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REVIEW
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Time-Temperature Indicator -

NEW TECHNOLOGIES
FOR EXTENDING SHELF LIFE

NUOVE TECNOLOGIE PER PROLUNGARE LA SHELF LIFE
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Biotechnology and Food Science, Ås, Norway
3Norwegian University of Life Sciences,
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AbstrAct

some of the most important fac-
tors that reduce the shelf life of many 
foods are oxygen, light, spoilage bacte-
ria and inadequate cooling. the strat-
egies followed by Matforsk – Norwe-
gian Food research Institute in efforts 
to prevent or limit the damage caused 
by these factors are 1) to understand 
the effects of oxygen and light of vary-
ing wavelengths on different foods and 
2) to develop protection for the food 
using adequate light and oxygen bar-
rier packaging and protective cultures 

rIAssuNto

Alcuni dei più importanti fattori che 
riducono la shelf life di molti alimenti 
sono l’ossigeno, la luce, la contamina-
zione batterica e la refrigerazione ina-
deguata. Le strategie seguite dal Ma-
tforsk – Norwegian Food research In-
stitute per prevenire o limitare i danni 
causati da questi fattori sono 1) com-
prendere gli effetti dell’ossigeno e del-
la luce di differenti lunghezze d’onda 
su diversi alimenti e 2) migliorare la 
protezione degli alimenti utilizzando 
adeguati confezionamenti che funga-



128  Ital. J. Food Sci. n. 2, vol. 19 - 2007

and antioxidative marinades. Applica-
tion of the right packaging gas for dif-
ferent types of food, including the use 
of an active packaging concept such 
as a co2-emitter, is also crucial for en-
suring sensory and microbial shelf life. 
Fighting spoilage and pathogenic bacte-
ria may also be done by means of pro-
tective, bacteriocin-producing bacte-
rial cultures. Inadequate cooling may 
be detected by means of an intelligent 
packaging concept such as time-tem-
perature Indicators. this paper is a re-
view of seven recent studies conduct-
ed at Matforsk that were undertaken in 
an effort to extend the shelf life of dif-
ferent types of food, including extrud-
ed oats, cheese, butter, fresh salmon, 
smoked salmon, fresh cod, ground beef 
and cooked poultry meat cuts.

no da barriera per la luce e l’ossigeno, 
colture microbiche protettive e mari-
nature con funzione antiossidante. 
L’utilizzazione per il confezionamen-
to di un gas idoneo a ogni determi-
nato alimento e l’utilizzo del concet-
to di confezionamento attivo, come ad 
esempio un emettitore di co2, costi-
tuisce elemento cruciale per garanti-
re la shelf life sensoriale e microbica. 
si può anche combattere lo sviluppo 
di batteri patogeni utilizzando coltu-
re batteriche produttrici di batterioci-
ne. una refrigerazione inadeguata può 
essere individuata mediante l’impie-
go di imballaggi intelligenti, ad esem-
pio con indicatori tempo-temperatu-
ra. Questo lavoro è una rassegna di 
sette studi recentemente condotti a 
Matforsk, svolti al fine di prolungare 
la shelf life di diversi tipi di alimen-
ti, inclusa l’avena estrusa, il formag-
gio, il burro, il salmone fresco, il sal-
mone affumicato, il merluzzo fresco, 
il manzo macinato e tagli di carne di 
pollame cotta.

INtroDuctIoN

Ever since man put his foot on Earth, 
he has faced the challenges of period-
ical supply and the constant demand 
for food. over the centuries, different 
processing techniques have been de-
veloped to secure a constant availa-
bility of nutrients; e.g. drying, salting, 
pickling, smoking, curing and fermen-
tation. today these processing tech-
niques are regarded by many as mere-
ly ways to produce food with desired 
sensory characteristics, but their orig-
inal purpose was to increase the shelf 
life. Developments in food packaging 
were equally important to safeguard the 
quality and wholesomeness of the pre-
served food. the era of simple pottery, 

baskets and leather bags was followed 
by the era of the amphora, the wood-
en barrel and the wooden box. Mod-
ern times brought glass jars and bot-
tles, metal cans for retorting, a variety 
of paper and cardboard packages, and 
finally, a large variety of different types 
and combination of plastic materials. 
In addition, different active and intelli-
gent packaging concepts have been de-
veloped to secure or monitor the qual-
ity of the packaged food. the scope of 
this review paper is to present some of 
the recent studies undertaken at MAt-
ForsK As – Norwegian Food research 
Institute, to prolong, secure or moni-
tor the shelf life and safety of various 
types of food with emphasis on differ-
ent packaging techniques.
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CO2-EMITTERS FOR EXTENSION
OF SHELF LIFE FOR FRESH, 

FARMED COD (Gadus morhua L.)

INtroDuctIoN

In modified atmosphere packaging 
(MAP) of perishable food co2 is the most 
important component in the gas mixture 
because of its antimicrobial activity. A 
co2-enriched atmosphere is therefore 
added to achieve a prolonged shelf life 
and preserve quality. An increased con-
centration of co2 leads to an increased 
inhibition of bacterial growth (bAGGE-
rAVN et al., 2003; DEVLIEGhErE and 
DEbEVErE, 2000; DEVLIEGhErE et al., 
1998). Processing parameters like gas/
product volume ratio (G/P-ratio) and the 
initial gas concentrations are important 
factors that determine the final effect of 
MAP (DEVLIEGhErE et al., 1998).

co2-absorption and thereby inhibi-
tion of bacterial growth increase with 
decreasing temperature (GILL and tAN, 
1979). therefore the shelf life of MAP fish 
is greatly influenced by temperature be-
cause co2-absorption increases with de-
creasing temperature. Low storage tem-
perature alone can prolong the shelf life, 
but in the case of MAP the effect of co2 
is increased with a temperature as close 
as possible to 0°c. this is a challenge 
throughout the whole distribution chain, 
but is essential in order to achieve the 
desired shelf life and safety of modified 
atmosphere packaged seafood.

trimethylaminoxide (tMAo) forms 
part of the easily available nitrogen-
sources in gadoid fish (oEhLENschLAG-
Er, 1992), where it may serve as an 
osmo-regulator (LoVE, 1988). Lean, tri-
methylaminoxide-containing fish such 
as cod should not be stored in the ab-
sence of oxygen, because certain spoil-
age bacteria may convert the tMAo to 
trimethylamine (tMA), which has an un-
desirable, rotten smell. An atmosphere 
containing 60% co2 and 40% o2 has 
been reported to be the most effective 

to prevent the production of tMA (DE-
bEVErE and bosKou, 1996) since the 
availability of oxygen decreases the use 
of tMAo as a secondary electron ac-
ceptor.

the aim of this ongoing research activ-
ity is to reduce the headspace and there-
by reduce the transport costs of modi-
fied-atmosphere packages without com-
promising quality, safety and shelf life 
by means of a co2-emitter. A co2-emit-
ter releases co2-gas into the package af-
ter sealing to compensate for the gas ab-
sorbed by the water and fat of the prod-
uct. this prevents package collapse and 
maintains a high co2-concentration in-
side the package (hANsEN et al., 2005; 
EIE et al., 2003; 2004).

MAtErIALs AND MEthoDs

Farmed cod were harvested, cooled in 
chilled (2°c) seawater, killed by gill cut,  
and a blow to the head, transferred to 
a bleeding tank and gutted immediate-
ly after 10-15 min. half of the fish were 
filleted pre-rigor and the other half were 
stored on ice and filleted post-rigor 5 
days later. the fish fillet cuts were pack-
aged on the same days as filleting. All the 
packages were stored at 1.3°c.

the co2-emitter was made by mix-
ing dry Nahco3 and citric acid before 
placing a humidity absorber inside and 
adding small amounts of sterile water to 
each absorber immediately before seal-
ing the package.

high Density Polyethylene trays (127 
mL for the G/P 1.6:1 emitter samples 
and 283 mL for the G/P 4.4:1 MAP sam-
ples) were sealed with a Dyno type 462-
VGA tray sealing machine (all from Poli-
moon as, Kristiansand, Norway) using 
an EVoh-containing barrier top web 
(Esb 65 hFP, Wipak, Finland). the 60% 
co2/40% o2 gas mixture used was sup-
plied by Yara Industrial As (oslo, Nor-
way). Vacuum-packed samples were 
sealed on a Verbomatic c 15-hL vacu-
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um-chamber machine (Verbomatic, bo-
chum, Germany) in 20 µm Polyamide/70 
µm Polyethylene vacuum bags (Linvac 
Plastic Pountivy s.A., Noyal-Puntivy, 
France).

headspace co2-content (checkPoint 
o2/co2 analyser from PbI Dansensor, 
ringsted, Denmark), drip loss (weight 
increase of the humidity absorber), total 
bacteria count (on Long&hammer Agar), 
tMA-content (Gc-Ms method) and sen-
sory quality (using a trained panel con-
sisting of 10 persons).

rEsuLts AND DIscussIoN

the results (average of pre-and post-
rigor samples) are shown in Figs. 1-5. 
Fig. 1 shows that severe drip losses oc-
curred for the three different packaging 
methods. In the first half of the storage 
period, the drip loss was much higher for 
the vacuum-packed samples than for the 
two MAP samples, probably because vac-
uum-packaging is a mechanically rough 
packaging method for high-moisture, 
delicate foods, such as fish fillets.

Fig. 2 shows that in the tradition-
al MAP samples (MAP G/P 4.4:1) the 
co2-concentration decreased as the 
co2-gas was absorbed by the prod-

Fig. 1 - Development of drip 
loss in packages of MAP 
with G/P-ratio 4.4:1, MAP 
with a co2-emitter and G/
P-ratio 1.6:1 and vacuum 
during storage at 1.3°c (av-
erage of pre- and post-rigor 
filleted farmed cod).

uct. this caused a slight vacuum-effect 
which increased the o2-concentration. 
In the emitter-samples, the co2-con-
centration increased until day 7, more 
than counterbalancing co2 absorption 
by the cod fillet. hence, a slight over-
pressure in the package was observed, 
which diluted and thereby lowered the 
o2-concentration.

Fig. 3 shows more bacterial growth 
in the vacuum-packed samples due to 
lack of the bacteria-inhibiting co2-gas. 
No differences in the bacterial growth 
were observed between the MAP sam-
ples and Emitter samples. Figs. 4 and 5 
show the combined effect of higher bac-
terial growth and no available oxygen in 
the vacuum-packed samples. the tMA 
concentration was much higher and sen-
sory scores for sour odour were higher 
than the co2-containing packages. As 
for bacterial growth, no differences were 
observed between the MAP samples and 
Emitter samples for tMA content and 
sensory score.

coNcLusIoNs

- Packaging with reduced headspace 
and a co2-emitter inhibited bacterial 
growth at least as well as traditional MAP 
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Fig. 2 - Development of 
co2-concentrations and 
o 2-concent ra t i ons  in 
packages of MAP with
G/P-ratio 4.4: 1and MAP 
with a co2-emitter and 
G/P-ratio 1.6:1 during 
storage at 1.3°c (average of 
pre- and post-rigor filleted 
farmed cod).

Fig. 3 - Development of to-
tal bacterial count on Long 
& hammer Agar in packages 
of MAP with G/P-ratio 4.4:1, 
MAP with a co2-emitter and 
G/P-ratio 1.6:1 and vacuum 
during storage at 1.3°c (av-
erage of pre- and post-rigor 
filleted farmed cod).

Fig. 4 - Development of tMA 
(trimethylamine) in packages 
of MAP with G/P-ratio 4.4:1, 
MAP with a co2-emitter and 
G/P-ratio 1.6:1 and vacuum 
during storage at 1.3°c (av-
erage of pre- and post-rigor 
filleted farmed cod).
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with a larger headspace with respect to 
inhibition of bacterial growth, preven-
tion of tMA development and develop-
ment of sour odour.

- Vacuum packaging resulted in great-
er bacterial growth, higher tMA concen-
tration levels, more drip loss and lower 
sensory scores than the two modified at-
mosphere packaging methods.

- A double transport efficiency was 
achieved with the use of co2-emitter 
compared to traditional MAP-technology.

THE USE OF TIME-TEMPERATURE 
INDICATOR FOR MAP FRESH MEAT

INtroDuctIoN

time-temperature indicators (ttI) can 
be defined as simple, inexpensive devic-
es that can show an easily measurable, 
time-temperature-dependent change 
that reflects the full or partial tempera-
ture history of a food product to which 
it is attached (tAouKIs and LAbuzA, 
1989a). ttI works as a flexible “use by” 
date where the ttI-indicated shelf life 
depends on the actual time/tempera-
ture history of the product throughout 

the distribution chain. the ttI adjusts 
the shelf life indication according to the 
real distribution temperature, and not 
the estimated, ideal or regulatory “use 
by” date. tAouKIs and LAbuzA (1989a, 
b; 2003) have shown that ttIs can be 
used as quality monitors for distribu-
tion control and stock rotation manage-
ment instead of, or in conjunction with, 
“best-before” dates.

the Arrhenius equation states the de-
pendence of a reaction rate as a function 
of temperature according to:

k= A·e-(Ea/r·t),

where k= rate of reaction, A= constant, 
r= universal gas constant, t= Absolute 
temperature (in ºK) and Ea= Arrhenius 
energy of activation.

the energy of activation (Ea) defines 
the temperature sensitivity of a given 
reaction, that is the time/temperature 
impact needed to provoke a given re-
sponse, e.g., the total bacterial count 
needed to reach a certain (unacceptable) 
level, the sensory properties to become 
unacceptable and the ttI to change ap-
pearance, such as colour. the energy of 
activation can be found by applying re-

Fig. 5 - Development of sour 
odour in packages of MAP 
with G/P-ratio 4.4:1, MAP 
with a co2-emitter and G/
P-ratio 1.6:1 and vacuum 
during storage at 1.3°c (av-
erage of pre- and post-rigor 
filleted farmed cod).
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sponse time results from a storage ex-
periment at ≥3 temperatures in an Ar-
rhenius plot. As different food deterio-
ration processes have different temper-
ature sensitivities and different shelf 
lives at a given temperature, the pro-
ducer of the ttI must be able to adjust 
both the energy of activation (Ea) and 
the response time according to the ac-
tual food product.

roGNEruD (2002) investigated the 
suitability of a ttI to monitor and com-
municate the shelf life of two fresh meat 
products packed in a modified atmos-
phere.

MAtErIALs AND MEthoDs

the VItsAb® M2-20 ttI (VItsAb Ab, 
Malmö, sweden) was used to study its 
suitability for commercially produced 
and MA-packed shredded pork and 
ground beef. the VItsAb® M2-20 ttI 
had an energy of activation of 109 kJ/
mol and a response time of 20 days at 
2ºc, indicated by a colour change from 
green to yellow. the colour changes of 
the ttIs at all 3 temperatures were fre-
quently observed visually to determine 
the time at which the enzyme/substrate/
indicator solution inside the indicator 
changed from green to yellow.

the “use-by” date for the MA-packed 
shredded pork and ground beef were, re-
spectively, 13 and 14 days at a recom-
mended (and legal) storage temperature 
of 0°-4°c. the meat products were in-
cubated at 2°, 4° and 8°c (the ideal, le-
gal and abuse temperatures in the dis-
tribution).

