the 
following 5 groups:

1) fruit stored in NA conditions, 2) fruit 
stored in MAP (100 µ-thick low density 
polyethylene (LDPE), with an O2 perme-
ability of 116.6 mL/m2.day.atm. and CO2 
permeability of 112.4 mL/m2.day.atm., 
at 0°C), 3) fruit stored in MAP after being 
treated with calcium (Ca) (the fruit was 
dipped in an aminoquelant-Ca solution 
(1,200 mg/L) for 15 min), 4) fruit stored 
in MAP following captan treatment (the 
fruit was dipped in a captan solution 
(0.30 g/L) for 1 min), and 5) fruit stored 
in MAP following iprodione treatment 
(the fruit was dipped in an iprodione 
(0.75 g/L) solution for 1 min).

and in cv. “0900 Ziraat” from 20.14 
to 12.90% and from 23.62 to 5.50% 
in 1998 and 1999, respectively. It was 
concluded that sweet cherry cvs. “Bing” 
and “0900 Ziraat” could be stored un-
der MAP conditions for 32 days and 
62 days, respectively. The fungi most 
frequently isolated from sweet cherry 
cvs. “Bing” and “0900 Ziraat” were 
Botrytis cinerea, Penicillium expansum, 
Monilinia fructicola, Alternaria alternata 
and Rhizopus stolonifer. The efficiency 
of Ca, captan and iprodione on these 
fungi were investigated under in vitro 
and in vivo conditions, and iprodione 
was found to be the most effective.

dal 20,14 al 12,90 nel 1998 e dal 23,62 
al 5,50 nel 1999. Lo studio permette 
di concludere che le varietà di ciliegie 
“Bing” e “0900 Ziraat” possono essere 
conservate in MAP rispettivamente per 
32 e 62 giorni, senza danni visibili. 
Le specie fungine più frequentemente 
isolate dalle due cv. sono state Botrytis 
cinerea, Penicillium expansum, Monilia 
fructicola, Alternaria alternata e Rhi-
zopus stolonifer. L’efficacia del calcio, 
captan e iprodione su questi funghi è 
stata studiata in vivo ed in vitro. I risul-
tati hanno dimostrato che l’iprodione 
possiede la migliore efficacia.
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After treatment the cherries were 
dried for 30 min at room temperature 
and pre-cooled with cold air (room cool-
ing). The cherries were them placed in 
cardboard boxes (21x36x7 cm) and 
stored in a cold room at 0±0.5°C and 
90±5% RH for 30 and 60 days. Shelf-life 
was determined by keeping the cherries 
under ambient conditions (22±2°C and 
60±5% RH) for 2 days after removing 
them from storage.

Weight loss (%), respiration rate (mg 
CO2/kg h), soluble solids content (SSC) 
(%), titratable acidity (%), percentage of 
rotted fruit (%), Ca content (ppm) and 
fruit skin colour (h) were measured 
during the storage period (0±0.5°C and 
90±5% RH) and at the end of the shelf-
life (22±2°C and 60±5% RH).

Weight loss during storage was deter-
mined by weighing samples before stor-
age and at various times during storage 
on a Sartorius precision balance (Sarto-
rius Co., Göttingen, Germany). Chang-
es in the respiration rate of the fruit 
were recorded from the day of harvest 
till the end of storage and shelf-life. The 
rate was determined as mg CO2/kg h 
using the CLAYPOOL and KEEFER (1942) 
method which is based on CO2 absorp-
tion. Each sample of sweet cherries was 
blended in the laboratory, and the SSC 
of the fruit juice was determined as per-
cent sucrose using a N.O.W. (0-32%) 
refractometer (Tech-Jam International 
Inc., Tokyo, Japan). Titratable acidity 
was determined by titration with 0.1 
N NaOH to pH 8.1 and expressed as 
percent of malic acid. The Ca content 
was measured with a flame photometer 
(Eppendorf Elex 6361) (Eppendorf Co., 
Hamburg, Germany) by using the “dry 
ashing method” with the extracted 
juice (KILIC et al., 1991). Skin colour 
(h) of cherries was measured with a 
tristimulus Minolta Chromameter CR-
300 (Konica-Minolta, Osoka, Japan).

A Randomized Plot Factorial Experi-
mental Design with 3 replicates, consist-
ing of 3 kg of fruit (one box) per replicate 

was used. The results were analyzed 
using ANOVA and the means were com-
pared using the LSD test.

The fungi from diseased fruit were 
isolated according to general procedures 
and identified according to morphologi-
cal structures. The pathogenicity of the 
fungi isolated from the fruits was deter-
mined according to EL-GHAUTH et al. 
(1995).

The efficiency of Ca and fungicides 
against pathogenic fungi was tested at 
0.5° and 25°C. Fungi were inoculated 
into healthy sweet cherries stored in 
NA and MAP according to EL-GHAUTH 
et al. (1995) and the Ca and fungicide 
treatments were carried out accord-
ing to BIGGS et al. (1997). Harvested 
fruit was dipped into a calcium solu-
tion (1,200 mL/L) for 15 min or ipro-
dione (0.75 g/L) or captan (0.3 g/L) 
solution for 1 min. Treated fruit was 
air-dried for 1 h and then wounded 
with a dissecting needle. Wound sites 
were inoculated with 30 µL of a spore 
suspension of Botrytis cinerea (105 
conidia/mL), Rhizopus stolonifer (103 
sporangiospores/mL), Penicillium ex-
pansum (104 conidia/mL) or Monilinia 
fructicola (104 conidia/mL).

Pathogenicity studies were carried 
out in an incubator at 25°C with three 
replicates of 30 cherries per replicate. 
The diameters of the lesions formed 
on the fruits were measured 48 h after 
inoculation. Controls consisted of 30 
non-inoculated cherries conducted in 
NA and MAP at 0-2°C and 80-90% RH 
with three replicates and the diameters 
of the lesions formed on the fruit were 
measured. Some fruit was subjected to 
fungicide and Ca treatments without be-
ing artificially inoculated. In this way the 
effectiveness of these treatments against 
the natural inoculation by fungi exist-
ing in the orchard was determined. The 
cherries in the control group were only 
dipped in tap water.

The fungicide residue in the fruit was 
analyzed one week after the fungicide 
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treatments, using the Multiresidue 
Method S-10 reported in the Manual 
of Pesticide Residue Analysis from the 
Pesticide Residue Laboratory of the Iz-
mir Regional Hygiene Institute, at the 
Ministry of Health.

RESULTS AND DISCUSSION

Weight loss

Weight loss occurred in both sweet 
cherry cultivars during the storage time 
(Tables 1 and 2). Greater weight losses 
were recorded in the cherries stored 
under NA conditions compared to those 
stored with MAP. Moreover, greater 
weight losses were observed in the 
fruit with MAP that were not pretreated 
compared to those with MAP that were 
pretreated. The least weight loss in both 
sweet cherry cultivars was recorded with 
MAP+iprodione treatment (Tables 1 and 
2) in which fungal growth was retarded 
or even suppressed. Thus, weight loss 
and fruit rot proceeded at a slow rate 
due to the reduced water loss in these 
treatments. BEN (1988) also reported 
significant weight loss especially in un-
treated sweet cherry fruit.

Respiration rate

The respiration rates of NA-stored fruit 
were generally higher than those of the 
MAP fruit, in both sweet cherry cultivars. 
In addition, the lowest respiration rates 
were in MAP+iprodione and MAP+captan 
treatments in both cultivars, while the 
highest rates were recorded in NA-stored 
fruit that was not pre-treated (Tables 1 
and 2). Lower respiration rates are in-
dicative of the retention of fruit quality 
and the prevention of detrimental inter-
nal changes in the fruit. BEN (1988), 
SEKSE (1989) and ESTI et al. (2002) 
determined that sweet cherries stored 
at low temperatures produce low levels 
of CO2.

Soluble solids content

The SSC values of the two sweet cherry 
cultivars generally exhibited non signifi-
cant increases throughout storage. The 
SSC values of “Bing” sweet cherries in-
creased with respect to the initial values. 
The highest SSC values were recorded 
in the NA treated cherries at the end of 
shelf-life. The SSC values of the cherries 
directly subjected to MAP without any 
pre-treatment were higher than the other 
treatments. The lowest SSC value at the 
end of shelf-life was obtained with the 
MAP+iprodione treatment. Similar SSC 
values were found for sweet cherry cv. 
“0900 Ziraat” (Table 2). The fact that 
SSC values remained low, especially in 
the MAP+iprodione treatment in both 
cultivars, is important with respect to 
slowing the loss of fruit quality. Other 
studies on the changes in SSC during 
storage using MAP with different sweet 
cherry cultivars support the results 
obtained in this study (SHARKEY and 
McFARLANE, 1984; PALA et al., 1997; 
LURIE and AHARONI, 1998; HEVIA et 
al., 1998).

Titratable acidity

The titratable acidity of sweet cher-
ries decreased during storage (Tables 1 
and 2). The decrease was greater in the 
sweet cherries stored under NA condi-
tions, compared with those stored under 
MAP. The lowest titratable acidity values 
in MAP-stored sweet cherries were found 
in the fruit which was put directly into 
MAP without any pre-treatment, while 
the highest values were obtained with 
the MAP+iprodione treatment. The re-
duced titratable acidity in the fruit was 
the result of the acids being involved in 
physiological processes such as respi-
ration. This is another important factor 
with regard to the treatments, especially 
in terms of slowing the loss of fruit qual-
ity. With these methods changes in fruit 
quality during storage could be kept 
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Table 1 - Physical and chemical changes of sweet cherry cv. “Bing” during NA and MAP (average of 
two years).

 Storage Treatment Weight Respiration SSC Titratable Rotted Fruit skin
 time (days)a  loss rate (mg CO2/ (%) acidity fruit colour
   (%) kg/h)  (%) (%) (h)

 0 NA 0.00 a c 114.95 a 11.70 a 0.89 a 0.00 a 18.13 a
  MAP 0.00 a 114.95 a 11.70 a 0.89 a 0.00 a 18.13 a
  MAP+Ca 0.00 a 114.95 a 11.70 a 0.89 a 0.00 a 18.13 a
  MAP+I 0.00 a 114.95 a 11.70 a 0.89 a 0.00 a 18.13 a
  MAP+Cap 0.00 a 114.95 a 11.70 a 0.89 a 0.00 a 18.13 a
  LSD - 78.51 7.16 0.04 - 1.03
 10 NA 3.86 a 96.51 a 13.00 a 0.59 a 2.68 a 18.36 c
  MAP 3.99 a 95.58 a 12.31 a 0.52 a 1.16 ab 19.21c
  MAP+Ca 3.22 a 77.99 b 12.25 a 0.45 a 0.00 b 20.75 b
  MAP+I 3.14 a 60.68 c 12.64 a 0.48 a 0.00 b 23.45 a
  MAP+Cap 3.27 a 82.29 b 11.74 a 0.45 a 0.00 b 19.18 c
  LSD 2.04 10.18 7.96 0.18 2.38 1.41
 20 NA 4.80 a 73.78 ab 13.17 a 0.36 b 6.36 a 16.53 b
  MAP 3.83 a 83.79 a 14.87 a 0.42 b 2.50 ab 18.90 a
  MAP+Ca 3.30 a 72.02 bc 13.10 a 0.47 ab 0.66 ab 19.35 a
  MAP+I 3.02 a 47.74 d 12.84 a 0.62 a 0.00 b 21.05 a
  MAP+Cap 3.10 a 62.74 c 11.94 a 0.46 ab 1.16 ab 21.10 a
  LSD 3.25 10.16 4.75 0.16 5.67 2.22
 30 NA 4.75 a 58.26 a 14.14 a 0.27 b 13.09 a 13.95 ab
  MAP 3.92 a 62.91 a 13.49 a 0.27 b 8.68 b 12.91 b
  MAP+Ca 3.68 a 58.31 a 12.47 a 0.35 ab 6.32 c 19.48 a
  MAP+I 2.67 a 44.68 a 12.87 a 0.40 a 3.51 d 19.71 a
  MAP+Cap 3.44 a 53.64 a 13.33 a 0.36 ab 7.20 bc 17.91 ab
  LSD 2.99 18.23 3.75 0.11 2.18 5.55
 32b NA 7.29 a 110.75 a 16.10 a 0.29 b 24.41 a 16.76 bc
  MAP 4.79 ab 71.87 b 15.25 a 0.30 b 17.64 b 15.23 c
  MAP+Ca 3.87 b 70.31 b 14.44 a 0.36 ab 10.00 c 19.13 ab
  MAP+I 2.87 b 48.10 b 13.13 a 0.44 a 6.74 c 21.48 a
  MAP+Cap 3.97 b 71.80 b 14.20 a 0.36 ab 13.16 bc 17.68 bc
  LSD 2.73 31.96 5.11 0.10 6.51 3.60
a Storage conditions were 0±0.5°C and 90±5% RH.
b Shelf-life conditions were 22±2°C and 60±5% RH for 2 days.
c Means within a column at each time of observation followed by different letters differ significantly at P<0.05.

within certain limits, since sugar accu-
mulation was stable and loss of acidity 
was retarded in the fruit stored under the 
MAP+iprodione conditions. These results 
are similar to those of a study conducted 
by BERGER et al. (1990) on MAP of fruit 
using polyethylene (PE) packaging mate-
rials. They reported that the sweet cher-
ries had a high titratable acidity during 
storage for 22 days at 0°C when wrapped 
in PE packaging materials.

Percentage of rotted fruit

The highest percentage of rotted fruit 
during storage was recorded at the end 
of storage plus shelf-life from the fruit 
stored under NA (“Bing”: 24.41%; “0900 
Ziraat”: 24.15%) or MAP (“Bing”: 17.65%; 
“0900 Ziraat”: 21.88%) conditions. It was 
determined that rotting commenced 
from the 20th day of storage onwards 
in the fruit of cv. “Bing” which was put 
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Table 2 - Physical and chemical changes of sweet cherry cv. “0900 Ziraat” during NA and MAP (aver-
age of two years).

 Storage Treatment Weight Respiration SSC Titratable Rotted Fruit skin
 time (days)a  loss rate (mg CO2/ (%) acidity fruit colour
   (%) kg/h)  (%) (%) (h)

 0 NA 0.00 ac 102.13 a 13.04 a 0.70 a 0.00 a 22.51a
  MAP 0.00 ac 102.13 a 13.04 a 0.70 a 0.00 a 22.51a
  MAP+Ca 0.00 ac 102.13 a 13.04 a 0.70 a 0.00 a 22.51a
  MAP+I 0.00 ac 102.13 a 13.04 a 0.70 a 0.00 a 22.51a
  MAP+Cap 0.00 ac 102.13 a 13.04 a 0.70 a 0.00 a 22.51a
  LSD - 47.06 3.51 0.06 - 1.57
 10 NA 2.75 a 94.96 a 13.89 a 0.34 b 2.05 a 19.16 b
  MAP 2.53 a 90.79 a 13.83 a 0.53 ab 0.00 b 19.45 b
  MAP+Ca 1.79 ab 70.43 b 14.17 a 0.54 ab 0.00 b 22.61 a
  MAP+I 1.51 b 68.01 b 13.67 a 0.60 a 0.00 b 23.25 a
  MAP+Cap 2.01 ab 80.14 ab 14.17 a 0.54 ab 0.00 b 22.66 a
  LSD 0.93 15.34 3.37 0.23 1.67 2.45
 20 NA 3.93 a 80.96 ab 14.80 a 0.30 b 3.04 a 20.05 a
  MAP 3.13 ab 83.77 a 14.20 a 0.42 ab 2.47 a 16.45 b
  MAP+Ca 2.73 b 73.03 b 14.07 a 0.50 ab 2.08 a 21.36 a
  MAP+I 2.35 b 63.17 c 12.90 a 0.58 a 1.53 a 22.88 a
  MAP+Cap 2.90 b 72.49 b 14.10 a 0.52 a 2.57 a 22.88 a
  LSD 0.98 9.09 5.46 0.20 4.36 3.08
 30 NA 2.91 a 72.19 a 14.70 a 0.27 c 4.31 a 14.13 c
  MAP 2.13 a 75.63 a 14.42 a 0.35 bc 3.58 a 15.95 bc
  MAP+Ca 1.71 a 65.85 b 13.14 a 0.37 ab 3.34 a 18.68 ab
  MAP+I 1.58 a 58.35 c 13.44 a 0.45 a 2.01 a 20.90 a
  MAP+Cap 2.12 a 66.46 b 13.67 a 0.40 ab 3.42 a 18.00 ab
  LSD 1.40 5.49 3.94 0.09 6.22 3.54
 40 NA 2.88 a 72.00 a 15.40 a 0.34 ab 11.85 a 15.25 b
  MAP 2.73 a 60.43 abc 14.70 a 0.33 b 11.83 a 17.10 ab
  MAP+Ca 1.72 b 64.76 ab 14.40 a 0.39 ab 11.71 a 18.60 ab
  MAP+I 1.63 b 50.99 c 13.82 a 0.44 a 4.11 b 19.35 a
  MAP+Cap 1.98 b 56.28 bc 14.62 a 0.36 ab 9.94 a 18.85 ab
  LSD 0.66 12.75 5.12 0.10 5.09 3.50
 50 NA 5.16 a 44.41 b 15.90 a 0.29 b 11.78 a 18.01 b
  MAP 2.74 b 56.66 a 14.00 a 0.30 b 10.41 ab 16.83 b
  MAP+Ca 2.47 b 43.71 b 12.10 a 0.36 ab 8.60 b 19.38 ab
  MAP+I 2.12 b 44.19 b 13.24 a 0.42 a 4.27 c 21.41 a
  MAP+Cap 2.92 b 49.33 ab 12.80 a 0.31 b 8.80 b 18.03 b
  LSD 2.10 8.30 5.22 0.08 2.19 2.89
 60 NA 3.92 a 44.39 a 16.67 a 0.20 c 13.16 a 17.00 b
  MAP 2.07 b 37.43 ab 14.60 a 0.22 bc 11.26 ab 17.26 b
  MAP+Ca 1.53 bc 32.37 bc 13.90 a 0.26 ab 8.52 bc 21.30 a
  MAP+I 1.01 c 20.42 d 12.33 a 0.29 a 4.77 c 20.38 ab
  MAP+Cap 1.51 bc 26.24 cd 14.37 a 0.22 bc 9.10 b 18.61 ab
  LSD 0.89 9.92 5.02 0.05 3.80 3.32
 62b NA 6.51 a 75.57 a 18.50 a 0.16 b 24.14 c 17.36 c
  MAP 4.56 b 67.87 a 16.24 a 0.15 b 21.88 bc 18.48 bc
  MAP+Ca 3.84 b 48.03 b 15.17 a 0.21 ab 16.10 ab 21.36 ab
  MAP+I 2.47 c 39.11 b 14.33 a 0.28 a 9.20 a 23.13 a
  MAP+Cap 3.79 b 44.93 b 15.17 a 0.21 ab 14.98 bc 18.25 bc
  LSD 1.28 8.64 5.01 0.09 5.48 3.42
a Storage conditions were 0±0.5°C and 90±5% RH.
b Shelf-life conditions were 22±2°C and 60±5% RH for 2 days.
c Means within a column at each time of observation followed by different letters differ significantly at P<0.05.
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directly into MAP without any pretreat-
ment, whereas rotting appeared from the 
30th day of storage in cv. “0900 Ziraat”. 
Furthermore, the rotted ratio was lower 
in the fruit of cv. “0900 Ziraat” compared 
to cv. “Bing”. No rotting was recorded in 
either cultivar, during the same period. 
The MAP+iprodione treatment gave the 
lowest percentage of rotted fruit and the 
cherries had a better overall appearance 
at the end of shelf-life (Tables 1 and 2). 
In general, the severity of rotting in the 
fruit was significantly reduced especially 
when the fruit was dipped in a fungicide 
solution. These results are supported 
by the findings of BERGER et al. (1990), 
PALA et al. (1997), HEVIA et al. (1999) and 
SPOTTS et al. (2002).

Calcium content

Marked differences were observed in 
the Ca quantities in sweet cherry cul-
tivars with MAP (Fig. 1). The decrease 
in Ca may be the result of Ca binding 
progressively to the insoluble compo-
nents of the fruit tissue. The lowest Ca 
contents were recorded in the treatments 
that were directly stored in NA or MAP 
without any pre-treatment. The highest 
Ca content in cv. “Bing” at the end of 
shelf-life with MAP was obtained in the 
fruit subjected to MAP+Ca treatment. 
Changes in the Ca values observed dur-
ing the storage of cv. “Bing” were similar 
to those observed during the storage of 
cv. “0900 Ziraat” (Fig. 1). The change of 
fruit skin colour was delayed with the 
Ca treatments and rotting was partially 
prevented (Tables 1 and 2). Similarly, 
WILSON et al. (1997) reported that Ca 
treatments increased resistance to rot-
ting in a number of crops. However, 
fungicide treatments were more effective 
than Ca in preserving fruit quality.

Fruit skin colour

The fruit skin colour was also exam-
ined. Changes in fruit colour at the end 

of storage and shelf-life proceeded more 
slowly in the treated fruit and there 
were also some differences among the 
treatments. For example, for cv. “Bing”, 
the treatments which gave the closest 
value to the initial colour at the end of 
shelf-life with MAP were observed with 
the MAP+Ca and MAP+iprodione treat-
ments (Table 1). A similar situation 
was observed in the skin colour of cv. 
“0900 Ziraat” (Table 2). At the end of 
shelf-life, the fruit skin colour values of 
“0900 Ziraat” stored with MAP+Ca or 
MAP+iprodione treatments were very 
similar to the initial values. The skin 
colours of the untreated fruit, stored 
under NA conditions, changed rapidly 
and became dark in both cultivars (Table 
2). These results are in accordance with 
the findings of MEHERIUK et al. (1995), 
HEVIA et al. (1998) and LURIE and AHA-
RONI (1999).

The percentage of isolated fungi

The most frequently isolated fungal 
pathogens were Botrytis cinerea Pers.:
Fr., Monilinia fructicola (G.Wint.), Penicil-
lium expansum Link., Alternaria alter-
nata (Fr.:Fr.) Keissl. and Rhizopus stolo-
nifer (Erhenb.:Fr.). The isolation ratios 
of these pathogens under NA and MAP 
conditions were 72.0 and 93.5% for B. 
cinerea, 11.0 and 4.0% for P. expansum, 
8.0 and 0.0% for M. fructicola, 7.0 and 
2.5% for A. alternata, 2.0 and 0.0% for 
R. stolonifer, respectively.

The most important postharvest path-
ogens were B. cinerea, P. expansum, M. 
fructicola, A. alternata and R. stolonifer 
and were similar to those found in other 
studies (CEPONIS and BUTTERFIELD, 
1981, ROELOFS et al., 1998).

Effect of treatments on fungal
pathogens under in vitro conditions

The results from the studies carried 
out in an incubator at 25°C by arti-
ficially inoculating the cherries with 
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Fig. 1 - Changes in Ca content during NA and MAP storage of sweet cherry cvs. “Bing” and “0900 
Ziraat”.

pathogenic fungi are summarized in 
Table 3. The iprodione treatment was 
the most effective. There was complete 
inhibition of B. cinerea by iprodione in 
the second year of the trial. The effec-
tiveness of iprodione against B. cinerea 
and M. fructicola is already known 
(ANONYMOUS, 2000 a).

Effect of treatments
under cold storage conditions

Data on the 30th day of storage related 
to studies conducted under cold storage 
conditions using artificial inoculations 
are presented in Table 4. It can be seen 
that M. fructicola and R. stolonifer did 
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Table 3 - The effect of Ca, iprodione and captan treatments on some fungal pathogens wound inoculated 
into the fruit of sweet cherry cvs. “Bing” and “0900 Ziraat” and incubated at 25°C for 48 h (average of 
two years).

Cultivars Fungi Diameter of the lesion formed (mm)a

  Control Ca Iprodione Captan LSD

“Bing” B. cinerea 16.20 ab 14.70 a 10.70 a 14.10 a 8.81
 P. expansum 16.85 a 16.40 a 12.55 a 16.30 a 7.12
 M. fructicola 17.45 a 17.45 a 11.85 a 16.35 a 6.75
 R. stolonifer 21.20 a 12.10 b 0.00 c 0.00 c 0.19
“0900 Ziraat” B. cinerea 13.05 a 11.20 ab 2.80 c   7.15 bc 4.50
 P. expansum 16.75 a 15.70 a 11.75 a 13.85 a 9.67
 M. fructicola 16.45 a 15.85 a 8.10 b 15.20 a 3.46
 R. stolonifer 20.80 b 24.00 a 0.00 d 8.70 c 0.99

a The values are the means of a total of 30 sweet cherries with 10 fruits in each of the three replicates.
b Means within a row followed by different letters differ significantly at P<0.05.

not grow under NA and MAP conditions 
at 0±0.5°C and 90±5% RH. Captan was 
more effective than the other treatments, 
although it was not as effective as de-
sired in all the treatments. This might be 
the result of a higher artificial inoculum 
density compared with a natural inocu-
lum density.

The second method used to investi-
gate the effectiveness of Ca and fungi-
cides on pathogenic fungi was to apply 
pre-storage Ca and fungicides without 
inoculating the cherries with an arti-
ficial pathogen. The effects of Ca and 
fungicide treatments were determined 
and are summarized in Tables 5 and 

Table 4 - The effectiveness of Ca, iprodione and captan treatments at the end of a 30-day storage pe-
riod under NA and MAP conditions on some fungal pathogens wound inoculated into the fruit of sweet 
cherry cvs. “Bing” and “0900 Ziraat” (average of two years).

Cultivars Fungi Diameter of the lesion formed (mm)a

  NA MAP MAP+Ca MAP+I MAP+Cap LSD

“Bing” B. cinerea 15.40 ab 4.80 b 13.70 b 11.50 d 4.80 c 1.02
 P. expansum 13.30 a 5.70 a 13.30 a 11.60 c 5.70 b 1.05
 M. fructicola 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a -
 R. stolonifer 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a -
“0900 Ziraat” B. cinerea 16.00 a 4.90 a 7.80 b 8.10 c 4.90 b 1.00
 P. expansum 13.00 b 6.40 a 10.30 c 10.60 d 6.40 c 1.05
 M. fructicola 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a -
 R. stolonifer 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a -

a The values are the means of a total of 30 sweet cherry fruits with 10 fruits in each of the three replicates.
b Means within a row followed by different letters differ significantly at P<0.05.
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6. The percentage of rotted fruits under 
MAP conditions was lower than under NA 
conditions, and rotting appeared later 
in the storage period in sweet cherry cv. 
“0900 Ziraat”, than in cv. “Bing”. Ipro-
dione treatments proved to be the most 
effective in both cultivars, but they were 
not 100% effective in either atmosphere 
condition. For instance, the percentage 
of rotted fruit in 1999, was 24.14% in 
cv. “0900 Ziraat” following 62 days of 
NA storage. This was only a 9.20% re-
duction.

Table 5 - The effect of postharvest application of Ca and some fungicides on fruit rot derived from infected 
orchards during NA and MAP storage of sweet cherry cv. “Bing” (average of two years).

Storage time (days)a Percentage of rotted fruit (%)

  NA MAP MAP+Ca MAP+I MAP+Cap LSD

 0 0.00 ac 0.00 a 0.00 a 0.00 a 0.00 a -
 10 2.68 a 1.16 b 0.00 b 0.00 b 0.00 b 1.71
 20 6.36 a 2.50 ab 0.66 ab 0.00 b 1.16 ab 9.70
 30 13.09 a 8.68 b 6.32 c 3.51 d 7.20 bc 1.43
 32b 24.41 a 17.64 b 10.00 c 6.74 c 13.16 bc 12.82

a Storage conditions were 0±0.5°C and 90±5% RH.
b Shelf-life conditions were 22±2°C and 60±5% RH for 2 days.
c Means within a row followed by different letters differ significantly at P<0.05.

Table 6 - The effect of postharvest application of Ca and some fungicides on fruit rot derived from infected 
orchards during NA and MAP storage of sweet cherry cv. “0900 Ziraat” (average of two years).

 Storage time (days) a Percentage of rotted fruit (%)

  NA MAP MAP+Ca MAP+I MAP+Cap LSD

 0 0.00 ac 0.00 a 0.00 a 0.00 a 0.00 a -
 10 2.05 a 0.00 b 0.00 b 0.00 b 0.00 b 1.67
 20 3.04 a 2.47 a 2.08 a 1.53 a 2.57 a 4.36
 30 4.31 a 3.58 a 3.34 a 2.01 a 3.42 a 6.22
 40 11.85 a 11.83 a 11.71 a 4.11 b 9.94 a 5.09
 50 11.78 a 10.41 ab 8.60 b 4.27 c 8.80 b 2.19
 60 13.16 a 11.24 ab 8.52 bc 4.77 c 9.10 b 3.80
 62b 24.14 a 21.88 a 16.10 b 9.20 c 14.98 b 5.48

a Storage conditions were 0±0.5°C and 90±5% RH.
b Shelf-life conditions were 22±2°C and 60±5% RH for 2 days.
c Means within a row followed by different letters differ significantly at P<0.05

There are reports that discourage 
the use of iprodione, due to improper 
or overuse of this fungicide (SOLEL et al., 
1996). Fungicides containing iprodione 
are currently used in North America and 
in European countries; they had been 
widely used in postharvest treatment 
of sweet cherries until 1996. Cur-
rently, foliar applications of iprodione 
for postharvest disease control is rec-
ommended in Oregon (in the orchard 
until the 7 day before harvest) (SPOTTS 
et al., 1998). Residues were determined 
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in sweet cherries seven days after dip-
ping in the fungicides. Iprodione and 
captan residues were found to be 1.350 
and 0.056 ppm in cv. “Bing” and 0.790 
and 0.056 ppm in cv. “0900 Ziraat”, re-
spectively. In international trade, the 
tolerated residue levels for fungicides 
in all fruit species is generally 0.5 ppm. 
The residual iprodione level was above 
the tolerance limit seven days after the 
treatments. However, it is known, these 
values decline by the 30th and 60th day 
of storage and may fall below 0.5 ppm 
(ANONYMOUS, 1999; 2000 b). In a 
similar study, it was also determined 
that iprodione residue in sweet cher-
ries decreased to below the tolerated 
level by the end of storage (SPOTTS et 
al., 1998).

The results of this study show that 
the limited storage period of sweet cher-
ries can be prolonged by using different 
treatments, while maintaining quality. 
Sweet cherry fruit can only be stored for 
1-4 weeks under NA conditions, where-
as this storage period can be doubled 
under MAP conditions. A high weight 
loss in comparison with the control fruit 
is the most important parameter that 
adversely affects fruit quality. When the 
product spoilage rates are considered, 
the high rates of spoilage occurred in 
the control fruit in which very high rates 
of weight loss were observed. Control 
fruit was put into storage without any 
pre-treatment, and the spoilage, as well 
as the physical and chemical changes 
were evaluated by comparing them with 
the treated fruit. Thus, the maintenance 
of fruit quality was achieved by applying 
some postharvest treatments, and the 
storage period was prolonged through 
MAP treatments. Among the MAP treat-
ments, the MAP+I combination was de-
termined to be better than the others. 
Sweet cherry cvs. “Bing” and “0900 
Ziraat” kept their good quality during 
2 days of shelf-life in addition to the 
optimum storage periods of 30 and 60 
days, respectively.
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ABSTRACT

The aim of this study was to deter-
mine the phenolic compounds (resver-
atrol, piceid and flavonoids) in wines 
from three different Italian regions, 
obtained from grapes treated with 
several pesticides and to investigate 
the probable influence of the different 
treatments on the quality of the wines. 
Individual phenolic compounds were 
quantified by HPLC, the total phenolic 
content was evaluated by the Folin-Ci-
ocalteau method, and the antioxidant 
capacity was measured by the DMPD 

RIASSUNTO

Lo scopo di questo studio è stato 
quello di determinare il contenuto in 
polifenoli (resveratrolo, piceide e flavo-
noidi) in vini, provenienti da tre regioni 
italiane diverse e ottenuti da uve trat-
tate con prodotti fitosanitari diversi, 
con l’intento di investigare la probabile 
influenza dei diversi trattamenti sulla 
qualità dei vini. I singoli polifenoli sono 
stati determinati per HPLC, i polifenoli 
totali sono stati valutati con il metodo di 
Folin-Ciocalteau e la capacità di antios-
sidante è stata misurata con la DMPD 
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(N,N-dimethyl-p-phenylendiamine 
dihydrochloride) method. The results 
showed that the antioxidant activity 
of the wine samples was correlated to 
the amount of phenolic compounds but 
the individual phenolic compounds in 
these three regions was not homogene-
ous and the values were not correlated 
to the different pesticide treatments.

INTRODUCTION

Wine is a complex fluid containing wa-
ter, sugars, acids, alcohols and a wide 
range of phenolic compounds. Phenols 
can be derived from grapes and wood, 
or they can be metabolites from yeasts. 
They are widely distributed in higher 
plants and form part of the human diet. 
Common foods of plant origin contain 
phenols in amounts ranging from traces 
to several grams per kilogram (BURNS et 
al., 2000).

Phenolic compounds are an important 
group of substances in wine that contrib-
ute to several sensorial characteristics 
such as colour, flavour and astringency. 
Furthermore, it has been reported that 
phenols have multiple biological effects 
such as antioxidant activity, anti-in-
flammatory action, inhibition of platelet 
aggregation and antimicrobial activity 
(RICE-EVANS et al., 1997; ANDRIAMBE-
LOSON et al., 1998; GOLDBERG et al., 
1999). Consequently, they constitute 
an interesting index for evaluating wine 
quality. Some researchers have sug-
gested that regular consumption of a 
moderate quantity of wine, especially 
red (STACCHINI et al., 1994; DAS et al., 
1999), is therapeutic for human health. 
This protective effect has been associated 
with an increase in the plasma level of 
high-density lipoprotein (HDL)-choles-
terol and with a decrease in platelet 

aggregation, because of the effect of 
ethanol and polyphenolic components 
(RUF, 1999).

Epidemiological studies have shown 
that a moderate consumption of wine 
helps prevent the development of coro-
nary heart disease (RENAUD and DE 
LORGERIL, 1992; GRONBAEK et al., 1995; 
LATRUFFE et al., 2002; DI SANTO et al., 
2003). The major molecules responsible 
for this physiologic al protection are phe-
nolic compounds such as resveratrol and 
flavonoids. Moreover, it has been reported 
that resveratrol, quercetin and other 
polyphenols are cancer chemo-preven-
tive agents, since, through the inhibition 
of cyclooxygenase they restrain cellular 
events associated with tumour initiation, 
promotion and progression, and stimu-
late quinone reductase – an enzyme that 
detoxifies carcinogens (AGULLO et al., 
1994; JANG and PEZZUTO, 1999).

For a number of years, interest has 
been focused on resveratrol (3,5,4’-trihy-
droxystilbene), a phytoalexin, produced 
by plants as a defence response to some 
abiotic and biotic elicitors, such as ultra-
violet radiation, chemical stressors and 
microbial infections (LANGCAKE and 
PRYCE, 1976).

It is well-known that resveratrol is 
present in wine in the cis- and trans-
forms and as cis- and trans-piceid (β-
glucosides of resveratrol) (GOLDBERG et 
al., 1995). The presence of resveratrol 

(N,N-dimetile-p-fenilendiammina). I 
risultati ottenuti mostrano che la ca-
pacità antiossidante dei campioni di 
vino è correlabile con il contenuto dei 
composti fenolici, sebbene il contenuto 
dei singoli fenoli, valutato per queste 
tre sperimentazioni, presenti una di-
stribuzione non omogenea ed i valori 
non siano facilmente correlabili con i 
diversi trattamenti fitosanitari.
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has been detected in numerous types 
of wines originating from various coun-
tries (USA, France, Italy, Spain, Japan), 
and large variations in its content have 
been reported. Many authors have found 
that higher contents of trans-resveratrol 
(0.2-13 mg/L) are usually present in red 
wines that have had prolonged contact 
between the must and skins, whereas 
lower concentrations (0.1-0.8 mg/L) are 
usually present in white wine (DUGO et 
al., 2000; ROMERO-PÉREZ et al., 1996). 
In rosé wines, the levels of resveratrol 
monomers are between those of white 
and red wines (ROMERO-PÉREZ et al., 
1996). Regarding the β-glucosides of 
resveratrol, no ratio between the levels 
of cis- and trans-resveratrol and their 
glucosides have been reported (WATER-
HOUSE and LAMUELA-RAVENTÒS, 1994), 
whereas piceid concentrations from 0.3 
to 9 mg/L in red wines and from 0.1 to 
2.2 mg/L in white wines have been re-
ported (VIÑAS et al., 2000).

Studies on the resveratrol content in 
wines are numerous (VRHOVSEK et al., 
1997; NEVADO et al., 1999; SATO et al., 
1997; CHU et al., 1998; RIBEIRO DE LIMA 
et al., 1999; RODRÌGUEZ-DELGADO et al., 
2002). They have often been focused on 
the different grape cultivars and have 
been associated with the identification 
of polyphenolic compounds of potential 
biological activities, such as quercetin, 
myricetin, etc.

The phenolic compounds are sec-
ondary plant metabolites that are con-
tained within the skin, seed and flesh of 
grapes and are extracted into the wine 
(especially red) during vinification. The 
types and concentrations of the phenolic 
compounds in wine may depend on a 
number of factors: grape variety and rip-
ening stage, soil and climatic conditions. 
Moreover, vineyard cultural practices 
and vinification methods, which vary 
among countries, regions and wine-mak-
ers, determine the content and profile 
of the phenolic compounds in wine 
(VIÑAS et al., 2000). The concentration 

of phenolic compounds is affected by the 
temperature during grape ripening, so 
places with high temperatures and dry 
conditions do not favour the presence of 
these compounds in wine (GOLDBERG et 
al., 1995).

Particular climatic conditions often 
favour the development of certain pests 
and diseases; the most important ones, 
for their economic impact, are insects 
(Lobesia botrana), powdery mildew 
(Uncinula necator), downy mildew (Plas-
mopora viticola), and, sometimes, grey 
mould (Botrytis cinerea). For this reason, 
vine growers need to protect their crops 
with pesticides.

The synthesis of some phenolics, 
such as trans-resveratrol, in plants can 
be induced by microbial infections and 
UV radiation, (BENNET et al., 1994; BA-
VARESCO et al., 1999). However, there 
have been no reports on the influence 
of fungicide treatments and the phenol 
content in wine. Hence, this study was 
carried out to determine the polyphenolic 
compounds (resveratrol, piceid and fla-
vonoids) in wines from three different 
Italian regions, obtained from grapes 
treated with different pesticides and to 
investigate the influence of the different 
pesticide treatments on the quality of 
the wines.

MATERIALS AND METHODS

Chemicals and materials

trans-Resveratrol was purchased 
from Sigma Chemical Co (Milano, Italy). 
A stock solution of cis-resveratrol was 
produced by UV irradiation of trans-res-
veratrol in methanol for 120 min at 366 
nm (TRELA and WATERHOUSE, 1996).

Solid-phase extraction (SPE) cartridg-
es were Supelco Supelclean LC-18 SPE 
tubes (3 mL) (Milano, Italy). The other 
phenolic compounds were rutin (querce-
tin-3-O-rutinoside), kaempferol, kaemp-
ferol-3-glucoside, myricetin, quercetin, 
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rhamnetin and isorhamnetin (Sigma, 
Milano, Italy).

N,N-Dimethyl-p-phenylendiamine di-
hydrochloride (DMPD)  and β-D-glucosi-
dase were from Fluka (Milano, Italy); 6-
hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid (TROLOX) was purchased 
from Aldrich (Milano, Italy).

Acetonitrile and H2O were solvent 
HPLC grade, obtained from Carlo Erba 
(Milano, Italy). 0.45 µm Glass-micro-
fiber GMF Whatman chromatographic 
filters were supplied by Aldrich (Milano, 
Italy).

Wines

The wine samples analysed were from 
the 2001 vintage year. The analyses 
were carried out on twenty-one Italian 
wine samples (red and white), coming 
from three different vineyards, treated 
with different pesticides: one located in 
Tuscany (Franci farm, Magliano), one in 
Campania (Vadiaperti farm, Montefron-
done) and one in Sicily (Giuffrida farm, 
S. Venerina). Wines from Tuscany were 
produced from 30-year-old plants of the 
Sangiovese grape variety (also called 
“Morellino”), grown on a calcareous 
soil (115 m asl). Wines from Campania 
were produced from 20-year-old plants 
of the Fiano grape variety, grown on a 
clay soil (400 m asl). Sicilian wines were 
produced from 15 to 20-year-old plants 
of the Inzolia and Carricante grape varie-
ties (ratio 1:1), grown on a volcanic soil 
(250 m asl).

The environmental conditions were 
continuously recorded by an AD-2 auto-
matic weather station (Silimet, Modena). 
During the experiments, the minimum 
and maximum average temperatures 
were 12.7° and 30.4°C in Campania, 
14.5° and 28.1°C in Sicily, 15.9° and 
28.3°C in Tuscany, respectively. The 
rainfall was 2.0 mm in spring and 0.6 
mm in summer on 1 rainy day in Cam-
pania; 1.0 mm in spring and 0.0 mm in 
summer on 1 rainy day in Sicily; and 2.4 

mm in spring and 0.6 mm in summer on 
1 rainy day in Tuscany.

Pesticides were used at the doses 
recommended by the manufacturer and 
were sprayed with a Fox manual sprayer 
(Fox Motori, Poviglio – Re, Italy). Each 
fungicide treatment was applied every 
7-12 days from April to August. The last 
treatment was carried out, on average, 
28 days before the grape harvest (DI 
BELLA et al., 2003).

The vineyard was subdivided into 
seven plots; each plot consisted of four 
rows of vines but those on the border 
were not taken into account in order to 
prevent drift effect.

The fungicide treatments were: 1,000 
mg/kg of azoxystrobin, 400 mg/kg of 
dinocap, 300 mg/kg of fenarimol, 300 
mg/kg of penconazole and 350 mg/kg of 
quinoxyfen (DI BELLA et al., 2003). Each 
plot was designated with a number as 
shown in Table 1. The control plot (n. 
7) was treated with powdered sulphur 
only.

All wines were stored in the dark at 
4°C, and each one was opened just be-
fore analysis.

Vinification process

White vinification
Newly harvested grapes Vitis vinifera 

from Sicily and Campania were crushed 
and destemmed, then subjected to soft 
pressing with a pneumatic press. The 
must obtained was treated with SO2 (5 
g/hL), pectinolytic enzymes (1.5 g/hL) 
and vitamin C (5 g/hL). To favour clarifi-
cation before fermentation, the tempera-
ture was maintained at 8°C for 24 hours. 
Clear must was spiked with 20 g/hL of 
thiamine and ammonium phosphate as 
a fermentation coadjuvant, and 30 g/hL 
of selected yeasts (Saccharomyces cerevi-
seae phylum Ellipsoideus) for fermenta-
tion, which was performed at 15°C. In 
order to remove the lees, after fermenta-
tion, the wine was decanted into a tank 
and spiked with SO2 (5 g/hL). After 10 
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days, the wine was decanted again and 
treated with SO2 (5 g/hL). Subsequently 
the wine was filtered twice through 1 µ 
and 0.45 µ cardboard filters, spiked with 
SO2 (2-3 g/hL) and bottled in dark bot-
tles and kept at 4°C for the duration of 
the experiment. Each sample was sepa-
rately vinified.

Red vinification
Newly harvested grapes Vitis vinif-

era from Tuscany were crushed and 
destemmed, then spiked with SO2 (5 
g/hL) and selected yeasts (30 g/hL) 
(Saccharomyces cereviseae phylum El-
lipsoideus) and let to ferment for 10 days 
at 28°C, effecting three fullings a day. 
The wine was drawn from the vat and 
the grape wastes were pressed with a 
hydraulic press. After 4 weeks, the lees 
were removed and the wine was spiked 
with SO2 (2-3 g/hL). Subsequently the 
wine was spiked again with SO2 (2-3 g/
hL) and bottled in dark bottles and kept 
at 4°C for the duration of the experiment. 
Each sample was separately vinified.

Determination of the total
antioxidant activity

Determination of the total antioxi-
dant activity of the wine samples was 
carried out as described by FOGLIANO 

Table 1 - Fungicide treatments used in Campa-
nia, Sicily and Tuscany. (Number of treatments 
in parentheses).

 Plots Pesticides

 1 Powdered sulphur (2) Quinoxyfen (6)
 2 Powdered sulphur (2) Fenarimol (6)
 3 Powdered sulphur (2) Azoxystrobin (6)
 4 Dinocap (2) Penconazole (6)
 5 Wettable sulphur (2) Wettable sulphur (6)
 6* Wettable sulphur (2) Dinocap (6)
 7 Powdered sulphur (2) Powdered sulphur (6)

* Treatment 6 for Tuscany was Dinocap (2) and Sulphur 
+ Quinoxyfen (6+3).

et al. (1999), using a solution contain-
ing N,N-dimethyl-p-phenylendiamine 
(DMPD) prepared as follows: 1 mL of 
a 100 mM DMPD solution was added 
to 100 mL of 0.1 M acetate buffer (pH 
5.25) then 0.2 mL of a solution of 0.05 
M ferric chloride (final concentration 0.1 
mM) was added.

The red wines were diluted in methanol 
1:20; the white wines were not diluted. 
Aliquots of 100 µL of each wine sample 
were reacted with 2 mL of the DMPD so-
lution in the spectrometric cuvette and, 
after 10 min at 25°C under continuous 
stirring; the absorbance was measured 
at 505 nm. The buffered solution was 
placed in the reference cuvette.

The antioxidant activity of the wine 
samples is expressed as TEAC (TROLOX 
equivalent antioxidant capacity) accord-
ing to MILLER et al. (1996) using the 
calibration curve plotted with different 
amounts of TROLOX.

Determination of total phenols

The total phenolic content of the 
different wines was determined by the 
Folin-Ciocalteau method of SINGLETON 
and ROSSI (1965). The red wines were di-
luted 1:100 with H2O/MeOH (90/10); the 
white wines were not diluted. The total 
concentration of the phenolic compounds 
is expressed as gallic acid equivalents 
(GAE, mg/L) using the calibration curve 
plotted with different standard amounts 
of gallic acid and measuring the absorb-
ance at 760 nm.

Instrumentation

The instrument used for the analy-
sis of cis- and trans-resveratrol was 
an HPLC-UV/Vis System (SHIMADZU) 
(Milano, Italy) equipped with two pumps 
(LC-10A), an injector (Rheodyne model 
7725i with a 20 µL loop) and a UV/Vis 
detector (10AV).

Separation and quantification of fla-
vonoids were carried out using the same 
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HPLC system (SHIMADZU) equipped 
with a diode array UV-Vis detector (SPD-
M10Avp).

Determination of cis-
and trans-resveratrol

For the determination of cis- and 
trans-resveratrol in wine samples, the 
method of LA TORRE et al. (2004) was 
used. cis- and trans-resveratrol were 
extracted from the wines using solid 
phase extraction (SPE) cartridges be-
fore the HPLC analysis. The extraction 
procedure was carried out in dim light 
to reduce the light-induced isomerization 
of the trans-stilbene compounds to the 
cis- isomer during sample handling. An 
enzymatic hydrolysis method was used 
for the analysis of total wine resvera-
trol. The wine resveratrol O-glycosides 
(trans- and cis-piceid) were totally hy-
drolysed in ~9 hours after incubation 
with β-glucosidase at 50°C (LA TORRE et 
al., 2004); then, the trans- and cis-agly-
cones were determined by high-perform-
ance liquid chromatography after solid 
phase extraction. An ODS Hypersil 5 µm 
(250x4.6 mm i.d.) column was used as 
stationary phase which was preceded 
by a precolumn of the same material. 
The mobile phase consisted of phase (A) 
water/acetic acid (pH = 3) and phase 
(B) acetonitrile/acetic acid (pH = 3). cis- 
and trans-Resveratrol were eluted with 
the gradient time program: 0-0.01 min: 
5% B; 0.01-10.00 min: 25% B; 10.01-
20.00 min: 40% B; 20.01-35.00 min: 
100% B. The eluate was monitored at 
two different wavelengths, 285 and 307 
nm, where cis- and trans-isomers have 
absorbance maxima, respectively. All 
chromatographic analyses were per-
formed at room temperature at a flow 
rate of 1 mL/min. The extract was fil-
tered through a 0.45µm glass-microfiber 
GMF Whatman chromatographic filter, 
before the HPLC analysis.

Peaks were identified by comparison 
of retention time and ultraviolet spec-

tra with a standard solution of cis- and 
trans-resveratrol. Quantitative analysis 
was carried out using a calibration curve 
prepared by injecting four standard so-
lutions of different dilutions. For the 
quantification of the cis- form, a stand-
ard curve with five known amounts of 
the irradiated trans-resveratrol was ob-
tained as described by ROMERO-PÉREZ 
et al. (1996).

These standard solutions, obtained 
from a stock solution, were injected for 
linearity range and detection limit tests. 
Table 2 shows the data obtained for the 
calibration curves and the regression co-
efficients. The precision of the method 
was confirmed by repetitive analyses, 
calculating the average relative standard 
deviation (RSD) for 5 replicate determi-
nations. The limit of detection (LOD, S/
N=3) of individual compounds was calcu-
lated at their absorbance maxima.

HPLC methodology for flavonoids

The analyses were carried out on an 
aliquot of wine filtered through a 0.45µm 
glass-microfiber GMF Whatman chro-
matographic filter. The HPLC system 
consisted of a liquid chromatograph 
SHIMADZU (Milano, Italy) operating at 
room temperature with a flowrate of 0.8 
mL/min. The spectrophotometric detec-
tor was a photodiode array SHIMADZU 
SPD - M10Avp operating at wavelengths 
between 200 and 400 nm. Samples of 20 
µL of wine were directly injected into the 
column using a Rheodyne (model 7725i) 
injection valve.

The analytical column was an Alltech 
Alltime C-18 5 µm (250x4.6 mm i.d.) (Mi-
lano, Italy). A SUPELCO guard column 
packed with the same stationary phase 
was also used.

The mobile phase consisted of H2O/
CH3COOH at pH=3 (phase A) and 
CH3CN/CH3COOH at pH = 3 (phase B). 
Elution was carried out according to 
the gradient time program: 0-0.01 min: 
5% B; 0.01-10.00 min: from 5 to 25% 
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B; 10.01-20.00 min: from 25 to 40% 
B; 20.01-30.00 min: from 40 to 50% B; 
30.01-40.00 min: from 50 to 100% B.

Chromatographic peaks were identi-
fied by comparing retention times of 
samples with those of standard com-
pounds, under the same experimental 
conditions. Quantitative analysis was 
carried out by injecting a standard solu-
tion in the range 0.01-40 mg/L, for each 
standard sample.

Calibration curves were constructed 
by plotting concentration (mg/L) against 
peak area. Table 2 shows the data ob-
tained for the calibration curves and the 
regression coefficients. The precision of 
the method was confirmed by repetitive 
analyses, calculating the average relative 
standard deviation (RSD) for 5 replicate 
determinations. The limit of detection 
(LOD, S/N=3) of individual compounds 
was calculated at their absorbance 
maxima.

Statistical analysis

The statistical analysis was performed 
using SPSS 11.5 for Windows Software. 
The Pearson’s correlation was conducted 
by S-Plus. To investigate how many com-
ponents were necessary to explain the 
greater part of variance with a minimum 

loss of information, principal compo-
nents analysis (PCA) was performed.

PCA is a method of classification for 
the linear transformation of the original 
variables strongly correlated among 
them. Principal components are those 
linear combinations of the original vari-
ables, among them uncorrelated, that 
explain the total variance in progres-
sively smaller proportions. The eigen-
values higher than one were considered 
(Kaiser’s rule). Analysis was separately 
applied for the red wines and for the 
white wines to identify the compounds 
that introduced greater influence.

The correlation between the total phe-
nol content and the antioxidant activity, 
separately for the different wines (white 
and red), was tested using Pearson’s 
correlation Test (S-Plus 2000) with the 
Monte Carlo method.

RESULTS AND DISCUSSION

All the analyses were carried out in 
triplicate, and the results are reported 
as the average value. The coefficient of 
variation (CV%) of the three analyses 
was always less than 5%. Analytical 
data related to the free isomeric forms 
of resveratrol (cis- and trans-) and to total 

Table 2 - Retention time (tR); absorbance maxima (λ); limit of detection (LOD; S/N=3); calibration curve 
(y=ax+b); correlation coefficient (R2); repeatability (RSD) for the polyphenols analysed.

Compound tR λ  LOD a b R2 RSD
 (min) nm (mg/L)

Rutin 19.48 354 0.03 37,056 -1,088.1 0.9981 2.1
Kaempferol-3-O-glucoside 20.66 346 0.05 23,119 3,389.5 0.9983 0.9
Myricetin 21.68 371 0.10 41,489 10,960 0.9891 0.8
Quercetin 24.07 369 0.01 91,942 31,673 0.9955 1.4
Kaempferol 32.05 365 0.02 280,334 -5,801.2 0.9993 2.2
Isorhamnetin 32.53 369 0.01 250,036 -7,106 0.9987 1.8
Rhamnetin 38.63 370 0.03 211,855 -15,774 0.9936 2.8

trans-Resveratrol 19.38 307 0.07 207,120 -5,603.7 0.9982 2.0
cis-Resveratrol 21.56 285 0.02 258,953 12,006 0.9906 4.2
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resveratrol (free and glucoside isomers) 
are reported in Tables 3, 4 and 5.

Analysing the data related to wines 
from Campania (Table 3), it can be seen 
that in samples 3, 4, 5 and 6, from 
azoxystrobin, penconazole, wettable 
sulphur and dinocap treatments re-
spectively, the amount of cis-resveratrol 
was between 0.04 and 0.05 mg/L. Mean-
while, with the analytical method used, 
it was impossible to detect cis-resvera-
trol in samples 1, 2 and 7 treated with 
quinoxyfen, fenarimol and powdered 
sulphur, respectively. The concentration 
of trans-resveratrol was the highest in 
sample 5 (0.13 mg/L) and the lowest in 
the sample 3 (0.07 mg/L).

The total concentration of cis- and 
trans-resveratrol deserves particular 
attention because, generally, it was 
similar in all treatments while, this did 
not occur in the free form of cis- and 
trans-resveratrol. In fact, the concentra-
tion of free trans-resveratrol was a little 
lower than that of total trans-resveratrol, 
but in sample 2 (fenarimol treatment) it 
was the same; the same situation did 
not occur for cis-resveratrol. Comparing 
the concentration of free cis-resveratrol 
to that of the total, the amount of cis-
piceid was much higher than that of 
trans-piceid, regardless of the pesticide 
treatment.

A different situation is shown in Table 
4, related to wines produced and vinified 
in Sicily. In this case, the concentration 
of total trans-resveratrol (between 0.17 
and 0.34 mg/L) was always higher than 
that of total cis-resveratrol (between 
0.09 and 0.20 mg/L). Moreover, unlike 
what was noticed in wines produced 
and vinified in Campania, generally the 
cis- and trans-piceid concentration in 
each sample was comparable, and was 
between a minimum value of 0.03 mg/L 
and a maximum of 0.18 mg/L. Samples 
4 and 5, respectively, from penconazole 
and wettable sulphur treatments, dif-
fered from this general trend, as they 
were characterized by an amount of T
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cis-piceid clearly higher than that of the 
trans isomer.

As shown in Table 5, the wines obtained 
from cv. Sangiovese from Tuscany had 
different amounts of trans-resveratrol, 
depending on the pesticide treatments; 
the levels of this compound varied from 
0.22 to 1.76 mg/L. For each of these red 
wines, the amount of cis-resveratrol was 
much lower than trans-resveratrol. The 
amounts of cis-resveratrol ranged from 
0.06 to 0.22 mg/L.

On average, the amount of trans-
piceid was greater than the amount of 
trans-resveratrol ranging from 1.17 to 
2.20 mg/L. However, the wine made from 
treatment 5 (wettable sulphur treatment) 
had a trans-resveratrol level higher than 
that of its glucoside. In wine sample 4, 
from the penconazole treatment, the con-
centration of trans-piceid and trans-res-
veratrol were very similar. Wine samples 
2 and 7, respectively, from fenarimol and 
powdered sulphur treatments, had the 
highest concentration of trans-piceid 
(2.20 and 2.02 mg/L, respectively).

The level of cis-piceid was between 
0.58 and 1.01 mg/L, and generally the 
concentration of this compound was 
greater than that of its aglycon (cis-res-
veratrol). Wine sample 5, from the wet-
table sulphur treatment, had the high-
est concentration of cis-piceid. It was 10 
times higher than that of cis-resveratrol 
and comparable to trans-piceid.

Generally, resveratrol aglycon con-
centrations were significantly lower 
compared to those of the glucosidic 
forms. Comparing total cis- and trans-
resveratrol concentrations to those of the 
equivalent free isomers, it emerges that 
the levels of trans-piceid were approxi-
mately twice as high as those of the cor-
responding cis-piceid, except for samples 
4 and 5, respectively, from penconazole 
and wettable sulphur treatments, that 
had comparable levels.

The identification and quantification 
of seven flavonoids (rutin, kaempferol, 
kaempferol-3-glucoside, myricetin, quer-
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cetin, rhamnetin, isorhamnetin) was car-
ried out using a fast method that involves 
the use of wine as it is, as suggested by 
VIÑAS et al. (2000). Among the white 
wines analysed, the samples from Cam-
pania were characterized by the lowest 
content of flavonoids and flavonoid-glu-
cosides and had a similar composition, 
both qualitatively and quantitatively 
(Table 6). Of the seven compounds ana-
lysed, only quercetin (medium value = 
0.04 mg/L), rutin (medium value = 0.17 
mg/L) and isorhamnetin (medium value 
= 0.03 mg/L) were detected. Particularly, 
samples 7 and 1, from the sulphur and 
quinoxyfen treatments, respectively, had 
the highest contents of quercetin (0.12 
and 0.05 mg/L, respectively) and rutin 
(0.32 and 0.29 mg/L, respectively). The 
isorhamnetin content of these wines was 
almost the same, with sample 5 from the 
wettable sulphur treatment having the 
lowest (0.02 mg/L).

Table 7 reports the total amount of 
flavonoids in samples of Sicilian wines. 
In comparison with the wines from 
Campania, overall, the Sicilian wines 
had a higher content of flavonoids. For 
the most part, samples 2, 3, 4, 5 and 
6, respectively, treated with fenarimol, 
azoxystrobin, penconazole, wettable sul-
phur and dinocap, had similar amounts 
of rutin (medium value = 0.51 mg/L), 
myricetin (medium value = 0.16 mg/L), 
and quercetin (medium value = 0.13 
mg/L). Sample 1 from the quinoxyfen 
treatment, however, differed from this 
trend since the myricetin and quercetin 
content of this wine sample were much 
higher in comparison to the other sam-
ples (0.56 and 0.58 mg/L, respectively). 
Moreover, it was the only one in which 
kaempferol (0.04 mg/L), kaempferol-
3-glucoside (0.07 mg/L), isorhamnetin 
(0.05 mg/L) were detected. In addition, 
sample 7 from the powdered sulphur 
treatment had the lowest phenol content, 
being that only quercetin was detected.

The data for the red wines from Tusca-
ny are presented in Table 8. These wines, 
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that had prolonged contact between the 
must and skin, had a higher flavonoid 
content than the white wines. Rutin, 
quercetin, myricetin, isorhamnetin, 
kaempferol-3-glucoside and kaempferol 
were found in the red Tuscany wines, but 
rhamnetin was completely lacking. The 
determination of individual flavonoids 
shows that their amounts vary in the 
different wines, depending on the differ-
ent pesticide treatments.

Quercetin was the main component 
(medium value = 18.02 mg/L), followed 
by rutin (medium value = 12.90 mg/L) 
and myricetin (medium value = 4.60 
mg/L); the kaempferol and isorhamnetin 
contents of all the samples were signifi-
cantly lower, particularly, isorhamnetin, 
which ranged from 0.16 to 0.33 mg/L for 
samples 1 and 5, respectively, treated 
with quinoxyfen and sulphur. The low-
est content of kaempferol was found in 
sample 1 from the quinoxyfen treatment 
(0.34 mg/L). The major differences 
among the concentrations of flavonoid 
compounds were for kaempferol-3-glu-
coside, which depended on the pesticide 
treatment. The levels of this compound 
were between 1.26 and 8.46 mg/L. The 
highest concentration of kaempferol-3-
glucoside was found in wine treatment 
3 produced from grapes treated with 
azoxystrobin; samples 1, 2, 7 from the 
quinoxyfen, fenarimol and sulphur treat-
ments, respectively, had almost the same 
levels (∼3 mg/L) while sample 6, from the 
dinocap/sulphur/quinoxyfen treatment 
had the lowest amount.

It is well known that wines have re-
ceived considerable attention for the 
antioxidant characteristics of the phe-
nolic compounds and many investiga-
tions have focused on the evaluation of 
their antioxidant activity (BURNS et al., 
2001; ARNOUS et al., 2001; LANDRAULT 
et al., 2001). Taking into account that 
the antioxidant compounds occurring in 
wine are mostly hydrophilic, the antioxi-
dant activity of each sample was studied 
using the method described by FOGLIANO T
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et al. (1999). The antioxidant activity of 
wines, expressed as Trolox equivalent 
antioxidant capacity (TEAC), together 
with the polyphenol content, determined 
according to the Folin-Ciocalteau meth-
od, are reported in Table 9.

The antioxidant activity ranged from 
28.81 to 39.01 mmol/L TEAC for the 
red wines and from 2.42 to 3.27 mmol/
L TAEC for the white ones. The results 
show that the red wines contained high 
concentrations of phenols with a varia-
tion from 2,725 to 4,206 mg/L. A com-
parison between wines from Campania 
and Sicily shows that the total phenols 
were not different; the total phenol con-
tent in the wines from Campania had an 
average value of 147 mg/L, while those 
from Sicily had an average value of 176 
mg/L.