During the incubation period, the to-
tal plate counts on standard Plate count 
Agar (APhA, cM0463, oxoid Ltd., hamp-
shire, u.K.) for the products was as-
sessed after 2, 9, 15, 22 and 30 days at 
2°c, after 2, 9, 15, 22 and 26 days at 
4ºc and after 2, 9, 11 and 15 days at 
8ºc. the bacterial plates were incubat-
ed at 20ºc for 4 days before counting 

the colonies. the response times for total 
plate counts were based on the number 
of days needed for the total plate count 
to reach 106 cfu/g for the different tem-
peratures and products.

the Arrhenius equation was used to 
calculate the activation energy for the ttI 
based on both visual reading of the ttI 
colour and the time for total plate count 
to reach 106 cfu/g at 2°, 4° and 8ºc.

rEsuLts AND DIscussIoN

the increase in total plate count at 2°, 
4° and 8ºc in ground beef and shred-
ded pork is shown in Figs. 6 and 7. ta-
ble 1 shows the response times extract-
ed from the curves in Figs. 6 and 7, the 
corresponding activation energy (Ea) val-
ues and the correlation coefficients. ta-
ble 1 also includes the response times, 
Ea-value and correlation coefficient of 
the VItsAb® M2-20 ttI as specified by 
the producer, and the values obtained 
by visual determination of the ttI col-
our change.

Figs. 6 and 7 and table 1 show that 
the temperature had a significant impact 
on bacterial shelf life and the time need-
ed for the bacterial growth to reach 106 
cfu/g. they also show that the VItsAb® 
M2-20 ttI was well suited for the prod-
ucts with respect to activation energy. 
the values were well within the sug-
gested maximum 10 kcal/mol (42 kJ/
mol) discrepancy (tAouKIs and LAbu-
zA, 1989a). the visual response times 
at 2° and 8°c fit well with the total plate 
count response times for both meat 
products at both temperatures. At 4°c, 
however, the visual response of the ttI 
indicated a much longer shelf life (16 
days) than the number of days needed 
to reach 106 cfu/g (~13 days). It should 
be noted that these products were fully 
edible at 106 cfu/g and most probably 3 
days later when the ttI changed colour 
when the bacterial counts were well be-
low 107 cfu/g.
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Fig. 6 - Development of 
total plate count in mod-
ified atmosphere packed 
ground beef at 2°, 4° and 
8ºc. Data from roGNEr-
uD (2002).

Fig. 7 - Development of 
total plate count in mod-
ified atmosphere packed 
shredded pork at 2°, 
4° and 8ºc. Data from 
roGNEruD (2002).

table 1 - response times (in days) at 2°, 4° and 8ºc of ttI (according to manufacturer’s specifica-
tion and as observed visually) and for growth to 106 cfu/g of total count bacteria in ground beef and 
shredded pork and the corresponding, calculated activation energy (Ea) and r2. Data compiled from 
roGNEruD (2002).

	 2°C	 4°C	 8°C	 Ea	(kJ/mol)	 r2

TTI	response	according	to	specification	 20.0	 14.0	 7.2	 109.0	 1.0000
TTI	response,	visually	observed	 22.0	 16.0	 8.0	 108.8	 0.9994
Total	plate	count	response,	ground	beef	 22.4	 12.8	 8.0	 106.2	 0.9483
Total	plate	count	response,	shredded	pork	 21.5	 12.8	 8.0	 101.7	 0.9553

coNcLusIoNs

- the VItsAb® M2-20 ttI followed an 
Arrhenius behaviour with good linear fit 
within the tested temperature range.

- the VItsAb® M2-20 ttI was suita-

ble for the tested products with respect 
to response times. the activation ener-
gy (Ea) was within the suggested max-
imum discrepancy from the total plate 
count limit of the products.

- ttI has a potential for use with fresh 
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meat products packed in modified at-
mospheres.

THE EFFECT OF LIGHT
AND OXYGEN ON EXTRUDED OATS

INtroDuctIoN

oxidation of lipids and other food in-
gredients is one of the major factors lim-
iting the shelf life of microbiologically 
stable foods, such as dry or frozen prod-
ucts. Lipid oxidation can be limited by 
reducing the exposure to oxygen and 
light, which are factors that can be con-
trolled by packaging. the oxygen trans-
mission rate is one of the most impor-
tant properties that is evaluated when 
selecting appropriate packaging for a 
food product.

Increased awareness of the health 
benefits associated with oats has re-
newed interest in oat (Avena sativa L.) 
products (MoLtEbErG, 1996). Extruded 
oats are a common ingredient in many 
ready-to-eat breakfast cereals. howev-
er, since dehydrated extruded oats are 
susceptible to lipid oxidation (sJöVALL 
et al., 1997), the packaging and storage 
conditions are crucial to ensure a long 
shelf life for such products.

the Ambient oxygen Ingress rate 
(AoIr) method has been found to be a 
good alternative or supplement to the 
isostatic method (ox-tran) for measur-
ing the oxygen transmission rate (otr) 
of packages. compared to the ox-tran 
method, AoIr equipment is less expen-
sive, has a greater capacity and the otr 
of the packages can be measured under 
test conditions that are more similar to 
the temperature and relative humidity 
conditions used in food storage. Anoth-
er positive aspect of the AoIr method is 
that the headspace oxygen concentra-
tion in nitrogen flushed packages can 
be predicted after a given elapsed time 
(LArsEN et al., 2000, 2002).

the objective of the present work was 
to study how the oxygen transmission 
rate of packages, in combination with 
light and temperature, influences the 
rancidity of extruded oat pellets (LArsEN 
et al., 2003).

MAtErIALs AND MEthoDs

Extruded oats were packaged with 
100% N2 on a tiromat Powerpack 300 
thermoforming machine (bakel, hol-
land) in films with different oxygen bar-
riers to give packages (120x143x68 mm) 
with oxygen transmission rates of 0.03-
0.09, 0.42-1.59 and 3.93-10.66 mL o2/
pkg·day at 23°-38°c at 50% rh, as de-
termined by the AoIr method (LArsEN 
et al., 2000).

the packages were stored either in 
the dark, or in the light (960-1390 Lux, 
warmwhite 36W/830 fluorescent tubes 
from Auralight, oslo, Norway) at 23° and 
38°c for 3 months.

the o2-concentration in the head-
space of packages filled with extrud-
ed oats was measured after 1, 2 and 3 
months of storage by removing 10 mL 
gas samples with a disposable syringe 
through self-sealing septa on the pack-
ages and injecting the samples into a 
MocoN toray oxygen analyzer Lc-700F 
(Modern controls Inc., Minneapolis, 
Minnesota, usA).

Paint odour was assessed by descrip-
tive sensory analysis (Iso, 1985) per-
formed by an accredited sensory lab-
oratory employing a panel of 10-11 
trained (Iso, 1993) assessors after 1, 
2 and 3 months of storage using a 9-
point scale. test samples were com-
pared with reference samples stored ei-
ther at 23°c in vacuum-packed alumin-
ium foil/PE pouches, or in light at 38°c 
for 4 weeks in PE pouches. Estimated 
times for the onset of paint odour (i.e. 
sensory score for paint odour ≥ 3) were 
based on linear regression (LArsEN, 
2002).
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rEsuLts AND DIscussIoN

the oat pellets had a high lipid con-
tent (10.7% dry solid) with a relatively 
high proportion of unsaturated fatty ac-
ids (79.9% of fat) (LArsEN et al., 2003) 
which made them susceptible to oxida-
tion. the sensory scores of paint odour 
after 3 months under the different pack-
aging and storage conditions are shown 
in Fig. 8. Fig. 9 shows the calculated o2-
concentration in empty N2-filled packag-
es (based on the equations from the AoIr 
method (LArsEN et al., 2002) and the ac-

Fig. 8 - senso-
ry score of paint 
odour  a f t e r  3 
months of stor-
age in the light or 
in the dark at 23° 
or 38°c at 50% rh 
in packages with 
low, medium and 
high otr. Data 
from LArsEN et 
al. (2003).

tual o2-concentration in packages filled 
with extruded oat pellets and stored un-
der the different light and temperature 
conditions. the arrows in Fig. 9 indicate 
the estimated onset of paint odour found 
by linear regression of the sensory re-
sults after 1, 2 and 3 months, assuming 
that rancidity was detected when sen-
sory scores for paint odour were signifi-
cantly different from the reference sam-
ple packed in ALu/PE (i.e. ≥3).

both Figs. show that light was the de-
sign factor that had the greatest effect 
on the development of paint odour. the 

Fig. 9 - calculated 
headspace o2-concen-
tration curves in emp-
ty N2-filled packages 
and analysed develop-
ment of o2 in the same 
packages, but filled 
with N2-packed extrud-
ed oats at 23°c/50% 
rh and at 38°c/50% 
rh. Arrows indicate 
estimated time for sen-
sory score ≥3 for paint 
odour. open symbols 
and arrows: illumi-
nated storage. Filled 
symbols and arrows: 
Dark storage. Data 
from LArsEN (2002); 
LArsEN et al. (2003).
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effect of light was most predominant 
when combined with high oxygen lev-
els (i.e. medium and high otr packag-
es) and high storage temperature. Dur-
ing the 3-month storage period no dis-
tinct paint odour developed in packages 
with low oxygen transmission rates, not 
even at 38°c with light exposure. oat 
pellets packaged in high and medium 
otr packages were, in most cases, very 
rancid (high score of paint odour) after 
3 months, except for samples stored at 
23°c in the dark. this clearly shows the 
effect of temperature, oxygen and light 
on the development of rancidity in ex-
truded oat pellets.

the deviation between the calculat-
ed o2-concentration in empty, N2-filled 
packages and the measured o2-concen-
tration in packages with oat pellets indi-
cates major o2-consumption due to se-
vere oxidation. this was apparent after 
3 months at 23°c and after both 2 and 
3 months at 38°c. the deviation was 
more pronounced in light-exposed sam-
ples. these observations are in agree-
ment with those of LAbuzA (1971) who 
distinguished between the induction pe-
riod of oxidation and the bimolecular pe-
riod, with the latter having an exponen-
tial oxygen uptake. the high oxygen up-
take observed after 2 and 3 months in 
medium and high otr packages, espe-
cially at 38°c in the light-exposed sam-
ples, indicates that these samples were 
in the bimolecular period. there was 
marked oxidation with an oxygen uptake 
that exceeded the oxygen transmission 
into the packages.

Fig. 9 may be regarded as a “shelf life 
map” where the effect of time, tempera-
ture, oxygen and light on shelf life may 
be considered. these correlations may 
be used to estimate shelf life for a given 
packaging material under given temper-
ature and light conditions, or to find the 
required barrier properties of the pack-
aging material in order to achieve a giv-
en shelf life when the temperature and 
light conditions are known.

In later experiments LArsEN et al. 
(2005) showed that by accelerating the 
shelf life testing by increasing the tem-
perature from 23° to 38°c, the packaging 
evaluation test for extruded oats stored 
in the dark could be performed in one-
third the time.

coNcLusIoNs

- Light-exposed oat pellets packed in 
medium and high otr packages became 
highly rancid at 23° and 38°c during a 
3-month storage period.

- oat pellets stored at 38°c in the dark 
became rancid only in medium and high 
otr packages.

- oat pellets in low otr packages did 
not become rancid during the 3-month 
storage period, not even at 38°c under 
light exposure.

THE EFFECT OF LIGHT
AND OXYGEN ON CREAM CHEESE

INtroDuctIoN

A single polymer is often not adequate 
for a package in most food applications, 
because it cannot provide all the prop-
erties needed to create suitable barri-
er characteristics (stöLLMAN et al., 
1994). the most common technologies 
for producing moulded plastic contain-
ers for solid or semi-solid foods are in-
jection moulding and sheet thermofor-
ming. thermoforming is a relatively old 
and simple process by which a thermo-
plastic sheet is heated to its softening 
temperature (above tg for non-crystal-
line thermoplastics and near tg for crys-
talline ones), usually by means of an in-
fra-red radiant panel heater (GrooVEr, 
2002; robErtsoN, 1992). the poor con-
trol of thickness distribution is the major 
limitation of thermoforming. the deep-
er the draw, the less uniform the wall 
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thickness and thereby the barrier prop-
erties. Irregular thickness can be a seri-
ous problem when there is a thin barri-
er in the composite sheet to be thermo-
formed and the finished package is in-
tended to be used for perishable foods 
(PIErGIoVANNI et al., 1996).

Lipid oxidation is a major factor that 
affects the quality of processed dairy 
products, especially during long periods 
of storage (KrIstENsEN and sKIbstED, 
1999). Autoxidation of unsaturated lip-
ids involves the formation of free radicals 
followed by the formation of hydroperox-
ides; secondary lipid oxidation products 
are then formed. the oxidation leads to 
the formation of various volatile carbon-
yl compounds, which are responsible for 
off-flavours. Dairy products are often ex-
posed to light during retail storage and 
display. Light is known to initiate oxi-
dation processes in foods, which leads 
to the loss of valuable nutrients and the 
reduction of sensory quality.

the aim of the present study was to 
evaluate the effect of different otr val-
ues of packages on the oxidative stability 
of cream cheese stored in the dark or ex-
posed to light (PEttErsEN et al., 2005).

MAtErIALs AND MEthoDs

commercial grade, unflavoured cream 
cheese (28% fat) made from bovine milk 
and cream, salt and stabiliser was ob-
tained from tINE Meieriet Vest hardan-
ger (Øystese, Norway).

the cheese was packaged direct-
ly from the cheese production line in 
195x135x50 mm (1222 mL) thermofor-
med trays and a 52 μm PEt/Alox/PE 
lid film (südpack Verpackungen, och-
senhausen, Germany) using “soft vacu-
um” on a Polimoon 500 VG semi-auto-
matic tray-sealing machine (Polimoon, 
Kristiansand, Norway). only cheese from 
the corners of the trays was used for the 
analyses. the sheets used for thermo-
forming the trays were all commercially 

available: 750 μm transparent and 550 
μm black A-PEt/PE (“Multipet” from 
Wihury oY Wipak, Nastola Finland) and 
750 μm white Ps/EVoh/PE (“Ecoform” 
from südpack Verpackungen (ochsen-
hausen, Germany). the sheets were 
thermoformed to trays on a Kiefel KL 52 
sh thermoforming machine (Paul Kiefel 
Gmbh, Freilassing, Germany) at EKA As 
(hamar, Norway) using plug-assist. the 
thickness of unconverted sheets and the 
bottom centre of trays were measured us-
ing a 543 series Digimatic Indicator (Mi-
tutoyo MFG co. Ltd, Japan).

the otr of unconverted sheets was 
analysed on a Mocon ox-tran 10/50 
(Modern controls Inc., MN, usA) ac-
cording to AstM (1990) at both 23°c 
50% rh and at 23°c 100% rh as de-
scribed in Pettersen et al. (2004). the 
otr of empty trays was measured ac-
cording to the AoIr method (LArsEN et 
al., 2000) at 6°c, 80% rh outside and 
100% rh inside. Light transmission of 
the unconverted packaging material and 
the bottom of the trays was assessed us-
ing a Perkin Elmer Lambda 800 uV/Vis 
spectrometer (Perkin Elmer Ltd., buck-
inghamshire, uK) with an integrating 
sphere. Acidulous and sunlight flavours 
were assessed after 6 months dark/6 
months dark+24 h. illuminated storage 
(5000-6000 Lux, 30 cm from a coolwhite 
Delux 840, Auralight) by an 11-person, 
trained sensory panel according to Iso 
8586:1993. Volatile oxidation products 
were analysed by a dynamic headspace 
Gc-Ms method described by MIELNIK et 
al. (2002).

rEsuLts AND DIscussIoN

trade name, supplier, colour, thick-
ness and otr of packaging materials 
and trays are presented in table 2. Light 
transmission in unconverted sheets and 
in the bottom of the corresponding trays 
with 50 mm drawing depths is shown in 
Fig. 10.
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Fig. 10 - Light trans-
mission in uncon-
verted sheets and in 
the bottom of trays 
with 50 mm drawing 
depths. Data from 
PEttErsEN et al. 
(2005).

table 2 - Packaging material trade name and supplier, laminate structure, colour, sheet and tray bot-
tom thickness and otr of unconverted sheets1 and formed and sealed trays2. Data partly from PEt-
tErsEN et al. (2004; 2005).

Trade	name	 Composition	 Colour	 Thickness	 Drawing	depth	 OTRc

	 	 	 (μm)	 (mm)

Multipet;	Wihuri	OY	 A-PET/PE	 Transparent	 749	 0	 2.24a/2.43b

	 A-PET/PE	 Transparent	 576	 50	 0.06
Multipet;	Wihuri	OY	 A-PET/PE	 Black	 550	 0	 1.15a/3.89b

	 A-PET/PE	 Black	 372	 50	 0.08
Ecoform;	Südpack	 PS/EVOH/PE	 White	 788	 0	 1.24a/50.37b

	 PS/EVOH/PE	 White	 465	 50	 0.03
PETXL/PE;Südpack	 PET/AlOx/PE	 Transparent	 52	 0	(lid	film)	 3.20a/3.03b

1	Measured	according	to	(ASTM,	1990)	at	a23°C	50%	RH	and	at	b23°C	100%	RH:	cmL	O2/m2•day•atm;
2	Measured	 by	AOIR	method	 (LARSEN	et al.,	 2000)	 at	 6°C	 50%	RH	outside	 and	 100%	RH	 inside:	 cmL	O2/
package•day•atm.

the light transmission is not influ-
enced greatly by converting the trans-
parent or black packages. the transpar-
ent trays transmit significant amounts 
of light from 325 nm and above, which 
includes the uV-region. the tio2 add-
ed to the white packaging material ef-
fectively blocks the irradiation in the uV 
region, but the visible and infra-red light 
is transmitted to a certain degree (up to 
18% in the red light region). the light 

transmission of the white sheet is also 
affected by converting to 50 mm trays 
due to the thinning of the material (from 
737 μm in an unconverted sheet to 465 
μm in the bottom of 50 mm trays). the 
light transmission is not affected by the 
conversion of the black sheet because 
the unconverted sheet and the convert-
ed tray effectively block out all the ra-
diation in the measured region (200-
890 nm).
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Fig. 11 shows that the light transmis-
sion properties had a statistically sig-
nificant effect on the sensory score for 
acidulous and sunlight flavours. both 
transparent and white trays had sig-
nificantly higher acidulous flavour val-
ues and significantly lower sunlight fla-
vour values for samples stored in the 
dark compared with the samples illu-
minated for 24 hours. No significant 
differences were observed for the black 

Fig. 11 - sensory score 
of acidulous flavour 
and sunlight flavour in 
cream cheese stored in 
the dark for 6 months 
and thereafter illumi-
nated for 24 hours in 
transparent A-PEt/
PE, black A-PEt/PE 
and white Ps/EVoh/
PE trays with 50 mm 
drawing depths. All 
samples were stored 
at 6°c. Data from PEt-
tErsEN et al. (2005).

trays. Differences were also observed 
between dark and illuminated storage 
for the white trays. these results dem-
onstrate that light in the visible region 
(~400-700 nm) is also harmful to dairy 
products.

statistically significant differences in 
the content of 2,3-butadione (diacetyl) 
and hexanal between samples stored in 
the dark and those exposed to light were 
found only in transparent trays (Fig. 

Fig. 12 - concentra-
tions of 2,3-butadi-
one and hexanal in 
cream cheese stored in 
the dark for 6 months 
and thereafter illumi-
nated for 24 hours in 
transparent A-PEt/
PE, black A-PEt/PE 
and white Ps/EVoh/
PE trays with 50 mm 
drawing depths. All 
samples stored at 6°c. 
Data from PEttErsEN 
et al. (2005).
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12). Although 2,3-butadione may con-
tribute positively to the flavour of dairy 
products (chrIstENsEN and hØLMEr, 
1996), this was not enough to counter-
act the formation of volatiles that had 
a negative effect on the sensory prop-
erties. White packages gave some pro-
tection against lighting, but this was 
not enough to prevent the loss of acid-
ulous flavour and an increase in sun-
light flavour.

coNcLusIoNs

- Light has a pronounced negative im-
pact on the quality of cream cheese.

- Dark storage, or packaging in black 
trays gave the best sensory results and 
the lowest 2,3-butadione and hexanal 
content values.

- White trays did not protect the cream 
cheese from photooxidation which had 
a negative effect on the sensory prop-
erties.

THE EFFECT OF LIGHT
AND OXYGEN ON BUTTER

In milk and dairy products, it is gen-
erally accepted that riboflavin plays the 
major role as a photo-sensitizer. ribofla-
vin absorbs light in the uV region of the 
spectrum and up to about 500 nm (vio-
let and blue light). several studies indi-
cate that the 400-500 nm region is the 
most harmful part of the visible spec-
tral region with regard to photo-oxida-
tion in dairy products (bossEt, 1994). 
“cold” light (rich in the blue and violet 
parts of the visible spectrum) is more 
harmful than “warm” light (rich in the 
yellow, orange and red parts of the vis-
ible spectrum). these results are valu-
able, but not specific in terms of wave-
length regions.

WoLD et al. (2005) found that in ad-
dition to riboflavin, chlorophylls and 

porphyrins probably act as photosen-
sitisers in cheese. It was shown that 
the sensory measured photo-oxidation 
in cheese induced by red light did not 
differ significantly from that induced by 
blue light. the most degraded quality 
was caused by violet light, while green 
and yellow light (500-600 nm) gave the 
least adverse effects. similar results 
were obtained for milk (hANsEN et al., 
1975). these results support the hy-
pothesis that porphyrins and chloro-
phylls are also active photosensitisers 
in cheese. this supports the findings 
of borLE et al. (2001) and bEKböLEt 
(1990) who indicated that green and yel-
low package material can protect milk 
products to a certain extent because 
none of these photosensitisers have pro-
nounced light absorption peaks in the 
green and yellow part of the spectrum 
(520-610 nm).

the purpose of this study was to eval-
uate the effect of different photo-sensi-
tizers on the photodegradation of butter 
as measured by front face fluorescence 
spectroscopy and sensory analysis per-
formed by a trained sensory panel. Front 
face fluorescence spectroscopy has prov-
en to be a useful tool to measure light-in-
duced oxidation because it is fast, non-
destructive and sensitive (WoLD et al., 
2002a, b).

MAtErIALs AND MEthoDs

commercially produced butter with 
1.5% salt (tINE bA, oslo, Norway) was 
cut into 10x10x0.4 cm bars and tray-
packed (Polimoon 511 VG, Polimoon 
As, Kristiansand, Norway) in air with 
a transparent top-web that was cov-
ered with violet, green and red photo 
studio filters (357 royal Lavendel, 89 
Moss green + 3114 tough uV filter and 
19 super Fire red + 3114 tough uV fil-
ter, all from rosco, stamford, ct, usA) 
and exposed to the light for 12 h (1.4-
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1.3 W/m2 integrated in the 200-800 
nm part of the spectrum) from two hMI 
575 W/sE studio lamps (osram Gmbh, 
Munich, Germany). these metal hali-
de lamps were chosen because of their 
relatively uniform emission spectrum 
in the visible and near uV region. Light 
transmission of the light filters was as-
sessed using a Perkin Elmer Lambda 
800 uV/Vis spectrometer (Perkin Elm-
er Ltd., buckinghamshire, uK) with 
an integrating sphere. Light intensity 
on the butter surface was measured 
by a calibrated Apogee sPEc-uV/PAr 
spectroradiometer (Apogee Instruments 
Inc., Logan, ut, usA) integrating radi-
ation in the 300-800 nm region of the 
spectrum.

oxidised flavour was assessed by a 
sensory panel consisting of 11 trained 
assessors according to Iso 8586:1993. 
Fluorescence emission spectra were 
measured directly on the light exposed 
surface of circular (D = 5 cm) samples 
of butter. the samples were exposed to 
380 nm excitation light, and fluores-
cence emission spectra were recorded 
in the range 400-750 nm. the excitation 
light was generated by a 300 W Xenon 
light source (oriel 6258, oriel corpo-
ration, stratford, ct, usA) and passed 
through a 10 nm bandwidth interfer-

ence filter (oriel 59920). the light was 
directed onto the samples at an angle 
of about 45°. the spectra were collected 
by an imaging spectrograph (Acton sP-
150, Acton research corp., Acton, MA, 
usA) connected to a sensitive charge 
coupled device (ccD-camera) (roper 
scientific NtE/ccD-1340/400-EMb, 
roper scientific, trenton, NJ, usA). 
A cut-off filter at 400 nm (Melles Gri-
ot 03FcG049, Melles Griot, rochester, 
NY, usA) was positioned in front of the 
spectrograph slit to suppress excita-
tion light reflected from the sample. Ex-
posure time was 1 second for all spec-
troscopic measurements. two spectra 
were collected from each sample, and 
the average was used for further analy-
sis. the spectrograph and detector were 
controlled by the software Winspec Ver. 
1.4.3.4 (roper scientific, tucson, Ari-
zona, usA).

rEsuLts

Light transmission in coloured filters 
and uV filter, fluorescence spectra and 
the results from the sensory analysis 
of oxidised flavour after 12 h light ex-
posure in air at 4°c are shown in Figs. 
13-15.

Fig. 13 - Light transmis-
sion (percent transmit-
ted light per wavelength) 
through the coloured fil-
ters used in the storage 
experiment.
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Fig. 14 - Fluorescence 
spectra from butter 
stored for 12 hours at 
4°c exposed to 1.4-1.3 
W/m2 (integrated in 
the 200-800 nm part 
of the spectrum) + in 
the dark.

Fig. 13 shows that the lavender (vi-
olet) filter allowed a high transmission 
of the light in the uV-region and in the 
visible region up to 500 nm. Many bio-
logical photoinitiators present in dairy 
products are known to absorb ener-
gy in this region, e.g. porhyrins, chlo-
rophylls and riboflavin. the green and 
red filters allowed some transmission in 
the uV-region, but when used togeth-
er with a uV-filter (as in this investiga-
tion), this was filtered away. In the vis-
ible region of the spectrum (400-700 
nm), the red filter transmits light above 
570 nm where both chlorophyll a and 
b have additional absorption peaks (at 
660 nm and 642 nm, respectively). the 
green filter transmits most of the light 
energy between 450 and 625 nm where 
porhyrines have a number of small ab-
sorption peaks.

Fig. 14 shows that the violet light 
caused severe degradation (i.e. reduced 
emission peaks) of the different fluoro-
phores in butter: riboflavin (~530 nm), 
protoporphyrin, (635+705 nm), hemat-
oporphyrin (620 nm), an unidentified 
compound of chlorophyll nature (661 
nm) and chlorophyll a (672). the green 
and red filters (in combination with uV-
filter) produced negligible degradation 

Fig. 15 - Mean sensory scores for oxidised flavour 
of butter stored for 12 hours at 4°c exposed to 1.4-
1.3 W/m2 (integrated in the 200-800 nm part of 
the spectrum) + in the dark.

of riboflavin, but the red light caused 
a greater degradation of the unidenti-
fied chlorophyll and chlorophyll a than 
the green light. Photodegradation of the 
sensitisers usually leads to the forma-
tion of free radicals and subsequent ox-
idation.

the results from the fluorescence 
spectroscopy were further confirmed by 
the sensory analysis of oxidised flavour. 
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Violet light induced the highest senso-
ry score of oxidised flavour followed by 
red light and then green light. this is 
in agreement with previously reported 
results on cheese (WoLD et al., 2005). 
hANsEN et al. (1975) evaluated the ef-
fects of exposure to different coloured 
light on the oxidation of milk. they found 
that, in general, green light had the least 
adverse effect.

coNcLusIoNs

- Light is harmful to the sensory qual-
ity of butter as it triggers photo-oxida-
tion.

- riboflavin is not the only photosen-
sitizer responsible for photo-oxidation in 
dairy products.

- Green light is less harmful than vio-
let and red light because the photosen-
sitizers absorb less light in the green 
area.

THE EFFECT OF MEAT QUALITY 
AND PACKAGING ON THE COLOUR 

OF FRESH GROUND BEEF

INtroDuctIoN

For fresh raw meat products the main 
features considered at retail display are a 
long microbiological shelf life and a sta-
ble, bright red colour. to obtain these 
features, it is crucial to maintain a con-
tinuous low temperature chill chain. 
Most consumers regard a bright red ap-
pearance of the product as an indicator 
of freshness so this is a decisive factor 
when buying a meat product.

When the product is wrapped in an 
oxygen-permeable cling film for display 
in a chill cabinet the microbiological 
shelf life is short and the colour stabil-
ity is poor. In Western Europe, the usA 
and Australia, it is relatively common 
for the industry to package fresh meat 

at centralized facilities in modified at-
mospheres with approximately 70% 
o2/30% co2. by applying such a high 
o2 atmosphere, the time before discol-
ouration and microbiological spoilage 
occur in the meat is delayed compared 
to wrapping. the time available for sell-
ing the product is often considered too 
short, even under conditions with high 
o2 atmospheres.

Finding a packaging method or gas 
mixture that prevents microbiological 
growth on meat while maintaining an 
attractive bright red colour has been a 
challenge. Packaging in anaerobic at-
mospheres with high levels of co2 and 
vacuum packaging increase shelf life by 
reducing microbiological growth, but 
without preserving the bright red colour. 
the Norwegian meat industry was a pi-
oneer in the commercial use of carbon 
monoxide (co) starting in 1985 with at-
mospheres of approximately 0.4% co, 
60% co2 and 39.6% nitrogen (N2). how-
ever, in 2004 the use of co was termi-
nated due to an Eu decision not to in-
clude co in the positive list for food ad-
ditives.

For ground beef, the co-containing 
gas was replaced by a 60% co2/40% N2 
gas mixture. under favourable storage 
and packaging conditions, i.e. low tem-
perature and a low level of residual o2, 
this gas mixture will produce a long shelf 
life (due to the high co2-content) and a 
favourable, dark red deoxy-myoglobin 
colour of the meat. however, when the 
residual o2 in the package is not reduced 
fast enough, less pleasant grey/brown 
colours of the meat may be produced 
due to the formation of met-myoglobin. 
In order to investigate the influence of 
different processing and packaging con-
ditions on the colour of ground beef, a 
study on the effect of salt and the use of 
fresh vs. frozen meat was undertaken. 
results were given as recommendations 
to the meat industry in Norway. the Nor-
wegian Meat research centre, oslo, gave 
financial support to this study.



Ital. J. Food Sci. n. 2, vol. 19 - 2007  145

MAtErIALs AND MEthoDs

beef trimmings (14% fat) were received 
from the butchery 6 days after slaughter. 
half of the meat was vacuum-packed and 
frozen; the other half was used fresh. the 
meat was ground twice, first through an 
8 mm plate, then through a 4 mm plate, 
and divided into two subgroups before 
being packed in trays and plastic bags 
to produce a total of 4 series:

I fresh, no additions
II fresh, addition of 1% Nacl and 5% 

water
III frozen (and thawed), no additions
IV frozen (and thawed), addition of 1% 

Nacl and 5% water.
All ground beef series were packed in 

trays that were put in EVoh-containing 
bags that were vacuumed, gas-flushed 
(55% co2/45% N2) and sealed on a Webo-
matic c 50-D (Webomatic, bochum, Ger-
many) chamber machine. All the packed 
series (approx. 20 packages each) were 
stored in the dark at 4ºc. After 1, 2, 3, 6 
and 9 days of storage, cIE a* (redness) val-
ues were measured with a Minolta chro-
ma Meter cr-300 (8 mm opening, D65 light 
source) (Minolta camera co., osaka, Ja-
pan). At the same intervals, a visual colour 
assessment by was made by a 3-person, 
trained panel using the following scale: 
1: fresh red, 2: dark red, 3: slightly grey/

brown, 4: some grey/brown and 5: very 
grey/brown. At the same intervals, and 
on day 0, the residual o2 was analysed 
by means of a toray PG-100 instrument 
(toray Engineering, osaka, Japan).

rEsuLts AND DIscussIoN

the average o2 headspace values, in-
strumental colour results and the visual 
colour scores are shown in Figs. 16-18.