Since the polyphenolic content varied 
from one treatment to another, prin-
cipal component analysis (PCA) was 
performed separately for the white and 
red wines to obtain more information 
on the variables that mainly influence 
the sample similarities and differences. 
From the loadings of the variables of the 
white wines (both Campania and Sicily 
Table 10), rutin was the dominant com-
ponent of the first principal component 
(PC1), accounting alone for 39.12% of 
the total variability. Considering also 
cis-resveratrol, that dominated in the 
second principal component (PC2), the 
total variance accounted for 66.98% and 
reached the value of 84.41%, taking into 
account quercetin that represented the 
third principal component (PC3).

The same analysis conducted on the 
red wines showed that PC1 was rep-
resented by trans-resveratrol, PC2 by 
trans-piceid and PC3 by rutin (Table 
11), explaining 83.28% of the total vari-
ability.

Fig. 1 and 2 show the projections, 
respectively for the white and red wines 
comparing the scores of the first two 
principal components in the different 
regions with the seven different treat-

Table 10 - Correlation coefficients among the first 
three principal components (PCs) and variables, 
together with associated eigenvalues and cumula-
tive percentages of explained variance for the white 
wine samples.

Variable PC1 PC2 PC3

trans-resveratrol 0.646 0.638 -0.242
trans-piceid 0.708 -0.305 0.344
cis-resveratrol 0.067 0.907 -0.259
cis-piceid 0.637 -0.608 -0.194
rutin 0.913 -0.074 0.132
quercetin 0.437 0.501 0.730
isorhamnetin -0.619 0.033 0.623
Eigenvalue 2.738 1.951 1.220
Cum% 39.120 66.985 84.414

Table 9 - Total phenolic content and antioxidant 
activity of wine samples.

Wine Sample Total phenols Antioxidant activity 
 (GAE mg/L) (TEAC mmol/L)

Campania
1 155 3.20
2 150 2.84
3 134 2.43
4 150 2.84
5 134 2.74
6 138 2.77
7 172 2.42
Sicily
1 204 3.22
2 222 3.10
3 200 3.08
4 152 3.27
5 166 3.26
6 161 2.93
7 132 3.18
Tuscany
1 4206 39.01
2 3032 38.89
3 2725 34.85
4 2901 34.56
5 3831 28.81
6 3853 29.83
7 2839 28.89
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ments. Fig. 1 shows that PC1 and PC2 
reached the maximum in Sicily, respec-
tively, in sample 3 and 4. Moreover, a 
certain separation of the samples into 
two groups was found. Mainly, the 

Table 11 - Correlation coefficients among the first 
three principal components (PCs) and variables, 
together with associated eigenvalues and cumula-
tive percentages of explained variance for the red 
wine samples.

Variable PC1 PC2 PC3

trans-resveratrol 0.877 0.098 -0.092
trans-piceid 0.081 0.898 -0.162
cis-resveratrol 0.461 0.782 0.325
cis-piceid 0.814 0.274 -0.142
rutin -0.164 0.102 0.946
quercetin 0.686 -0.497 0.307
isorhamnetin 0.615 -0.626 0.008
Eigenvalue 2.527 2.152 1.150
Cum% 36.104 66.848 83.276

Fig. 1 - Projection of first two principal component scores for the white wines from Sicily (S) and Cam-
pania (C).

samples from Campania always had 
negative PC1 scores, whereas almost all 
the Sicilian samples had positive PC1 
scores. From Fig. 2 it can be seen that, 
for the red wines PC1 and PC2 reached 
the maximum in samples 2 and 5, re-
spectively.

The analysis of the interdependence 
between the antioxidant activity and the 
total phenol content (Table 12) shows the 
absence of correlation for both red and 
white wines. Nevertheless, it is worth 
mentioning that, though a correlation is 
often found among total phenol content 
and TEAC values, the determination of 
total phenols with the Folin-Ciocalteau 
reagent is not a selective method of 
analysis since every potentially oxidiz-
able compound present in the wine is 
determined. Therefore, even if the values 
related to the antioxidant activity of the 
wines examined were not correlated with 
the total phenol content, this could sug-
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Fig. 2 - Projection of first two principal component scores for the red wines from Tuscany.

gest that the antioxidant properties of 
the wines may be linked to a parameter 
not considered in this investigation.

In conclusion, the present study indi-
cated that the levels of resveratrol in the 
red and white wines investigated were 
comparable to data reported in the litera-
ture (DUGO et al., 2000; ROMERO-PÉREZ 
et al., 1996), regardless of the pesticide 
treatment used in producing the grapes. 
In addition, the wines had different con-
centrations of resveratrol and flavonoids, 
which are due not only to the vinifica-
tion process (red or white). The phenol 

concentrations determined in wines from 
these three areas had a rather homoge-
neous distribution and the values were 
not correlated to the different pesticide 
treatments. Obviously different factors 
such as climatic conditions, exposure of 
the vineyards to atmospheric agents and 
agronomical management can produce 
variations in wine composition.

The wines produced from grapes treat-
ed with quinoxyfen (sample 1) which, ac-
cording to DI BELLA et al. (2003), had no 
residue, had a good total phenol content 
and a higher antioxidant activity than 
all the other samples examined. These 
results indicate that the phenolic com-
pounds in these wine samples are active 
in potentially protecting the antioxidant 
activity.

Moreover, these wines sometimes had 
the cis-/trans- resveratrol ratio inverted 
to that of the corresponding piceid, that 
is, cis-piceid was higher than the trans-
isomer. Nonetheless, as experimentally 
verified, this is not due to the preparation 

Table 12 - Pearson correlation coefficients, p-value 
asyntotics and Monte Carlo p-value for the cor-
relation between the total phenol content and the 
antioxidant activity.

Wines r P value P(MC)

white 0.347 0.222 0.219
red -0.003 0.993 0.992
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techniques for analysing the samples. 
This is quite peculiar, as the trans-iso-
mers are usually more stable than the 
corresponding cis-isomers.
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ABSTRACT

The stability of the anthocyanins 
in nature is assumed to be the con-
sequence of anthocyanins complexing 
with colourless compounds called co-
pigments. Organic acids, among other 
substances, can act as anthocyanin 
copigments. In this study tannic acid 
was used as a copigment with the an-
thocyanin crude extract from Cabernet 
Sauvignon (Vitis vinifera L.) grapes. 
Anthocyanin stability was investigated 
with and without the addition of tannic 
acid under different storage conditions 

RIASSUNTO

La stabilità degli antocianine in natu-
ra è attributa alla reazione di copigmen-
tazione con i composti incolori (copig-
menti). In questo studio l’acido tannico 
(AT) è stato valutato come copigmento 
per l’estratto greggio di antocianine di 
uve Cabernet Sauvignon. È stata in-
vestigata la stabilità delle antocianine 
con e senza AT sotto diverse condizioni 
di immagazzinamento in sistemi mo-
dello e in bevande reidratate. A partire 
dai risultati ottenuti, è stato verificato 
che il pH, la temperatura, l’ambiente e 
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INTRODUCTION

Anthocyanins are glycosides of anthoc-
yanidins (aglycones) that are polyhydroxy 
and polymethoxy derivatives of 2-phenyl-
benzopyrilium or flavilium salts which 
belong to the class of flavonoids (FIGUEI-
REDO et al., 1996; MAZZA and MINIATI, 
1993). Anthocyanins from grapes are 
based on five aglycones, differing from 
one another in the B-ring substitution 
radicals. They occur as 3-glucosides in 
Vitis vinifera cultivars, and as 3,5-diglu-
cosides in American cultivars (Vitis ripa-
ria, Vitis rupestris among others) and in 
hybrid cultivars (HEREDIA et al., 1998). 
In Cabernet Sauvignon grapes (Vitis vi-
nifera L.), the 3-monoglucoside malvidin 
derivatives make up approximately 70% 
of the anthocyanin pigments (WULF and 
NAGEL, 1978).

Whereas flavonoids are generally co-
lourless, anthocyanins are found in the 
cell sap of most plants in a chemical 
state that strongly absorbs visible light. 
This is associated with copigmentation, 
i.e. the interaction of anthocyanins 

with colourless molecules known as 
copigments in plants (KORZUCHOWSKA 
and WILSKA, 1996; DAVIES and MAZZA, 
1993). When extracted from plants, 3-
monoglucosides and 3,5-diglucosides 
are almost colourless in a mild acidic 
aqueous solution, at room temperature, 
conditions which are similar to those of 
plant cells (BROUILLARD, 1983). Anthoc-
yanin copigmentation has been studied 
“in vitro” in model systems containing 
pigments and copigments in an attempt 
to increase anthocyanin stability. Flavo-
noids, polyphenols, amino acids, organic 
acids and the anthocyanins themselves 
can act as copigments (BROUILLARD et 
al., 1989).

Tannic acid is an organic acid that 
can act as a copigment with anthoc-
yanins (DIMITRIC-MARKOVIC et al., 
2001; CAMAREZ, 1999; STRINGHETA, 
1991). According to MACCARONE et al. 
(1987), tannic acid reduces the loss of 
anthocyanins in Moro orange juice the-
reby improving the stability of the red 
coloured juice. Tannic acid is found in 
fresh grapes, wine and tea (PALMA et al., 

in model and beverage systems. The 
results revealed that pH, temperature, 
presence of light and presence of oxygen 
significantly influenced anthocyanin 
stability. The addition of tannic acid (1:
1, w/v) significantly (p<0.01) increased 
the half-life time of anthocyanin in a 
model system, with very similar results 
to those obtained in the rehydrated 
beverages. The model system kept at 
pH 3.0, in the dark, in the presence 
of nitrogen and 4±1ºC had longer half-
life times and higher colour retention 
percentage values. When tannic acid 
was added (1:1, w/v) to the rehydrated 
beverage samples at 4±1ºC, the half-life 
time of the anthocyanins increased by 
244 hours.

l’atmosfera influenzano in forma signi-
ficativa la stabilità delle antocianine. In 
sistemi modello, mantenuto a pH 3.0, 
nel buio, presenza di flusso di nitrogeno 
e a 4±1ºC, sono stati osservati i migliori 
resultati di tempo di mezza vita e di per-
cento di ritegno di colore. L’addizione di 
AT (1:1, 13.3 mg/mL di estratto greggio) 
ha aumentato molto (p<0.01) il tempo di 
mezza vita delle antocianine in sistemi 
modello e un comportamento simile 
è stato osservato nelle antocianine in 
sistema di bevande.
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2002; CHEN and CHUNG, 2000; LU and 
FOO, 1999). It can capture free radicals 
(SANCHEZ-MORENO et al., 1999) and has 
anti-mutagenic (CHEN and CHUNG, 2000) 
and anti-bacterial properties (CHUNG et 
al., 1998).

The replacement of synthetic colorants 
with natural ones as food additives has 
substantially increased (SARNI-MANCHA-
DO et al., 1996; CAPITÁN et al., 1996). 
Anthocyanins are considered potential 
substitutes for synthetic colorants due 
to the bright and attractive colours they 
give to food. In addition, anthocyanins 
are highly soluble in water and have pro-
ven antioxidant, anti-inflamatory (WANG 
et al., 2000; YOUDIM et al., 2000), anti-
carcinogenic (HAGIWARA et al., 2001; 
KAPADIA et al., 1997) and anti-viral pro-
perties (KAPADIA et al., 1997).

The purpose of this study was to eva-
luate the stability of anthocyanins from 
crude extracts of Cabernet Sauvignon 
(Vitis vinifera L.) grapes with and without 
tannic acid added in model solution and 
in a beverage system, under various con-
ditions of temperature, pH, presence of 
oxygen and presence of light.

MATERIALS AND METHODS

The study was carried out with red 
grapes (Vitis vinifera L.) of Cabernet 
Sauvignon cultivars from the Agricultu-
ral Research Enterprise (EPAGRI) in São 
Joaquim (1,400 m a. s. l.), Santa Ca-
tarina, Brazil. Commercial tannic acid, 
(VETEC Ltda., Rio de Janeiro, Brazil) a 
mixture of hydrolysable galloyl tannins, 
was used to evaluate the anthocyanin 
copigmentation. All the reagents were of 
analytical grade.

Anthocyanin extraction
and quantification

Grapes from the 2002 harvest were 
washed in running water and then in 
water containing 200 ppm sodium hypo-

chloride. The grape skins were separated 
from the pulp, bleached in boiling water 
for 2 min and frozen in polythene bags 
at -18±1°C. One hundred grams of grape 
skins were left overnight in the dark to 
macerate in a beaker with 400 mL etha-
nol: 1.5 N HCl (85:15) at 4.0±1°C (LEES 
and FRANCIS, 1972). The crude extract 
obtained was filtered through a nylon fil-
ter and the remaining skins were washed 
with 100 mL of the extracting solvent. 
A second vacuum filtration was carried 
out on Whatman (n. 2) filter paper; the 
extract was concentrated to 50% of the 
initial ethanol volume and evaporated 
under vacuum (Büchi Rotaevaporator-
R-144, Switzerland) at 35°C. Afterwar-
ds, the concentrated extract was filtered 
through a 0.45 µm Millipore filter, kept 
in an amber flask at 4.0±1°C and used 
for the analyses; the pH of the crude 
extract was 1.32. The quantification of 
the total anthocyanins was determined 
according to the method of LEES and 
FRANCIS (1972) using ε = 98.2 (FULEKI 
and FRANCIS, 1968a).

Stability study
and statistical analysis

To determine the concentration of 
tannic acid to be added to the anthoc-
yanins, the total solids content of the 
crude extract was estimated by drying 
3 mL of crude anthocyanin extract at 
105°C until a constant weight was rea-
ched (AOAC, 1998). The result was used 
as an initial parameter for determining 
the amount of tannic acid to be added 
in different weight/volume ratios (w/v). 
Control samples (model system without 
tannic acid) and test samples (model 
system with tannic acid) were prepared 
as follows: the crude extract was put 
into volumetric vials (25 mL) and 0.05% 
potassium sorbate (w/v) was added to 
prevent bacterial growth; a model system 
of citrate buffer (0.1 M, Merck citric acid 
– sodium citrate) at pH 3.0 and 4.0 was 
then added to obtain absorbance values 
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between 1-1.5 at 520 nm (maximum ab-
sorption). The pH meter (MP 220 meter 
– Metler – Toledo) was calibrated with 
standard solutions at pH 7.0 and 4.0 
(standards, Nalgon). After being agita-
ted for 30 minutes, the solutions were 
then transferred to vials with lids (25 
mL) and allowed to rest for 2 hours to 
reach equilibrium (FULEKI and FRANCIS, 
1968b). The experiment was carried out 
with two repetitions (in triplicate). The 
test and control samples were kept in 
the following conditions: at 4±1°C and 
29±2°C, in the presence of oxygen in 
the air and in the presence of nitrogen 
flow, pH 3.0 and 4.0, under fluorescent 
lamp (2,500 lumens) and in the dark. 
The first-order reaction rate constants 
(k) and half-life time (t1/2) values were 
calculated according KIRCA and CEME-
ROGLU (2003):

ln (At/A0) = -k x t and t1/2 = -ln 0.5 x k-1

Where:

t = time (hours), At = Absorbance at time 
t, A0 = Initial absorbance at time zero.

The colour retention percentage values 
were calculated according to KATSABO-
XAKIS et al. (1998): (Abs at time t/Abs at 
time zero) 100 = % Colour Retention.

Taking into account the composi-
tion and pH of commercial rehydrated 
beverages, sample beverages were pre-
pared to which anthocyanins, with and 
without tannic acid (1:1, w/v) were ad-
ded in order to obtain final absorbance 
values close to 1.0. The beverages were 
prepared with sucrose, glucose, sodium 
chloride, sodium citrate and potassium 
mono-phosphate diluted in 1,000 mL of 
deionised water. They had a final pH of 
3.05. All samples were agitated for 30 
min, transferred to vials with lids and 
allowed to rest for 2 hours. The beverages 
were then subjected to the thermal treat-
ment that is used to prepare rehydrated 
beverages in the food industry (63°C for 

5 min) and then cooled to room tempe-
rature (29±2°C).

The absorption spectra of the samples 
were monitored through UV-Vis absorp-
tion spectrophotometry in the visible wa-
velength range from 400 to 700 nm, at 
regular time intervals, until 60% or more 
of the pigments were degraded. A Hita-
chi U2010 spectrophotometer (CA, USA) 
fitted with a 10 mm optical path quartz 
cell was used. After reaching equilibrium 
in the dark (2 hours), the maximum wa-
velength of the anthocyanins in a model 
system was read; the absorbance was 
called “zero time”. In the rehydrated be-
verage system, the “zero time” readings 
were carried out after the samples had 
cooled, in order to determine the effect 
of the thermal process (63ºC/5 min). Di-
stilled water was used as the blank in all 
of the experiments (GIUSTI et al., 1999; 
FULEKI and FRANCIS, 1968a).

The experiment was conducted enti-
rely at random, in two repetitions, in a 
Factorial 25 scheme. The different para-
meters taken into account (treatment, 
pH, presence of light and presence of 
oxygen) were studied by means of analy-
sis of variance (ANOVA) using the SAS 
(Analytical Analysis System) Software, 
8.2 version (2001) and the STATISTICA 
program, 5.1 version (1984-1998).

RESULTS AND DISCUSSION

The concentration of total anthoc-
yanins in the crude extract of Cabernet 
Sauvignon grapes, calculated using the 
FULEKI and FRANCIS (1968a) method, 
was determined to be 237 mg/100g of 
skins. According to RAPISARDA et al. 
(2000), this method of quantification 
overestimates the anthocyanin content 
in blood orange juice by about 7 times, 
when compared with the results obtai-
ned with HPLC analysis. However, the 
error introduced by this method can 
vary according to the pigments involved 
and given the simplicity and low cost 
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of the method compared with that of 
HPLC analysis, the use of this method 
is justified.

The total ratio of solids (w/v) of the 
crude extract was calculated to be 13.3 
mg/mL. Different ratios of tannic acid 
in relation to the total solids of the an-
thocyanin crude extract were estimated 
at random with the aim of achieving final 
absorbance values between 1 and 1.5. 
The copigmentation reaction spectra 
are reported in Fig. 1. Control samples 
showed a ∆λ=5 nm bathochromic shift 
when the pH increased from 3.0 to 4.0. 
This may have happened because forms 
of the flavilium cation found in the cru-
de extract decrease as the pH increases, 
causing a slight bathochromic shift in 
the maximum absorption wavelength 
(BARANAC et al., 1997).

When the results at pH 3.0 and 4.0 
were compared, stronger bathochromic 
and hyperchromic shifts were observed 
at pH 4.0, due to the anthocyanin/tannic 

acid combination. The hyperchromic ef-
fect conferred by the tannic acid added to 
the anthocyanins of Mellinis minutiflora 
Pal de Beauv inflorescence increased 
when the pH increased from 2.0 to 4.0, 
while the bathochromic effect was stron-
ger at pH 3.0 (STRINGHETA, 1991). As 
the tannic acid:anthocyanin (w/v) ratio 
increased, the bathochromic and hyper-
chromic shifts increased. These effects 
suggest copigmentation (OSAWA, 1982; 
ASEN et al., 1972). The fact that both 
effects were observed at both pH 3.0 and 
4.0, indicates an action that is caused by 
the combination of tannic acid with an-
thocyanins from the Cabernet Sauvignon 
crude grape extract. These effects which 
occur together in cases with the copig-
mentation of anthocyanins with different 
phenolic compounds, have been obser-
ved previously by several researchers (DI-
MITRIC-MARKOVIC et al., 2000; BARANAC 
et al., 1996; DAVIES and MAZZA, 1993; 
DANGLES and BROUILLARD, 1992).

Fig. 1 - Effect of tannic acid addition at 1:1, 3:1 and 6:1 w/v ratios (tannic acid/ anthocyanin crude 
extract volume) at maximum absorption wavelength for anthocyanins from grapes at pH 3.0 (A) and 
pH 4.0 (B).
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Stability of anthocyanins from Ca-
bernet Sauvignon (Vitis vinifera L.) gra-
pes with and without tannic acid in the 
model system, under different storage 
conditions

A 1:1 (w/v) tannic acid:anthocyanin 
ratio was chosen to evaluate the results 
of the study regarding anthocyanin sta-
bility with respect to time. A statistical 
analysis was carried out on the half-life 
time values of the samples. A factorial 25 

model was considered to be well suited 
(p=0.0001) because of its high coefficient 
of determination (R2=0.963634). It was 
seen that the parameters of treatment, 
pH, temperature, presence of light and 
presence of oxygen significantly influen-
ced the stability of grape anthocyanins. 
Table 1 shows the half-life times and 
colour retention values for the samples 
with and without tannic acid at the end 
of the experiment.

The copigmentation of anthocyanins 
with tannic acid was visibly affected by 

variations in temperature. The samples 
kept at 4±1°C had longer half-life times 
and higher colour retention percentage 
values than the samples kept at 29±1°C, 
indicating a stronger protective effect of 
tannic acid at 4±1°C.

The anthocyanins degraded more 
rapidly in the presence of light, parti-
cularly mainly when the samples were 
kept at 29±2°C. The samples kept in the 
presence of light and in the presence of 
oxygen were less stable. Anthocyanins 
were more stable with and without tan-
nic acid in the samples that were kept in 
the dark and with nitrogen flow (values 
in bold in Table 1).

Half-life time and colour retention 
percentage values of the samples were 
significantly lower in the presence of 
oxygen than in the presence of nitrogen 
at pH 3.0 and at a temperature of 4±1°C; 
samples with and without tannic acid had 
half-life time values of 5,257 and 3,400 
hours, respectively. In the presence of 

Table 1 - Half-life time and colour retention of samples with (test) and without (control) tannic acid (1:
1, w/v) in different storage conditions. Values are the average of two repetitions in triplicate. Values in 
bold indicate that anthocyanins were more stable.

pH T(°C) Light/ Presence of oxygen/ Half-life time (hours) Colour retention %
  Dark nitrogen Control Test Control Test

3.0 4±1ºC D N 3,400 5,257 96 98
3.0 4±1ºC D O 2,533 4,101 95 97
3.0 4±1ºC L N 799 1.108 85 89
3.0 4±1ºC L O 600 860 80 85
3.0 29±2ºC D N 1,412 1,680 91 92
3.0 29±2ºC D O 1,015 1,179 88 90
3.0 29±2ºC L N 190 245 46 50
3.0 29±2ºC L O 128 171 37 45
4.0 4±1ºC D N 1,805 2,643 74 78
4.0 4±1ºC D O 1,743 1,962 73 77
4.0 4±1ºC L N 506 596 63 68
4.0 4±1ºC L O 410 552 57 63
4.0 29±2ºC D N 859 1,079 69 73
4.0 29±2ºC D O 762 732 65 68
4.0 29±2ºC L N 294 264 53 55
4.0 29±2ºC L O 172 176 36 37

L = under light (2,500 lumens); D = dark; N = nitrogen flow; O = presence of oxygen from the air.



328 Ital. J. Food Sci. n. 3, vol. 16 - 2004 Ital. J. Food Sci. n. 3, vol. 16 - 2004 329

oxygen, these values fell to 4,101 and 
2,533 hours, respectively. These results 
are similar to those obtained by BAIOLONI 
et al. (1998), who studied the stability of 
anthocyanins from Alcalipha hispida.

The pH of the solutions influenced 
the stability of anthocyanins even after 
tannic acid addition. Samples at pH 3.0 
were more stable than those at pH 4.0; 
this finding is in accord with the results 
of KATSABOXAKIS et al. (1998) and MI-
NIATI et al. (1992).

Regarding the influence of different 
storage conditions, samples with and 
without tannic acid, kept at 4±1°C and 
at pH 3.0 in the presence of nitrogen and 
in the dark, had the highest half-life time 
values during storage.

According to the statistical analy-
sis, the pH interacted with treatment 
(p=0.0015), with temperature (p=0.0001) 
and with the presence of light (p=0.0001). 
The addition of tannic acid significantly 
increased the half-life time of the samples 
stored at 4±1°C; this effect was stronger 
at pH 3.0 than at pH 4.0, with samples 
kept in the dark (Table 1). A significant 
interaction was also observed between 

treatment with tannic acid and tempera-
ture (p=0.0003), and between treatment 
with tannic acid and the presence of li-
ght (p=0.0005). The protective effect of 
tannic acid was minimal at 29±2°C and 
under light. When the samples were kept 
under light, the temperature (4±1°C and 
29±2°C) had no significant effect on the 
stability of the anthocyanins, indicating 
that they were unstable in the presence 
of light. The presence of light interacted 
with the temperature (p=0.0001) and 
with the presence of oxygen in the air 
(p=0.0056). The samples, both with and 
without tannic acid, had higher half-life 
time values when kept in the presence 
of nitrogen.

Stability of anthocyanins from grapes 
(Vitis vinifera L) with and without tannic 
acid in rehydrated beverages

Fig. 2 shows the anthocyanin absor-
bance values over time. It can be obser-
ved that samples with tannic acid (lines 1 
and 3) were more stable than the control 
samples (lines 2 and 4), at the respec-
tive storage temperatures. Temperature 

Fig. 2 - Reduction in absorbance values of anthocyanins with and without tannic acid in a beverage 
system. 1 = test samples (1:1, w/v) at 4±1°C; 2 = control samples at 4±1°C; 3 = test samples (1:1, w/v) 
at 29±2°C; control samples at 29±2°C.
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Fig. 4 - Colour retention percentage values of anthocyanins with and without tannic acid in a beverage 
system at 4±1°C and 29±2°C. C1 = control samples at 4±1°C; TS1 = test samples (1:1 tannic acid, w/v) 
at 4±1°C; C2 = control samples at 29±2°C; TS2 = test samples (1:1 tannic acid, w/v) at 29±2°C.

Fig. 3 - Half-life time values of anthocyanins with and without tannic acid in a beverage system at 4±1°C 
and 29±2°C. C1 = control samples at 4±1°C; TS1 = test samples (1:1 tannic acid, w/v) at 4±1°C; C2 = 
control samples at 29±2°C; TS2 = test samples (1:1 tannic acid, w/v) at 29±2°C.

had a determining effect in anthocyanin 
stability in rehydrated beverages. Tannic 
acid increased the half-life time by 244 
hours for samples kept at 4±1°C and 29 
hours for samples kept at 29±2°C (Fig. 
3). These results indicate that if anthoc-
yanins are to be used in rehydrated beve-

rages, the product storage temperature 
must be controlled. The addition of tan-
nic acid also increased the percentage of 
colour retention in the samples, at both 
storage temperatures (Fig. 4).

The results of the half-life times and 
percentage of colour retention obtained 
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with the addition of anthocyanins, with 
and without tannic acid, to the beverage 
system were similar to those obtained 
in the study of the stability in model sy-
stems which indicate that the composi-
tion of this beverage did not influence the 
stability of the samples. The half-life time 
of the samples with tannic acid at 4±1°C 
was approximately 906 hours (~38 days), 
244 hours more than that of the control 
samples. In spite of this, this half-life 
time is still not compatible with the shelf-
life of commercial products with synthe-
tic colorants. Nevertheless, considering 
i) the beneficial properties attributed to 
anthocyanins, ii) the similarities between 
the stability of anthocyanins in model 
system and in the rehydrated beverages, 
and iii) the increased stability of anthoc-
yanins in a model system conferred by 
the presence of nitrogen, studies on the 
effect of incorporating nitrogen atmo-
sphere into the study of anthocyanin 
stability in rehydrated beverages, should 
be undertaken in an attempt to increase 
its half-life time.

CONCLUSIONS

The stability of anthocyanins from the 
crude extract of Cabernet Sauvignon gra-
pes is closely related to a set of common 
physico-chemical parameters uses in 
food processing including pH, tempera-
ture and the presence of light and oxygen 
from the air. To achieve a more stable 
anthocyanin colour, different parame-
ters must be associated that will give a 
more stable, longer lasting colour. The 
model system samples kept at pH 3.0, 
in the dark, in the presence of nitrogen 
and at 4±1°C had longer half-life times 
and higher colour retention percentage 
values. The anthocyanins to which tan-
nic acid was added and assessed in the 
beverage system at 4±1°C had positive 
half-life time values. The results of the 
half-life time and colour retention per-
centages were similar when compared 

to the stability of anthocyanins, with 
and without tannic acid, in model and 
in beverage systems.
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ABSTRACT

A new high performance liquid 
chromatographic method (HPLC/
DAD technique) has been developed 
for the quantitative evaluation of the 
principal oxidized fatty acids present 
in extra virgin olive oil. The proposed 
method gives a complete picture of the 
oxidative status and deterioration of 
fatty acids (present in triacylglycerols) 
during storage. The main advantage of 
this method is that it can detect and 
quantify the various forms of the oxidi-
zed primary and secondary fatty acids 

RIASSUNTO

Scopo di questo studio è la proposta 
di un nuovo metodo analitico per la de-
terminazione quantitativa dei principali 
acidi grassi ossidati presenti nell’ olio 
extra vergine di oliva, utilizzando la tec-
nica HPLC/DAD. Il metodo proposto è 
in grado di dare un quadro completo 
dello stato di ossidazione e controlla-
re il deterioramento degli acidi grassi 
(presenti nei trigliceridi) durante la 
conservazione del prodotto: il principale 
vantaggio di tale metodica è la capacità 
di rivelare e quantizzare in una singola 
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INTRODUCTION

It is well known that a good, well-bal-
anced diet plays an important role in pre-
venting major chronic diseases. Yet, even 
when fruit and vegetables are consumed 
and the diet is supplemented with anti-
oxidants, if oxidized lipids are present, 
they can cause illness. (RIEMERSMA, 
2002, KANAZAWA et al., 2002).

Oxidized lipids cause DNA damage, re-
sulting in a high frequency of mutations 
which contribute to the processes of car-
cinogenesis (ARUOMA, 1998, NIKI, 2001, 
SPITELLER, 1998, GURR, 1990, CHOW, 
2000). Colon cancer has recently been 
confirmed as a major disease caused by 
oxidized lipids in the diet (KANAZAWA et 
al., 2002).

At present, there are various methods 
used to evaluate the oxidative status of a 
lipid matrix; each method monitors only 
some specific classes of the compounds 
that constitute the complex oxidized 
mixture. To summarize:

- Peroxide value test (POV): this 
method has been adopted as the official 
method by the IUPAC and current EEC 
legislation. It is a titration that only 

evaluates the hydroperoxide content 
(FIEBIG et al., 1997).

- UV absorbance at 232 and 268 nm: 
this method is used to determine the 
conjugated double bonds present in 
hydroperoxides (AOCS, 1989).

- Thiobarbituric acid test (TBA): this is 
a sensitive colorimetric test to measure 
rancidity in some foods and oxidation 
products in biological systems (GUILLEN-
SANS and GUZMAN-CHOZAS, 1998). It is 
a non-specific reaction and is produced 
by a large number of secondary oxidation 
products (e.g. malondialdehyde).

- IR spectroscopy: this technique rec-
ognizes trans double bonds, hydroperox-
ide, aldehydic, ketonic or acidic groups 
in fatty acids. It is very complex to in-
terpret.

- Anisidine test: this test measures 
high-molecular-weight saturated and 
unsaturated carbonyl compounds in 
triacylglycerols. It provides useful infor-
mation about non-volatile carbonyl com-
pounds formed in oils during processing 
(FRANKEL, 1998).