Fresh, unsalted meat reduced the re-
sidual o2 in the headspace much more 
than the other series (Fig. 16). It seems 
that the addition of 1% Nacl inhibited 
this reduction more than freezing, and 
that the combined effect of freezing and 
the addition of salt was cumulative. Little 
can be found in the literature regarding 
this phenomenon of the reduction of re-
sidual o2 in the headspace. however, the 
o2 consumption rate and met-myoglob-
in reductase activity are both of interest 
(MANcINI and huNt, 2005). the effect of 
high bacterial counts on o2 consump-
tion was probably neglectible in the first 
days of this study.

still, the effect of this reduction in 
o2 residual headspace on meat colour 
is significant. For the fresh, unsalt-
ed sample it took less than 3 days for 
most of the myoglobin to be convert-

Fig. 16 - Average head-
space o2 concentra-
tions in frozen and fresh 
ground beef with no 
salt or 1% salt. All sam-
ples were packed with 
55% co2 and 45% N2 
and stored in the dark 
at 4ºc.
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ed into the favourable dark red deoxy-
myoglobin, indicated by a cIE a* (red-
ness) value >12 (Fig. 17) and a visual 
colour score <3 (Fig. 18). For the salt-
ed series the residual o2 headspace was 
not reduced fast enough, met-myoglobin 
formed, and an unpleasant brown/grey 
colour appeared. After one day the fro-
zen sample with 1% Nacl had a high a* 
(redness) value, probably due to the low 
ability to reduce residual o2 headspace. 
the myoglobin in this sample was still in 
the oxymyoglobin form. two days after 
grinding the cIE a* (redness) value for 

Fig. 17 - Average cIE a* 
(redness) values in fro-
zen and fresh ground beef 
with no salt or 1% salt. 
All samples were packed 
with 55% co2 and 45% 
N2 and stored in the dark 
at 4ºc. A favourable red 
meat colour is achieved 
with cIE a* values >12.

this sample was as low as for the fresh 
sample with 1% salt.

After 1, 2 and 3 days both of the fresh 
series had similar colour scores, but due 
to the lower ability to reduce residual 
o2 headspace, more unfavourable grey/
brown met-myoglobin was formed in the 
salted series, resulting in higher visu-
al colour scores (Fig. 18). In the unsalt-
ed series, with a greater ability to re-
duce the residual o2 headspace, more 
favourable, dark red deoxy-myoglobin 
was formed, resulting in lower visual 
colour scores.

Fig. 18 - Average vis-
ual colour evaluation 
scores in frozen and fresh 
ground beef with no salt 
or 1% salt. All samples 
were packed with 55% 
co2 and 45% N2 and 
stored in the dark at 
4ºc. the following scale 
was used: 1: fresh red, 
2: dark red, 3; slight-
ly grey/brown, 4: some 
grey/brown, 5: very grey/
brown.
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coNcLusIoNs

- Freezing and/or the addition of salt 
inhibits the breakdown of detrimental, 
residual headspace o2 in meat.

- Discolouration of ground beef can be 
prevented by storage in a co2/N2 mix-
ture with less than 0.1% residual o2 for 
more than 2 days.

THE EFFECT OF PROTECTIVE,
BACTERIOCIN PRODUCING

CULTURES ON SMOKED SALMON

INtroDuctIoN

Listeria monocytogenes may cause a 
serious, sometimes lethal, foodborne 
illness called listeriosis. consumption 
of food infected with L. monocytogenes 
seldom leads to the development of lis-
teriosis in healthy individuals but some 
groups are especially vulnerable, such 
as the elderly, pregnant women, unborn 
babies, newborns and immuno-compro-
mised people (cancer patients, people 
with hIV/AIDs, those who receive med-
ication to reduce immune reactions and 
patients with diabetes).

Listeria is found “everywhere” in the 
environment. both humans and animals 
can be healthy carriers of the bacterium 
which has been found in both human fae-
ces and faeces from many different ani-
mals including birds and fish, both wild 
and domestic. Positive findings of Liste-
ria in ready-to-eat seafood (e.g. smoked 
salmon) are unacceptable in the usA. If 
found, importation is stopped which caus-
es marked financial losses for the produc-
ers. Listeria is a tough bacterium and can 
establish itself in production sites and 
cold storage rooms where it may attach 
to surfaces and grow if conditions are fa-
vourable. together with other bacteria, 
Listeria can form a biofilm (slimy layer) on 
wet, unclean surfaces. once formed, bio-
films are difficult to remove. Listeria toler-

ates high salt concentrations, nitrite and 
acidity better than many other bacteria. 
the bacterium grows well in vacuum- and 
in gas-packaged products, and can grow 
slowly at refrigeration temperature (4°c). 
the most effective strategy to avoid con-
tamination with Listeria and other path-
ogenic bacteria in food products is to fol-
low good hygiene practices throughout the 
entire process from the checks on the raw 
materials until the food is eaten.

biopreservation by lactic acid bacteria 
is a promising strategy to increase the 
safety and shelf life of food. since lac-
tic acid bacteria can grow in the product 
and have an inhibitory effect, they may 
be used to prevent the growth of Listeria. 
such a protective culture should inhibit 
growth of unwanted bacteria, e.g. Listeria, 
and at the same time have little or no ef-
fect on the sensory properties of the prod-
uct. use of preservatives including protec-
tive cultures is to be regarded as an extra 
safety measure and must never be used 
to compensate for poor hygiene or tem-
perature-control practices. use of protec-
tive cultures is an innovative method and 
must be adapted to each product or group 
of products. the method is still being de-
veloped and further research is needed to 
determine the most suitable cultures and 
develop application technologies.

KAtLA et al. (2001) investigated the 
ability of a sakacin P-producing Lactoba-
cillus sakei culture alone or together with 
purified sakacin P to inhibit L. monocy-
togenes on cold smoked salmon.

MAtErIALs AND MEthoDs

Fresh farmed cold-smoked salmon 
(Salmo salar L.) was obtained from a 
commercial Norwegian producer. ten g 
pieces were aseptically cut from the mid-
dle of the loin and vacuum-packed be-
fore gamma irradiation (1.5 kGy) to re-
duce the natural microbial flora. All sam-
ples were inoculated with ~5x103 cfu/g 
with rifampicin-adapted Listeria monocy-
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togenes L182 by injecting the surface of 
the salmon with a syringe through the 
plastic vacuum bag and a rubber sep-
tum. the adaptation to rifampicin was 
done in order to count this strain in a 
convenient way. the salmon samples 
were inoculated with one of the follow-
ing 0.2 mL preparations:

- Peptone water (control);
- sakacin P-producing Lb. sakei 

Lb790;
-  Non-bacteriocin-producing Lb. sakei 

Lb790;
- sakacin P-producing Lb. sakei 

Lb790 + 1.1 μg/g purified sakacin 
P (MØrEtrØ, 2000);

- 1.1 μg/g purified sakacin P.
All samples were incubated at 10°c 

for 28 days with sampling after 0, 3, 7, 
14, 21 and 28 days. At sampling, each 
piece of salmon was homogenised with 
50 mL peptone water in a stomacher 
Lab-blender 400 (seward Medical uAc 
house, London, uK) for 1 min. the ho-
mogenate was analysed for sakacin P ac-
cording to AXELssoN et al. (1998) and 
serially diluted 10-fold in peptone water 
and spread on plates to determine the 
bacterial counts. L. monocytogenes was 
counted after spreading the samples on 
blood agar plates containing rifampicin 
(200 μg/mL) and incubated at 37°c. the 

cell counts of Lb. sakei Lb790 strains 
were determined after plating on Mrs 
containing erythromycin (10 μg/mL) and 
incubating at 25°c.

rEsuLts AND DIscussIoN

Fig. 19 shows that the addition of 
sakacin P prevented an immediate in-
crease in the growth of L. monocytogenes, 
resulting in initial and lasting counts that 
were 1-2 log-units less than those of the 
control. this may indicate that the addi-
tion of sakacin P inhibits the initial estab-
lishment of this pathogen. When either 
sakacin P-producing Lb. sakei 790 or a 
non-sakacin-producing strain of Lb. sakei 
790 was added, no significant growth of L. 
monocytogenes was observed. the lack of 
any difference between the two Lb. sakei 
strains might be due to the lower ph in 
the samples to which the non-sakacin-
producing Lb. sakei 790 was added (data 
not shown). When 1.1 μg/g sakacin P was 
added together with a sakacin P-produc-
ing strain of Lb. sakei 790, a significant 
reduction in the number of L. monocy-
togenes was observed.

Fig. 20 shows that both the sakacin P-
producing and the non-sakacin-produc-
ing strains of Lb. sakei 790 grew well on 

Fig. 19 - Growth of inoc-
ulated Listeria monocy-
togenes L182 on gamma-
irradiated cold smoked 
salmon at 10°c with 
the addition of sakacin 
P-producing Lb. sakei 
Lb790, non-sakacin-pro-
ducing Lb. sakei Lb790, 
sakacin P-producing Lb. 
sakei Lb790 and 1.1 μg/
g sakacin P, 1.1 μg/g 
sakacin P or peptone wa-
ter (control). Data from 
KAtLA et al. (2001).
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cold smoked salmon, increasing four log-
units in 3 days. this probably had an in-
creasingly negative effect on the growth 
of L. monocytogenes.

coNcLusIoNs

- Lb. sakei (both sakacin P-producing 
and non-producing) inhibits the growth 
of L. monocytogenes.

- using purified sakacin P togeth-
er with a sakacin P-producing cul-
ture reduced the number of L. monocy-
togenes.

- these effects were observed even 
with a high initial contamination dos-
age of the pathogen, and at an “abuse” 
temperature of 10°c.

THE EFFECT OF ANTIOXIDATIVE 
MARINADES ON TURKEY THIGHS

INtroDuctIoN

Lipid oxidation is one of the major 
problems in meat and meat products, 
especially poultry meat products due 
to the relatively high polyunsaturated 
fatty acid content, e.g. linoleic and ara-

chidonic acids (IGENE et al., 1981). one 
way to reduce the sensory deterioration 
caused by oxidative rancidity is to use 
the antioxidative power of natural spices, 
such as rosemary (Rosmarinus officinalis 
L.) and sage (Salvia officinalis L.) (MAD-
sEN and bErtELsEN, 1995) as replace-
ments for synthetic antioxidants, such 
as butylated hydroxytoluene (bht) and 
butylated hydroxyanisole (bhA).

the objective of this study (MIELNIK 
et al., 2004) was to investigate the anti-
oxidative effects of marinades made with 
decoctions of rosemary, sage and thyme 
on the shelf life of pre-cooked and cold-
stored turkey thighs.

MAtErIALs AND MEthoDs

cuts of turkey thigh meat without 
skin, obtained from a local poultry meat 
processing plant the day after slaughter, 
were soaked overnight in 3 marinades 
made from decoctions (from Norske Eter-
iske oljer, Alvdal, Norway) made of rose-
mary, sage and thyme with 12% salt, in 
addition to a 12% saline water control 
marinade. After wiping with paper tow-
els, the marinated thigh cuts were vac-
uum-packed in polyamide/polyethylene 
plastic bags before cooking in water at 

Fig. 20 - Growth of Lb. 
sakei Lb790 strains on 
gamma-irradiated cold 
smoked salmon at 10°c 
inoculated with Listeria 
monocytogenes L182 with 
the addition of sakacin 
P-producing Lb. sakei 
Lb790, non-sakacin-pro-
ducing Lb. sakei Lb790 
and sakacin P-produc-
ing Lb. sakei Lb790 and 
sakacin P. Data from KAt-
LA et al. (2001).
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85°c for 30 min and cooling for 45 min 
in running, cold water. the meat cuts 
were then divided into smaller portions 
and transferred to plastic trays covered 
with aluminium foil for storage at 4°c 
for 5 days.

the antioxidant powers of the differ-
ent marinades were determined accord-
ing to brAND-WILLIAMs et al. (1995) 
with modifications according to MIEL-
NIK et al. (2003) and expressed as mg 
2,2-diphenyl-1-picrylhydrazyl (DPPh)/
mL marinade. the thiobarbituric active 
reactive substances (tbArs) were de-
termined according to sØrENsEN and 
JØrGENsEN (1996) and expressed as 
mg malondialdehyd (MDA)/kg meat. 
the analysis of hexanal was per -
formed using a semi-quantitative dy-
namic headspace technique described 
by MIELNIK et al. (2002) and expressed 
as ng hexanal/g meat x L (L=total vol-
ume of purging gas). the turkey thigh 
cuts were re-heated in sealed vacuum 
pouches at 70°c for 30 min prior to 
sensory evaluation by an 11-person, 
trained sensory panel according to an 
international standard method (Iso, 
1985) using a value of 1.0 for lowest in-
tensity and 9.0 for the highest intensi-
ty of rancid flavour. samples were ran-

Fig. 21 - Antiradical power of antioxidative mari-
nades made from herb decoctions expressed as mg 
DPPh/mL marinade. Data extracted from MIEL-
NIK et al. (2004).

domised and served warm in a stain-
less steel cup covered with a lid.

rEsuLts

All three marinades made from the 
herb decoctions showed good antiradical 
power (Fig. 21). rosemary had the high-
est antioxidative capacity and sage the 
lowest. this effect is due to the presence 
of several natural antioxidants in these 
herbs (MADsEN and bErtELsEN, 1995). 
this antioxidative capacity results in low-
er tbArs values (Fig. 22), lower hexanal 
content (Fig. 23) and lower sensory scores 
for rancid flavour (Fig. 24) compared to 
the control samples marinated in saline 
water only. For rosemary extract there 
was a good correlation between the high 
antioxidative activity and the lowest val-
ues for tbArs, hexanal content and ran-
cid flavour sensory score.

coNcLusIoN

- herb extracts can potentially be used 
with poultry meat, to prevent oxidative 
rancidity, particularly for heat-treated, 
ready-to-eat products.

Fig. 22 - tbArs values (mg malondialdehyde/kg 
meat) in turkey thigh cuts after marinating in herb 
decoctions, cooking and dark storage for 5 days at 
4°c in air. Data extracted from MIELNIK et al. (2004).
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AbstrAct

Dekkera bruxellensis (anamorph 
Brettanomyces bruxellensis) is a con-
troversial yeast that is relevant for 
the wine industry. Although Dekkera/
Brettanomyces have been extensive-
ly studied, their ecological niche has 
not been well defined. In this study, a 
real time Pcr-based assay was ap-
plied to the microbial DNA extracted di-
rectly from pressed sangiovese grapes. 
two different DNA extraction proce-
dures were compared in an attempt to 
obtain a clean and QPcr-amplifiable 

rIAssuNto

Dekkera bruxellensis (forma ana-
morfa Brettanomyces bruxellensis) 
è un lievito controverso di rilevan-
za nell’industria enologica. sebbe-
ne questo lievito sia stato oggetto di 
numerosi studi la nicchia ecologi-
ca non è stata ancora ben definita. 
In questo studio, un metodo basato 
sulla real time Pcr era applicato a 
DNA microbico estratto direttamente 
da uve sangiovese pressate. Due dif-
ferenti procedure di estrazione era-
no comparate per ottenere un DNA 
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DNA from grapes. Plasmidic DNA was 
used to evaluate both the extraction 
efficiency and the matrix effect. such 
an effect was analysed in order to cir-
cumvent the difficulty of using filter-
sterilized pressed grapes and to obtain 
a calibration curve for quantifying D./
B. bruxellensis. using specific primers 
for D./B. bruxellensis the number of 
these yeasts in sangiovese grapes was 
in the range of 103-104 cells mL-1. this 
evidence supports the hypothesis that 
D./B. bruxellensis belongs to the na-
tive sangiovese grape microflora, and 
that they can be detected by the meth-
od applied. Identifying the environmen-
tal reservoir of D./B. bruxellensis is of 
great interest to the wine industry. the 
method developed in this study, when 
applied to other vine species, could in-
crease the knowledge about these con-
troversial yeasts.

purificato ed amplificabile mediante 
QPcr dalle uve. un DNA plasmidico 
era usato per valutare sia l’efficienza 
di estrazione che l’effetto della matri-
ce. Quest’ultimo effetto era analizza-
to per risolvere la difficoltà di utiliz-
zare uva pigiata sterilizzata per filtra-
zione e per ottenere una curva di cali-
brazione per la quantificazione di D./
B. bruxellensis. Questo approccio ha 
permesso, impiegando specifici pri-
mers per D./B. bruxellensis di quan-
tificare questi lieviti in uve sangio-
vese pressate in un range di 103-104 

cell mL-1. Questa evidenza è in sup-
porto all’ipotesi che D./B. bruxellen-
sis appartiene alla microflora nativa 
di uva sangiovese e che il loro rile-
vamento potrebbe essere una conse-
guenza del metodo utilizzato. L’iden-
tificazione del serbatoio ambientale 
di D./B. bruxellensis è di grande in-
teresse per l’industria enologica. Il 
metodo sviluppato in questo studio, 
applicato ad altre specie di vitigni, 
potrebbe aumentare le conoscenze 
di questi lieviti controversi, rilevan-
ti nei processi di vinificazione, la cui 
nicchia ecologica non è ancora sta-
ta ben definita.

INtroDuctIoN

During the past years, the enologi-
cal industry has increasingly tried to 
optimize wine traits, to meet consum-
er demands that are oriented towards 
products of constant and high quality. 
For this reason, there has been an up-
surge of interest in the yeasts belong-
ing to Dekkera/Brettanomyces, which 
can produce volatile phenols and ace-
tic acid (compounds that affect wine 
aroma), and compounds that are nox-
ious to human health, such as biogen-
ic amines.

Indeed, the growth of Dekkera/Brett-
anomyces species in wine, such as  Brett-
anomyces bruxellensis, may cause or-
ganoleptic modifications that are gener-
ally considered negative, due to the pro-
duction of volatile phenols. 4-Ethyl-phe-
nol and 4-ethyl-guaiacol have been iden-
tified as the main compounds respon-
sible for phenolic off-flavour and ani-
mal odors, resembling smells of a farm, 
horse sweat, medicine and animal leath-
er (PoLLNItz et al., 2000).

recent studies (cAruso et al., 2002) 
have shown that Dekkera/Brettanomy-
ces are able to produce allergenic com-
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pounds such as biogenic amines. these 
low-molecular-weight organic substanc-
es can be metabolically produced and 
degraded in animals, plants and micro-
organisms, and are found in a wide va-
riety of food such as fish, meat, cheese, 
wine, beer and other fermented food 
(sILLA sANtos, 1996). the ability of 
Dekkera/Brettanomyces yeasts to pro-
duce biogenic amines and volatile com-
pounds seems to be a strain-dependent 
trait (chAtoNNEt et al., 1993; FuGEL-
sANG, 1997). several strains of these 
yeasts are able to produce up to 10 µg 
mL-1 phenylethylamine from phenylala-
nine, on an overall concentration of 15 
µg mL-1 of biogenic amines (cAruso et 
al., 2002).

Dekkera/Brettanomyces yeasts ex-
ist in two forms: Brettanomyces, the 
asexual nonsporulating form, and Dek-
kera, the sexual sporulating form. these 
yeasts have been found during alco-
holic fermentation of some wines (PEY-
NAuD and DoMErcQ, 1956; VAN DEr 
WALt and VAN KErKEN, 1960; KuNKEE 
and AMErINE, 1970), in sparkling wines 
(cIANI and FErrAro, 1997), during beer 
fermentation (ANDrEWs and GILLILAND, 
1952; shANthA KuMArA et al., 1993), 
in some non-alcoholic beverages (KoLF-
schotEN and YArroW, 1970) and in 
sherry wines (IbEAs et al., 1996).

recently, some strains have been iso-
lated from cheese (cosENtINo et al., 
2001; FADDA et al., 2001), during Irish 
cider fermentation (MorrIsEY et al., 
2004), from kombucha, a beverage ob-
tained from the fermentation of black 
and green tea leaves (thEoh et al., 2004), 
and from tamarind, a traditional Jorda-
nian drink prepared by infusing Tama-
rindus indica dried pulp (NAssErEDDIN 
and YAMANI, 2005).

In the enological practice, the identi-
fication and enumeration of Dekkera/
Brettanomyces are carried out by us-
ing selective/differential microbiolog-
ical media. however, these methods 
have a limited efficacy, due to the low 

growth rate of the yeast and to the low 
cell density, with respect to other mi-
crobial species present in the must-
wine. In fact, even if Dekkera/Brett-
anomyces have been extensively stud-
ied, their ecological niche has not been 
well-defined.

According to some authors, this 
yeast is a contaminating microorgan-
ism, whose presence is linked to the 
lack of hygienic practices in the winery, 
often connected with the use of wood 
(bouLtoN et al., 1996; FuGELsANG, 
1996; chAtoNNEt et al., 1999); other 
authors have suggested that this yeast 
could belong to the indigenous grape 
microflora (AroJo et al., 1998; PrEto-
rIus, 2000). Molecular methods such 
as nested-Pcr (IbEAs et al., 1996), 
fluorescence and in situ hybridization 
(stENDEr et al., 2001) and DGGE with 
specific probes (cocoLIN et al., 2004) 
were used to determine the presence 
of these yeasts in wine. the develop-
ment of specific primers allowed spe-
cies-specific identification and the Dek-
kera/Brettanomyces isolates from wine 
were found to belong uniquely to Dek-
kera/Brettanomyces bruxellensis (EGLI 
and hENIcK-KLING, 2001). recently 
real time or quantitative Pcr (QPcr) 
assays have been developed for the de-
tection and enumeration of Dekkera/
Brettanomyces bruxellensis in wine 
(PhIstEr and MILLs, 2003; DELAhEr-
chE et al., 2004).

the presence of this yeast on the sur-
face of the berries of four different grape 
varieties, i.e. Merlot, chabernet-Franc, 
chabernet-sauvignon an Petit-Verdot, 
was recently found using an enrich-
ment medium (rENouF and LoNVAuD-
FuNEL, 2007).

the aim of this study was to identi-
fy D./B. bruxellensis in pressed sangio-
vese grapes; a microbiological enrich-
ment technique and a quantitative Pcr 
method based on the microbial DNA ex-
tracted directly from the matrix are de-
scribed.
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MAtErIALs AND MEthoDs

samples

sangiovese grape samples were col-
lected from vineyards located in the 
chianti area. several bunches of grapes 
were cut randomly and transferred to 
sterile 50 mL Falcon tubes using gloves, 
and put in a cooler until laboratory anal-
ysis. the berries were then manually 
pressed in sterile plastic bags.

Enrichment cultures

A modified WL nutrient medium 
(cAVAzzA et al., 1992) (MWL oxoid, Mi-
lan, Italy) was used to limit the growth of 
other microorganisms representing most 
of the indigenous microflora of grapes. 
one-hundred mg L-1 cycloheximide (sig-
ma-Aldrich, Milan, Italy), 60 mg L-1 chlor-
amphenicol (sigma-Aldrich) and 6% and 
9% v/v ethanol final concentrations (sig-
ma-Aldrich) were added to the WL medi-
um after sterilization. one mL of pressed 
sangiovese grapes was inoculated in a 
flask containing 50 mL of MWL and in-
cubated at 28°c without shaking. Five, 
ten and nineteen days after inoculation, 
microbiological analyses were performed 
using the MWL supplemented with 15 
g L-1 agar. the plates were incubated at 
28°c for up to 10 days. by microscopic 
inspection, the colonies were identified 
as yeast cells. colonies developed on the 
agar surface were isolated and charac-
terized through molecular methods.

DNA isolation
and molecular techniques

Yeast cells were grown overnight in 
5 mL malt broth medium (oxoid). Nu-
cleic acid extraction was performed as 
described by WhItE et al. (1990), with 
the following modifications: 1.5 mL of 
fermentation broth was spun down at 
10,000 g for 10 min. the cell pellet was 
resuspended in 0.2 mL of extraction buf-

fer (2.5 mL sDs 10%, 0.5 g of triton X-
100, 0.5 mL Nacl 5 mol L-1, 250 µL tris 
1 mol L-1, 50 µL EDtA 0.5 mol L-1), with 
0.3 g glass beads (0.4-0.5 mm in diame-
ter; sigma-Aldrich) and 0.2 mL phenol/
chloroform/isoamyl alcohol (25:24:1 – 
Fluka, Milan, Italy). the cells were ho-
mogenized by vortex and then centri-
fuged at 10,000 g for 5 min. the aque-
ous phase was collected and the DNA 
was precipitated with the same volume 
of isopropyl alcohol (sigma-Aldrich) and 
then centrifuged at 10,000 g for 5 min. 
the pellet was washed with 70% ethanol 
and centrifuged at 10,000 g for 5 min, 
dried and resuspended in 50 mL of tE 
(trIs 10 mmol L-1; EDtA 1.0 mmol L-

1; ph 7.5). Extracted and purified DNA 
was analysed by Pcr amplification with 
Its1-Its4 primers (WhItE et al., 1990; 
GrANchI et al., 1999) and specific prim-
ers pb2-Its4 for D./B. bruxellensis (EGLI 
and hENIcK-KLING, 2001). D./B. bruxel-
lensis Atcc 10560 and D./B. bruxellen-
sis bDF4 (collection of the Department 
of crop biology, Pisa) were used as refer-
ence strains during the characterization 
of isolates. reactions were carried out in 
a 50 µL Pcr mixture containing 1x Mg-
free buffer Finnzyme (50 mmol L-1 Kcl, 
10 mmol L-1 trishcl ph 8.3, 0.1% tri-
ton X-100), 4 mmol L-1 Mgcl2, 0.2 mmol 
L-1 each dNtPs, 0.4 µmol L-1 of each 
primer, 2.5 u DyNazyme II DNA poly-
merase (Finnzyme, celbio, Milan, Italy) 
and about 80 ng of DNA template. cycler 
conditions were: initial denaturation at 
94°c for 1 min followed by 30 cycles at 
94°c for 1 min, 52°c for 2 min, 72°c for 
1 min, with final extension at 72°c for 5 
min. Amplification products were anal-
ysed by electrophoresis on 1.5% (w v-1) 
agarose tbE (0.089 mol L-1 tris-borate, 
0.089 mol L-1 boric acid and 0.0025 mol 
L-1 EDtA) gels. the profiles obtained were 
captured as tIFF format files by Liscap 
program for Image Master VDs system 
(Pharmacia biotech, Milan, Italy). Pcr 
products were purified with “high pure 
Pcr product purification kit” (roche, 
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Monza, Italy) and sequenced with prim-
ers Its1 and Its4 separately (crIbI, 
DNA sequencing service, university of 
Padova, Italy).

Yeast cultures

D./B. bruxellensis Atcc 10560 and 
D./B. bruxellensis bDF4 (collection of 
the Department of crop biology, Pisa) 
strains were grown for two days at 30°c 
in 15 mL Falcon tubes containing 5 mL 
WLDc medium, i.e. WL nutrient medi-
um supplemented with 100 mg L-1 cy-
cloheximide (sigma-Aldrich, Milan, Ita-
ly), 60 mg L-1 chloramphenicol (sigma-Al-
drich). the growth was monitored both 
by cell counting in a thoma counting 
chamber and by standard plating pro-
cedures on WLDc agar. the plates were 
incubated at 30°c.

DNA extraction procedures for QPcr

Nucleic acids were extracted from 1 
mL of yeast cultures of D./B. bruxellen-
sis Atcc 10560 (4.06·108 cells mL-1 cor-
responding to 4·108 cFu mL-1) in pep-
tone water and pressed sangiovese grape 
samples with MasterPure yeast DNA pu-
rification kit (Epicentre technologies, 
tebu-bio, Milan, Italy) (PhIstEr and 
MILLs, 2003) and FastDNA® spin Kit for 
soil (bIo101® systems, Qbiogene, resno-
va, rome, Italy). Plasmidic DNA (108 cop-
ies) pDoNrtM/zeo (Invitrogen Life tech-
nologies, Milan, Italy) was added to each 
sample prior to DNA extraction as inter-
nal standard. All samples were extract-
ed and finally resuspended in 50 µL ac-
cording to the manufacturer’s instruc-
tions (pDoNrtM/zeo final concentration 
of 2.106 copies µL-1).

real time Pcr Assays

sybr Green real time Pcr was per-
formed on an icycler® IQ Multicolor real 
time Pcr Detection system (bio-rad 
Laboratories, Milan, Italy) using Mas-

ter mix iQtM sybrGreen (bio-rad Labo-
ratories). real time Pcr for pDoNrtM/
zeo was carried out in a total reaction 
volume of 50 µL containing 2 µL of ex-
tract purified DNA (not diluted and di-
luted 10- and 100-fold in sterile wa-
ter), 1x sybrGreen master mix (2x: 100 
mmol L-1 Kcl, 40 mmol L-1 tris-hcl, ph 
8.4, 0.4 mmol L-1 of each dNtPs, itaq 
DNA polymerase 50 u mL-1, 6 mmol L-1 
Mgcl2, sYbr Green I, 20 nmol L-1 flu-
orescein and stabilizers) and 0.3 µmol 
L-1 of each specific primer for plasmid-
ic DNA pDoNrtM/zeo, ZEOF 5’-tcccG-
GAAGttcGtGGAcAc-3’ and ZEOR 5’-
GAcGAcGtGAccctGttcAtcA-3’ (bea-
con Designer 4.0, Premier biosoft Inter-
national, bio-rad). the reactions were 
run for 40 cycles, with denaturation 
at 95°c for 60 sec, annealing at 65°c 
for 45 sec. An initial 3 min denaturing 
step at 95°c was used. For pDoNrtM/
zeo quantitation, a standard curve was 
created by using 10-fold serial dilution 
series of plasmidic DNA (108 to 105 cop-
ies µL-1). For D./B. bruxellensis, the real 
time Pcr was performed in a total re-
action volume of 50 µL containing 2 µL 
of extract purified DNA, 1x sybrGreen 
master mix (2x: 100 mmol L-1 Kcl, 40 
mmol L-1 tris-hcl, ph 8.4, 0.4 mmol L-1 
of each dNtPs, itaq DNA polymerase 50 
u mL-1, 6 mmol L-1 Mgcl2, sYbr Green I, 
20 nmol L-1 fluorescein and stabilizers) 
and 0.3 µmol L-1 of two different pairs 
of specific primers for D./B. bruxellen-
sis, i.e. DBRUXF 5’-GGAtGGGtGcAc-
ctGGtttAcAc-3’ and DBRUXR 5’-
GAAGGGccAcAttcAcGAAccccG-3’ 
(PhIstEr and MILLs, 2003), and Brett1 
5’-cGAAGAAGttGAAcGGccGcAtttG-
3’ and Brett2 5’-tcttcGAtAtGccGtc-
cAAAAGctc-3’ (DELAhErchE et al., 
2004). Primers DbruXF and DbruXr, 
targeting the D1-D2 subdomain of the 
large subunit domain of the rrNA gene, 
were selected by PhIstEr and MILLs 
(2003) to produce a 77 bp fragment spe-
cifically from D./B. bruxellensis. Prim-
ers brett1 and brett2 were drawn on 
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the rad4 gene by DELAhErchE et al. 
(2004). the reactions with DbruXF and 
DbruXr were run for 40 cycles, with de-
naturation at 95°c for 60 sec, anneal-
ing at 65°/69°c for 45 sec. An initial 3 
min denaturing step at 95°c was used. 
Whereas the reactions with brett1 and 
brett2 were run for 40 cycles, with de-
naturation at 95°c for 30 sec, anneal-
ing at 69°c for 20 sec and extension 
at 72°c for 20 sec. An initial 5 min de-
naturing step at 95°c was used. Each 
sample was measured in triplicate. For 
each well, the fluorescent light emission 
was recorded in real time at 490 nm and 
data were automatically analysed with 
icycler IQ Multicolor real time Pcr De-
tection system software version 3.1 (bio-
rad Laboratories). For D./B. bruxellensis 
quantitation, a standard curve was cre-
ated by using 10-fold serial dilution se-
ries of DNA extracted from the sample 
1 mL of yeast culture of D./B. bruxellen-
sis strain Atcc 10560 in peptone water 
(4.06·108 to 4.06·103 cell mL-1 i.e. 1.6·107 
cell tube-1 to 1.6·102 cell tube-1). stand-
ard curves for quantification of unknown 
samples and determination of amplifica-
tion efficiency were generated by plotting 
the ct values of QPcr performed on the 
DNA from dilution series against the log 
inputs cells per tube.