- High performance exclusion chro-
matography: this technique is used to 
evaluate oxidized triacylglycerols, such 

(hydroperoxy, hydroxy, keto, epoxy, epi-
dioxy compounds) in a single analysis. 
Hundreds of extra-virgin olive oils were 
analysed and the results were used to 
compile an extensive data-base of the 
oxidized fatty acid content of the oils. 
Most newly-produced extra-virgin olive 
oils had a total oxidized fatty acid con-
tent of <2%; most of the expired oils had 
percentages >4%.

analisi le forme primarie e secondarie 
di ossidazione degli acidi grassi (idro-
perossi, idrossi, cheto, epossi, epidios-
si composti). Tale metodo, applicato a 
centinaia di oli extra vergini di oliva ha 
permesso di ottenere un esteso data-
base riguardante il contenuto di acidi 
grassi ossidati. La maggior parte degli 
oli extra vergini di nuova produzione 
ha mostrato un contenuto totale di 
acidi grassi ossidati <2%, mentre la 
maggior parte degli oli extra vergini 
alla scadenza della conservazione ha 
mostrato un contenuto totale di acidi 
grassi ossidati >4%.
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as polymeric compounds (GOMES, 1992, 
MORALES et al., 1997).

- High performance liquid chromatog-
raphy (HPLC): with different detection 
systems this technique has been used 
for hydroperoxide analysis. The most 
interesting approach for increasing the 
sensitivity and specificity of hydroper-
oxide analysis has been the use of post 
column reactions (OSHIMA et al., 1996, 
MULLERTZ et al., 1990, ADACHI et al., 
1998).

- Gas-chromatography: this has been 
used to detect and identify hydroxy fatty 
acids and volatile compounds that origi-
nate from hydroperoxide degradation 
(MORALES et al., 1997, MARSILI, 1999).

Each of these analyses only gives 
partial information about the extent of 
oxidation and there is evidence in the 
literature that it is necessary to evalu-
ate the degree of oxidation by measuring 
different types of oxidation compounds 
(DOBARGANES and VELASCO, 2002). It is 
well known that hydroperoxides are the 
primary derivatives of fatty acid oxidation 
and that during the auto-oxidation and 
photo-oxidation processes, they undergo 
some decomposition reactions, that give 
rise to hydroxy, keto, epoxy and epidi-
oxy fatty acids (FRANKEL, 1984). These 
alterations can be minimized by using 
ideal technological processes and storage 
conditions (absence of light, heat, met-
als, oxygen, and other promotors).

The identification and quantitative 
evaluation of triglyceride oxidation prod-
ucts has been developed over the last 
few years. This was done using HPLC-
ESI-MS and HPLC-APcI-MS techniques 
on the basis of their molecular weights, 
MS spectra, MS/MS ion fragmentation 
and UV spectra plus theoretical data 
present in the literature. (ROVELLINI 
et al., 1998a, 1999b, ROVELLINI and 
CORTESI, 2002a, 2002b, CORTESI and 
ROVELLINI, 2004). On the basis of these 
results, a simplified HPLC/DAD method 
has been developed. It can be used in any 
HPLC laboratory that does not have an 

MS detector for routine quality control 
analysis. The method was used to evalu-
ate extra-virgin olive oil.

MATERIALS AND METHODS

During the year 2003, 29 extra vir-
gin-olive oils, with the expiration date 
on the label, were purchased from 
common commercial sources, hexane 
for chromatography was obtained from 
Merck (Darmstadt, Germany), isopro-
panol for chromatography was obtained 
from Baker, (Deventer, Holland), glacial 
acetic acid, 1.0 M sodium benzyloxide 
in benzyl alcohol and HPLC grade water 
were obtained from Aldrich Chemical 
Co., (Milwaukee, USA), 99% tricaproin 
and 99% triheptadecanoin were obtained 
from Larodan, (Malmo, Sweden), HPLC 
grade acetonirile was obtained from 
Carlo Erba, (Rodano, Italy).

External standard calibration
solution

About 10 mg (+/-0.001) of tricaproin 
(I.S.1) and 20 mg (+/-0.001) of trihep-
tadecanoin (I.S.2) were weighed in a 50 
mL flask and brought to volume with 
hexane.

Transesterification reaction of
external standard calibration solution

One millilitre of the external standard 
calibration solution (I.S.1 + I.S.2) was put 
in a conical test tube and 1 mL of hexane 
was added. Fifty microlitres of 1.0 M so-
dium benzylate in benzylic alcohol were 
added. The transesterification reaction 
occurred in ten minutes and was stopped 
by adding 10 µL of glacial acetic acid. The 
solution was centrifuged at 3,000 rpm for 
ten minutes. The supernatant contain-
ing benzyl caproate and benzyl heptade-
canoate was siphoned into a conical test 
tube and dried under a stream of nitrogen 
at 40°C (ROVELLINI, 1991, CORTESI and 
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ROVELLINI, 1994). One millilitre of isopro-
panol was added before performing the 
HPLC/DAD analysis.

The response factor of benzyl caproate 
(Rf I.S.1 = Area of I.S.1/µg injected) and 
that of benzyl heptadecanoate (Rf I.S.2 
= Area of I.S.2/µg injected) were evalu-
ated separately on the external standard 
calibration chromatogram, recorded at 
255 nm.

Moreover the ratio between the re-
sponse factor of I.S.2 and that of I.S.1 
was calculated (Rf ratio = Rf benzyl hep-
tadecanoate I.S.2/Rf benzyl caproate 
I.S.1). The Rf ratio was calculated to be 

final percentage is independent of the 
reaction recovery.

Since the external standards of each 
oxidized fatty acid, such as oxidized 
triacylglycerol, are not available com-
mercially, the percentage results are 
expressed in benzyl heptadecanoate 
as internal standard, because its chain 
length (C17) is within the chain length 
range of olive oil (C12-C20).

The quantitative results for each oxi-
dized compound class were calculated 
and are expressed as benzyl hepta-
decanoate according to the following 
formula:

  Peak area x 100
 % (wt-%) =
  Rf I.S.2 benzyl heptadecanoate x P x MW x 20

Where:
- wt-% is weight in percentage of each 

oxidized class;
- Peak area is the area of each peak 

of the oxidized compounds recorded at 
255 nm;

- 100 is used to express the results 
in mg of oxidized compounds/ mg of 
total oil;

- Rf I.S.2 is the response factor of 
benzyl heptadecanoate (Rf=Area/µg 
injected);

- P is the sample weight in mg;
- MW molecular weight of each oxi-

dized fatty acid benzyl ester;
- 20 is the HPLC injection volume in 

µL.
The oxidative status of the extra-virgin 

olive oils was calculated as the sum of 
all the oxidized compounds considered 
in Table 1.

HPLC/DAD analysis

A Finnigan P4000 high-performance 
liquid chromatograph (Finnigan, Saint 
Jose, CA,USA) was equipped with a 
membrane degasser (Finnigan, Saint 
Jose, CA,USA) and a 6000LP photodi-

2.2, with a RSD% of 5.0 and a repeatibil-
ity value of 0.1 (n=8, t=2.365, p=0.05).

Sample preparation
and transesterification

About 500 mg (+/-0.001 mg) of ex-
tra-virgin olive oil were weighed in a 25 
mL flask and brought to volume with 
hexane.

One mL of sample solution was put 
into a conical test tube and 1 mL of 
standard solution (I.S.1 + I.S.2) was 
added. The reaction was performed as 
reported for the external standard cali-
bration solution (CORTESI et al., 1991, 
CORTESI and ROVELLINI, 1994). One 
mL of isopropanol was added before 
performing the HPLC/DAD analysis.

The Rf ratio between the two internal 
standards was determined for all the 
chromatograms analyzed; the value 
must be 2.2, ranging from 2.1 to 2.3 (as 
calculated from the external standard 
calibration chromatogram). This value 
confirms that the transesterification 
reaction occurred for all the different 
types of fatty acids (unsaturated, chain 
length, oxidized and non-oxidized). The 
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ode-array detector (Finnigan, Saint Jose, 
CA, USA).

The separation of benzyl esters was 
performed on a RP18 Spherisorb ODS2 
column (l = 25 cm, i.d. 4.0 mm, particle 
size 5µm; Grom-Sil, Herrenberg-Kayh, 
Germany) with a binary solvent system 
of water (A) and acetonitrile (B). The 
amount of solvent B in the mobile phase 
was increased from 50 to 100% over 50 
min and then maintained for 15 min 
before reverting to 50%, at a flow rate of 
1.0 mL/min.

The fatty acid benzyl ester deriva-
tives dissolved in isopropanol (1 mL) 
were injected (20 µL) for the HPLC/DAD 
analysis.

The chromatograms were recorded 
at 255 nm. A scan spectra acquisition 
from 200 to 400 nm helped in the peak 
identification (Table 1).

RESULTS AND DISCUSSION

Standards of oxidized triacylglycerols 
were not available commercially, so the 
total oxidized fatty acid content (weight 

percentage wt-%) was expressed by us-
ing benzyl heptadecanoate as internal 
standard (I.S.1). Its chain length (C17) is 
within the chain length range of olive oil 
(C12-C20) and its percentage content in all 
olive oil categories must not exceed 0.5%. 
When “blank sample” chromatograms 
were analyzed, there was no interfer-
ence with the calculation of the internal 
standard area.

Benzyl caproate was used as inter-
nal standard (I.S.2) as a control for the 
reaction, because its chain length (C6) 
is within the chromatographic elution 
range of oxidized fatty acid compounds 
in a chromatogram zone that is free of 
interference.

Fatty acid benzyl esters in an isopro-
panol solution were assessed for their 
stability during the analysis and during 
storage at 4°C; they were stable for more 
than 3 months.

The completeness of the transesterifi-
cation reaction under the adopted condi-
tions was previously evaluated by TLC 
(CORTESI et al., 1991). A “blank control” 
chromatogram was recorded at 255 nm 
before analyzing each sample.

Table 1 - Maximum UV wavelength absorption (max UV abs.) and RRT (relative retention time) of the 
different oxidized fatty acid compounds detected as benzyl esters derivatives. The RRT values were 
calculated versus the RRT of benzyl heptadecanoate (50. 21 min).

 Peak N. Benzyl ester derivatives  RRT max UV abs.
     nm

 1 di-Epoxy oleic acid di -Epoxy -18:1 0.31 256
 2 Hydroxy linolenic acid OH -18:3 0.40 225
 3 di-Epoxy stearic acid di -Epoxy -18:0 0.42 256
 4 Hydroperoxy linolenic acid OOH -18:3 0.43 210-240
 5 Keto linolenic acid C=O -18:3 0.44 279
 6 Hydroxy linoleic acid OH -18:2 0.46 225
 7 Hydroperoxy linoleic acid OOH -18:2 0.48 210-240
 8 Keto linoleic acid C =O-18:2 0.51 277
 8a Keto linoleic acid C=O -18:2 0.52 277
 8b Keto linoleic acid C=O -18:2 0.53 277
 9 Hydroxy oleic acid OH -18:1 0.54 256
 8c Keto linoleic acid C=O -18:2 0.56 279
 10 Hydroperoxy oleic acid OOH -18:1 0.57 210-230
 11 Keto oleic acid C=O -18:1 0.58 210-224
 12 Epoxy oleic acid Epoxy - 18:1 0.62 256
 13 Epoxy stearic acid Epoxy -18:0 0.69 256
 14 Epidioxy oleic acid Epidioxy -18:1 0.70 256
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All the chromatograms were recorded 
at 255 nm because this wavelength is 
the specific maximum UV absorbance of 
the benzyl chromophore group present 
in the transesterification reaction. All 
the fatty acid benzyl esters derived from 
the transesterification reaction absorb 
at this wavelength, whether oxidized 
or not; each oxidized derivative has a 
specific spectrum and a maximum UV 
absorbance in function of its different 
oxy-group (Table 1).

Fig. 1 shows a typical chromatogram 
of an expired extra virgin olive oil, re-
corded at 255nm. The zoom effected in 
Fig. 1, relative to the chromatographic 
elution range of oxidized benzyl esters, is 
enhanced in Fig. 2. Each identified peak 
was numbered and identified as shown 
in Table 1 (ROVELLINI et al., 1998).

The method was validated by deter-
mining the statistical parameters (Table 
2); one sample of extra virgin olive oil was 
analyzed eight times using the proposed 
method. Under the given analytical con-
ditions, the limit of quantification (LOQ) 
was 0.01%; below this limit, the UV spec-
trum could not be recorded.

Di-epoxy oleic acid, di-epoxy stearic 
acid, epoxy oleic acid and epoxy stearic 
acid were absent in all the extra virgin ol-
ive oils analyzed. These oxidation classes 
are only formed during the thermo-oxi-
dation process; extra-virgin olive oil is 
produced without heat and is normally 
stored at room temperature (FRANKEL, 
1984, LOGANI and DAVIES, 1999, GUN-
STONE, 1984). The hydroperoxides of the 
different fatty acids (OOH-18:3, OOH-18:
2, OOH-18:1) were present at low val-

Fig. 1 - Separation of fatty acid benzyl ester derivatives on RP-HPLC of an expired extra- virgin olive 
oil, (I.S.1) internal standard 1 benzyl caproate, (I.S.2) internal standard 2 benzyl heptadecanoate. The 
chromatogram was recorded at 255 nm. A linear gradient of solvent B from 50 to 100% for 50 min 
was applied at a flow rate of 1 mL/min followed by wash column with solvent B for 10 min and finally 
by reversion to the 10% solvent B to equilibrate the system. The zoom effected on the elution range of 
oxidized fatty acid benzyl esters is shown in Fig. 2.
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Fig. 2 - Zoom effected on the elution range of oxidized fatty acid benzyl esters present in Fig. 1.
Peaks: benzyl esters of (1) di-Epoxy oleic acid (2) Hydroxy linolenic acid (3) di-Epoxy stearic acid (4) 
Hydroperoxy linolenic acids (5) Keto linolenic acid (6) Hydroxy linoleic acid (7) Hydroperoxy linoleic acid 
(8, 8a, 8b, 8c) Keto linoleic acid isomers (9) Hydroxy oleic acid (10) Hydroperoxy oleic acid (11) Keto 
oleic acid (12) Epoxy oleic acid (13) Epoxy stearic acid (14) Epidioxy oleic acid.

ues, always less than 0.03%, confirming 
their high instability (FRANKEL, 1984, 
LOGANI and DAVIES, 1999, GUNSTONE, 
1984).

Hydroxy, keto and epidioxy derivatives 
are generally present in greater percent-
ages than hydroperoxides.

Table 2 - Descriptive statistical parameters of the 
total percentage of oxidized fatty acids determined 
by HPLC analysis (n=8 t=2.365 p= 0.05). Method 
precision.

 Total Oxidized Fatty Acids
 %

Mean 3.34
Standard error 0.07
Standard deviation 0.21
Sample number 8
Maximum value 3.59
Minimum value 2.98
Confidence level (95.0%) 0.17
RSD% 5.15
Repeatability 0. 58

The keto-derivatives of the fatty acids 
(C=O 18:3, C=O 18:2, C=O 18:1) are the 
most abundant oxidized compounds, 
suggesting that the hydroperoxides 
tend to stabilize in these forms (FRAN-
KEL, 1984, LOGANI and DAVIES, 1999, 
GUNSTONE, 1984).

The data relative to 15 different extra 
virgin olive oils (fresh, medium storage, 
expired) are reported in Table 3.

After analyzing a database, contain-
ing hundreds of extra-virgin olive oil 
samples with specific production and 
expiration data, three ranges of oxida-
tive status were formulated and the 
respective limit of the total oxidized 
fatty acid percentage was determined 
for each range:

Extra Virgin Olive Oil Total oxidized fatty acid (%)
Fresh 1 month <2%
Stored 2-18 months 2%< >4%
Expired >4%

The analysis of 29 extra-virgin olive 
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oils showed that only two samples had a 
total oxidized fatty acids percentage over 
4%. The statistical parameters used to 
analyze the 29 samples are reported in 
Table 4. The precision of the method was 
evaluated by repeated analyses, in which 
the average relative standard deviation 
(RSD) of the total percentage of oxidized 
fatty acids for eight replicate determina-
tions (RSD%=5.15) and the repeatability 
value (r = 0.58) were calculated. The val-
ues t=2.365 and p=0.05 were used in the 
repeatability calculation.

A correlation between the peroxide 
value test (POV) and total oxidized fatty 
acid percentage, considered in a previous 
paper (ROVELLINI et al. 1999a), showed 
that the correlation coefficient R2 was 
0.96. It is evident that a greater amount 
of more specific information is obtained 
when this methodology is applied in 
comparison to the POV.

The benzyl esters of each oxidized fatty 
acid are present as a mixture of isomers 
which vary according to the position of 
the oxy-group on the carbon chain, as 
already described in the literature about 
the methylesters. Different isomer pro-
files correspond to different oxidation 
processes (auto- and photo-oxidation) 
(LOGANI and DAVIES, 1999, GUNSTONE, 
1984). It was not possible to obtain a 
complete separation of all the isomers 
under the applied chromatographic 
conditions.

No other chromatographic methods 
are currently available in the literature 
with data relative to the analysis of the 
oxidative status of olive oil, so it was not 
possible to compare these results with 
those of other studies.

The oxidative status of extra-virgin 
olive oil is normally analyzed using POV 
and K232, K270 and DeltaK tests. EEC 
regulation N. 2568/91 (EEC, 1991) and 
EEC regulation N. 2472/97 (EEC, 1997) 
have established the following limits for 
extra-virgin olive oil: POV value ≤ 20, 
K232 ≤ 2.50, K270 ≤ 0.20 and DeltaK 
≤ 0.01.T
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Table 4 - Descriptive statistical parameters of the 
total percentage of oxidized fatty acids of defined 
extra- virgin olive oils purchased during the year 
2003 (n=29, t=2.042, p=0.05).

 Total Oxidized Fatty Acids
 %

Mean 3.02
Standard error 0.15
Standard deviation 0.81
Sample number 29
Maximum value 4.80
Minimum value 1.50
Confidence level (95.0%) 0.31

CONCLUSIONS

The method developed provides a more 
extensive assessment of the oxidative 
status of virgin olive oil than the POV or 
DeltaK tests. It only measures esterified 
oxidized fatty acids.

By using this quick method, qualita-
tive and quantitative information about 
primary (hydroperoxides) and second-
ary oxidized compounds (hydroxy, keto, 
epoxy, epidioxy compounds) can be ob-
tained in a single analysis.

It can be applied to study the evolution 
of fatty acid oxidation during different 
technological processes and storage con-
ditions in olive oils of different commer-
cial classes. It can discriminate between 
high and low quality extra-virgin olive 
oils, and can be used to determine how 
long the oil has been stored.

This method can be used to moni-
tor auto-oxidation and photo-oxidation 
processes, and to predict the stability of 
a lipid matrix. It is suitable for use at an 
industrial level for routine analyses.
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ABSTRACT

The influence of Bactrocera oleae at-
tack on the quality of the  oil during the 
ripening of olives was investigated. Four 
olive samples of the Chemlal cultivar at 
different stages of ripening, identified 
by the colour of the skin and pulp, and 
with different levels of attack, were har-
vested and extracted.  The results show 
that both attack by B. oleae and the 
degree of ripening affected the quan-
titative and qualitative composition of 
the oil. The extent of the changes was 

RIASSUNTO

È stato studiato l’effetto dell’attacco 
da B. oleae sulla qualità degli oli in 
relazione al grado di maturazione dei 
frutti. Furono raccolti  quattro campioni 
di olive della varietà Chemlal a diversi 
stadi di maturazione, caratterizzati dal 
colore dell’epidermide e della polpa, e 
con diverso livello di infestazione e sot-
toposti ad estrazione.  I risultati hanno 
mostrato che sia l’entità dell’attacco che 
il grado di maturazione influenzano la 
composizione quali-quantitativa del-
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INTRODUCTION

Virgin olive oil is obtained from the 
fruit of  olive, Oleae europaea, by me-
chanical means, and is consumed with-
out refining. For this reason, it retains 
its volatile and other minor compounds 
that give rise to its delicate flavour. It is 
appreciated by consumers because of its 
high nutritional value,  excellent digest-
ibility,  high oxidative stability and its 
particular flavour. In addition, it exerts a 
preventive role in coronary heart disease 
(GUR, 1992).

The quality of the oil, regulated by the 
Codex Alimentarius, the International 
Olive Oil Council and the European 
Commission (BLEKAS et al., 2002), de-
pends on its chemical composition that 
changes qualitatively and quantitatively 
in relation to a number of parameters in-
cluding the health status of the fruits.

The most widespread parasite in the 
olive growing areas of the Mediterranean 
Basin is the olive fly, Bactrocera oleae; 
its action  before olive harvesting, is a 
factor that decreases  oil quality. Many 
researchers (MONTEDORO et al., 1985; 
CIMATO, 1990; LONGO et al., 1990; PAR-
LATI et al., 1990; ZUNIN et al., 1991;1992; 
ANGEROSA et al., 1992;  EVANGELISTI et 
al., 1994; KYRIAKIDIS and DOUROU, 
2002; TAMENDJARI et al., 2004) have 
found that Bactrocera  attack reduces 
the oil yield and at the same time, affects 

the quality parameters (acidity, peroxide 
value, UV absorbance, organoleptic qual-
ity) and  negatively modifies the chemical 
composition (sterols, phenols, fatty ac-
ids, volatile fraction). The severity of the 
negative effects depends on the stage of  
development of the olive fly, the intensity 
of the attack and the olive variety.

Ripeness is another important factor 
that affects oil quality.  Many studies 
have been carried out (GARCIA et al., 
1996; MORALES et al., 1996; RANALLI et 
al., 1998; FAMIANI et al., 2002; LAZZEZ et 
al., 2002) and the results show that the 
chemical composition of the oil changes 
during olive ripening. GARCIA et al. 
(1996) found that  the sensory quality 
decreased during fruit ripening.

However, few studies have been  car-
ried out to determine the simultane-
ous effect of an olive fly attack and the 
stage of ripening. GUMASSAY et al. (1990) 
found that the varieties that have a late 
maturation are more susceptible to  ol-
ive fly attack because of the persistence 
of the green color during the season. 
BENTO et al., (1999) showed that earlier 
harvesting can avoid substantial losses 
of oil. Furthermore, oil extracted from 
infested olives and harvested late have 
high UV absorption and peroxide values 
(ANDRICH et al., 1985). 

The aim of the present investigation 
was to evaluate how the stage of fruit 
ripening and the simultaneous attack by 

much greater when the olives were at-
tacked and harvested at an advanced 
stage of maturity. The main changes 
involved the quality chemical indexes, 
pigment concentration, phenol and vo-
latile fractions, and consequently, the 
organoleptic  characteristics. 

l’olio di risulta. Le modificazioni risul-
tano molto più rilevanti quando le olive 
oltre ad essere attaccate si trovano in 
uno stato avanzato di maturazione. Le 
variazioni principali sono a carico degli 
indici di qualità, della concentrazione 
dei pigmenti, delle sostanze fenoliche 
e della frazione volatile, e, conseguen-
temente, delle caratteristiche organo-
lettiche.
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the olive fly affect the quality of olive oil 
obtained with from the variety Chemlal, 
widespread throughout Algeria.

MATERIALS AND METHODS

Samples 

Olives from the variety Chemlal, har-
vested within the region of Tazmalt (Be-
jaia) in east-central Algeria, were used for 
the investigation. This variety, character-
ised by its small fruit and  late maturity, 
is the most widespread in Algeria (more 
than 50% of the olive groves).

Ten adjacent trees (n=10) having the 
same age and morphological character-
istics of the fruit were initially selected 
from an olive grove. 

To evaluate the evolution of B. oleae 
attack during olive ripening, the olives 
were sampled from the same trees at dif-
ferent times (11/11/02, 30/11/02, 20 
/12/02 and 16/01/03, indicated in the 
text as the 1st, 2 nd, 3 rd and 4th samplings) 
with the following colour characteristics: 
yellow and yellow with reddish spots, 
purple, purple and black (white pulp), 
black-violet (purple pulp). 

After determining  the maturity 
index according to the UCEDA and 
FRIAS method (1975) and the degree 
of B. Oleae attack (larvae + pupae + 
the number of exit-holes), olives (30kg) 
harvested on the first three dates, were 
divided into 3 sample batches: batch 1: 
healthy olives (not attacked by B. oleae) 
called S1, S2, and S3; batch 2: non se-
lected olives (reflecting the real attack  
rate on the fruits) called N1, N2

 and N3;  
batch 3: only attacked olives (every olive 
had at least one exit-hole) called A1, A2 
and A3. Regarding the 4th harvest date 
(black olives with a violet pulp), only one 
sample batch was prepared in which all 
the olives were attacked (N4

=A4). It was 
impossible to obtain healthy fruit as a 
reference sample.

The oil was extracted using a labora-

tory mill equipped with a blender and a 
centrifuge separator. A small  quantity 
of warm water (50 mL) was added to the 
paste (920 g) to aid oil extraction.

REAGENTS

Solvents for analysis, spectroscopy and 
HPLC were purchassed from E.Merck 
(Darmstadt, Germany) and CARLO ERBA 
(Italy). Activated charcoal was from E. 
Merck.(Schuchardt, Germany). Charcoal 
was cleaned by treatment in a soxhlet 
apparatus  with diethyl-ether and tested 
before the analyses. Gallic acid was from 
Fluka (FLUKA AG, Germany). Hexanal, 
cis-2-penten-1-ol, trans 2-penten1-ol, 2- 
methyl butanal, 3-methyl butanal were 
purchased from Aldrich (Steiheim, Ger-
many). Cis-3-hexenyl acetate was from 
Sigma Chemical Co. (St. Louis, USA). 
Cis-3-hexen-1-ol, trans-2-hexen-1-ol, 
trans-2-pentenal, 1-penten-3-ol and 1-
penten-3-one were purchased from 
Fluka Co.(Buchs, Switzerland). Pentene 
dimers were synthesized from trans 3-
hexenoic acid according to ANGEROSA 
et al. (1998).

METHODS

Olive pulp (100 g) was first dried at 
60°C to constant weight (about 3 h). The 
total oil content was then determined by 
extracting oil from 20 g of dried pulp with 
hexane in a Soxhlet apparatus for 5 h. 
The results are expressed as percentage 
of dry weight (GARCIA et al., 1996).  The 
determination of acidity, peroxide value, 
specific absorbance at 232 and 270 were 
carried out according to the U.I.C.P.A 
method (1979). 

The sensory evaluation of the olive oil 
was performed by eight  members  of an 
analytical panel according to the meth-
odology established by EC  regulation  n. 
796 (E.C., 2002). 

Total phenols were extracted with 
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methanol using an octadecyl C18  SPE 
column (J.T. Backer, Milan, Italy) accord-
ing to the method of FAVATI et al. (1994) 
and evaluated colorimetrically at 765 nm 
using the Folin-Ciocalteau reagent and 
expressing the concentrations as ppm 
gallic acid.  

Chlorophyll content was estimated 
spectrophotometrically at 630, 670 and 
710 nm using tetrachlorure as blank as 
described by AOCS (1989). Carotenoids 
were determined at 472 nm in cyclohex-
ane using the specific extinction values, 
according to the method of MINGUEZ-
MOSQUERA et al. (1991).

Fatty acid methyl esters were prepared 
according to the EC method N. 796 (E.C., 
2002). Liquid gas chromatography (LGC) 
was performed using a Shimadzu gas 
chromatograph equipped with an FID 
detector. A silica Supelco (Supelco Inc., 
Supelco Park, Bellafonte, PA) SP-2380 
capillary column (60 m, 0.32 mm, 0.2 
µm) was used. The oven temperature 
programme was the following: from 
120° to 165°C (hold 10 min) at 25°C/
min, from 165° to 200°C (hold 5 min) at 
5°C/min and  from 200° to 245°C (hold 
15 min) at 8°C/min. The carrier gas was 
H2 at 50 KPa. The temperature of the 
FID was 260°C.  The injection volume 
was 0.4 µL.

The triglyceride composition was de-
termined by reversed phase liquid chro-
matography  using  a 25 cm column  with 
5 µm C18 coated particles (Supelcosil 
LC-18, Supelco Inc., Supelco Park, Bel-
lafonte, PA). Propionitrile was used as 
eluent solvent at 0.8 mL/min. The detec-
tor was a Shodex R1 Se-61 differential 
refractometer. Samples were prepared in 
acetone to a concentration of 50 mg/mL, 
and filtered through 0.45 µm filters us-
ing the acrodisc CR PTFE Syringe Filters 
specially designed for HPLC samples in 
organic solvents. The volume of injec-
tion was 10 µL. A ChromoJet Integrator 
(Thermo Separation Products, Rodano, 
Milano, Italy) was used to measure peak 
areas.

Volatile extraction and GC analysis. 
Volatile compounds were extracted ac-
cording to a dynamic head-space tech-
nique previously described by ANGEROSA 
and BASTI (2003). Volatile compounds 
were stripped from 40g of oil sample 
with N2 (1.2 dm3/min, at 37°C for 2 
h) and trapped on 50 mg of activated 
charcoal (0.5-0.85 mm; 20-35 mesh). 
After elution with 1 mL of diethyl ether, 
volatile compounds were analysed by gas 
chromatography by using a Carlo Erba 
(Milano, Italy) Mega Series 5160 gas 
chromatograph equipped with a silica 
capillary Supelcowax-10 column (60 
m; 0.32 mm i.d.; 0.5 µm film thickness) 
from Supelco (Supelco Inc., Supelco 
Park, Bellafonte, PA), a column injec-
tion system, a CO2 cryogenic accessory to 
hold the oven at 25°C and a flame ioniza-
tion detector (FID). The oven temperature 
programme was as follows: at 27°C for 6 
min, from 27° to 46°C at 1°C/min, from 
46° to 75°C 4°C/min and from 75° to 
200°C at 3.1°C/min, 5 min isothermal at 
200°C. The temperature of the detector 
was held at 220°C with H2 as gas carrier 
at 43KPa. The injection volume was 0.5 
µL. Quantification was achieved by peak 
area integration with a Carlo Erba Mega 
Series Integrator.

The volatile compounds were iden-
tified by GC-mass spectrometry (MS) 
using the same operating conditions 
adopted for the gas chromatographic 
analysis. An HP model 5890A (Hewlett-
Packard, Palo Alto, CA, USA) equipped 
with an on-column injection system and 
coupled with a mass selective detector 
model HP 5970B was employed. Volatile 
compounds were identified by comparing  
their mass spectra with those of authen-
tic reference compounds.

RESULTS AND DISCUSSION

Table 1 reports the degree of fruit rip-
ening and the real B. oleae infestation 
from the first ten days  of November until 
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the middle of  January.  The infestation 
increased continuously from the 1st to 
the 4th stage. The increased number of 
exit-holes in the olives indicates that 
the parasite completed its larval devel-
opment and metamorphosis. The olives 
were damaged and were therefore more 
susceptible to the effects of  atmospheric 
conditions and thus to alteration. Fa-
vourable climatic conditions  prevailed 
during the year 2002, particularly the 
temperature, which is  an important 
factor in the development and biology 
of the olive fly. The mean temperatures 
observed during  June, July, August, 
September, October, November, Decem-
ber (2002) and January (2003) were 
22.0°, 24.2°, 24.6°, 22.0°, 19.5°, 16.2°, 

13.9° and 15.5°C, respectively. The 
low production of olive fruit during the  
2002/2003 season was another factor 
that favoured the extension of infesta-
tion. GAOUAR (1996) reported that there 
are  four generations of B. oleae per year  
in Algeria.

Changes in  oil content

Fig. 1 shows that the oil content 
extracted from the healthy olives in-
creased during the sampling time, from 
38.9±0.8% in the first stage  to 46.8±0.5% 
in the third stage. This increase in total 
oil is in agreement with the results found 
by AIT YACINE et al. (2002) for the Moroc-
can variety Picholine, but does not agree 

Fig. 1 - Oil yield changes of the three sample batches.  S, N and A  indicate healthy, natural (not selected) 
and attacked olives, respectively.  1, 2,  3 ,4  correspond to the sampling times.

Table 1 - Evolution of the colour, ripening index and  degree of attack of the olive samples  (real infe-
station = field infestation).

Date of Colour Ripening Degree of attack (%)
sampling  Index  Larvae, pupae Exit-holes 
   and exit-holes (%) (%)

11/11/2002 Yellow and yellow with reddish spots 1.5 64.0 44
30/11/2002 Purple 2.6 68.0 56
20/12/2002 Purple and black (white pulp) 3.5 84.0 63
16/01/2003 Black (violet pulp) 5.0 100.0 92
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with the data of GARCIA et  al. (1996) who 
reported that the oil content does not 
change appreciably during the ripening 
process for many Spanish varieties. The 
influence of olive fly attack on the oil 
yield was significant  when the samples 
were harvested in the advanced ripening 
stages (3rd and 4th). The losses were esti-
mated at 11.5 and 14.9% for the totally 
attacked samples  in the  2nd and 3rd 

stages respectively. The reduction in oil 
content in the 4th sample extracted from 
fruit that was completely attacked com-
pared with the  totally attacked samples 
at the third sampling suggests that total 
oil content reached a maximum value at 
the third stage when olives were purple 
and black with white pulp.

Free acidity,  peroxide value,
UV spectrophotometry

Acidity, peroxide value and UV specific 
absorbance data of the oil samples are 
shown in Table 2. Values of all param-
eters increased in oils obtained from 
fly-infested olives, especially in samples 
obtained at the more advanced stages of 
ripeness (3rd and 4th stage). These results 
are due to the hydrolytic and oxidative 
processes which were favoured by the 
exit holes, by exposing the olive pulp to 
environmental influences.

Sensory analysis

The results (Table 2) of the sensory 
analysis of the oils show that  ripening 
stage and  infestation affect the orga-
noleptic quality.  With respect to  ripe-
ness, oils from all samplings belonged 
to the extra virgin category but the 
intensity of the  fruity, bitter and pun-
gent attributes decreased as the olives 
ripened. The S2 oil obtained at the end 
of November had the best equilibrium of 
the positive attributes.

The sensory scores worsened in sam-
ples extracted from attacked fruits, and 
were even more pronounced when the 

samples came from olives harvested at 
advanced ripeness. Except for samples 
N1, N2 A1, extracted at the early stage 
(yellow olives or yellow with reddish  and 
purple spots) that were all classified as 
extra-virgin oils, the other samples were 
classified as virgin oil because, in addi-
tion to the decrease of all the positive 
attributes in  all of the oil samples, the 
tasters perceived the fusty defect with 
slight intensity in A2, and fusty defect 
accompanied by a winey and grubby 
sensation in A3 and N3. The last A4 
sampling, when the olives were black, 
had the worst quality; all tasters per-
ceived intense  fusty, musty, winey and 
grubby defects. The fruity and pungent 
attributes had practically disappeared.

The phenolic compounds

Phenolic compounds, responsible for  
oil bitterness and  resistance to oxida-
tion, contribute greatly to the quality 
of virgin olive oils. The total phenolic 
concentration (Table 2), determined 
by  the colorimetric method, decreased 
with olive ripeness and B. oleae attack. 
If only ripeness is considered, the phe-
nolic compounds were at a maximum   
concentration in oils from the first stage; 
the values  decreased gradually in the oil 
extracted from healthy olives as ripening  
advanced. The  phenolic compounds in 
sample S1 decreased about 30% after the 
third stage of ripeness. These results are 
in agreement with results of BRENES et 
al. (1999) and CAPONIO et al. (2001). 

The B. oleae attack resulted in notable 
losses in the total amount of phenolic 
compounds, particularly in oils from 
olives in advanced stages of ripeness. 
The reduction of the phenolic concen-
tration in oils from olives totally attacked 
at  stages 1, 2 and 3, in relation to cor-
responding samples from healthy fruit, 
was  about 34, 46 and 49%,  respectively. 
Sample A4 had  the lowest level of phe-
nolic compounds.

The notable loss in the amount of phe-
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nolic compounds was probably due to 
polyphenoloxidase activity that catalysed 
the changes  caused by  larval damage 
to tissues  and by the presence of exit-
holes which exposed  the olive pulp to 
environmental factors.

Pigments

The colour of virgin olive oil, which 
affects consumer preference and ac-
ceptance, is due to the solubilisation of  
liposoluble chlorophylls and carotenoids 
present in the fresh fruit. The results 
(Table 2) show a decrease in the chloro-
phyll and carotenoid contents  during the 
ripening process. ROCA and MINGUEZ-
MOSQUERA (2001) also noted that the  
losses were more pronounced with an 
increased presence of anthocyanins. 
The chlorophylls decreased slightly more 
than the carotenoids, as evidenced by 
the decreasing chlorophyll / carotenoid 
ratio value.

Attack of olives by B. oleae caused 
greater pigment loss as the degree 
of infestation increased.  Structural 
damage to the chloroplasts by larvae 
and/or the introduction of micro-
organisms through the exit-holes, 
produces acids which favour the 
transformation of chlorophylls into 

pheophitines. The loss of carotenoid 
pigments could be ascribable to their 
role in protecting oil from photo-oxi-
dation by quenching singlet oxygen 
and acting as light filters (FAKOURELIS 
et al., 1987).

Fatty acids

The fatty acid composition was affect-
ed by  olive ripening. Linoleic and oleic 
acids  had  a slightly increasing trend, 
while palmitic acid  decreased. The mi-
nor fatty acid content remained stable 
in agreement with results of AJANA et 
al. (1998). The infestation did not cause 
important changes in the fatty acid com-
position in spite of the variation noted in 
the UFA/SFA ratio (Table 3).

Triacyl-glycerols

The triacylglycerol composition of 
different olive oil samples is reported in 
Table 4. Triolein (OOO) was the main 
triglyceride, but its content was lower 
than that found in many Italian varie-
ties (VLAHOV et al.,1999). The ripening 
process affects the level more than in-
festation; OOO, OOL and OLL increased 
slightly, while (POO+SOL) and PPO de-
creased.

Table 3 - Fatty acid composition (%) (mean±SD, n=3) of the oils produced at different olive sampling 
times.

 11/11/02 30/11/02 20/12/02 16/01/03

 S1 N1 A1 S2 N2 A2 S3 N3 A3 N4(A4)

C16:0 19.2±0.4 19.0±0.3 18.9±0.2 18.0±0.4 18.0±0.3 18..3±0.4 17.1±0.3 17.4±0.2 17.9±0.2 17.9±0.2
C16:1 1.8±0.2 1.9±0.1 1.9±0.2 1.8±0.1 1.8±0.2 1.8±0.2 1.6±0.2 1.8±0.2 1.8±0.2 1.8±0.3
C18:0 2.1±0.1 2.1±0.1 2.1±0.0 2.2±0.3 2.2±0.2 2.1±0.3 2.1±0.2 2.1±0.3 2.0±0.4 2.1±0.3
C18:1 63.3±0.3 63.6±0.4 63.4±0.5 63.9±0.5 63.9±0.6 63.4±1.0 64.8±0.5 63.5±0.6 63.1±0.5 63.0±0.1
C18:1 (vaccenic) 3.0±0.2 2.9±0.2 3.0±0.1 2.9±0.1 3.0±0.3 3.1±0.2 2.9±0.3 2.9±0.2 3.0±0.2 3.1±0.1
C8:2 8.9±0.1 8.9±0.3 9.1±0.6 9.7±0.2 9.8±0.3 9.8±0.2 10.3±0.3 10.9±0.4 11.0±0.3 10.8±0.2
C18:3 0.6±0.1 0.6±0.1 0.7±0.1 0.6±0.0 0.6±0.1 0.7±0.1 0.5±0.1 0.6±0.2 0.6±0.1 0.60±0.0
UFA/SFA 3.6±0.1 3.7±0.1 3.7±0.0 3.8±0.1 3.9±0.2 3.8±0.2 4.1±0.1 4.0±0.0 4.0±0.1 3.9±0.1

C20 and C20:1 are stable and present in low concentration: 0.4 and 0.3%, respectively. C17: 0 and C17:1 (traces).
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Table 4 - Triacylglerol composition (%) (mean±SD, n=3) of the oils produced at different olive sampling 
times.

 S1 S2 S3 N1 N2 N3 A1 A2 A3 N4 (A4)

OLL 1.6±0.2 2.0±0.2 2.4±0.2 1.6±0.1 2.0±0.2 2.8±0.1 1.7±0.3 2.1±0.1 2.8±0.2 2.5±0.1
OOLn 1.3±0.1 1.3±0.1 1.1±0.0 1.3±0.2 1.4±0.1 1.2±0.2 1.4±0.2 1.4±0.1 1.2±0.1 1.3±0.1
PLL 0.8±0.0 1.0±0.1 1.3±0.1 0.8±0.1 1.0±0.1 1.3±0.2 0.8±0.1 1.0±0.1 1.3±0.1 1.3±0.1
POLn 1.0±0.2 0.8±0.1 0.7±0.1 0.8±0.1 1.0±0.2 0.7±0.1 0.9±0.1 0.9±0.1 0.8±0.1 0.8±0.1
OOL 10.5±0.1 11.2±0.4 12.0±0.3 10.5±0.1 11.2±0.2 12.4±0.3 10.6±0.2 11.4±0.1 12.3±0.1 11.8±0.1
POL+ 10.6±0.2 10.9±0.2 10.6±0.1 10.6±0.1 10.9±0.2 11.1±0.1 10.6±0.2 10.9±0.1 11.2±0.1 11.0±0.1
PoPO 1.8±0.1 1.7±0.1 1.4±0.1 1.8±0.2 1.8±0.2 1.4±0.1 1.7±0.0 1.7±0.1 1.5±0.1 1.6±0.1
PPL 1.2±0.1 1.2±0.2 1.2±0.1 1.2±0.1 1.3±0.1 1.3±0.1 1.2±0.1 1.3±0.1 1.3±0.2 1.3±0.2
OOO 28.8±0.2 28.8±0.1 30.0±0.1 28.7±0.1 28.5±0.2 28.7±0.2 28.5±0.1 28.5±0.2 28.7±0.1 28.8±0.1
POO+SOL 29.0±0.1 28.0±0.1 27.3±0.0 29.4±0.1 28.0±0.3 26.9±0.1 29.0±0.0 28.2±0.2 27.0±0.1 27.2±0.2
PPO 7.2±0.2 6.6±0.2 6.0±0.4 7.1±0.3 7.0±0.5 6.0±0.1 7.1±0.2 6.7±0.3 6. 1±0.2 6.2±0.1
SOO 3.6±0.1 3.6±0.1 3.5±0.1 3.5±0.2 3.4±0.2 3.4±0.2 3.6±0.1 3.3±0.2 3.5±0.1 3.5±0.1
PSO 1.3±0.1 1.3±0.1 1.2±0.1 1.3±0.2 1.2±0.2 1.1±0.1 1.3±0.1 1.2±0.2 1.2±0.1 1.2±0.1

LLL, OLLn, PLLn, SSO are present in low concentrations (<0.5%).

Volatile compounds

The enzymatic oxidation of linoleic and 
linolenic acids through the lipoxygenase 
cascade gives rise (OLIAS et al., 1993) 
to the major compounds of the  volatile 
fraction in good quality virgin olive oils. 
The amount and type of accumulation 
products from the lipoxygenase pathway 
are closely related to the level of enzymes 
involved in the pathway and their activity 
(ANGEROSA et al., 2000). Table 5 shows 
the volatile content of the samples ex-
pressed as ppm of nonan-1-ol. The C6 
and C5 carbonyl compounds are the main 
fraction, except for sample A4 that had 
high concentrations of alcohol. Consid-
ering only the ripeness factor, the total 
amount of volatile compounds increased 
to a maximum value in the second stage 
(purple coloured olive skin) after which 
the total volatile fraction decreased. This 
trend was clearly shown  by the major 
volatile compound,  trans-2-hexenal and 
is in agreement with the results of AN-
GEROSA and BASTI (2001). In contrast,  
MORALES et al. (1996) reported  a steady 
decrease in the concentration of volatile 
compounds from the unripe to the over-
ripe stage, including trans 2-hexenal. 

B. oleae infestation caused a de-
crease in total volatile compounds, 
attributable mainly to a decreased  
concentration of trans-2-hexenal, in 
spite of an increase in the total alco-
hol fraction. The major increases are 
to be attributed to hexanol, isobutilic 
alcohol, trans-2-hexen-1-ol and iso-
amylic alcohol. Damage to the cellular 
structure  by B. oleae  activated the 
enzymatic mechanism for converting 
some amino acids into aldehydes and 
the corresponding alcohols. In addition 
the fermentation of sugars was activat-
ed which increased the levels of ethyl 
acetate, ethanol and acetic acid. The 
production of alcohols such as hexan-
1-ol and trans-2-hexen-ol produced a 
fairly unpleasant aroma; the presence 
of  branched alcohols, due to the deg-
radation of  the olives decreased the oil 
quality. This was perceived by the tast-
ers and was described by the decrease 
in the volatile compound/alcohol frac-
tion ratio. This trend was more evident 
in oils extracted from completely at-
tacked olives and harvested at ad-
vanced ripeness (3rd  and 4th stages) 
and  gave rise to intense organoleptic 
defects that reached the maximum in 
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oils coming from fruits which had exit-
holes and greater cellular damage.  The 
increased concentration of isoamylic al-
cohol in oils from attacked fruits, which 
is proportionally related to the intensity 
of fustiness (ANGEROSA et al., 1990), 
suggests that B. oleae attack promotes 
processes that determine the appear-
ance of fustiness. Therefore, in cases of  
B. oleae infestation, it is advisable to 
harvest the olives when the pest is still 
at the larval stage in order to reduce the 
damage to the olives. TEDESCHINI et al. 
(2003) reported that an earlier harvest 
also helped provide insect control.

CONCLUSIONS 

The results indicate that both ripe-
ness and B. oleae attack have nega-
tive repercussions on oil quality. The 
ripeness factor mainly affects the pig-
ment composition and volatile fraction 
which consequently affects the sensory 
characteristics by diminishing  most 
of the attributes. The damage to olive 
drupes caused by B. oleae changes 
the oil quantity and quality. There 
are significant losses in oil content 
and phenolic substances as well as 
modifications of the volatile composi-
tion. The compounds that elicit positive 
sensations decrease as the compounds 
related to oil degradation increase. The 
worst oils were obtained from fruit with 
high levels of infestation and an ad-
vanced stage of ripeness. The results 
of this investigation show that it is 
advisable to harvest  the olives when 
they are turning purple or have purple 
skin in order to minimize the damage 
caused by B. oleae. This corresponds to 
the end of November and the first ten 
days of December. Earlier harvesting 
could be an effective way to prevent 
the damage caused by B. oleae  attack 
and improve the virgin olive oil quality 
since no treatment against the olive fly 
is performed in Algeria.
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ABSTRACT

Olives (Olea europaea L.) from culti-
vars Cobrançosa, Madural and Verdeal 
Transmontana were collected separa-
tely and divided into two different 
groups according to the presence or 
absence of infestation by the olive fruit 
fly (Bactrocera oleae Gmel.). These two 
groups were then mixed in varying per-
centages to create five groups of olives 
per cultivar with infestation levels: 0, 
12.5, 25, 50 and 100%. Each group was 
then processed to produce olive oil. The 

RIASSUNTO

Le olive provenienti dalle cultivars 
Cobrançosa, Madural e Verdeal Tran-
smontana (Olea europaea L.) erano 
raccolte separatamente ed erano poi 
divise in due gruppi in funzione della 
presenza o dell’assenza di infestazione 
da Mosca delle olive (Bactrocera oleae 
Gmel.). Questi due gruppi erano mesco-
lati tra di loro in modo da creare cinque 
gruppi con diverso grado di infestazio-
ne: 0, 12.5, 25, 50 and 100%. I cinque 
gruppi erano poi sottoposti al processo 

mailto:bromato@ff.up.pt
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INTRODUCTION

Olive oil (Olea europeae L.) is a pre-
mium vegetable oil due to its health and 
nutritional benefits and distinctive flavor 
(KIRITSAKIS, 1998). It is known that the 
characteristics and quality of olive oil 
can be influenced by the cultivars, the 
degree of ripeness and the industrial 
processes used to extract the oil, as 
well as the environmental conditions 
(mineral nutrition, temperature, light, 
water availability) and cultural practices 
(TOVAR et al., 2001; KIRITSAKIS, 1998). 
Oil quality is also strongly related to 
the physiological conditions of the fruit 
from which it is extracted. The action of 
parasites prior to harvest, such as hap-
pens with the olive fruit fly, Bactrocera 
oleae Gmel., or fungal attack between 
harvesting and oil extraction, are the 
main external agents responsible for 
unwanted metabolic processes in olives 
that lead to subsequent reduction in oil 
quality (KIRITSAKIS, 1998).

The olive fruit fly is a major olive pest 
in the Mediterranean countries (CIVAN-
TOS, 1998; CROVETTI, 1996; KATSOYAN-
NOS, 1992). The fly lays eggs singly in 
the mesocarp of the olive fruit; the larvae 
develop in the pulp thus destroying it 

and then pupate in the fruit or in the 
soil. If control measures, usually in the 
form of pesticide sprays, are not made 
promptly, up to 40% of the production 
can be lost (CROVETTI, 1996; KATSOY-
ANNOS, 1992). The losses are due to: (i) 
premature drop of the infested fruit, (ii) 
direct pulp destruction caused by the 
larvae developing in the fruit, and (iii) 
general reduction in olive oil quality. The 
impact of this damage caused by olive 
fruit fly infestation may vary consider-
ably, depending on whether the fruit is 
used for oil extraction or for table olive 
production.

It has been reported that oil obtained 
from olives infested with the olive fruit 
fly, which contain developed larvae or 
pupae and/or exit holes have higher 
acidity and peroxide values, specific ex-
tinction coefficients at 232 and 270 nm, 
and lower total polyphenol content (DEL-
RIO et al., 1995; PARLATI et al., 1990a;b; 
1992; ZUNIN et al., 1992; 1993).

The aim of the present work was 
to determine what effect olive fruit fly 
infestation has upon the oil quality of 
three commercially important cultivars 
(Cobrançosa, Madural and Verdeal Trans-
montana) produced in the Trás-os-Mon-
tes region (northeastern Portugal). Such 

results, regarding mainly acidity, pero-
xide value, and stability to oxidation, 
suggest that olive fruit fly infestation 
reduces the quality of the olive oil. The 
effects of infestation varied according 
to cultivar, but in general the total to-
copherol content was always lower at 
the 100% infestation level. The oil from 
cultivar Verdeal Transmontana had the 
lowest tocopherol content compared to 
oil from cultivars Cobrançosa and Ma-
dural, which could explain the lower 
quality of its oil.

di estrazione per ottenere olio di oliva. I 
risultati delle analisi effettuate (acidità, 
indice di perossidi e stabilità all’ossida-
zione) confermavano che l’infestazione 
dal mosca riduce la qualità dell’olio. 
L’effetto dell’attacco variava in funzio-
ne della cultivar, ma, generalmente, il 
contenuto in tocoferoli totali era il più 
basso quando l’infestazione è al 100%. 
L’olio della cv. Verdeal Transmontana 
aveva il contenuto in tocoferoli rispet-
to alle cv. Cobrançosa and Madural, 
giustificandone così la minore qualità 
dell’olio.
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information could be extremely useful 
when choosing cultivars for new orchards 
especially with the interest in developing 
olive production that complies with the 
rules for ecological production, which 
must be free of pesticide residues.

Although some data have been pub-
lished on this subject (PARLATI et al., 
1990a, KYRIAKIDIS and DOUROU, 2002), 
these Portuguese cultivars have not been 
studied. Furthermore, previous studies 
have only dealt with a few parameters 
and a very limited number of infesta-
tion levels by the olive fruit fly. To our 
knowledge, the effects of this pest on the 
tocopherol content of the oil have not 
been considered.

MATERIALS AND METHODS

Samples

Five levels of olive fruit fly infestation 
and three cultivars were used. The Olea 
europaea L. cultivars studied were Co-
brançosa, Madural and Verdeal Trans-
montana. The trees were identified and 
carefully marked. Five trees per cultivar 
were sampled. The olive fruits were 
handpicked on the 15th of December 
1998 in an orchard at “Mascarenhas-
Paradela” (northeastern Portugal). 
Cobrançosa (80% of the trees) is the 
most important cultivar. Sampling was 
performed simultaneously at harvesting 
time. About 15 kg of olives from each 
cultivar were randomly collected from 
the outer branches of the trees, at the 
operator’s height. Healthy and damaged 
fruit was collected together.

After harvest, the olive fruit was imme-
diately transported to the laboratory and 
the olives were divided into two groups 
for each cultivar. One group contained 
olives infested by the olive fruit fly (olives 
with exit holes of the larvae and pupae), 
and the other group was made up of 
healthy fruit. Starting with these two 
groups, five lots were then made for each 

cultivar: the first lot contained 1 kg of 
healthy fruit (0% infestation); the second 
contained 875 g of healthy fruit plus 125 
g of infested olives (12.5% infestation); 
the third lot contained 750 g of healthy 
fruit plus 250 g of infested olives (25% 
infestation); the fourth lot contained 500 
g of healthy fruit plus 500 g of infested 
olives (50% infestation); and the last 
lot had 1 kg of infested olives (100% 
infestation). These lots were processed 
separately for oil extraction.

An Abencor analyzer (Comercial 
Abengoa S.A., Sevilla, Spain) was used 
to process the olives in a pilot extraction 
plant. The unit consisted of three essen-
tial elements: the mill, the thermobeater 
and the pulp centrifuge. After process-
ing, the oil was put into dark glass bot-
tles and stored in the dark at 4ºC. Before 
the analytical procedures, the samples 
were dehydrated with anhydrous so-
dium sulfate and subsequently filtered 
through filter paper. The oil samples 
were analyzed in duplicate.

The parameters evaluated were titrat-
able acidity, peroxide value, specific ex-
tinction coefficients (232 and 270 nm), 
oxidative stability, p-anisidine value, 
fatty acid composition and tocopherol 
contents.

The titratable acidity, peroxide value 
and the coefficients of specific extinction 
at 232 and 270 nm (K232 and K270) were 
determined according to the European 
Union standard methods (E.C., 1991).

Stability was evaluated by measuring 
the oxidation induction time on a Ran-
cimat apparatus Metrohm CH Série 679 
(Methrohm SA, Herisau, Switzerland). An 
airflow (20 L/h) was bubbled through 
the oil (2.5 g) heated at 110±0.2ºC and 
the volatile compounds were collected in 
water; the increasing water conductivity 
was measured continuously and the time 
taken to reach the conductivity inflection 
time was recorded.

The anisidine value (ANONYMOUS, 
1984) is used to determine the increase 
in light absorbance, measured at 350 
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nm, of a sample solution of 0.4-4.0 g olive 
oil (m) in iso-octane (25 mL), before (A1) 
and after (A2) reaction with p-anisidine 
(0.25 g of 4-methoxy-aniline/1,000 mL 
of acetic acid) in the dark. The anisidine 
value is equal to 25 (1.2 A2-A1)/m.

Fatty acids were measured as their 
methyl esters after hydrolysis with a 11 
gL-1 methanolic potassium hydroxide so-
lution, esterification with BF3/MeOH and 
extraction with n-heptane. The fatty acid 
profile was analyzed with a Chrompack 
CP 9001 Chromatograph equipped with 
a split-splitless injector, an FID, an au-
tosampler (Chrompack CP-9050) and a 
50 m x 0.25 mm i.d. fused silica capil-
lary column coated with a 0.19 µ film 
of CP-Sil 88 (Chrompack, Middelburg, 
The Netherlands). Helium was used as 
carrier gas at an internal pressure of 12 
kPa. The temperatures of the detector, 
injector and oven were 250°, 230° and 
185ºC, respectively. The split ratio was 
1:50 and the injected volume was 1 µL. 
The results are expressed as the relative 
percentage of each fatty acid, calculated 
by internal normalization of the chro-
matographic peak area (OLIVEIRA et 
al., 2001).

The tocopherol composition was evalu-
ated according to GAMA et al. (2000) in 
which 0.1 g of olive oil was blended with 
10 mL of n-hexane and homogenized by 
stirring. The samples were prepared in 
the dark and tubes containing the sam-
ples were always wrapped in aluminum 
foil. The mixture was filtered through a 
membrane (Schleicher & Shuell 0.2 µm; 
ø 13 mm, pure polyamide) and analyzed 
by HPLC. The chromatographic separa-
tion of the compounds was achieved with 
a normal-phase LiChrosorb SI 60 (5 µm; 
25x0.4 cm) column from Merck (Darm-
stadt, Germany). The effluent used was 
a mixture of n-hexane and 2-propanol 
(99.7:0.3). Elution was performed at a 
solvent flow rate of 1.7 mL/min. The ef-
fluent was monitored with a diode array 
detector and with a fluorimetric detector 
connected in series. The excitation and 

emission wavelengths were, respectively, 
290 and 330 nm.

All chemical analyses were carried out 
at least in duplicate.

Statistical analysis

A simple linear regression analysis 
was used to evaluate the relationship 
between the olive oils produced with 
different percentages of olives infested 
by the olive fruit fly and each chemical 
parameter. Principal component analy-
sis, cluster analysis and multiple linear 
regression were used to check the main 
differences between cultivars and to 
determine if there was a relationship 
between each chemical parameter and 
the level of infestation. All the statisti-
cal analyses were carried out by con-
ventional methods (e.g., MARDIA et al., 
1979), as available in the Statistica for 
Windows statistical package (StatSoft 
Inc, Tulsa, USA).

RESULTS AND CONCLUSIONS

Table 1 summarizes the main results 
obtained for cultivars Cobrançosa, Ma-
dural and Verdeal Transmontana, with 
five levels of olive fruit fly infestation, 
in terms of titratable acidity, peroxide 
value, K232, K270, anisidine value, stabil-
ity, total tocopherols and α, β and γ-to-
copherols. The fatty acid composition of 
all the samples analysed is reported in 
Table 2. These results were analysed us-
ing two different approaches: (i) the way 
each parameter varied within the olive oil 
that came from the same cultivar with 
different levels of infestation; (ii)  to find 
general structures, or regularities, in the 
olive oils produced, with respect to the 
cultivars and/or infestation levels.

Changes in acidity. All the olive oils 
obtained were classified as “Extra Vir-
gin” because the acidity never exceeded 
0.53%, regardless of the infestation level 
(Table 1). In general terms, olive oils ob-



358 Ital. J. Food Sci. n. 3, vol. 16 - 2004 Ital. J. Food Sci. n. 3, vol. 16 - 2004 359

T
a
b
le

 1
 -

 Q
u

a
li
ty

 c
h

a
ra

ct
er

is
ti

cs
 o

f 
cv

s.
 C

ob
ra

n
ço

sa
, 

M
a
d
u

ra
l 

a
n

d
 V

er
d
ea

l 
T
ra

n
sm

on
ta

n
a
 v

ir
gi

n
 o

li
ve

 o
il
 s

a
m

p
le

s 
p
re

ss
ed

 f
ro

m
 o

li
ve

s 
in

fe
st

ed
 

w
it

h
 t

h
e 

ol
iv

e 
fr

u
it

 fl
y,

 B
a

ct
ro

ce
ra

 o
le

a
e 

(m
ea

n
 v

a
lu

e)
.

 
C

ob
ra

nç
os

a 
M

ad
ur

al
 

Ve
rd

ea
l T

ra
ns

m
on

ta
na

Pa
ra

m
et

er
s 

In
fe

st
at

io
n 

(%
) 

In
fe

st
at

io
n 

(%
) 

In
fe

st
at

io
n 

(%
)

 
0.

0 
12

.5
 

25
.0

 
50

.0
 

10
0.

0 
ª 

0.
0 

12
.5

 
25

.0
 

50
.0

 
10

0.
0 

ª 
0.

0 
12

.5
 

25
.0

 
50

.0
 

10
0.

0 
ª

Ac
id

ity
 (%

 o
le

ic 
ac

id
) 

0.
33

 
0.

33
 

0.
32

 
0.

31
 

0.
32

 
n.

s.
 

0.
23

 
0.

29
 

0.
27

 
0.

28
 

0.
31

 
**

 
0.

28
 

0.
38

 
0.

34
 

0.
35

 
0.

53
 

**
*

Pe
ro

xid
e 

va
lu

e 
11

.3
6 

12
.5

6 
13

.9
7 

14
.0

8 
16

.6
5 

**
* 

14
.7

0 
14

.7
8 

14
.8

3 
14

.7
0 

14
.9

2 
n.

s.
 

19
.1

3 
18

.3
7 

22
.8

4 
23

.1
7 

35
.1

2 
**

*
(m

eq
ui

v.
 o

f O
2/k

g 
of

 o
il)

p-
an

isi
di

ne
 v

al
ue

 
18

.0
0 

18
.2

5 
17

.0
4 

15
.2

3 
16

.5
5 

n.
s.

 
6.

29
 

6.
88

 
13

.7
4 

7.
01

 
6.

31
 

n.
s.

 
7.

93
 

3.
41

 
5.

17
 

5.
73

 
3.

53
 

n.
s.

St
ab

ilit
y 

(h
ou

rs
) 

35
.4

5 
35

.7
0 

33
.1

7 
29

.3
8 

29
.8

3 
n.

s.
 

11
.2

0 
9.

08
 

11
.5

8 
10

.7
0 

10
.2

0 
n.

s.
 

31
.0

0 
29

.1
0 

32
.9

0 
29

.6
0 

14
.6

0 
*

K 23
2 

2.
41

 
2.

38
 

2.
42

 
2.

40
 

2.
43

 
n.

s.
 

2.
66

 
2.

54
 

2.
56

 
2.

78
 

2.
49

 
n.

s.
 

1.
57

 
1.

44
 

1.
53

 
1.

57
 

1.
53

 
n.

s.
K 27

0 
0.

24
 

0.
26

 
0.

22
 

0.
22

 
0.

22
 

n.
s.

 
0.

18
 

0.
23

 
0.

24
 

0.
20

 
0.

21
 

n.
s.

 
0.

17
 

0.
16

 
0.

17
 

0.
17

 
0.

17
 

n.
s.

To
co

ph
er

ol
s 

(m
g/

kg
) 

21
4.

5 
22

2.
2 

20
5.

2 
20

9.
4 

20
2.

5 
**

 
18

5.
9 

16
2.

5 
18

5.
9 

17
8.

3 
14

4.
4 

**
 

13
7.

2 
13

1.
5 

14
1.

6 
13

1.
4 

85
.6

 
**

*
α-

to
co

ph
er

ol
 (m

g/
kg

) 
20

8.
8 

21
6.

3 
20

0.
5 

20
3.

8 
19

6.
6 

**
 

18
3.