rEsuLts

Yeast isolation and char-
acterization from pressed 
sangiovese grapes by micro-
biological enrichment

After 10 days, the selec-
tive enrichment cultures of 
pressed grapes showed the 
development of a single yeast 
colony typology only when 
100 mg L-1 cycloheximide, 
60 mg L-1 chloramphenicol 
and 6% (v/v) ethanol were 
added.

Yeast identification was performed 
through molecular techniques such as 
Its region amplification and species-
specific Pcr. the size of the Its1-5.8s-
Its2 amplicon obtained from the isolat-
ed yeast was about 650 bp and no prod-
uct was obtained by species-specific Pcr 
(Fig. 1), whereas the Its fragment length 
of the control strains, D./B. bruxellen-
sis Atcc 10560 and D./B. bruxellensis 
bDF4 (collection of the Department of 
crop biology, Pisa) was 450 bp and spe-
cies-specific Pcr gave a product of 150 
bp, according to GrANchI et al. (1999) 
and EGLI and hENIcK-KLING (2001).

For the identification of the isolated 
yeast, the Its amplicon was sequenced 
as described in materials and methods. 
the sequence was subsequently com-
pared with those available in the NcbI 
nucleotide sequence database using the 
basic local alignment search tool (mega 
bLAst) program on line at the NcbI web 
page (http://www.ncbi.nlm.nih.gov/
bLAst/). 

the isolated yeast was referred to 
the species Candida ernobii to which it 
showed the highest matching sequence 
identity, i.e. a DNA similarity of 91%. by 
the enrichment technique applied in this 
study, no colony belonging to D./B. brux-
ellensis appeared.

Fig. 1 - Its region amplification and species-specific Pcr per-
formed with primers Its1/Its4 and pb2/Its4. M: molecular 
weight marker 100 bp (bioLabs, celbio, Milan, Italy); c: negative 
control. Lane 1, D./B. bruxellensis Atcc 10560; lane 2, D./B. brux-
ellensis bDF4; lane 3, yeast isolated by enrichment cultures.
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QPcr assay: evaluation of methods
of DNA extraction
from pressed grapes

to evaluate the extraction efficiency of 
the different kits, DoNrtM/zeo plasmidic 
DNA was added, as internal standard, to 
each analysed sample and a QPcr am-
plification was carried out using specific 
primers for this plasmid, designed inside 
the zeocin resistance gene and selected 
to produce a 134 bp fragment.

the melting temperature (tm) of all 
analysed samples was 91.0°c, which 
made it possible to ascertain that no 
spurious amplification product and/
or primer-dimers were generated dur-
ing the reaction. the linear regression 
analysis of the amplification plot data 
gave the following results: slope = -
3.703, intercept = 41.692, correlation 
coefficient = 0.986. the efficiency of the 
QPcr reaction, calculated on the basis 
of the slope of the standard curve by 
the equation “efficiency = [10 (-1/slope)] -
1”, was 0.862.

table 1, in which starting quanti-
ties (sQ) of plasmid DNA extracted from 
pressed grape samples are reported, 
shows that the DNA extracted by Mas-
terPure yeast DNA purification kit (Epi-
centre technologies) had QPcr products 
only when diluted 1:100, correspond-
ig to a mean DNA yield of 46.25%. DNA 
extracted by Kit FastDNA® spin Kit for 
soil had QPcr amplicons corresponding 
to a mean DNA yield of 61% even when 
used undiluted.

the amount of plasmid DNA extract-
ed from peptone water samples was on 
the same order of magnitude as that of 
pressed grapes (table 1, Fig. 2). For this 
reason, the calibration curve for D./B. 
bruxellensis quantification in pressed 
sangiovese grapes by QPcr, was car-
ried out using the DNA extracted from 1 
mL of yeast culture of D./B. bruxellensis 
Atcc 10560 in peptone water (4.06·108 
to 4.06·103 cell mL-1 i.e. 1.6·107 cell 
tube-1 to 1.6·102 cell tube-1). t
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Detection of
Dekkera/Brettanomyces bruxellensis 
in pressed sangiovese grapes
by real time Pcr

DbruXF/DbruXr primers specific 
for D./B. bruxellensis were used; they 
were designed and used by PhIstEr and 
MILLs (2003) to detect the yeast in wine. 
the melting temperature (tm) of all ana-
lysed samples was 85.0°c. the amplifi-
cation plot of the experiment generated a 
slope of -3.821, corresponding to 82.7% 
efficiency of the Pcr assay and to 0.998 
correlation coefficient (Figs. 3a,b). Meas-
urements of the starting quantities and 
threshold cycles of unknown samples, 
obtained by interpolation from the stand-
ard curve, are reported in table 2. Quan-
tification of the sample extracted from 
D./B. bruxellensis culture in peptone 
water (4.06·108 cell mL-1 i.e. 1.6·107 cell 
tube-1) resulted in 3.44±0.410·107 cells 
tube-1 corresponding to 8.72±1.04·108 
cells mL-1 with a ct value of 12.38±0.204 
cycles (Fig. 3b). 

Another specific primer pair of D./
B. bruxellensis, brett1/brett2, drawn 
on the rad4 gene by DELAhErchE et al. 
(2004) and developed for the quantifi-
cation of this yeast in wine, was used. 
since the detection limit for this QPcr 
assay was 104 cFu mL-1, the samples 
were concentrated 10-fold by precipi-

Fig. 2 - standard curve of 10-fold serial dilution series of pDoNrtM/zeo (2·108 to 2·105 copies tube-1) 
and calculated amounts of plasmid DNA extracted from peptone water and pressed grapes samples, 
plotted as threshold cycle (y-axis) vs target Log copy number (x-axis).

tation with isopropanol and suspended 
in a volume that was 10-times smaller 
(5 µL). Moreover, the amplification pro-
tocol was modified to optimize the re-
action by increasing primer concentra-
tion up to 0.3 µmol L-1 and cycle num-
ber from 32 to 40. the tm of all analysed 
samples was 83.5°c.

the amplification plot of the experi-
ment generated a slope of -3.589, cor-
responding to a 89.9% efficiency of the 
Pcr assay and a correlation coefficient of 
1.0 (Fig. 4). the starting quantities of the 
analyzed pressed grape samples (1, 2, 3) 
were 2.21·105, 2.32·105 and 2.01·105 cells 
mL-1 (real value for the samples 2.21·104, 
2.32·104 and 2.01·104cells mL-1) with a ct 
value of 32.6, 32.5 and 32.8 cycles, re-
spectively.

DIscussIoN

Dekkera/Brettanomyces has been one 
of the most complex and controversial 
issues in yeast ecology in recent years. 
this yeast, a well-known wine spoilage 
microorganism, is characterized by very 
slow growth and low cell density, there-
fore making it difficult to detect and iden-
tify in complex matrices.

Although Dekkera/Brettanomyces are 
typically not included in the genera of 
yeasts found on the grape surface (FLEEt 
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Fig. 3a, b - (a) Am-
plification plot of 10-
fold serial dilution 
series of D./B. brux-
ellensis Atcc 10560 
(1.6·107 to 1.6·102 cell 
tube-1 i.e. 4.06·108 to 
4.06·103 cell mL-1) in 
real time detection 
with the fluorescence 
dye sYbr Green I af-
ter each amplifica-
tion cycle (x-axis). 
relative fluorescence 
units (rFu) are plot-
ted on the y-axis; (b) 
standard curve of se-
rial 10-fold diluted 
DNA extracted from a 
culture of D./B. brux-
ellensis Atcc 10560 
(1.6·107 to 1.6·102 
cell tube-1) and cal-
culated amounts of 
yeast DNA extracted 
from peptone water 
and pressed grapes 
samples, plotted as 
the threshold cycle 
on the y-axis, against 
the target Log copy 
number per assay 
(x-axis), relative to 
DbruXF/DbruXr.

table 2 - Quantification of D./B. bruxellensis in sangiovese pressed grapes samples by real-time Pcr 
using DbruXF/DbruXr primers.

	Pressed	grape	sample	 SQ	mean±SD*	(cells	tube-1)	 SQ	mean±SD*	(cells	mL-1)	 Ct	mean±SD*	(cycles)

	 1	 1.07	±	0.542·103	 2.72	±	0.138·104	 29,59	±	0.084
	 2	 7.93	±	1.21·102	 2.01	±	0.308·104	 30,10	±	0.244
	 3	 3.39	±	0.0718·103	 8.61	±	0.182·104	 27.68	±	0.353
	 4	 2.96	±	0.735·102	 7.52	±	0.187·103	 31.75	±	0.398
	 5	 2.14	±	0.273·102	 5.43	±	0.693·103	 32.27	±	0.218

*	Starting	quantities	(SQ)	and	threshold	cycles	(Ct)	value	(mean	of	three	determinations)	and	±SD.

and hEArD, 1993), they are commonly 
found in wineries (FuGELsANG, 1996). 
they have been repeatedly identified in 
wine, a difficult environment for most 
microorganisms due to the low amount 
of sugars coupled with the presence of 
ethanol.

In the present study, an enrich-

ment technique and a real time Pcr-
based assay were compared with the 
aim of identifying Dekkera/Brettanomy-
ces bruxellensis in pressed sangiovese 
grapes. the enrichment technique did 
not allow detection of these yeasts. how-
ever, it was possible to isolate a yeast and 
identify it as Candida ernobii on the ba-
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sis of Its analysis. to date, this yeast 
has not been reported to be associated 
with the must/wine microflora. Kurtz-
MAN and FELL (2000) described C. erno-
bii as an endosymbiont of the coleopter 
Ernobius mollis (Linnaeus). An in-depth 
genetic investigation is required to bet-
ter characterize this yeast, considering 
that the 91% DNA similarity could be 
due to the absence of the Its sequenc-
es of the microorganism isolated in this 
work in the database. Furthermore, con-
sidering that this yeast has shown sev-
eral Brettanomyces–like traits, it could 
be interesting to investigate its ability 
to produce spoilage substances such as 
volatile phenols. recent advances in the 
field of molecular techniques allow mi-
crobial diversity to be assessed without 
using enrichment and isolation proce-
dures. Furthermore, these methodolo-
gies allow viable but nonculturable mi-
croorganisms to be detected while by-
passing the traditional time-consuming 
microbiological analyses.

Among these techniques, real time 
Pcr assay is used to identify and quan-
tify a target microbial population using 
genera – and species – specific primers 
directly on DNA extracted from the na-
tive matrix, which, in the case of pressed 
grapes, is a particularly complex and dif-
ficult substrate to analyze. some sub-
stances, like polyphenols, can cause 
problems during the Pcr amplification 

step. Furthermore, to achieve an abso-
lute quantification of the Brettanomyces 
yeasts in pressed grapes, it would be nec-
essary to inoculate a known quantity of 
these yeasts in sterile pressed grapes. 
however it is very difficult to sterilize 
this matrix without altering its compo-
sition.

In this study, a plasmidic DNA was 
added to each sample in order to eval-
uate the extraction efficiency of the kits 
and the effect of the matrix on the ex-
traction. Although DNA extraction yields 
were comparable, a high-quality and di-
rectly amplifiable DNA was obtained by 
using the FastDNA® spin Kit for soil. 
however, no differences were detect-
ed in the concentration of the plasmid-
ic DNA extracted from pressed grapes 
and cultures in peptone water samples. 
the sample extracted from D./B. bruxel-
lensis yeast cultures in peptone water 
can therefore be used as a standard for 
the construction of a calibration curve 
to quantify this yeast in pressed grape 
samples. For this purpose, DbruXF/
DbruXr primers were utilized and the 
amplification protocol was modified by 
increasing both the annealing tempera-
ture and the primer concentration in or-
der to increase their selectivity.

PhIstEr and MILLs (2003) drew 
these primers on the D1-D2 domain 
of 26s rDNA of D. anomala, D. bruxel-
lensis, B. custersii, B. naardenensis, 

Fig. 4 - standard curve of 10-fold serial dilution series of D./B. bruxellensis Atcc 10560 (1.6·107 to 
1.6·102 cell tube-1) plotted as the threshold cycle on the y-axis, against the target copy number per as-
say (x-axis) relative to brett1/brett2.
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B. nanus and S. cerevisiae to produce 
a 77 bp specific product. these prim-
ers were tested on various yeasts and 
bacteria isolated from must/wine and 
only D./B. bruxellensis gave rise to a 
Pcr product. 

the results obtained from our QPcr 
allowed the presence of yeasts belonging 
to the Brettanomyces genus to be detect-
ed in pressed sangiovese grapes samples 
in a range between 103-104 cells mL-1. to 
further verify our results, another prim-
er pair, brett1/brett2, was used. by in-
troducing the appropriate changes, as 
reported in the results section, it was 
possible to use these primers and con-
firm the data already obtained by using 
DbruXF/DbruXr primers.

In conclusion, the approaches devel-
oped in this study allow D./B. bruxel-
lensis yeasts to be detected in native, 
even complex, matrices such as pressed 
grape juice.

on the basis of these preliminary re-
sults, we hypothesize that these yeasts 
might belong to the autochthonous mi-
croflora of sangiovese grapes. Accurate 
monitoring is now possible which should 
allow more knowledge to be obtained 
about the presence and concentrations 
of D./B. bruxellensis in other cultivars 
and its effect on the quality and flavor 
of the end products.
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AbstrAct

the influence of hunting-season 
stage and ripening conditions on the 
degradation of sarcoplasmic proteins 
in venison chorizo sausages was stud-
ied. Four chorizo batches were pre-
pared, two made with venison hunt-
ed at the start of the hunting season 
and two at the end of the season. two 

rIAssuNto

È stata studiata l’influenza della fase 
della stagione venatoria e delle condi-
zioni di stagionatura sulla degradazio-
ne delle proteine sarcoplasmatiche ne-
gli insaccati tipo “chorizo” di carne di 
cervo. sono stati preparati quattro lotti 
di “chorizo”, due preparati con selvag-
gina cacciata nel periodo iniziale della 
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of them were ripened under controlled 
conditions and two using a natural 
system. sarcoplasmic protein profiles 
were determined using sDs-PAGE on 
the raw meat, just after stuffing and at 
7, 14 and 21 days of ripening, and af-
ter 45 days of vacuum packed storage.  
the four batches had similar sarco-
plasmic protein profiles, showing sig-
nificant differences in the relative den-
sity of some bands. In the early stag-
es of ripening (mainly after 7 days), the 
139, 50, 43, 24.5 and 16 kDa fragments 
disappeared, in contrast, the presence 
of the 70 and 36 kDa bands gradual-
ly increased. Different behaviors were 
found in some proteins during ripen-
ing depending on the ripening condi-
tions and hunting-season stage. Very 
few sarcoplasmic proteins displayed 
significant variations during packing. 
ripening conditions influenced the rel-
ative density of many proteins at the 
end of ripening.

stagione di caccia e due lotti prepara-
ti con selvaggina cacciata alla fine del-
la stessa. Due di questi lotti sono sta-
ti stagionati in condizioni controllate e 
due in condizioni naturali. sono stati 
determinati i profili delle proteine sar-
coplasmatiche mediante elettroforesi 
in gel di poliacrilammide (sDs-PAGE) 
sulla carne cruda, subito dopo l’insac-
camento, dopo 7, 14 e 21 giorni di sta-
gionatura e dopo 45 giorni di confezio-
namento sottovuoto. I quattro lotti ave-
vano simile profilo in proteine sarcopla-
smatiche, mostrando differenze signi-
ficative nelle densità relative di alcune 
bande. Durante le prime fasi della sta-
gionatura (generalmente dopo 7 giorni) 
scomparivano i frammenti di 139, 50, 
43, 24,5 e 16 kDa, mentre aumentava 
gradualmente la presenza delle bande 
di 70 e 36 kDa. sono riscontrati com-
portamenti differenti per alcune protei-
ne, durante la stagionatura, in funzione 
delle condizioni di stagionatura e della 
fase della stagione venatoria. solo un 
numero molto esiguo di proteine sarco-
plasmatiche ha mostrato variazioni si-
gnificative durante il confezionamen-
to. Le condizioni di stoccaggio influen-
zano un numero rilevante di proteine 
alla fine della stagionatura.

INtroDuctIoN

consumer interest in game meat has 
increased over the last years. Game meat 
is distinguished from that of poultry 
and domestic animals like cattle, sheep 
and pigs, because it is generally darker, 
stronger tasting and sometimes tough-
er, depending on the type and age of the 
animal. In addition, game meat has low 
muscle fat content and a desirable pol-
yunsaturated:saturated fatty acid ratio 
(hoFFMAN and WIKLuND, 2006).

hunting is a very important rural ac-

tivity from an economic standpoint in 
some spanish regions such as castil-
la-La Mancha. the average total annual 
invoice is 240 million euros, and hunt-
ers take 40,000 big game (red deer, wild 
boar, roe deer and fallow deer) animals 
and three million small game (rabbit, 
partridge and hare) animals annually.

today there is a very definite tendency 
towards processed game meat products 
(sausages, canned meat products and 
patés, etc.) that are ready to eat and suit-
able for home consumption (sALGhEttI, 
1991). cured, fermented and dried prod-
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ucts from different game species have a 
restricted presence on the market that 
depends on the season and culling quo-
tas (PALEArI et al., 2000).

the production of dry sausages is of 
great importance to the meat industry of 
the Mediterranean countries. In spain, 
cured sausage production amounted 
to 193,386 tons in 2005 (AIcE, 2006). 
chorizo is a typical spanish dry ferment-
ed sausage, whose formulation is char-
acterised by the presence of different 
proportions of paprika.

the ripening of dry sausages involves a 
set of reactions involving proteins, carbo-
hydrates and lipids. Many different types 
of end products are formed during the 
ripening of meat products. Due to pro-
teolytic activity, peptides and amino ac-
ids are formed, which may contribute to 
flavour. Lactic acid and acetic acid are 
formed from carbohydrates and contrib-
ute to the sour flavour. Due to the lipo-
lytic activity, free fatty acids are formed 
together with flavour components such 
as aldehydes, ketones and esters (DE-
MEYEr et al., 1995; NAEs et al., 1995; 
FADDA et al., 2001).

the proteins present in skeletal mus-
cle tissues are classified as either myofi-
brillar or sarcoplasmic proteins. Myofi-
brillar proteins and collagen account for 
the hardness of muscle fibres and per-
form contractile, regulatory and cytoskel-
etal functions. sarcoplasmic proteins 
perform biochemical functions. curing 
brings about degradation of the myofi-
brillar and sarcoplasmic proteins. sev-
eral authors (KAto et al., 1994; toLDrÁ 
and VErPLAEtsE, 1995; JohANssoN et 
al., 1996; hIErro et al., 1999) attribute 
proteolysis mainly to the action of en-
dogenous enzymes; others (GArcÍA DE 
FErNANDo and FoX, 1991; FADDA et al., 
2002) suggest that lactic acid bacteria 
play a major role, producing proteolytic 
enzymes able to break down meat pro-
teins. the relative contribution of en-
dogenous and microbial enzymes, ei-
ther naturally present in the product or 

added as a starter culture, is largely gov-
erned by the nature of the raw material, 
the type of product and the processing 
conditions used (DEMEYEr, 1992; MoL-
LY et al., 1997).

In recent years, several studies have 
been carried out to characterise the 
physicochemical composition of red deer 
meat (stEVENsoN et al., 1992; sEMIA-
DI et al., 1993; PEÑA et al., 1993; zoM-
borszKY et al., 1996), to determine the 
influence of various feeding regimes on 
the composition of fatty acids (VoLPEL-
LI et al., 2003) and the sensorial quali-
ty (WIKLuND et al., 2001; 2003), to an-
alyse the influence of the slaughtering 
method on the quality of the meat (WIK-
LuND et al., 2001) and to study the op-
timal conditions for packing deer meat 
(VErGArA et al., 2003) and to deter-
mine the effects of processing (smoking 
and drying) on reindeer meat (sAMPELs, 
et al., 2004). however, very few studies 
have been conducted on proteolysis of 
dry sausages made with deer meat (so-
rIANo et al., 2006).

the aim of this study was to deter-
mine the effect of hunting-season stage 
and ripening conditions on the changes 
taking place in the sarcoplasmic proteins 
extracted from venison chorizo sausag-
es during ripening and following vacu-
um packing.

MAtErIALs AND MEthoDs

Preparation of chorizo sausages
and curing process

Venison chorizo sausages were manu-
factured in two factories in the castilla-
La Mancha region (central spain). one 
factory produced chorizo using a natural 
drying process, in which the only drying 
mechanism was the opening and closing 
of windows. the other company used a 
ripening system in which chorizo was 
dried in a room under controlled temper-
ature and relative humidity conditions.
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two batches were obtained from each 
company: the first made at the start of 
the 2001-2002 hunting season (Novem-
ber 2001) and the second at the end of 
the same season (March 2002).

the four batches were coded as fol-
lows: batch A: made at the start of the 
hunting season and ripened under con-
trolled conditions; batch b: made at the 
end of the hunting season and ripened 
under controlled conditions; batch c: 
made at the start of the hunting season 
and ripened under natural conditions; 
batch D: made at the end of the hunt-
ing season and ripened under natural 
conditions.

Deer meat from the legs, obtained from 
hunting, was stored at -18ºc until pro-
cessing. Deer meat and pork back fat 
(1:1) were ground in a grinder (Mainca, 
barcelona, spain) fitted with a plate con-
taining 12 mm-diameter holes. Ground 
meat and pork back fat were then knead-
ed in a mixer (Fuerpla, Valencia, spain) 
prior to addition of the remaining in-
gredients: 90 g/kg of a ceylamix ch-L 
(ceylan, Valencia, spain) prepared for-
mula containing salt, lactose, dextrose, 
dextrin, spices, polyphosphates, sodi-
um ascorbate, potassium nitrate (E-252) 
and paprika, garlic (1.7 g/kg) and so-
dium nitrite (1 g/kg). the mixture was 
kneaded for 4 minutes and then stuffed 
in 30 mm artificial casings using a stuff-
ing machine (Fuerpla, Valencia, spain). 
casings were soaked prior to being im-
mersed in brine for 15-20 minutes.

batches A and b were ripened in a dry-
ing room at a temperature of 10°-12ºc 
and a relative humidity of 76-80% for 3 
weeks. batches c and D were ripened 
for 3 weeks in a natural drying room in 
which relative humidity and tempera-
ture varied according to outdoor weather 
conditions. In the natural drying room of 
batch c, the temperature fluctuated be-
tween 3°-14ºc and the relative humidity 
between 41-97%. batch D was ripened 
at a temperature of 7°-15ºc and a rela-
tive humidity of 60-84%.  

three samples from each batch were 
analyzed at 0 (just after stuffing), 7, 14 
and 21 days of ripening. At the end of 
the ripening period, chorizo sausages 
were vacuum packed and stored at room 
temperature. Further analysis was per-
formed 45 days after packing.

sample preparation
of raw meat and sausages

sausages were deskinned prior to 
analysis. raw meat and sausages were 
ground in a household blender, placed 
in hermetically-sealed containers and 
stored at -20ºc for future analysis. sam-
ples were analyzed in duplicate.

Physicochemical composition
of raw meat

Water activity (aw) was measured di-
rectly using a Decagon cX-2 dew point 
hygrometer (Decagon Devices Inc., Pull-
man, WA, usA). ph was determined di-
rectly with a crison 2001 ph meter (cri-
son Instruments s.A., barcelona, spain). 
the measurement was made three times, 
changing the insertion place of the elec-
trode in the ground meat. Moisture and 
fat content were analyzed according to 
AoAc methods (1990). Protein nitrogen 
(PN) was determined following the Kjel-
dahl method, being calculated by multi-
plying the total nitrogen by 6.25 (AoAc, 
1990).

sDs-PAGE

the proteins were extracted following 
the method described by huGhEs et al. 
(2002). Five grams of sample were ho-
mogenized with 35 mL of 0.03 M phos-
phate buffer ph 7.4 in an ultra turrax 
(heidolph rzr 2050, heidolph-Elektro, 
schwabach, Germany) for 2 min. the 
mixture was centrifuged at 10,000 × g 
for 20 min at 4ºc. the supernatant con-
taining the sarcoplasmic proteins was fil-
tered through a glass fibre and 100 µL 
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of sarcoplasmic extract were dialysed 
through a minidialysis unit (Amersham 
Pharmacia biotech, uppsala, sweden) of 
7,000 Da in distilled water with magnet-
ic stirring for 20 min.

total proteins of the sarcoplasmic 
fraction were determined using the pro-
cedure of brADForD (1976). the protein 
concentration of the sarcoplasmic frac-
tion was adjusted to 0.7 mg/mL using 
the tris-hcl buffer (ph 8.0) containing 
5% (w/v) sDs, 14.5% (v/v) β-mercap-
toethanol, 31% (v/v) glycerol, and 0.03% 
(v/v) bromophenol blue.  the samples 
were heated for 4 min at 100ºc prior to 
electrophoresis.

the proteins were separated by hori-
zontal sDs-PAGE using a Phast system 
apparatus (Amersham Pharmacia bio-
tech, uppsala, sweden). Porosity gradi-
ent polyacrylamide gels, PhastGel 10-15 
(Amersham Pharmacia biotech, uppsa-
la, sweden) were used to separate sar-
coplasmic proteins. the solid electrode 
buffer strips were comprised of 0.2 M tri-
cine, 0.2 M tris, 0.55% (w/v) sDs, ph 
8.1. the protein separations were per-
formed at 15°c following the recommen-
dations set out in the instruction manu-
al for the equipment used (AMErshAM 
PhArMAcIA bIotEch, 1986a).

Gels were stained using one tablet of 
coomassie blue r-350 dissolved in a 
water:methanol (4:6) mixture and then 
diluted to 50% with a 20% (v/v) acetic 
acid solution. Gels were destained twice 
with methanol:acetic acid:water (3:1:6). 
Gel consistency was achieved using 13% 
(v/v) glycerol. staining and destaining 
of the gels was performed according to 
the recommendations in the Phastsys-
tem manual (AMErshAM PhArMA-
cIA bIotEch, 1986b). the gels were 
air-dried between two sheets of cello-
phane soaked in 13% (v/v) glycerol for 
48-72 h.

Quantification of the bands was car-
ried out by first scanning the gels us-
ing the PhotoPhinish program (tDI, Ma-
drid, spain) and then taking densitomet-

ric readings using the 1D-Manager pro-
gram (tDI, Madrid, spain).

the molecular masses of the protein 
bands were calculated from the rf values 
by interpolation of the calibration curve 
constructed using markers of known mo-
lecular mass. the markers (sigma) con-
sisted of the following proteins: myosin 
(205 kDa), β-galactosidase (116 kDa), 
phosphorylase b (97 kDa), fructose-6-
phosphate kinase (84 kDa), albumin (66 
kDa), glutamic dehydrogenase (55 kDa), 
ovalbumin (45 kDa), glyceraldehyde-3-
phosphate dehydrogenase (36 kDa), car-
bonic anhydrase (29 kDa), trypsinogen 
(24 kDa), trypsin inhibitor (20 kDa), α-
lactalbumin (14.2 kDa) and aprotinin 
(6.5 kDa).

statistical analysis

Analysis of variance was applied to 
the data using the sPss program ver-
sion 11.0 for Windows 2000 (sPss, Inc, 
chicago, Illinois). the student-New-
man-Keuls test was used to discriminate 
among means for relative density of the 
proteins analyzed by sDs-PAGE.

the General Linear Model (GLM) was 
used to determine the influence of hunt-
ing season and ripening conditions on 
protein profiles. the Least significant 
Difference (LsD) test was used to deter-
mine differences between batches as a 
function of these factors. 

rEsuLts AND DIscussIoN

Physicochemical composition
of raw venison

table 1 presents the means and stan-
dard deviations for the physicochemical 
characteristics and composition of the 
raw meat used to manufacture the four 
batches of chorizo sausages. there were 
no significant differences for ph and wa-
ter activity (aw) among the four meats. 
the protein nitrogen (PN) content was 
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higher in meats obtained at the start of 
the hunting season (A and c), however 
fat content was lower in those meats. It 
could be attributable to the fact that an-
imals at the start of the hunting season 
(in November) had just been through the 
rutting season and had obviously con-
sumed significant amounts of their en-
ergy reserves, demonstrated both by low 
fat levels and high ph values (low con-
centration of muscle glycogen).

sDs-PAGE of raw venison

table 2 shows mean values and stan-
dard deviations for the relative band 
density (%) of the sarcoplasmic proteins 
extracted from lean deer meat used to 
make the four batches studied. some 
electrophoretic bands were identified by 
reference to other authors (MccorMIcK 
et al., 1988; sAVAGE et al., 1990). these 
authors found the protein pair, phos-
phorylase b and phosphorylase b kinase, 
that migrated together and could not be 
separated, with an approximate molecu-
lar mass of 97 kDa, pyruvate kinase with 
a molecular mass of about 58 kDa, eno-
lase corresponding to 45-47 kDa, glycer-
aldehyde-3-phosphate dehydrogenase at 
36 kDa and myoglobin at 16 kDa.

the fragment with the highest molec-

table 1 - Means and standard deviations for the physicochemical characteristics and composition of 
the raw venison used to make the four batches of chorizo.