1 
16

0.
2 

18
3.

0 
17

5.
7 

14
1.

7 
**

 
13

3.
0 

12
8.

2 
13

8.
8 

12
8.

2 
81

.9
 

**
*

β-
to

co
ph

er
ol

 (m
g/

kg
) 

1.
6 

1.
6 

1.
4 

1.
5 

1.
6 

n.
s.

 
1.

0 
0.

8 
0.

9 
1.

0 
1.

2 
n.

s.
 

0.
7 

0.
6 

0.
6 

0.
5 

0.
5 

*
γ-t

oc
op

he
ro

l (
m

g/
kg

) 
4.

0 
4.

3 
3.

4 
4.

1 
4.

3 
n.

s.
 

1.
8 

1.
5 

1.
9 

1.
6 

1.
5 

* 
3.

5 
2.

7 
2.

2 
2.

7 
3.

2 
n.

s.

ª S
ig

ni
fic

an
ce

 le
ve

l o
f t

he
 m

od
el

 b
y 

ro
w

. n
.s

., 
no

t s
ig

ni
fic

an
t (

p 
> 

0.
05

): 
* p

 <
 0

.0
5;

 **
 p

 <
 0

.0
1;

 **
* p

 <
 0

.0
01

.

tained from infested olives had higher 
acidity values. The exit holes, made by 
the olive fruit fly favors the entrance and 
development of bacteria and fungi, which 
increase the damage and breakdown in 
the olive pulp (CANTERO, 1991; GARCIA-
TEJERO, 1976). In these conditions, 
acidity can increase due to the action of 
the hydrolytic enzymes and the lipolytic 
activity of those microorganisms (STELLA 
and PICCHI, 1991). The maximum acid-
ity values were recorded for oil obtained 
from cv. Verdeal Transmontana proc-
essed with 100% infested olives, in which 
the values were double those found for 
the oil processed with healthy fruit (0% 
infestation).

Changes in peroxide value (PV). Per-
oxide value, a measure of the primary 
oxidation products, increases with fruit 
lipoxygenase activity and in oils obtained 
from damaged fruit. The changes in the 
peroxide values in cvs. Cobrançosa and 
Verdeal Transmontana were different 
from those in cv. Madural in which no 
correlation was found between olive oil 
infestation and peroxide value. In cv. Co-
brançosa the peroxide values increased 
significantly with olive infestation 
(p<0.001) from 11 in the oil processed 
with healthy olives (0% infestation) to 
17 in oil processed with infested olives 
(100% infestation) (Table 1). The highest 
PV was obtained in cv. Verdeal Trans-
montana that showed a positive correla-
tion with the infestation level (p<0.001); 
the highest PV obtained was 35 when 
processed with 100% infested olives. 
According to the results obtained, these 
oils could not be classified as edible and 
would have to be refined.

K232 and K270 coefficients. The specific 
extinction coefficients (K232 and K270) did 
not change significantly with olive fruit 
fly infestation levels. Olive oils from cv. 
Madural had the highest values, and 
cv. Verdeal Transmontana had the low-
est (Table 1). The values obtained in cv. 
Cobrançosa and Madural oils prohibited 
them from being classified as Extra Vir-
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gin and, in many cases even as Virgin 
olive oils. The results in this study do 
not confirm the results obtained by oth-
ers (e.g., DELRIO et al., 1995; PARLATI 
et al., 1992; KYRIAKIDIS and DOUROU, 
2002) who reported that K232 values in-
crease with increased infestation levels. 
For these authors, the increase in the 
specific coefficient values was related to 
the unsaturated fatty acid (UFA) levels, 
especially linoleic (C18:2) and linolenic 
(C18:3) acids. The isomerization of these 
acids can give rise to diene or triene 
conjugated double bonds coming from 
1,4-pentadiene or from 1,4,7-octatriene 
units present in linoleic or linolenic acyl 
groups, respectively (GUILLÉN and CA 
BO 2002). This fact could explain the 
highest values observed in cv. Madural 
oils, which had the highest contents of 
C18:2 and C18:3 (Table 2). At the same time 
it could probably explain the increase in 
oxidative processes that were also con-
firmed by the behavior of the PV and the 
decreased stability.

Stability. The olive oils of cvs. Co-
brançosa and Verdeal Transmontana had 
higher stability values than cv. Madural. 
The stability values changed from 35.7 to 
29.4 hours in cv. Cobrançosa and from 
35.3 to 14.6 hours in cv. Verdeal Trans-
montana oils. No relationship between 
the stability level and infestation levels 
was observed in the cv. Madural which 
was 60% less stable than the other oils 
(Table 1). This observation can be ex-
plained by the precocious maturation of 
this cultivar and the reduced antioxidant 
activity during maturation (GUTIÉRREZ et 
al., 1999). In contrast, the stability of the 
cv. Verdeal Transmontana oils decreased 
significantly with increased infestation 
levels (p = 0.049). The oil processed with 
olives having 100% infestation had a 
stability that was 52% lower than the oil 
processed with 0% infestation. The lower 
stability with increased infestation may 
be explained by the decrease of polyphe-
nols in infested olives (IANNOTTA, 1990; 
PARLATI et al., 1990a,b; ZUNIN et al., 

1993) and the reduction in orthodiphe-
nols (APARICIO et al., 1999; EVANGELISTI 
et al., 1994; PSOMIADOU and TSIMIDOU, 
2002). The level of tocopherols (Table 
1) also influenced the stability of the 
olive oils. The higher stability of cv. Co-
brançosa oils could be due to their higher 
tocopherol content. As can be seen for cv. 
Verdeal Transmontana oils with different 
degrees of olive fruit fly infestation, there 
are significant correlations between the 
stability and the total and α-tocopherol 
contents (p<0.001 in both cases). 

Tocopherol content. Cultivar Co-
brançosa had the highest tocopherol 
content, whereas the cv. Verdeal Trans-
montana had the lowest (Table 1). Of 
the tocopherols detected α-tocopherol 
occurred at the highest concentration. 
In general, the total tocopherol content 
decreased with increasing infestation 
levels. The decreases were statistically 
significant in all the cultivars: (p = 0.002) 
in cv. Cobrançosa and Madural and 
(p<0.001) in cv. Verdeal Transmontana. 
A similar trend was observed for α-toco-
pherol (p = 0.006 in cv. Cobrançosa, p 
= 0.002 in cv. Madural and p<0.001 in 
cv. Verdeal Transmontana). Tocopherols 
have antioxidant as well as vitamin ac-
tion (RANALLI and ANGEROSA, 1996) and 
contribute to oil stability with respect to 
oxidation (APARICIO et al., 1999; DEIANA 
et al., 2002). The initial amount of α-to-
copherol plays a key role in preserving oil 
from rancidity during storage; it prolongs 
its shelf life, and preserves its quality 
(DEIANA et al., 2002; PSOMIADOU and 
TSIMIDOU, 2002). The varying levels of 
tocopherols may explain the differences 
observed in the stability of the oils at 
different infestation levels.

Anisidine values (AV). AV is a measure 
of the secondary oxidation products of 
unsaturated fatty acids such as α- and 
β-alkenals (GUILLÉN and CABO, 2002) 
and conjugated dienals (LABRINEA et 
al., 2001). This parameter can be used 
to interpret changes in the PV, K232 and 
K270 values. Cvs. Cobrançosa and Verdeal 
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Transmontana had similar behaviour, 
showing a slight decrease in AV with in-
creased infestation level. In cv. Madural 
this parameter followed a pattern similar 
to that of K270.

Fatty acid composition. Table 2 sum-
marizes the fatty acid composition (%) of 
the three cultivars. Cv. Verdeal Trans-
montana had the highest oleic acid (C18:

1 c) content and cv. Madural had the 
highest linoleic acid (C18:2 cc) content. 
The variations in fatty acid levels were 
not significantly related to the infesta-
tion levels. The contents in terms of trans 
isomers were minimal and seemed to be 
unrelated to the polyunsaturated fatty 
acid contents. At the higher infestation 
levels their percentage may surpass the 
limit established for edible olive oils (EEC, 
1995). Cv. Madural had the lowest mo-
nounsaturated fatty acid content (MUFA) 
and the highest polyunsaturated fatty 
acid (PUFA) content. This observation 
concurs with the low stability values 
discussed above.

This study clearly shows that oils from 
cv. Verdeal Transmontana obtained from 
olives infested by the olive fruit fly, had 
a much lower quality than the oils from 
the other cultivars.

Cv. Madural oils were less stable 
which can lead to autoxidation proc-
esses, which in turn reduce its shelf 
life during storage. Cv. Cobrançosa oils 
had a high stability and high tocopherol 
contents and the losses caused by olive 
fruit fly infestation were less than those 
found in the other cultivars.

In the second approach used to ana-
lyse the results, i.e., the multivariate ap-
proach, three data sets were considered: 
fatty acid composition, tocopherol com-
position and overall chemical composi-
tion. Fig. 1 shows the main features of 
the fatty acid composition as depicted by 
principal component analysis. The first 
two principal components show that 
all cultivars were well distinguished by 
their fatty acid patterns: cv. Cobrançosa 
had the highest levels of saturated fatty 
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acids, mainly C18, and also the highest 
levels of C16:1c. Cv. Verdeal Transmon-
tana was characterized by the highest 
percentages of monounsaturated fatty 
acids, specially C18:1c, while cv. Madural 
had the highest levels of polyunsaturated 
fatty acids, mainly C18:2cc and C18:3c, and 
low levels of C20 (in contrast to the other 
two cultivars). In Fig. 1, all samples are 
numbered according to the infestation 
level; it is clear that fatty acid levels did 
not change in relation to infestation 
levels.

A PCA applied to the tocopherol com-
position of olive oils is shown in Fig. 2. 
It is important to emphasize that the 

Fig. 1 - Plot of the first two principal components, showing average values for C = Cobrançosa, M = 
Madural and V = Verdeal Transmontana; Fatty acid labels over principal component edges indicate their 
meaning, and the corners indicate the meaning of the principal components plane. Sat = Saturated, 
Uns = Unsaturated, Polyuns = polyunsaturated and Monouns = monounsaturated. Numbers 1 to 5 
refer to the level of fly infestation.

second component represents only 1.4% 
of the total available information (which 
corresponds to a non significant eigen 
value). As illustrated by projecting all 
samples onto the first component, the 
cultivars can be distinguished from each 
other. An ordering from left to right with 
respect to the infestation level is apparent 
(with the exception of C5). In this case, 
the principal components were not easy 
to explain. Therefore, to try to explain 
the observed ordering of the samples, a 
multiple regression was carried out. The 
results are presented in Table 3. It can be 
seen that there is a relationship between 
infestation and α-tocopherol levels and 



362 Ital. J. Food Sci. n. 3, vol. 16 - 2004 Ital. J. Food Sci. n. 3, vol. 16 - 2004 363

Fig. 2 - Plot of the first two principal components derived from a PCA applied to the tocopherol contents 
of the olive oils. All indications are the same as in  Fig. 1.

Table 3 - Summary of multiple regression analysis with the infestation level as the dependent variable 
and tocopherols as independent variables.

 β St. Error. B St. Error. t p-level
  of β  of B (d.f. = 11)

Intercept   309.8640 312.5748 0.99133 0.342831
α-tocoph. 2.95201 0.954907 27.7383 8.9727 3.09141 0.010260
β-tocoph. -0.84246 0.780418 -9.9066 9.1770 -1.07950 0.303465
γ-tocoph. -1.87958 0.913812 -20.9209 10.1713 -2.05686 0.064213

R = 0.69589631; R² = 0.48427168; F(d.f. = 3;11) = 3.4430 p < 0.05542.
d.f. = degrees of freedom.

possibly γ-tocopherol levels since both 
levels were higher in infested fruits.

A cluster analysis was applied to the 
results of the overall chemical analysis 

of the oils, and the corresponding den-
dogram is shown in Fig. 3. All the culti-
vars can be distinguished according to 
these parameters. With the aid of PCA 
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it was shown that acidity and peroxide 
values were responsible for the observed 
clustering. These values increase at the 
two or three highest infestation levels 
in all the cultivars. It is concluded that 
cv. Cobrançosa performed the best with 
respect to the parameters analysed. 
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ABSTRACT

A “shelf-life” study was performed 
using a combination of PCR-based te-
chniques to investigate the dynamics 
of microbial populations isolated from 
a “range V” product (a cooked vegeta-
ble, chard) during the normal storage 
time. Bacterial isolates were collected 
on different sampling days and grouped 
into 7 different haplotypes, identified 
by Amplified Ribosomal DNA Restric-
tion Analysis (ARDRA), suggesting a 
low genetic diversity of the bacterial 
community. The taxonomic positions 

RIASSUNTO

In questo lavoro è stato condotto uno 
studio di “shelf-life”, impiegando una 
combinazione di tecniche molecolari al 
fine di monitorare la dinamica della po-
polazione batterica isolata da un prodot-
to di V gamma (verdura cotta) durante 
il normale periodo di conservazione. Un 
totale di 231 isolati è stato recuperato 
in diversi giorni di analisi. Gli isolati 
sono stati suddivisi in 7 gruppi sulla 
base dei profili ottenuti mediante ana-
lisi ARDRA (Amplified Ribosomal DNA 
Restriction Analysis) il che suggerisce 
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INTRODUCTION

Microorganisms are usually used as 
a negative control parameter in shelf-
life studies of many perishable prod-
ucts. The shelf-life of food, defined as 
the time-limit in which the progress of 
degradative events restricts the safe 
use of the food, is established by moni-
toring changes of measurable param-
eters. Detailed studies are performed 
especially for high impact commercial 
products whose value-limit of total 
microbial titre is often established by 
specific laws.

In some products that are becoming 
increasingly popular because they are 
“ready-to-eat”, the composition and 
fluctuations of the microbial flora that 
develop during the product shelf-life 
are often not taken into account. Con-
sequently the duration of the product 

is only defined on the basis of sensory 
evaluations and supported by hygienic 
controls.

Some studies concerning microbial 
population dynamics of ready-to-use 
vegetable salads have been carried 
out (MARCHETTI, 1992; GARCIA-GIMENO 
and ZURERA-COSANO, 1997, AMANATI-
DOU et al., 1999). In these studies, the 
main bacterial groups were identified 
by using phenotypic tests, but the 
actual composition of the microbial 
populations remained unknown. Sev-
eral molecular techniques have been 
developed in the last years to study 
microbial populations isolated from 
different environments (VANDAMME et 
al., 1996; KENT and TRIPLETT, 2002) 
and could be powerful tools for analys-
ing the composition and fluctuations 
of microbial populations isolated from 
food products.

un basso livello di variabilità genetica 
all’interno della comunità batterica. È 
stata effettuata una collocazione tas-
sonomica degli isolati appartenenti ai 
quattro gruppi ARDRA più rappresen-
tati mediante sequenziamento del 16S 
rDNA. Pseudomonas è risultato essere 
il genere più rappresentato e gli isolati 
appartenenti ad una stessa specie di 
questo genere sono stati sottoposti ad 
analisi RAPD per saggiare la variabilità 
intra-specifica, che si è rivelata non ele-
vata (8 diversi aplotipi individuati). Le 
informazioni ottenute dall’analisi della 
popolazione batterica hanno permesso 
di ipotizzare che la principale fonte di 
contaminazione del prodotto derivi da 
un residuo di contaminazione del vege-
tale stesso. Sono state introdotte con 
successo delle modificazioni alla proce-
dura di produzione atte ad abbassare 
la contaminazione della carica batterica 
del prodotto.

of the isolates belonging to the four 
main haplotypes were determined by 
16S rDNA sequencing. The main ge-
nus was Pseudomonas, whose main 
ARDRA group was analysed by the 
RAPD technique, which identified 8 
genotypes showing a very low degree 
of biodiversity also at the intraspecific 
level. The main contamination of the 
product was probably derived from an 
initial contamination of the vegetables. 
Modifications introduced into the pro-
duction procedure resulted in a marked 
reduction of the microbial titre.
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The aim of this work was to analyze 
the composition and fluctuations of cul-
tivable microbial populations in a model 
food system during a normal shelf-life 
period. A “range V” product (a ready-to-
eat cooked vegetable) was chosen as the 
food model. The study of the aerobic het-
erotrophic bacterial community isolated 
from chard was performed using a strat-
egy that was based on a combination of 
PCR-based molecular techniques which 
had been previously and successfully 
applied to the study of microbial com-
munities from different environments 
(GRIFONI et al., 1995; DI CELLO and FANI, 
1996; DI CELLO et al., 1997a,b; PICARD et 
al., 2000; MOCALI et al., 2003; MENGONI 
et al., 2003; MICHAUD et al., 2004).

According to the strategy adopted: (i) 
cultivable aerobic bacteria were isolated 
from vegetable samples; (ii) the 16S rDNA 
of the strains isolated from the product 
was amplified by PCR; (iii) the isolates 
were then grouped into clusters on the 
basis of the analysis of restriction pat-
terns of the PCR-amplified 16S rDNA 
(ARDRA) (VANEECHOUTTE et al. 1992, 
1993, 1995), using the tetrameric re-
striction enzyme AluI, which often gen-
erates species-specific patterns (MOCALI 
et al., 2003 and references therein); (iv) 
each cluster was assigned to a bacte-
rial genus/species by determining the 
nucleotide sequence of the 16S rDNA of 
a representative isolate of each of the 
main ARDRA groups; and (v) the degree 
of intraspecific genetic variability among 
strains of the main ARDRA groups was 
checked by the Random Amplified Poly-
morphic DNA (RAPD) technique (WIL-
LIAMS et al., 1990; WELSH and McCLEL-
LAND, 1990).

MATERIALS AND METHODS

Ready-to-eat cooked vegetable

Thermo-sealed packages of cooked 
chard were analysed. The chard was 

harvested and stored and then cleaned 
in water with 1% hydrogen peroxide. 
About 150 kg was then cooked for 5-8 
min and rapidly cooled in an automatic 
water-refrigerated collection system. 
After centrifugation and weighing, the 
chard was put into 250 g electro-welded 
packages and stored at 4°C. Fig. 1 shows 
the flow-chart of the initial production 
circuit (1a) and of the modified one (1b) 
where some changes were introduced 
(see Results).

Sampling

All the packages belonged to the same 
production lot and were stored at 4°C. 
Four packages were analyzed for each 
sampling day (d0, d1, d2, d4, d6, d8); 
d0 and d4 corresponded to the day of 
production and the expiration date, re-
spectively.

Microbiological assays

For each day of analysis, 10 g of chard 
were taken from each package, diluted 
with 90 mL of MRD (Maximum Recovery 
Diluent, Oxoid, UK), and blunted in a 
Stomacher 400 (Seward, UK) for 2 min. 
Then 100 µL of 10-fold serial dilutions of 
the suspension were plated on different 
growth media to determine total aerobic 
and psychrotrophic bacteria and total/
faecal coliforms.

The titre of total heterotrophic aerobic 
bacteria was determined using PCA me-
dium (Standard PCA Plate Count Agar 
(APHA)-OXOID) after incubating at 30°C 
for 48h.

Aerobic psychrotrophic bacteria were 
counted on PCA plates incubated at 22°C 
for 24h.

Total and faecal coliforms were 
counted on VRBA (Violet red bile agar) 
+MUG (OXOID) incubated at 37°C and 
at 41°C, respectively for 24 h. Coliforms 
were analysed because they are good 
indicators of hygienic conditions and 
correct temperature treatment.
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Fig. 1 - Flow chart of the initial product circuit (a) and of the modified one (b).
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PCR-amplification, restriction,
sequencing and analysis of 16S rDNA

Bacterial colonies, grown for 48h 
on PCA at 30°C, were picked up with 
a sterile toothpick, re-suspended in 
20 µL sterile distilled water, heated 
to 95°C for 10 min and cooled on ice 
for 2 min; 2 µL of this lysate were 
used for the amplification reaction via 
PCR. Amplification of 16S rDNA was 
performed in a total volume of 20 µL 
containing 2 µL of 10x reaction Mg+2-
free buffer (Fynnzymes, OY, Espoo, 
Finland), 1.5 mM MgCl2, 0.3 µM of 
each primer [27f, 5’ GAGAGTTTGATC-
CTGGCTCAG, and 1495r, 5’ CTACG-
GCTACCTTGTTACGA, corresponding 
to the number of the Escherichia coli 
rDNA position where the 3’ end of the 
primer anneals in forward (f) or re-
verse (r) orientation], 250 µM of each 
dNTP, 0.025 U of DyNazymeII DNA 
Polymerase (Fynnzymes, OY, Espoo, 
Finland). After incubation at 95°C 
for 90 sec, the reaction mixture was 
cycled through the following tempera-
ture profile: denaturation at 94°C for 
30 sec, annealing temperature for 30 
sec, extension at 72°C for 4 min; the 
annealing temperature was 60°C for 
the first five cycles, 55°C for the fol-
lowing five cycles, and 50°C for the 
last 25 cycles. Lastly, the mixtures 
were incubated at 72°C for 10 min, 
after which 2 µL of each amplifica-
tion mixture were analyzed by agarose 
gel (0.8% w/v) electrophoresis in TAE 
buffer (0.04 M Tris-acetate, 0.001 M 
EDTA) containing 0.5 µg/mL ethid-
ium bromide.

For restriction analysis, approximately 
1.5 µg of amplified 16S rDNA was di-
gested with 3 units of the restriction en-
donuclease AluI (New England Biolabs 
Inc., Beverly, MA, USA) in a total volume 
of 20 µL, for 3 h at 37°C. The enzyme 
was then inactivated at 65°C for 10 min. 
Reaction products were resolved by aga-
rose gel (2.5% w/v) electrophoresis in 

TAE buffer and stained with 0.5 µg/mL 
ethidium bromide.

For the sequencing reactions, the 
amplified 16S rDNA was purified af-
ter separation on a low-melting-point 
agarose gel at 0.6% (w/v), run in TAE 
buffer and stained with 0.5 µg/mL 
ethidium bromide. The band of inter-
est (observed under UV, 312 nm) was 
excised from the gel and purified us-
ing the “QIAquick” gel extraction kit 
(Quiagen, Chatsworth, CA) according 
to the manufacturer’s instructions. 
Direct sequencing was performed 
on both strands using primers 27f, 
1495r, 704f (5’-GTAGCGGTGAAAT-
GCGTAGA) and 765r (5’-CTGTTT-
GCTCCCCACGCTTTC) on an ABI373A 
automated sequencer (Perkin Elmer, 
Norwalk, CT, USA) using the chemical 
dye-terminator procedure according 
to SANGER et al. (1977).

Nucleotide sequences were retrieved 
from the GenBank, EMBL, and RDP da-
tabases. BLAST probing of the DNA da-
tabases was performed with the BLASTn 
option of the BLAST program (ALTSCHUL 
et al., 1997). The program ClustalW 
(THOMPSON et al., 1994) was used to 
align the 16S rDNA sequences obtained 
with similar sequences retrieved from the 
databases. Each alignment was checked 
manually, corrected and then used to 
construct phylogenetic trees by using 
the MEGA 2.01 (Molecular Evolution-
ary Genetics Analysis) software (KUMAR 
et al., 2001), using the Neighbor-Join-
ing method (SAITOU and NEI, 1987) with 
default parameters. The robustness of 
the inferred trees was evaluated by 5000 
bootstrap re-samplings.

The four 16S rDNA nucleotide se-
quences obtained in this study were sub-
mitted to GenBank and were assigned 
the following accession numbers: strain 
FB8 (ARDRA haplotype A) AY259518, 
strain FB165 (ARDRA haplotype F) 
AY259520, strain FB206 (ARDRA hap-
lotype E) AY259519 and strain FB180 
(ARDRA haplotype G) AY259521.
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RAPD analysis

Amplification reactions were per-
formed in a total volume of 25 µL 
containing 3 mM MgCl2, 2 µL of each 
lysate cell suspension, 500 ng of primer 
AP12 (5’-CGGCCCCTGC-3’), 250 µM of 
deoxynucleotide triphosphates and 0.8 
U/µL of DyNazymeII DNA Polymerase 
(Fynnzymes, OY, Espoo, Finland). The 
reaction mixtures were incubated in a 
thermalcycler (model 9600, Applied Bio-
systems, Foster City, CA, USA) at 90°C 
for 1 min and 95°C for 90 sec. They were 
then cycled 45 times through the follow-
ing temperature profile: 95°C for 30 sec, 
36°C for 1 min and 75°C for 2 min. Final 
extension was carried out at 75°C for 10 
min and then at 60°C for 10 min. The 
mixtures were then stored at 4°C.

Five microliters of each amplification 
mixture were analysed by agarose (2%) 
gel electrophoresis in TAE with 0.5 µg/
mL of ethidium bromide.

RESULTS

Isolation and fluctuations
of the bacterial community

The titre of the four bacterial groups 
was calculated for each sampling day by 
calculating the average of the values of 
the four different packages used each 
day. Data obtained (Fig.2a) showed a 
high initial titre of both total and psy-
chrotrophic bacteria (4x103 and 4x104 
CFU/g, respectively). The aerobic psy-
chrotrophic bacterial count was higher 
than the value of total aerobic bacteria. 
The total and faecal coliforms were both 
low.

Molecular analysis
of bacterial isolates

A bacterial heterotrophic aerobic 
population consisting of 231 isolates 
grown on PCA medium at 30°C for 48 h 

was further characterized. This popula-
tion was chosen because the incubation 
temperature (30°C) allowed the growth 
of both mesophilic and psychrotrophic 
bacteria and because the relative abun-
dance of the bacterial population grown 
under these conditions is a common 
safety control parameter involved in 
establishing shelf-life limits. The 231 
isolates were collected by randomly 
picking up about forty colonies for 
each sampling day.

PCR amplification and restriction
analysis of 16S rDNA

When the 16S rDNA of each of the 
231 isolates was amplified by PCR, 
an amplification fragment of about 
1,500 bp (not shown) was obtained. 
Restriction analysis was carried out 
on the amplified DNA of each sample 
with the enzyme AluI. Each pattern 
was compared with all the others and 
this allowed seven different ARDRA 
patterns (or haplotypes) (A to G) to be 
recognized (Fig. 3), corresponding to 
(at least) seven different bacterial spe-
cies, in accordance with other reports 
(GRIFONI et al., 1995; DI CELLO and 
FANI, 1996; DI CELLO et al., 1997a, b; 
PICARD et al., 2000; MENGONI et al., 
2003; MOCALI et al., 2003; MICHAUD 
et al., 2004). This finding revealed 
a low degree of interspecific genetic 
variability. One of the ARDRA patterns 
(haplotye A) was over-represented and 
the analysis of its daily distribution 
revealed that after an initial strong 
predominance in the first three days 
(d0, d1 and d2), it decreased (d4 and 
d6), whereafter it increased again (d8). 
The other six haplotypes initially rep-
resented a small fraction of the mi-
crobial population, but two of them 
(haplotypes F and G) increased after 
the product expiration date. The data 
as a whole revealed a very low degree of 
genetic variability at the inter-specific 
levels within the aerobic heterotrophic 
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Fig. 2 - a) Growth curves of total bacteria, psychrotrophic bacteria and total and fecal coliforms obtained 
from the first analysis; b) Comparison between total bacterial growth curves of the product obtained 
before (TBC1) and after (TBC2) changes.

bacterial community isolated from the 
analysed product.

Nucleotide sequencing of 16S rDNA

The nucleotide sequence of 16S rDNA 

from strains FB8, FB206, FB165 and 
FB180 (belonging to ARDRA group A, 
E, F and G respectively) was determined 
obtaining sequences of about 1,500 bp. 
Strains belonging to ARDRA groups B, 
C and D were not taken into account 
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Fig. 3 - Agarose gel electrophoresis of amplified 16S rDNA digested with endonuclease AluI from 231 
bacteria isolated from the product. The first and last lanes show a molecular weight marker (M, DNA 
Ladder Mix, Genenco). Letters from A to G refer to the different ARDRA haplotypes. The number of isolates 
and the total percentage for every ARDRA pattern on each sampling day is reported at the bottom.

because they made up a very low fraction 
(<1% each) of the entire population. The 
four sequences obtained were aligned 
with the most similar ones retrieved 
from databases allowing the phylogenetic 
trees to be drawn (Fig. 4). These trees 
and the BLAST search revealed that the 
four haplotypes were representative of 
three bacterial genera:

i) strains belonging to ARDRA groups 

A and F were placed within the Pseu-
domonas cluster. However, they fell into 
two different Pseudomonas groups, strain 
FB8 (ARDRA group A) was very close 
(99% similarity) to P. putida (AE16775), 
and strain FB165 (ARDRA group F) very 
close (99% similarity) to P. costantini 
(AF374472) and P. tolassi (AF255336) 
(Fig. 4a). The presence of bacteria be-
longing to the genus Pseudomonas is not 
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Fig. 4 - Phylogenetic trees showing the relationships among the 16S rDNA sequences of strains FB8, 
FB165, and FB206, belonging to ARDRA groups A, F and E, respectively, and reference organisms 
from the genus Pseudomonas (a), and Stenotrophomonas (b). Outgroup sequences used: Xanthomonas 
axonopodis, AB101447 (a) and Acinetobacter calcoaceticus, AF417872 (b).
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surprising, since they are considered to 
be bacterial degraders of common veg-
etables because many strains produce 
pectinolytic enzymes;

ii) isolates belonging to the E hap-
lotype fell into the genus Stenotropho-
monas (99% similarity with S. mal-
tophilia AJ131117) as shown in Fig. 
4b. Many species belonging to this 
genus are thought to be responsible 
for the formation of black stains in 
cereals and vegetables like tomatoes 
and cabbage;

iii) haplotype G shared 99% similarity 
with Exiguobacterium undae AJ344151 
(not shown). Exiguobacterium is not a 
well-known genus; it is an alkalophile 
with a growth optimum at pH 8-9 (COL-
LINS et al., 1983).

Analysis of intraspecific biodiversity

In order to check the degree of in-
traspecific genetic variability existing 
within the most represented ARDRA 
group (haplotype A, genus Pseu-
domonas), RAPD analysis was carried 
out on all strains belonging to this 
group. For this purpose their DNA was 
amplified by the RAPD technique by 
using the 10-mer oligonucleotide AP12 
as primer. Eight different amplification 
patterns (1 to 8) were obtained (Fig. 5). 
This limited number of different RAPD 
profiles indicates a very low degree of in-
traspecific genetic variability. Moreover, 
a large fraction (67%) of isolates showed 
the RAPD profile 1 which was prevalent 
for the first four days. Strains showing 
pattern 5 appeared on d6 and strongly 
increased on d8.

Modifications of the production
circuit

On the basis of the data and the obser-
vations reported above, two aspects were 
addressed in an attempt to improve the 
production pathway: 1) The reduction of 
raw material contamination before the 

cooking process; 2) The elimination of 
hazardous contamination points along 
the production circuit.

The changes that were introduced in 
the production procedure (Fig. 1b) in an 
attempt to reduce the bacterial titre of 
the product involved:

i) The cleaning process. Since most of 
the bacterial isolates are probably resi-
dues from the natural contamination of 
the vegetables, it is necessary to reduce 
product bacterial contamination by us-
ing a more accurate cleaning process. 
For this reason, the producer introduced 
an additional washing step; in this way 
most of the soil was removed during the 
washing in the first tank.

ii) The water used throughout the 
whole circuit. Water is one of the main 
contamination vehicles in the food in-
dustry; water treatment is one of the 
most important points in contamination 
control. Accordingly, the previously used 
water treatment (chlorine 0.2 p.p.m.) 
was replaced by a 1% mixture of hy-
drogen peroxide and peroxiacetic acid 
(0.2 p.p.m.). In principle, this mixture 
allows efficient water sterilization and 
its components are easily neutralized 
by heat

iii) The cutting process. This step was 
moved to shortly after the cooking proc-
ess, in order to take advantage of high 
temperatures to prevent the diffusion of 
contamination that usually occurs dur-
ing cutting.

A new production lot was obtained 
and analysed by calculating the titre of 
aerobic heterotrophic bacteria for eight 
days (d0, d1, d2, d4, d5, d7, d8). The 
results are reported in Fig. 2b, which 
show the fluctuations of the newly iso-
lated bacterial populations. The initial 
titre of the newly isolated populations 
was comparable to the previous one 
(≈104 vs 4x104), but after two days, the 
titre dropped to about 5x101, and then 
increased. The trend of the increase was 
parallel to TBC1 but was four order of 
magnitude lower.
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Fig. 5 - Agarose gel electrophoresis of the different amplification patterns identified by RAPD analysis with 
primer AP12, performed on strains belonging to ARDRA group A. The first and the last lanes show a mo-
lecular weight marker (DNA Ladder Mix, Genenco). Numbers 1 to 8 refer to the different RAPD haplotypes. 
The number of isolates for every RAPD pattern at each sampling day is reported at the bottom.

DISCUSSION

In this paper we report on the analy-
sis of the composition, structure and 
fluctuations of aerobic heterotrophic 
microbial populations isolated from 
ready-to-eat cooked chard. The number 
of cultivable bacteria, determined for 8 
days, had an initial titre of about 5x104 

cfu/g and increased over time, reach-
ing a high value (about 5x106 cfu/g) at 
the expiration date. The finding that the 
aerobic psychrotrophic bacterial count 
was higher than the value of total aerobic 
bacteria was probably due to the storage 
temperature, which favoured the growth 

of psychrotrophic bacteria. The AluI re-
striction analysis of 16S rDNA amplified 
by PCR of 231 bacterial isolates revealed 
a very low degree of genetic variability at 
both the genus and species level. Over-
all, the degree of biodiversity was much 
lower than that found in natural bacte-
rial populations. Four haplotypes, which 
accounted for more than 98% of all the 
isolates (77.5% were haplotype A), were 
further characterised. Sequencing of 16S 
rDNA placed these main haplotypes in 3 
different bacterial genera, Pseudomonas 
(A and F, 81%), Stenotrophomonas (hap-
lotype E, 3%) and Exiguobacterium (hap-
lotype G, 14.4%). Sequences of the 16S 



378 Ital. J. Food Sci. n. 3, vol. 16 - 2004 Ital. J. Food Sci. n. 3, vol. 16 - 2004 379

rDNA analyzed exhibited about 99% 
sequence similarity to orthologous se-
quences from strains belonging to the 
above-mentioned genera. Even though 
this value is very high, the assignment 
of a bacterial isolate to a given species 
requires further molecular and pheno-
typic characterization which is beyond 
the scope of the present work. The low 
degree of genetic variability at the genus/
species level is paralleled by a low degree 
of biodiversity at the intraspecific level, 
as revealed by RAPD analysis performed 
on strains belonging to the main ARDRA 
group.

The fluctuations of the bacterial popu-
lations mainly concerned Pseudomonas 
haplotype A, which accounted for about 
77.5% of the entire population. Only 
eight different amplification patterns (1 
to 8) were obtained (Fig. 5). A plausible 
explanation to account for the presence 
of 8 strains within this Pseudomonas 
group is that since these bacteria are 
psychrotrophs, only some particularly 
heat-resistant strains may have sur-
vived the cooking process. However, the 
hypothesis that contaminants are the 
outcome of a secondary environmental 
contamination cannot be a priori ex-
cluded. Moreover, it is worth noting that 
the fluctuations of ARDRA group A were 
probably attributable to the fluctuations 
concerning different strains belonging to 
this group. In other words, the decrease 
of ARDRA group A on d6 was due to 
the parallel decrease of strains showing 
RAPD profile 1 (see Fig. 5), whereas the 
subsequent increase on d8 was con-
comitant to the appearance and further 
increase of strains showing RAPD profile 
5. This finding suggests that different 
strains of the same species are involved 
in the degradation of vegetables and may 
be involved in different steps of the deg-
radation process. In other words, some 
strains may start biodegradation and 
may be over-represented during the first 
days; their action may create the envi-
ronmental conditions that, in turn, allow 

the preferential growth of other strains 
of the same species, which may further 
degrade the product. The changes intro-
duced into the production circuit in the 
second lot of vegetables strongly reduced 
the bacterial titre compared to the pre-
vious lot (<104). This demonstrated the 
validity of the suggested modifications.
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ABSTRACT

The effect of extracts from two red 
and one white wine on Hsp70 and 
Hsp27 levels in HeLa tumor cells was 
investigated. Each wine was fraction-
ated into three extracts using solid 
phase extraction and tested. Total 
phenol content was determined by the 
Folin-Ciocalteau method and phenolic 
composition by HPLC-DAD. Hsps lev-
els were determined by Western blot 
analysis. One extract of each red wine 
reduced both Hsp70 and Hsp27 levels 
by about 2-fold, while the other wine 

RIASSUNTO

È stato studiato l’effetto di due estratti 
di vino (rosso e bianco) sui livelli di pro-
teine Hsp70 e Hsp27 su cellule tumorali 
HeLa. Ogni vino è stato frazionato in tre 
estratti con un sistema di estrazione in 
fase solida e quindi saggiato. Il contenu-
to in polifenoli totali è stato saggiato con 
il metodo di Folin-Ciocalteu mentre la 
composizione fenolica è stata valutata 
per via HPLC-DAD. I livelli delle pro-
teine Hsp sono stati saggiati mediante 
analisi Western blot. Un estratto di ogni 
vino rosso ha ridotto di circa due volte 
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INTRODUCTION

Dietary polyphenols have been report-
ed to have a variety of biological actions, 
including antioxidant, anti-carcinogenic 
and anti-inflammatory activities. Red 
wine, with a much higher content of 
total phenolics than white wine, has a 
well-known pool of bioactive polyphe-
nols (FRANKEL et al., 1993; KAMPA et 
al., 2000; MIDDLETON and KANDASWA-
MI, 1992). Red and white wines differ 
in their phenolic composition due to the 
differences in the phenolic composition 
of red and white grapes and in winemak-
ing procedures (OSZMIANSKI and SAPIS, 
1989; CHEYNIER and DA SILVA, 1991; 
COOK and SAMMAN, 1996; BROUILLARD 
et al., 1997).

All cells respond to several forms of 
stress, such as heat shock, by inducing 
the synthesis of a group of proteins called 
heat shock proteins (Hsps) (LINDQUIST 
and CRAIG, 1988). Hsps have cytopro-
tective effects and function as molecular 
chaperones for other cellular proteins 
(HARTL, 1996). However, over-expres-
sion of Hsps is associated with many 
pathological conditions and human 
diseases such as ischemia/reperfusion, 
fever, inflammation, and cancer (JOLLY 
and MORIMOTO, 2000; JAATTELA, 1999). 
Moreover, Hsps, in particular Hsp70 and 
Hsp27, inhibit the induction of apoptosis 
by several insults and may contribute 
to carcinogenesis (SAMALI and ORREN-
IUS, 1998; GARRIDO et al., 2001). While 
a number of chemicals are known to 
induce the synthesis of Hsps only very 

few agents are known to inhibit them 
(VOELLMY, 1996; YOKOTA et al., 2000). 
Quercetin, which is widely distributed in 
plants, and only a few other flavonoids 
have been reported to inhibit Hsps syn-
thesis (HOSOKAWA et al., 1990; HOSO-
KAWA et al., 1992).

In this brief article, we report the ef-
fects of phenolic extracts from two red 
and one white wine on the levels of Hsp70 
and Hsp27 proteins in HeLa cells.

MATERIALS AND METHODS

The three wines examined were com-
mercial wines from Greek wineries. 
They were made from the grape varie-
ties Agiorgitiko (dry red wine, Agiorgitiko 
Boutaris, 1997), Muscat (dry white wine 
Choise of Kalaitzis, Union of Agricultural 
Cooperatives of Lemnos, 1999) and Sy-
rah (dry red wine, Syrah Ktima Kyr-
Yianni, 1997).

The alcohol was removed from each 
wine and the resulting wine was fraction-
ated into three fractions by solid phase 
extraction using LC18 cartridges (Su-
pelco, Bellfonte, PE, USA) (OSZMIANSKI 
et al., 1988; GIUSTI et al., 1999). To re-
move the alcohol without destroying the 
phenolic compounds, wine was added to 
an equal volume of distilled water and 
concentrated to the original volume by 
rotary evaporation at 25°C at 80 mbar 
(SALAGOITY-AUGUSTE and BERTRAND, 
1984). Four milliliters of the resulting red 
wine or 20 mL of white wine were passed 
through an LC18 cartridge, 2 g/12 mL, 

i livelli di Hsp70 e Hsp27, mentre tutti 
gli altri estratti non hanno prodotto 
effetti significativi. I due estratti attivi 
presentavano un contenuto in polifenoli 
totali superiore agli altri ed erano ricchi 
in antociani e flavanoli.

extracts gave no significant effect. Both 
active extracts exhibited much higher 
total phenolics than the others, and 
they were rich in anthocyanins and 
flavanols.
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previously activated with 24 mL metha-
nol and 24 mL H2O, pH 2.0. The ethyl 
acetate (48 mL) effluent was further frac-
tionated, while the methanol (24 mL) ef-
fluent comprised extract 1. Ethyl acetate 
was removed by rotary evaporation and 
the residue was redissolved in 20% etha-
nol (4 or 20 mL for red and white wine, 
respectively); the alcohol was removed as 
in the case of wines. The remaining solu-
tion was neutralized and passed through 
an LC 18 cartridge, 1 g/6 mL, previously 
activated with 12 mL methanol and 12 
mL H2O, pH 7.0. The extract eluted with 
12 mL H2O, pH 7.0 (12 mL) was further 
fractionated, while the methanol (12 mL) 
effluent comprised extract 2. The aque-
ous effluent was standardized to pH 2.0 
and passed through an LC18 cartridge, 
1 g/6 mL, previously activated with 12 
mL methanol and 12 mL H2O, pH 2.0. 
The methanol (12 mL) effluent comprised 
extract 3. The solvent of extracts 1, 2 
and 3 was removed by rotary evapora-
tion and the residues were redissolved 
in 10% ethanol for phenolic analysis or 
in DMSO for analysis of Hsps.

The total phenol content of the sam-
ples was determined by the Folin-Cio-
calteau method (SINGLETON and ROSSI, 
1965) using gallic acid as a standard. 
All extracts were analysed for phenolic 
composition by high performance liquid 
chromatography-diode array detector 
(HPLC-DAD). Samples were filtered us-
ing a syringe filter (PTFE 0.45, Altech, 
Deerfield, MI, USA) prior to injection. A 
Waters 600E system with a 996-photo-
diode array detector and a 600E pump 
was used (Waters, Milford, MA, USA). 
Chromatograms were analyzed using the 
Millenium 32 program. The column used 
was a C18 reversed phase Spherisorb 
(4.0x250 mm) with 5 µm packing 
(MONEDERO et al., 1998). The mobile 
phases were, A: water/glacial acetic acid 
(98:2), B: methanol/water/glacial acetic 
acid (60:38:2) and C: methanol/glacial 
acetic acid (98:2). The gradient used was 
0-30 min 100% A at 0.20 mL/min, 30-40 

min 58.3% A-41.7% B at 0.60 mL/min, 
40-120 min 41.7% A-58.3% B at 0.20 
mL/min, 120-155 min 25% A-75% B 
at 0.30 mL/min, 155-165 min 100% C 
at 0.60 mL/min, 165-180 min 100% C 
0.90 mL/min.

Some peaks were identified on the 
basis of their retention times and the 
UV-Vis spectra of several phenolic 
standards. All peaks were classified 
using absorbance characteristics of the 
phenolic classes derived from the lit-
erature (ROBARDS et al, 1999; LEE and 
WIDMER, 1996) and from our observa-
tions using several phenolic standards. 
The absorbance wavelengths of phenolic 
classes were as follows: benzoic acids at 
250-280 nm; hydroxycinnamic acids at 
305-330 nm, and several of them also at 
290-300 nm; anthocyanins at 450-560 
nm and at 240-280 nm, and some of 
them at 315-325 nm; flavanols at 270-
280 nm and around 230 nm; flavonols 
at 350-380 nm and at 250-270 nm, and 
some of them around 300 nm; flavones 
and isoflavones at 300-350 nm and at 
245-270 nm; flavanones at 270-295 nm, 
and some of them at 300-320 nm. Peaks 
exhibiting maximum absorbance at 280-
305 nm were expressed as unclassified 
at 280-305 nm. Peaks exhibiting maxi-
mum absorbance at around 230 nm and 
those that also absorbed at around 280 
nm were expressed as unclassified at 
230 nm. Peaks exhibiting high area at 
280, 255, 320, 360 or 520 nm were con-
sidered as the main phenolic peaks.

The effect of wine extracts on Hsps 
levels was tested on a HeLa cell line. 
The inducible Hsp70, a member of the 
Hsp70 family and Hsp27, a member of 
the small Hsps family, were investigated. 
HeLa cells were cultured in Dulbecco’s 
Modified Eagle Medium (DMEM) sup-
plemented with 10% fetal bovine serum 
at 37°C in a humidified 5% CO2 atmos-
phere. Cells were seeded onto dishes 
24h prior to treatment. Wine extracts 
dissolved in DMSO or pure DMSO as a 
control were diluted 10-fold with fresh 



384 Ital. J. Food Sci. n. 3, vol. 16 - 2004 Ital. J. Food Sci. n. 3, vol. 16 - 2004 385

culture medium and applied to the cells 
(about 70% confluent) for 5h at 37°C. 
Following the treatment, the cells were 
washed once with ice-cold phosphate-buff-
ered saline, scraped and collected. Lysis 
was followed in lysis buffer (50 mmol/L 
Tris-HCl (pH 8), 250 mmol/L NaCl, 0.1% 
Triton X-100, 5 mmol/L EDTA, 1 mmol/L 
DTT and 1 mmol/L PMSF) for 20 min on 
ice. The lysate was centrifuged at 13,000x 
g for 10 min at 4°C in a microcentrifuge 
and the supernatant was collected. Protein 
concentration was measured by using a 
protein assay kit (Bio-Rad, Hercules, CA, 
USA). Equal amounts of cell extracts (10-
30 µg) were denatured by boiling in Lae-
mmli’s sample buffer for 5 min, subjected 
to SDS-PAGE using a 10% running gel 
and electroblotted to a nitrocellulose mem-
brane Hybond ECL (Amersham, Bucks, 
UK). Nonspecific binding was blocked by 
incubation of the membrane with 10 
mmol/L Tris-HCl (pH 8), 150 mmol/L 
NaCl (TBS) containing 5% skim milk 
and 0.05% Tween 20 (TBS-T) for 2 h. 
The membrane was then incubated with 
a 1:1,000 dilution of anti-Hsp70 (SPA-
810, StressGen, Victoria, BC, Canada) 
or anti-Hsp27 (SPA-800, StressGen) in 
TBS-T containing 5% milk for 2-3 h. The 
membrane was then washed three times 
for 10 min each in TBS-T and incubated 
with 1:5,000 dilution of anti-mouse im-
munoglobulin peroxidase conjugate 
(Amersham, Bucks, UK) in TBS-T con-
taining 5% milk for 1 h. After washing 
three times for 10 min each in TBS-T, 
detection was performed using SuperSig-
nal Western blotting detection reagents 
(Pierce, Rockford, IL, USA) according to 
the manufacturer’s protocol. The blots 
were scanned in a densitometry scanner 
(Sebia, Issy-les-Moulineaux, France) and 
the intensity of the bands correspond-
ing to the proteins being assayed was 
quantified. The band intensity in cells 
treated with DMSO (control) was taken 
as 1.0. Data reported are from a repre-
sentative experiment repeated two times 
with similar results.

RESULTS AND DISCUSSION

The effect of Agiorgitiko, Muscat and 
Syrah wine extracts on the Hsps level in 
HeLa cells is presented in Fig. 1. The A3 
and S3 extracts reduced both Hsp70 and 
Hsp27 levels by about 2-fold. The other 
wine extracts did not exhibit any signifi-
cant effect on Hsp70 and Hsp27 levels. 
The two active extracts had a much 
higher total phenolic concentration 
than the others, i.e about 9,000 versus 
500-1,800 mg/L. However, the phenolic 
concentration in the wine extracts was 
not adjusted in order to maintain the 
phenolic content proportional to those 
of the original wines.

The main phenolic peaks of each ex-
tract determined by HPLC-DAD chroma-
tography are shown in Table 1. The main 
peaks of the active A3 and S3 wine ex-
tracts were anthocyanins and flavanols, 
indicating that their activity may be at-
tributed to these phenolic classes. How-
ever, other phenolics such as quercetin, 

Fig. 1 - Effect of wine extracts on Hsp70 and Hsp27 
protein levels.
Wine extracts dissolved in DMSO or pure DMSO 
(control) were diluted 10-fold with the culture me-
dium and applied to cells for 5h at 37°C. The cells 
were then lysed and analysed by Western blotting 
using anti-Hsp70 (upper panel) and anti-Hsp27 
(lower panel) antibodies. A1, A2, A3 extracts of 
Agiorgitiko wine; M1, M2, M3 extracts of Muscat 
wine; S1, S2, S3 extracts of Syrah wine; D, pure 
DMSO (control).
Band intensities as quantified in a densitometry 
scanner were of upper panel (Hsp70):
A1=0.9, A2=1.0, A3=0.4, M1=1.0, M2=0.9, M3=1.0, 
S1=1.0, S2=1.0, S3=0.4, D=1.0, and of lower panel 
(Hsp27): A1=1.0, A2=0.9, A3=0.5, M1=1.0, M2=0.8, 
M3=1.0, S1=1.1, S2=1.1, S3=0.5, D=1.0,
Total phenolic content of the extracts used was: 
A1=500; A2=1,690; A3=8,960; M1=850; M2=1,150; 
M3=1,740; S1=930; S2=1,800; S3=9,170 mg/L.
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flavone, genistein and kaempferol have 
also been reported to decrease synthesis 
of Hsps on protein synthesis (HOSOKAWA 
et al., 1990) or gene expression level (RU-
SAK et al., 2002).

These results show that red wine 
phenolic extracts decreased Hsp70 
and Hsp27 levels in HeLa tumor cells. 
Quercetin has been shown to inhibit the 
induction of Hsp70 and Hsp27 at the 
transcriptional level through inhibition 
of Heat Shock Factor (HSF) 1 activa-
tion (HOSOKAWA et al., 1992; HANSEN 
et al., 1997). It would be interesting to 
investigate the mode of action of red 
wine phenolics in the reduction of Hsp 
levels. Moreover, they may be further 
investigated in order to identify specific 
substances exhibiting this activity. The 
identification and characterization of 
such compounds might provide us with 
pharmacological agents for intervention 
in diseases related to abnormal expres-
sion of Hsps, such as cancer, as has 
been reported for quercetin (SLIUTZ et 
al., 1996). High levels of Hsps detected 
in tumors (VAYSSIER and POLLA, 1998) 
suggest that these molecules interfere 
with apoptotic signaling in cells. In par-
ticular, Hsp70 and Hsp27 have been 
found to protect cells from apoptotic 
cell death (JAATTELA, 1999; SAMALI and 
ORRENIUS, 1998). Based on this, the de-
crease of these proteins in tumor cells 

by wine phenolics may facilitate tumor 
cell death and thus contribute to the 
potent anti-carcinogenic action of red 
wine phenolics.

The present results show that red wine 
phenolic extracts reduce heat shock pro-
tein levels in HeLa tumor cells and add 
to the concept that red wine is a multi-
functional drink.
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ABSTRACT

More than 1,000 measurements of 
dissolved oxygen in wines were made 
to evaluate the influence of different 
technological practices (filtration, 
centrifugation, refrigeration, tartrate 
stabilization, bottling and micro-oxy-
genation) and of different conditions of 
maturation (stainless steel, concrete 
or wooden barrels). The micro-oxy-
genation of more than 100 red wines 
during storage in stainless steel tanks 
was effective in increasing the dissol-
ved oxygen up to levels comparable to 

RIASSUNTO

Sono state effettuate più di 1.000 
misurazioni di ossigeno disciolto nel 
vino per valutare l’effetto di diversi 
trattamenti tecnologici (filtrazione, 
centrifugazione, refrigerazione, stabi-
lizzazione tartarica, imbottigliamento 
e micro-ossigenazione) o di diverse 
condizioni di maturazione (serbatoi 
di acciaio, botti di cemento o di legno) 
sull’ossigenazione dei vini. La micro-
ossigenazione, effettuata in più di 
100 campioni di vino rosso, durante 
lo stoccaggio in serbatoi di acciaio, 

mailto:roberto.ferrrarini@univr.it
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those in small wooden barrels. Never-
theless, the storage temperature should 
be taken into account to avoid oxygen 
accumulation.

sembra essere efficace nell’aumentare 
i livelli di ossigeno disciolto al di sopra 
dei valori osservati per le botti di legno 
di piccolo volume. Tuttavia, anche la 
temperatura di stoccaggio dovrebbe 
essere tenuta in considerazione al fine 
di evitare accumulo di ossigeno.

INTRODUCTION

The contact between wine and oxygen 
may be considered as a critical point during 
the winemaking process, because oxygen 
can significantly influence the wine quality 
and its evolution during maturation and 
aging. Solubility of oxygen from air into 
wine saturated at atmospheric pressure 
is about 6 or 8 mg/L, depending on wine 
composition and temperature (SINGLE-
TON et al., 1987). Phenolic interactions 
(i.e. their oxidation and polymerization) 
are initiated and are further promoted by 
the absorption of oxygen by wine, even if 
the rate of progression from monomeric to 
polymeric pigment forms depends largely 
upon temperature (SOMERS and EVANS, 
1986).

Two types of phenolic condensation 
normally occur during maturation of red 
wines. The first is described as a direct 
condensation between anthocyanins and 
(+)-catechin, (–)-epicatechin or tannins 
(BARANOWSKI and NAGEL, 1983; GUERRA 
and GLORIES, 1996). The second is the 
coupled autoxidation of ethanol and 
phenolic compounds that produces 
acetaldehyde. Acetaldehyde can be in-
volved in the polymerization between 
anthocyanins and other flavonoids or 
polymeric structures already formed by 
direct condensation (SOMERS and EVANS, 
1986; TIMBERLAKE and BRIDLE, 1977; 
ES-SAFI et al., 1999). This polymerization 
can improve color intensity and long-
term color stability (RIBÈREAU-GAYON 
et al., 1983), even if the concentration of 

anthocyanins decreases (BAKKER, et al., 
1993). The co-polymerization between 
anthocyanins and tannins causes a large 
increase in the degree of condensation 
of tannins, inducing a favorable trans-
formation from a sensorial point of view. 
Therefore, mild conditions of oxygena-
tion are generally positively regarded for 
the production of well-aged red wines 
(RIBÈREAU-GAYON et al., 1983).

If wines are stored in wooden barrels, 
oxygenation occurs during barrel filling 
and during opening of filled barrels. This 
phenomenon is due to a depression cre-
ated in sealed barrels during aging by 
water evaporation (MOUTOUNET et al. 
1998). When stainless steel tanks are 
used, moderate or controlled oxygenation 
(micro-oxygenation) has been proposed to 
improve red wine quality (PONTAILLER and 
RIBÈREAU-GAYON, 1983; MOUTOUNET and 
MAZAURIC, 2001). On the other hand, the 
absorption of oxygen as a consequence of 
various processing treatments (racking, 
fining, pumping, filtration, treatments 
at low temperatures, filling) is gener-
ally considered negative for the sensorial 
characteristics of white and rosé wines 
(MOUTOUNET and MAZAURIC, 2001; 
RIBÈREAU-GAYON et al., 1998).

The level of dissolved oxygen and redox 
potential (rH) should be considered as two 
critical parameters for the control of the 
winemaking process or for wine treatments 
by micro-oxygenation (VIVAS et al., 1992; 
VIVAS and GLORIES, 1997). Some data has 
been reported about the level of oxygen 
that a wine can absorb as a consequence 
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of different technological treatments, but 
generally the measurements were car-
ried out on a limited number of samples 
(MOUTOUNET and MAZAURIC, 2001; VIVAS 
et al., 1997, 1995, 1996; VIVAS and GLO-
RIES, 1993). In a recent study performed 
with a similar methodology that was used 
in the present paper, VIDAL et al. (2001) 
monitored the dissolution of oxygen in 
wine during a large variety of technologi-
cal steps (i.e. pumping, filtration, racking, 
centrifugation).

The aim of this study was to evalu-
ate the influence of single technological 
practices on the level of dissolved oxygen 
in wines, operating under actual win-
ery conditions and on a large number 
of wine samples. Various technological 
treatments (racking, filtration, centrifu-
gation, bottling, etc.) and maturation 
conditions (storage in stainless steel and 
concrete tanks or wooden barrels) were 
considered. Moreover the effect of micro-
oxygenation on red wines during storage 
in stainless steel tanks was studied in 
order to verify how this technique could 
increase the level of dissolved oxygen.

MATERIALS AND METHODS

Wines

This survey was carried out in 68 
medium and large-sized Italian wineries, 
using red and white Italian wines of dif-
ferent origins (cultivars Merlot, Cabernet 
Sauvignon, Sangiovese, Montepulciano, 
Corvinone, Rondinella, Chardonnay, Pi-
not, Trebbiano). All wines were obtained 
following the usual winemaking proc-
esses and contained less than 0.2 ppm 
of dissolved oxygen and less than 100 
mg/L of total sulfites before the begin-
ning of the trials.

Wine treatments

Red (285) and white (245) wines were 
submitted to specific enological treat-

ments (Table 1) with systems, equipment 
and procedures (to reduce air contact) 
commonly used in each winery. Increase 
of dissolved oxygen (Oinc) was calculated 
as the difference between the oxygen 
concentration measured before (Obef) and 
immediately after (Oaft) each treatment 
[Oinc= Oaft.- Obef].

Wine maturation

In this case, 561 red, well-structured 
wines, suitable for aging, were consid-
ered. When dissolved oxygen was meas-
ured, all wines had been matured for 
4 to 6 months in stainless steel tanks, 
concrete tanks or wooden barrels of 
large (250 to 1,000 L) and small (<250 
L) volumes.

Micro-oxygenation

Oxygen was supplied continuously with 
a Microdue micro-oxygenation system 
(JU.CLA.S., Verona, Italy) consisting of a 
volumetric gas-pumping block equipped 
with four micro-porous diffusers. In the 
first trial, 118 distinct red wines were 
stored in stainless steel tanks at 15°-20°C 
and supplied continuously with different 
levels of oxygen (1, 2 or 5 mL/L/month). 
Dissolved oxygen was then measured 
after approximately three weeks of stor-
age. In the second trial, 25 distinct red 
wines were supplied continuously with 
oxygen (3 mL/L/month) during storage in 
stainless steel tanks without temperature 
control. The level of dissolved oxygen was 
then measured every month from Sep-
tember to February.

Measurement of dissolved oxygen

Measurement of dissolved oxygen was 
carried out using a Micro Logger O2, mod. 
3650/113 (Orbisphere Laboratories, 
Geneva, Switzerland). Calibration was 
made before each measurement in the 
air, taking into account the atmospheric 
pressure and the wine temperature. 
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Connections between tanks or enologi-
cal equipment and the instrument were 
made with PVC pipes; connections and 
the measurement cell were flushed out 
with nitrogen before measurements. 
Dissolved oxygen was measured feeding 
the measurement cell using a peristaltic 
pump (Masterflex equipped with tygon® 
tubes) at a flow of 150 mL/min until a 
stable measurement was reached. This 
method was previously tested to verify the 
absence of oxygen permeance through the 
walls of the tubing. To this purpose, the 
dissolved oxygen at different conditions 

Table 1 - Description of enological treatments with the corresponding number of wine samples.

 # Treatment Wines Description

 1 Racking (n=26) From tank to tank (bottom-bottom),
    wine temperature 15°-20°C
 2 Racking (n=20) From tank to tank (bottom-up),
    wine temperature 15°-20°C
 3 Racking (n=12) From tank to tank (bottom-bottom),
    wine temperature 5°-10°C
 4 Pumping (n=8) Different types, wine temperature 15°-20°C
 5 “Barrique Batonnage” (n=23) Manual, as slow as possible, 3-5 minutes
 6 “Barrique” Assembling (n=5) Mixing wines of different casks after maturation
 7 Filtration (n=26) Kieselgur pressure filters (various commercial
    brands), wine temperature 15°-20°C
 8 Filtration (n=12) Sheet filters, plate filters (various commercial brands),
    wine temperature 15°-20°C
 9 Filtration (n=71) Membrane cartridges (nominal porosity 1-0.45 mm),
    wine temperature 15°-20°C
 10 Filtration (n=7) Crossflow filtration, spiralate membrane, recycling,
    wine temperature 15°-20°C
 11 Centrifugation (n=14) Vertical (various commercial brands),
    wine temperature 15°-20°C
 12 Refrigeration (n=8) With scraped surface exchanger (from 15° to -5°C),
    before static tartrate stabilisation
13 Heat exchange (n=7) From -5° to15°-20°C, after static tartrate stabilisation
14 Continuous (n=7) Contact System (various commercial brands)
  Tartaric Stabilization
15 Electrodialysis (n=10) INRA-patent, wine temperature 15°-20°C
16 Filling (glass bottles) (n=136) Different types of fillers, wine temperature 15°-20°C.
    Without bottle agitation
17 Filling (glass bottles) (n=116) As above, with bottle agitation
    before oxygen measurement
18 Filling (brick) (n=6) Wine temperature 10°-20°C
19 Filling (bag in box) (n=5) Wine temperature 10°-20°C
20 Filling (kegs) (n=6) Wine temperature 5°-20°C

of cell feeding was measured (Table 2), 
and the same oxygen level was recorded. 
These data indicate the absence of cross 
contamination through the walls of the 
tubing. Wines stored in glass bottles, 
bricks, bag-in-box and kegs were sampled 
using specific devices to avoid contact 
with air and pumped to the measure-
ment cell as described above.

Statistical procedures

Evaluation of frequency distribution, 
non-parametric tests (Kruskal-Wallis) 



390 Ital. J. Food Sci. n. 3, vol. 16 - 2004 Ital. J. Food Sci. n. 3, vol. 16 - 2004 391

and graphical elaboration of data were 
carried out using Statistica 5.0 for Win-
dows (StatSoft, Inc., Tulsa, OK, USA).

RESULTS AND DISCUSSION

From the end of the alcoholic fer-
mentation, wine is exposed to many 
enological operations that can increase 
the concentration of dissolved oxygen. 
The effects of single enological proc-

esses on the level of dissolved oxygen 
in wines were classified as “high enrich-
ment” and “low enrichment” treatments 
(Figs. 1 and 2).

Racking increased the level of oxygen 
in wines with a median value of 370-375 
ppb (Fig. 1, #1-2). When wine tempera-
ture was lower than 10°C, even if care 
was exerted in transferring the wines 
from tank to tank (bottom to bottom), 
the dissolved oxygen increased by a 3-
fold factor, with a median value of 1,290 

Table 2 - Effect of different methods of cell feeding on oxygen measurement.

Cell feeding Tube length Time of stabilisation Dissolved oxygen
 (m) (min) (ppb)

Peristaltic pump 7 40 8
Peristaltic pump 1 3 8
Gravity 14 70 8

Fig. 1 - Increase of dissolved oxygen in wines after “High Enrichment” treatments. 1-Racking (bottom-
bottom, 15°-20°C); 2-Racking (bottom-up, 15°-20°C); 3-Racking (bottom-bottom 5°-10°C); 6-”Barrique” 
assembling; 11-Centrifugation; 12-Refrigeration; 14-Continuous Tartaric Stabilization; 16-17 Filling 
glass bottles. (Details reported in Table 1).
 Median value;  25°-75° percentiles.
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ppb (Fig. 1, #3). According to our meas-
urements, the effect of the type of pump 
on this enrichment can be considered 
negligible (Fig. 2, #4). Data reported in 
this paper about the dissolution of oxy-
gen through the studied processes are 
in accord with those previously reported 
(VIDAL et al., 2001).

The periodic agitation of wine dur-
ing maturation in wooden casks (barrel 
“batonnage”) produced an insignificant 
increase in dissolved oxygen (Fig. 2, #5). 
On the contrary, mixing wines of differ-
ent casks at the end of maturation (Fig.1, 
#6) caused a significant oxygen enrich-
ment (median value of 1,750 ppb).

Filtration is not a critical operation 
in comparison with wine aeration, since 
the median increase in oxygen concen-
tration was always less than 300 ppb 
(Fig. 2, #7-10). Pressure and crossflow 
filters give the highest values, probably 
because they required the addition of an 
aid-filter or partial wine recycling that 

Fig. 2 - Increase of dissolved oxygen in wines after “Low Enrichment” treatments. 4-Pumping; 5-”Bar-
rique batonnage”; 7-10 Filtration; 13-Heat exchange; 15-Electrodialysis; 18-20 Filling (Details reported 
in Table 1).
 Median value;  25°-75° percentiles.

can increase the contact between wine 
and air. On the contrary the use of centri-
fuges (Fig. 1, #11) may cause significant 
wine oxygen enrichment (median value 
of 1200 ppb).

It is commonly recognized that tartaric 
stabilization can produce great oxygen 
absorption; as expected, after refrigerat-
ing to -5ºC for static stabilization, there 
was a median increase of dissolved oxy-
gen of 1,265 ppb (Fig. 1, #12).

The use of heat exchangers to recover 
cooling power before bottling (Fig. 2, 
#13) also produced a slight increase 
in oxygen in wines (median 150 ppb). 
Continuous systems speeded up the 
process but in many cases produced 
complete saturation of wine with 
oxygen (Fig. 1, #14). Furthermore, the 
variability of results seems to point 
out that many wineries had great dif-
ficulties in optimizing the procedures 
and the equipment to carry out this 
process. Only the use of electrodialysis 
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(Fig. 2, #15) seemed to strongly reduce 
oxygen absorption, down to a median 
value of 285 ppb.

The different filling procedures pro-
duced a variable increase of dissolved 
oxygen in wines, depending on the 
type of packaging. Filling of glass bot-
tles (Fig. 1, #16) remains a problem in 
the winemaking process since a median 
enrichment of 830 ppb of oxygen was 
monitored during this step. When the 
head space atmosphere was mixed with 
the wines before the measurement, the 
additional oxygen enrichment was neg-
ligible (Fig. 1, #17). This indicates that 
currently available bottling equipment 
was able to reduce the oxygen in the 
head space atmosphere, even if other 
critical factors should be evaluated in 
this process. In particular, the amount 
of oxygen dissolved during bottle filling 
depends on the technology used (Fig. 

Fig. 3 - Effects of different bottling systems on dissolved oxygen levels in wines.
GRAV = gravity filler; GRAV_N2 = gravity filler with N2; PR = counterpressure fillers; PR_VAC = vacuum/
counterpressure fillers.

3). It can be seen that counterpressure 
units caused a considerable increase in 
oxygen dissolution. The range of dis-
solved oxygen data is large, suggest-
ing that single operating conditions 
can heavily influence the results. A 
decrease in dissolved oxygen can be 
observed when vacuum counterpres-
sure units or gravity filler coupled with 
nitrogen flushing are used.

On the other hand the use of “al-
ternative” containers (Fig. 2, #18-20) 
produced lower increases in dissolved 
oxygen (median values <100 ppb) in 
comparison with those in glass bottles. 
This was probably due to the intrinsic 
simplicity of the filling equipment used 
with these “alternative” packaging (brick, 
bag in box, kegs).

Fig. 4 shows the frequency distribu-
tion of dissolved oxygen measured in 
red wines matured in four categories 
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of tanks or wooden barrels. The sam-
ple distribution was not Gaussian, so 
non-parametric tests (Kruskal-Wallis) 
were carried out. These tests revealed 
significant differences in the level of 
dissolved oxygen between all the dif-
ferent categories of tanks (p<0.05). 
Wines stored in wooden barrels of 
small volume had twice as much 
dissolved oxygen as those matured 
in stainless steel tanks, indicating 
that storage in wood barrels induced 
a moderate oxygenation during wine 
maturation. The concentration of 
oxygen measured in wines stored in 
wooden barrels appears very low in 
comparison with the data reported by 
VIVAS and GLORIES (1996, 1997), but 
is in agreement with those reported 
by MOUTOUNET and MAZAURIC, (2001) 
and MOUTOUNET et al. (1996). This 
can be related to the number of obser-

Fig. 4 - Frequency distributions of dissolved oxygen levels in red wines that were stored in tanks or 
wooden barrels of different volumes.
[Stainless steel tanks n=175; Concrete tanks n=125; Wooden barrel (Volume > 250 L) n=88; Wooden 
barrel (Volume < 250 L) n = 49]

vations and the measurement condi-
tions (VIVAS and GLORIES, 1997). 
Taking into account these data, the 
micro-oxygenation of wines, stored 
in stainless steel tanks produced a 
significant effect (p<0.05) on the level 
of dissolved oxygen only when 5 mL 
O2/L/month were supplied (Fig. 5). 
When operating under these condi-
tions (temperature between 15°-20°C; 
5 mL O2/L/month) the median level of 
dissolved oxygen in wines was compa-
rable to the values measured in wines 
stored in small wooden barrels (Fig. 
4). When the storage temperature was 
not controlled (Fig. 6), regulation of 
micro-oxygenation was necessary to 
avoid excessive increases of oxygen 
concentration in the liquid phase, 
which could cause the development 
of aerobic microorganisms and/or 
deep wine oxidation.
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Fig. 6 - Values of dissolved oxygen in 25 red wines submitted to a 3 mL/L/month micro-oxygenation 
at the winery temperature.  Median value;  25°-75° percentiles.

Fig. 5 - Values of dissolved oxygen in red wines submitted to three different levels of micro-oxygenation 
at 15°-20°C.  Median value;  25°-75° percentiles.



396 Ital. J. Food Sci. n. 3, vol. 16 - 2004

CONCLUSIONS

The results of this survey show that 
many enological practices may produce 
significant and undesirable increases in 
dissolved oxygen levels in wines. Some 
technical improvements could surely 
ameliorate this situation, but the fact 
that there is a wide range of dissolved 
oxygen for several enological treatments 
suggests that single operating conditions 
can heavily influence the results.

Micro-oxygenation may increase the 
concentration of dissolved oxygen in 
wines maturated in stainless steel tanks 
up to levels comparable with those ob-
served in wines matured in small wood-
en barrels. The temperature of storage 
should be taken into account to avoid 
undesirable oxygen accumulation.
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Fig. 3 - TCA-insoluble nitrogen (TIN) during in vitro digestion of durum wheat semolina () and 
pasta ().

In the Paper “Potential Allergens in Durum Wheat Semolina and Pasta: Fate 
During Cooking and Digestion” by B. Simonato, G. Pasini, M. De Zorzi, M. Vegro 
and A. Curioni, published in Vol. 16 No. 2 - 2004, the legend to Fig. 3 on page 158 
was misprinted. IJFS apologizes for the error. It should appear as follows:
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LIPGENE – LEADING THE BATTLE TO 
TACKLE METABOLIC SYNDROME

Researchers across Europe have started work on a groundbreaking EU 6th 
Framework Programme Integrated Project to help tackle the exploding prevalence 
of the metabolic syndrome.

The 5-year LIPGENE project will contribute to a reduction in the economic and 
social burdens of the metabolic syndrome through research that will optimise the 
health impacts of dietary fat change. Using a truly integrated approach, the project 
will involve researchers in human and animal nutrition, plant biotechnology, and 
economic and social/consumer sciences.

Specific activities in the LIPGENE programme of work include the following:
- Dietary, biochemical and genetic data, for a cohort of 8,000 subjects, will be 

used to understand how dietary and genetic data interact in the development of 
the metabolic syndrome.

- A human dietary intervention study in 8 cities across Europe will examine how 
variation in the composition of dietary fat influences the metabolic syndrome.

- A sustainable source of n-3 long chain polyunsaturated fatty acids (the specific 
fatty acids from fish oil), that are known to play a role in reducing the risk of the 
metabolic syndrome, will be reconstituted in linseed oil.

- A protocol for feeding dairy cows, which changes the composition of milk fat 
to one with less saturates, less trans-fats and more monounsaturates, will be es-
tablished.

- Consumers will be asked about their views about the potential health risks 
arising from the metabolic syndrome. This will include an evaluation of consum-
ers’ attitudes, in relation to combating metabolic syndrome, and to the risks and 
benefits of new agro-food technologies and derived food products.

- Economic barriers to introducing new agro-food technologies and the cost of 
dietary versus pharmaceutical approaches to managing the metabolic syndrome 
will be examined.
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The project will also incorporate a wide-reaching dissemination programme, in-
cluding conferences and workshops, the first of which is planned for policy makers, 
research funders, EU officials and journalists, in London, in December 2004.

For more details see the project website http://www.lipgene.tcd.ie or 
www.nutrition.org.uk/lipgene.htm, where you will find a facility for registering to 
receive periodic project updates.

The metabolic syndrome is the term used to describe a cluster of metabolic 
symptoms and cardiovascular risk factors, including type 2 diabetes, abnormal 
lipid patterns (e.g. raised blood triglycerides) and high blood cholesterol, which 
have emerged in the wake of the current worldwide epidemic of obesity.

Project N.: FOOD-CT-2003-505944.
Project coordinator: Prof. Michael Gibney, Department of Clinical Medicine, St 

James’s Hospital, Dublin, Ireland, Tel. +353 1 608 2102, Fax +353 1 454 2043, 
E-mail: mgibney@tcd.ie.

IMPROVING HEALTH THROUGH
DIETARY PHYTOESTROGENS

Nutritional and epidemiological studies continue to suggest that the risk of colon, 
breast and prostate cancers are significantly reduced with increasing phytoestrogen 
intake. Phytoestrogens, which are structurally similar to the mammalian hormone 
oestrogen, are isoflavones, present mainly in soy products, and lignans, found in 
many foods including cereals, vegetables and berries.

A three-year EU-funded project called PHYTOHEALTH is now in progress to 
establish a pan-European network of institutions dealing with safety and health 
effects of phytoestrogens, as well as to identify optimal sources and processing 
technologies. The project brings together scientists, nutritionists, clinicians, as 
well as large and small companies involved in the field of phytoestogens from 11 
countries (Austria, Denmark, France, Finland, Germany, Greece, Italy, Netherlands, 
Poland, Spain, Sweden, Switzerland, United Kingdom).

The project has a double focus: consumers and producers. Results coming from 
different researches on phytoestrogen will be used to understand consumers’ per-
spectives and needs. Available data will also be compiled to explore opportunities 
for product development from improved raw materials.

The project, started in late 2003, will organise three plenary meetings and three 
platform meetings (the latter targeted to consumers, producers and researchers). 
The second plenary meeting will be held in Heraklion (Greece) in October 2004.

For more information about the PHYTOHEALTH project and future meetings 
please visit the website or contact the co-ordinator.

Project N.: QLRT-2001-2453 (http://www.phytohealth.org).
Project Coordinator: Dr. Francesco Branca, Istituto Nazionale di Ricerca per gli 

Alimenti e la Nutrizione (INRAN), Dipartimento di Nutrizione Umana, Via Ardeatina, 
546, 00178 Roma, Italy, E-mail: f.branca@agora.it.

This one-page was written by Dr. Monica Anese, University of Udine, IT, in June 
2004.

http://www.lipgene.tcd.ie/
http://www.nutrition.org.uk/lipgene.htm
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PROTECH
KEEPING PROBIOTICS ALIVE AND HEALTHY

TO KEEP YOU HEALTHY

Probiotics are live microbial food ingredients that have a beneficial effect on hu-
man health by influencing the composition and/or metabolic activity of the flora 
of the gastrointestinal (GI) tract. The most commonly used are bacteria from the 
genera Lactobacillus and Bifidobacterium. However, probiotics are only of value if 
they arrive alive in the GI-tract. This means that they must survive food process-
ing and storage conditions (e.g. high or low temperatures) as well as tolerate the 
conditions in the human body (stomach acids, digestive enzymes, bile juices) in 
order to be beneficial to the consumer.

Yoghurts and fermented milks are the main carriers for probiotics, because cur-
rent technology limits the diversity of foods into which these bacteria can be incor-
porated and kept alive in high numbers. In the PROTECH project, new production 
and formulation technologies are being developed that will allow probiotics to be 
incorporated into a variety of new foods.

PROTECH is focused on the effects of food processing and storage conditions on 
the stability of probiotics, pointing towards the development of optimal process and 
formulation technologies that ensure the stability and functionality of probiotics 
until reaching the GI-tract.

Researchers in this project are also applying new processing techniques to de-
velop functionally enhanced prebiotics (substances that specifically stimulate the 
proliferation and/or activity of beneficial microbial populations within the intestinal 
microbiota) and synbiotic combinations (food containing probiotic and prebiotic 
substances that interact to provide a synergistic effect towards the maintenance 
of a desirable microbial population in the intestinal microbiota).

PROTECH is one of 8 projects integrating the PROEUHEALTH research clus-
ter (The Food, GI-tract Functionality and Human Health Cluster) which brings 
together 64 research partners from 16 European countries aimed at obtaining 
greater knowledge on the role of the intestinal microbiota in human health and 
diseases and at developing new functional foods and therapies. PROTECH includes 
five companies among its 12 partner laboratories, dealing with the technological 
aspects of probiotic food production.

Nutritional enhancement of probiotics and prebiotics: Technology aspects on 
microbial viability, stability, functionality and on prebiotic function.

Project No: QLK1-2000-00042.
Acronym: PROTECH http://proeuhealth.vtt.fi.
Project Co-ordinator: Prof. Dietrich Knorr, Berlin University of Technology, 

Dep. Of Food Biotechnology and Food Process Engineering, Königin-Luise-Str.22, 
D-14195 Berlin, Germany, Tel. +49 30 31471250, Fax +49 30 8327663, E-mail: 
dietrich.knorr@ tu-berlin.de.
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NEWS

AACC European Section
Launches New Website

The American Association of Ce-
real Chemists (AACC) European Sec-
tion, which was recently renamed 
Cereals&Europe, is proud to announce 
the launch of its new website. The site 
can be accessed from its Section page 
on www.aaccnet.org or directly at 
www.cerealsandeurope.net/.

5TH International Cherry Symposium
June 6-10 2005
Bursa, Turkey

The Organizing Committee is pleased 
to invite you to attend the 5th Interna-
tional Cherry Symposium, which is 
organized under the auspices of the 
ISHS, the Uludag University, Faculty of 
Agriculture, Department of Horticulture 
and Yalova Ataturk Central Horticultural 
Research Institute.

The symposium will focus on both 
sweet and sour cherry research, bring-
ing together the latest results and tech-
nologies from academic institutions, 
research centres, industry scientists, 
graduate students, and progressive 
growers worldwide. Oral, poster sessions 
and field tours will provide information 
exchange, idea synthesis and scientific 
dialogues.

The first announcement is available 
on the symposium web side (http:
//www.5ics.org). Registrations, ab-
stract submissions, hotel bookings 

and other arrangements will be ac-
cepted on-line through this web site. 
Therefore, it will be regularly updated 
to bring you further details about sci-
entific and social programmes, travel, 
accommodation and other news, so 
please be sure to bookmark the sym-
posium web site.

Please follow up the preparation of 
the symposium and if you have any fur-
ther questions, please do not hesitate 
to contact the Symposium Secretariat 
(info@5ics.org).

Second International Workshop on 
“Biosensors for Food Safety and 

Environmental Monitoring”
November 10-12, 2005

Agadir, Morocco

The second workshop on Biosensors 
for Food Safety and Environmental Moni-
toring will bring together experts and 
those who are interested in the themes 
of the workshop. It will include plenary 
lectures, oral and poster presentations. 
It follows the same aims as the previ-
ous workshop organized in Marrakech 
in 2003.

Steering Committee
A. Amine, Chairman (Morocco), C.M.A. 

Brett (Portugal), G. Palleschi (Italy).

International Scientific Committee
A. Amine (Morocco), D. Barcelo 

(Spain), C.M.A. Brett (Portugal), L. Gor-
ton (Sweden), J. Hart (UK), J-M. Kauff-

http://www.aaccnet.org/sections/sectionsdetail.cfm?CODE=EUROPE
http://www.cerealsandeurope.net/
http://www.5ics.org/
http://www.5ics.org/
mailto:info@5ics.org
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mann (Belgium), J-L. Marty (France), G. 
Palleschi (Italy), F. Scheller (Germany), 
K. Sode (Japan).

Scientific Programme
The workshop will feature all aspects 

of the highly interdisciplinary area of 
biosensors with emphasize on the ap-
plication of biosensors on food safety and 
environmental monitoring. It will cover 
the following topics:

- Enzyme-based biosensors;
- Nucleic acid sensors;
- Immunosensors;
- Whole cell-based biosensors;
- Nanotechnology and biosensors;
- Validation of biosensors in real envi-

ronmental and food samples;
- Commercial developments and mar-

kets.

Invited Speakers
- F. Scheller, University of Potsdam 

(Germany).
- K. Sode, Tokyo University of Agricul-

ture and Technology (Japan).

Language
The official language of the Workshop 

is English.

Important deadlines
April 1st, 2005: Pre-registration.
September 16th, 2005: Submission of 

the abstracts.
September 26th, 2005: Information 

to authors about acceptance of ab-
stracts.

September 30th, 2005: Early registra-
tion with reduced fee.

More information
More information can be found at the 

Web site: http://www.univh2m.ac.ma/
/biosensors.

Corresponding address:
Professor Aziz Amine, Faculté des 

Sciences et Techniques, B.P. 146, 20 
800 Mohammedia, Morocco, Tel.: ++212 
23 314705; Fax: ++212 23 315353; 

E-mail: a.amine@univh2m.ac.ma, 
azizamine@yahoo.fr.

Conference on: “ Food Safety and 
Quality in Europe.

Role of Food Microbiologists and 
Technologists.”

Rome, January 19, 2005

S.I.S.T.Al (Italian Society of Food Sci-
ence and Technology), and S.I.M.T.R.E.A.  
(Italian Society of Food and Environmental 
Microbiology), together with Federalimen-
tare (Federation for the Italian Food Indus-
try), have organized a Conference with the 
aim of promoting synergistic partnerships 
between the  academic and industrial food 
world. The  need to plan this type of event 
arises from actual food safety and quality 
problems created by scientific and techno-
logical progress and globalization. At the 
same time, the scientific research com-
munity ( technologists, microbiologists, 
biochemists, nutritionists, veterinarians, 
etc) has developed new synergic tools to 
resolve these critical problems.

In Europe, increasing interest on the 
part of the consumer and legislator has 
led to the constitution of the European 
Food Safety Authority (EFSA). 

During the first part of this event 
(9.30-13.30) the main role of S.I.S.T.Al 
and S.I.M.T.R.E.A. members profession-
alism will be discussed, then the Minis-
tries’ representatives will explain their 
ideas about European food safety prob-
lems. In the second part (15.00 –17.00) a 
round table will take place to discuss and 
encourage  co-operation among members 
of the scientific community, industry and 
institutional organizations.

The Conference is sponsored by the 
European Food Safety Authority (EFSA), 
the Italian Ministries of Productive Ac-
tivities, of Agricultural Resources, of 
Education, Universities and Research, 
of Health and A.I.T.A., Italian Association 
of Food Technology.

http://www.univh2m.ac.ma//biosensors
http://www.univh2m.ac.ma//biosensors
mailto:a.amine@univh2m.ac.ma
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GUIDE FOR AUTHORS
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1. Manuscript Preparation

(1) Manuscripts must be typed, double-spaced and two copies submitted along with 
the computer disk. There should be liberal margins on top, bottom and sides (2.5 cm). 
English is the official language. Authors who are not fluent in written English must 
seek help from a person fluent in scientific English. The Assistant Editor reserves the 
right to make literary corrections and to make suggestions to improve brevity, but the 
paper must be revised by a native English speaker before submission. 

Pages and lines on all pages, including those pages for “References” and figure legends, 
must be electronically numbered in the left margin, beginning with number one at 
the top of the page.

The paper must also be submitted on a Macintosh or Windows floppy disk. Indicate 
which word processor was used to generate the file and save the file also in format 
“Text only”, DCA-RTF or ASCII, if you do not have programs for Macintosh; graphics, 
pictures and diagrams must be saved in TIF, JPEG, EPS, CGM or PICT formats (not 
included in MsWord documents).

(2) Every paper should be divided under the following headings in this order:
Title. Informative of the content of the article (<50 characters + spaces). Author(s). 

Initials and Surname, omit professional and official titles. The Institute and address 
where the research was carried out and the current address of each author should be 
given as a footnote on the title page. 

Abstract. Clearly state the objective of the study, give a concise description of 
experiment(s), observations, results and conclusions. No references should be cited. 
DO NOT EXCEED 100 WORDS. An abstract and title in Italian (corresponding to the 
English) must also be included. 

Keywords. Up to six words, in alphabetical order, which describe the document must 
be given to aid data retrieval and indexing. 

Introduction. Review pertinent previous work and cite appropriate references. State 
the purpose of the investigation. 

Materials and Methods. Indicate apparatus, instruments, reagents, etc., giving 
sufficient detail to allow the work to be repeated. 

Results and Conclusions. Results and Conclusions may be presented together or 
separately. Concisely present results using tables and figures to help justify conclusions 
(do not present the same information in both forms). Use statistical analysis when 
appropriate. Unsupported hypotheses should be avoided. Conclusions should point 
out the significance of the findings and, if possible, relate the new findings to some 
problem in Food Science and Technology.

Acknowledgments. Acknowledgments of assistance are appropriate provided they 
are not related to analyses, or other services performed for a fee. Financial support, 
thanks for assistance, article number or thesis fulfillment may be included.

Units. A list of units particular to the paper may be included. 
References. References should be arranged alphabetically, and for the same author 

should be arranged consecutively by year, typed double-spaced. Each individual citation 
should begin flush left (no indentation). Refer to attached examples taken from “Style 
Guide for Research Papers” by the Institute of Food Technologists (Chicago - Illinois 
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- USA). Literature citations in the text should be referred to by name and year in 
parentheses (only the initials in capital letters). If there are more than two authors, 
mention the first author and add et al.

(3) Tables should be as few and as simple as possible and include only essential 
data. Each table must be on a separate sheet and saved on floppy disk, and have an 
Arabic number, e.g.  Table 4  NOT  Tab. 4.  Legends must be self-explanatory and on 
a separate sheet. Use lower-case letters for footnotes in tables and explain below the 
table in the order in which they appear in the table.

(4) Figures must be drawn on separate sheets of paper and saved on floppy disk in 
TIF, JPEG, EPS, CGM or PICT formats. They should be drawn so that on 50% reduction, 
lines, figures and symbols will be clearly legible and not overcrowded. A photocopy of how 
the figure should appear must be included. Photographs must be unmounted, glossy 
prints or slides. All figures must be given Arabic numbers, e.g. Fig. 3, in the text and in 
the final copy only on the back where the title of the paper, the senior author’s surname 
and the top of the illustration must also be marked; for reviewing procedures, do not 
include this information in the first submitted copies. Legends for figures must be self-
explanatory and should be typed on a separate sheet under “Legends to Figures”.

(5) Standard Usage, Abbreviations and Units. The Concise Oxford and Webster’s 
English Dictionaries are the references for spelling and hyphenation. Statistics and 
measurements should always be given in figures, e.g. 10 min, except when the number 
begins a sentence. When the number does not refer to a unit of measurement it is spelled 
out unless it is 100 or greater. Abbreviations should be used sparingly, only when long 
or unwieldy names occur frequently, and never in the title; they should be given at the 
first mention of the name. International Standard abbreviations should generally be 
used except where they conflict with current practice or are confusing. For example, 3 
mm rather than 3x10-3 m. Abbreviations should be defined the first time that they are 
used in the text and they should be used consistently thereafter. Temperatures should 
be expressed in the Celsius (centigrade) scale. Chemical formulae and solutions must 
specify the form used, e.g. anhydrous or hydrated, and the concentration must be in 
clearly defined units. Common species names should be followed by the Latin binomial 
(italics) at the first mention. For subsequent use, the generic name should be contracted 
to a single letter if it is unambiguous.

2. Review Policy

Scientific contributions in one of the following forms may be submitted: 
Opinions and Reviews - Papers may be sent directly to the Editor-in-Chief who will 

decide upon publication or articles will be requested directly from the authors by the 
Editor-in-Chief.

Short Communications and Surveys - They do not need to have the formal organization 
of a research paper; they will receive priority in publication; 

Papers - The paper must follow manuscript preparation. 
Short Communications, Surveys and Papers will be subjected to critical review by 

the referees. Upon receiving papers from authors, the Advisory Board with the Editor-
in-Chief will select papers in relationship to innovation and originality and send copies 
to the referees. A letter stating that the paper has been accepted for refereeing will be 
sent to the authors. Papers needing revision will be returned to the author, and the 
author must return the revised manuscript to the Editor-in-Chief, otherwise the paper 
will be considered as withdrawn. Papers not suitable for publication will be returned 
to the author with a statement of reasons for rejection.
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3. Editorial Policy

Referees may not be from the same institution as the author. Referees should make 
their comments and questions in detail and return the paper to the Editor-in-Chief as 
soon as possible, usually within 4 weeks. The identity and the report of the referees are 
made known to the Editor-in-Chief, but only the anonymous report is routinely sent 
to the author. If all referees recommend acceptance or rejection, the decision stands. 
If the opinions of the referees tie, the Editor-in-Chief has the freedom to decide upon 
acceptance or rejection of the paper. Manuscripts will be edited in the order received 
and accepted papers will be published as closely as possible in this order. A letter an-
nouncing the issue of publication will be sent to the author after the manuscript has 
been accepted by the Editor-in-Chief. Each paper is accepted with the understanding 
that it is the sole document under active consideration for publication covering the work 
reported (it has NOT been previously published, accepted or submitted for publication 
elsewhere). Upon acceptance of the paper for publication, the author agrees to pay the 
page charges as published on the first page of each issue. Authors take full responsibil-
ity for all opinions stated in their papers and published in this journal.

4. Mailing Instructions

Papers for publication and communications regarding editorial matters 
should be sent to:
Prof. Paolo Fantozzi or Dr. Mary F. Traynor, F.S.E.
Dipartimento di Scienza degli Alimenti, Università di Perugia, S. Costanzo,
I - 06126 Perugia, Italy
E-mail: ijfs@unipg.it or paolofan@unipg.it

(Anonymous)
Anonymous. 1982. Tomato product invention merits CTRI 

Award. Food Technol. 36(9): 23.

(Book)
AOAC. 1980. “Official Methods of Analysis” 13th ed. Association 

of Official Analytical Chemists, Washington, DC.
Weast, R.C. (Ed.). 1981 “Handbook of Chemistry and Physics” 

62nd ed. The Chemical Ruber Co. Cleveland, OH.

(Bulletin, circular)
Willets C.O. and Hill, C.H. 1976. Maple syrup producers 

manual Agric. Handbook No. 134, U.S. Dept. of Agri-
culture, Washington, DC.

(Chapter of book)
Hood L.F. 1982. Current concepts of starch structure. Ch. 

13. In “Food Carbohydrates”. D.R. Lineback and G.E. 
Inglett (Ed.), p. 217. AVI Publishing Co., Westport, CT.

(Journal)
Cardello A.V. and Maller O. 1982. Acceptability of water, 

selected beverages and foods as a function of serving 
temperature. J. Food Sci. 47: 1549.

IFT Sensory Evaluation Div. 1981a. Sensory evaluation guide 
for testing food and beverage products. Food Technol. 
35 (11): 50.

IFT Sensory Evaluation Div. 1981b. Guidelines for the prepa-
ration and review of papers reporting sensory evaluation 
data. Food Technol. 35(4): 16.

(Non-English reference)
Minguez-Mosquera M.I., Franquelo Camacho A, and Fernandez 

Diez M.J. 1981. Pastas de pimiento. I. Normalizacion de la 
medida del color. Grasas y Aceites 33 (1): 1.

(Paper accepted)
Bhowmik S.R. and Hayakawa, K. 1983. Influence of selected 

thermal processing conditions on steam consumption 
and on mass average sterilizing values. J. Food Sci. In 
press.

(Paper presented)
Takeguchi C.A. 1982. Regulatory aspects of food irradiation. 

Paper No. 8, presented at 42nd Annual Meeting of Inst. of 
Food Technologists, Las Vegas, NV, June 22-25.

(Patent)
Nezbed R.I. 1974. Amorphous beta lactose for tableting U.S. 

patent 3,802,911, April 9.

(Secondary source)
Sakata R., Ohso M. and Nagata Y. 1981. Effect of porcine 

muscle conditions on the color of cooked cured meat. 
Agric. & Biol. Chem. 45 (9): 2077. (In Food Sci. Technol. 
Abstr. (1982) 14 (5): 5S877).

Wehrmann K.H. 1961. Apple flavor. Ph. D. thesis. Michigan 
State Univ., East Lansing. Quoted in Wehrmann, K.H. 
(1966). “Newer Knowledge of Apple Constitution”, p. 141, 
Academic Press, New York.

(Thesis)
Gejl-Hansen F. 1977. Microstructure and stability of freeze-

dried solute containing oil-in-water emulsions. Sc. D. 
Thesis, Massachusetts Inst. of Technology, Cambridge.

(Unpublished data/letter)
Peleg M. 1982. Unpublished data. Dept. of Food Engi-

neering., Univ. of Massachusetts, Amherst.
Bills D.D. 1982. Private communication. USDA-ARS. Eastern 

Regional Research Center, Philadelphia, PA.

REFERENCE EXAMPLES
EXAMPLES of use in a Reference list are given below. The bold-faced parenthetical type of citation above the example 
is indicated ONLY for information and is NOT to be included in the reference list.
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