	 A	 B	 C	 D

pH	 5.77±0.37	 5.48±0.01	 5.83±0.11	 5.59±0.02
aw	 0.991±0.002	 0.988±0.001	 0.994±0.003	 0.980±0.007
DM	(g/100	g	sample)	 21.97a±0.33	 22.87a±0.19	 22.31a±0.39	 25.36b±1.54
PN	(g/100	g	DM)	 98.22a±0.88	 83.27b±3.86	 94.09c±1.00	 87.09b,c±3.12
Fat	(g/100	g	DM)	 1.04a±0.43	 8.26b±0.02	 2.55a±0.63	 11.57c±1.43

DM:	dry	matter;	PN:	protein	nitrogen.
Different	letters	within	a	row	indicate	significant	differences	(P	<	0.05).
A:		venison	obtained	at	the	start	of	the	hunting	season	and	used	for	batches	ripened	under	controlled	conditions;
B:	venison	obtained	at	the	end	of	the	hunting	season	and	used	for	batches	ripened	under	controlled	conditions;
C:	venison	obtained	at	the	start	of	the	hunting	season	and	used	for	batches	ripened	under	natural	conditions;
D:	venison	obtained	at	the	end	of	the	hunting	season	and	used	for	batches	ripened	under	natural	conditions.

ular weight was 139 kDa. It was found 
at a significantly greater relative densi-
ty (2.8%) in meat used to make batch 
b than in the other three batches (1.1-
1.9%). 

the highest relative density was re-
corded for myoglobin (16 kDa), which 
gave values ranging from 13.2-15.0%, 
with no significant difference among 
batches.

Differences were found according to 
the hunting-season stage. the 123.5 
kDa fragment and the enolase (47 kDa) 
were found only in end-of-season meats 
(b and D), and the 21 kDa fragment 
was detected only in the start-of-season 
meats (A and c). the 70 kDa fragment 
values were higher in meats obtained at 
the end-of-season (b and D).

batch D showed significant differenc-
es in the relative concentrations of some 
proteins with respect to the other batch-
es. the concentrations of 50, 47, 24.5 
and 21.5 kDa fragments were higher 
for batch D, however the concentration 
of the 26.6 and 13 kDa fragments was 
lower for this batch. 

sDs-PAGE of chorizo sausages

Fig. 1 shows the electrophoregram for 
the sarcoplamic proteins extracted from 
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table 2 - Mean values and standard deviations for the relative density (%) of electrophoretic bands cor-
responding to the sarcoplasmic proteins extracted from venison meat used to make the four batches 
of chorizo sausages.

Approximate	molecular	mass	(kDa)	 A	 B	 C	 D

139	 1.57a±0.45	 2.83b±0.31	 1.89a±0.17	 1.10a±0.36
123.5	 n.d.	 1.94±0.59	 n.d.	 1.85±0.85
108.5	 5.95a±0.71	 2.04c±0.36	 4.28b±0.59	 1.84c±0.48
97	(PHb/PHbK)	 1.40±0.21	 n.d.	 1.51±0.22	 1.29±0.21
80	 1.24a±0.03	 3.01c±0.07	 1.98b±0.06	 1.58a,b±0.28
70	 7.38a±1.41	 13.28b±0.81	 9.00a,b±0.03	 10.66a,b±1.83
65	 5.52±2.07	 7.30±2.20	 4.84±0.20	 7.08±1.52
60	 2.86±0.59	 3.91±0.41	 2.34±0.89	 2.75±0.75
58	(pyruvate	kinase)	 1.33±0.17	 1.59±0.04	 1.70±0.07	 1.60±0.42
50	 7.79a±1.16	 5.33a±0.24	 7.19a±0.43	 9.96b±0.87
47	(enolase)	 n.d.	 3.40a±0.55	 n.d.	 6.39b±0.36
43	(aldolase)	 10.19a±2.02	 5.03b±0.07	 9.10a,b±0.01	 7.39a,b±1.17
42	 8.27±0.47	 4.52±1.86	 7.71±0.36	 6.46±0.54
38	 1.02a±0.03	 2.32b±0.24	 1.47a±0.15	 n.d.
36	(GADPH)	 1.23±0.10	 1.69±0.28	 1.69±0.19	 1.49±0.27
31.5	 3.17±0.09	 3.23±0.05	 2.53±0.57	 5.28±1.37
31	 1.55±0.78	 1.04±0.13	 1.03±0.07	 1.25±0.01
26.6	(TPI)	 3.65a±0.59	 3.61a±0.14	 4.71a±0.18	 1.14b±0.37
24.5	 2.61a±0.72	 3.03a±0.23	 2.58a±0.11	 4.50b±0.49
24	 2.48±0.94	 2.40±0.32	 2.28±0.44	 1.38±0.71
22.5	 0.98±0.46	 0.95±0.12	 1.24±0.31	 0.91±0.19
21.5	 0.41a±0.16	 1.34a,b±0.	38	 1.07a,b±0.41	 2.12b±0.29
21	 1.16±0.07	 n.d.	 1.18±0.06	 n.d.
18	 1.41±0.56	 1.19±0.04	 1.62±0.12	 1.46±0.43
16	(myoglobin)	 13.95±2.27	 13.20±0.03	 15.02±0.13	 14.18±1.84
13	 10.32a±0.84	 7.99a,b±1.93	 8.12a,b±1.64	 4.35b±0.77
12	 0.81±0.20	 1.78±1.00	 1.05±0.16	 0.72±0.04
11	 1.05±0.18	 1.01±0.20	 1.65±0.33	 1.01±0.60
10.5	 0.71±0.53	 1.05±0.46	 1.22±0.44	 0.27±0.06

Different	superscripts	in	each	row	indicate	significant	differences	(P	<	0.05).
n.d.:	not	detected;	PHb/PHbK:	phosphorylase	b/phosphorylase	b	kinase;	GADPH:	glyceraldehyde-3-phosphate	de-
hydrogenase;	TPI:	triosephosphate	isomerase.
A:		venison	obtained	at	the	start	of	the	hunting	season	and	used	for	batches	ripened	under	controlled	conditions;
B:	venison	obtained	at	the	end	of	the	hunting	season	and	used	for	batches	ripened	under	controlled	conditions;
C:	venison	obtained	at	the	start	of	the	hunting	season	and	used	for	batches	ripened	under	natural	conditions;
D:	venison	obtained	at	the	end	of	the	hunting	season	and	used	for	batches	ripened	under	natural	conditions.

venison chorizo sausages from batch A 
at 0 (just after stuffing), 7, 14 and 21 
days of ripening, and after 45 days of be-
ing vacuum packed and stored at room 
temperature.

the four batches presented similar 
sarcoplasmic protein profiles showing 
significant differences in the relative 
density of some bands. In general, the 
most abundant sarcoplasmic proteins 

throughout ripening were those corre-
sponding to the molecular mass of 70, 
42 and 36 kDa in all batches.

Protein fragments with high molecular 
weights of 108.5 kDa and 97 kDa, found 
in venison, were not recorded in any of 
the batches of chorizo, due to either pro-
tein insolubilization or proteolysis during 
processing.  In a study on cured sausage, 
huGhEs et al. (2002) detected a protein 
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fragment of 97 kDa which disappeared 
during the first 3 days of ripening.

tables 3, 4, 5 and 6 show mean val-
ues and standard deviations for the rel-
ative band density (%) of the sarcoplas-
mic proteins extracted from the veni-
son chorizo sausages of the four batch-
es studied throughout the ripening pro-
cess and after 45 days of being vacuum 
packed at room temperature.

on the whole, three different findings 
were observed during ripening: electro-
phoretic bands that ceased to be detect-
able, bands whose relative concentration 
underwent changes, and bands that re-
mained constant.

Electrophoretic bands that ceased
to be detectable during ripening

the 139, 50, 43, 24.5 and 16 kDa frag-
ments disappeared during the early stag-
es of ripening (mainly after 7 days) in all 
batches, showing high proteolysis inten-
sity. the 24.5 fragment was not detected 
in batches b, c and D. the 16 kDa band 
was not recorded at any time in batch b.  

Fig. 1 - Electrophoregram for the sarcoplasmic proteins extracted from a sample (analysed in dupli-
cate) of batch A during ripening and after 45 days of vacuum packed storage. GAPDh: glyceraldehyde-
3-phosphate dehydrogenase, tPI: triosephosphate isomerase.

JohANssoN et al. (1994) reported a con-
stant fall in the intensity of sarcoplasmic 
proteins with molecular weights between 
20-30 kDa, which almost totally disap-
peared by the 7th day of ripening of dry 
sausages. MAurIELLo et al. (2002) also 
reported a drop in the intensity of bands 
in the 35-50 kDa range during ripening 
of Italian salami. Disappearance may 
have been due to proteolysis or to de-
naturalization induced by salt or acidi-
ty. In addition, the water activity values 
were higher during the first stages of rip-
ening (data not shown), which enhanced 
the proteolytic enzyme activities.

the protein fragment with the high-
est molecular weight was 139 kDa, 
which was initially found at a low rela-
tive density in all four batches, but dis-
appeared during the early stages of rip-
ening, except in batch D, where it per-
sisted throughout ripening and storage 
with no significant variation. In a study 
on commercial venison sausages, sorIA-
No et al. (2006) noted that the sarcoplas-
mic protein fragment with the highest 
molecular weight was 145 kDa, display-
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table 3 - Mean values and standard deviations for the relative density (%) of electrophoretic bands 
corresponding to the sarcoplasmic proteins extracted from chorizo sausages made at the start of the 
hunting season and ripened under controlled conditions (batch A), throughout ripening and after 45 
days of vacuum packed storage.

Approximate	molecular	mass		 Ripening	time	(days)	 Storage
(kDa)
	 0	 7	 14	 21

139	 1.39±0.44	 0.84±0.52	 n.d.	 n.d.	 n.d.
123.5	 1.04±0.52	 2.06±1.08	 1.09±0.50	 2.17±0.80	 1.83±0.28
80	 4.08±0.37	 3.34±1.06	 4.73±0.70	 3.37±1.21	 3.22±0.91
70	 15.12a±4.20	 19.58b±1.93	 24.99b±3.06	 21.97b±3.90	 23.40b±3.95
58	(pyruvate	kinase)		 1.53±0.33	 1.59±0.88	 1.62±0.43	 2.20±0.66	 2.60±1.53
50	 4.36±2.07	 n.d.	 n.d.	 n.d.	 n.d.
43	(aldolase)	 7.52±1.29	 n.d.	 n.d.	 n.d.	 n.d.
42	 6.38±0.99	 8.73±1.32	 6.39±1.91	 8.26±3.17	 6.55±3.24
38	 3.45a±0.92	 5.29a±2.91	 4.39a±3.39	 7.13a,b±1.81	 9.31b±1.78
36	(GAPDH)	 3.88a±1.11	 9.47b±0.91	 7.81b±3.34	 8.96b±1.50	 10.07b±3.86
31.5	 1.31a±0.48	 10.74b±1.28	 7.53c±3.53	 3.47a±0.29	 1.60a±0.35
26.6	(TPI)	 3.24±1.21	 1.97±1.03	 1.95±0.47	 2.01±0.54	 2.45±1.33
24.5	 1.74±0.44	 n.d.	 n.d.	 n.d.	 n.d.
24	 4.04±1.15	 4.08±1.00	 4.35±0.84	 5.00±0.98	 4.46±0.89
22.5	 2.07±1.09	 1.81±0.92	 2.03±1.00	 2.15±0.58	 2.02±0.61
21.5	 2.23±0.80	 1.45±0.87	 2.20±0.78	 2.60±0.70	 2.51±1.33
18	 1.74a±0.96	 3.26b±0.54	 3.51b±0.55	 3.89b±1.01	 4.05b±1.13
16	(myoglobin)	 16.93±3.49	 n.d.	 n.d.	 n.d.	 n.d.
15	 1.03a±0.57	 4.30b±0.67	 3.20b±0.20	 4.69b±1.02	 6.51c±1.89
13	 6.62a±0.62	 8.15a,b±1.42	 10.07a,b±1.66	 9.44a,b±1.65	 11.50b±4.73
12	 2.14a±1.32	 6.73b±1.37	 7.34b±1.40	 6.42b±1.10	 8.15b±2.27
11	 1.91a±0.99	 3.30a,b±1.31	 4.88b±0.69	 4.51b±2.11	 4.85b±1.85

Different	superscripts	in	each	row	indicate	significant	differences	(P	<	0.05).
n.d.:	not	detected;	GADPH:	glyceraldehyde-3-phosphate	dehydrogenase;	TPI:	triosephosphate	isomerase.

ing a relative density of 2.7%. huGhEs et 
al. (2002) reported a sarcoplasmic pro-
tein fragment of 150 kDa which disap-
peared over the first 3 days of ripening 
of a semi-dry cured sausage.

the 50 kDa fragment, which displayed 
high relative-density values in deer 
meats (5.3-10.0%), declined in chorizos 
and disappeared after 7 or 14 days of rip-
ening. these results agree with the find-
ings reported by huGhEs et al. (2002) for 
semi-dry fermented sausage.

Initially the high relative-density val-
ues of aldolase (43 kDa) were high, then 
declined until they disappeared. simi-
lar findings were reported by DÍAz et al. 
(1997) during saucisson ripening.

Myoglobin (16 kDa) bonded to nitric 
oxide during ripening to form nitroso-
myoglobin, which is not soluble in aque-
ous buffers used to extract sarcoplas-
mic proteins (MAurIELLo et al., 2002). 
huGhEs et al. (2002) also noted the dis-
appearance of this protein in fermented 
sausage during the first 3 days of rip-
ening.

Electrophoretic bands whose
relative concentration
underwent changes during ripening

Increases in relative intensity were re-
corded for many proteins, mainly with 
medium and low molecular masses, 
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table 4 - Mean values and standard deviations for the relative density (%) of electrophoretic bands cor-
responding to the sarcoplasmic proteins extracted from chorizo sausages made at the end of the hunt-
ing season and ripened under controlled conditions (batch b), throughout ripening and after 45 days 
of vacuum packed storage.

Approximate	molecular	mass		 Ripening	time	(days)	 Storage
(kDa)
	 0	 7	 14	 21

139	 0.95±0.49	 1.42±0.53	 n.d.	 n.d.	 n.d.
123.5	 2.12±0.59	 2.15±0.70	 1.59±0.89	 1.74±0.49	 1.63±0.93
80	 3.47±1.74	 3.69±0.62	 4.13±1.88	 4.12±2.47	 3.63±0.93
70	 14.92a±2.43	 16.72a,b±3.78	 21.80b,c±4.49	 22.84b,c±6.01	 24.69c±4.89
58	(pyruvate	kinase)	 1.44±0.51	 1.51±0.56	 1.89±0.80	 2.06±0.91	 3.05±2.29
50	 1.48±0.20	 3.27±0.65	 n.d.	 n.d.	 n.d.
47	(enolase)	 3.45a±0.53	 2.50b±0.58	 1.82b,c±0.52	 1.02c±0.27	 1.66b,c±0.21
43	(aldolase)	 8.15±1.68	 5.55±0.37	 n.d.	 n.d.	 n.d.
42	 9.24a±2.08	 12.73b±1.52	 8.80a±2.99	 7.06a±1.08	 6.79a±4.06
38	 5.60±1.88	 7.06±1.44	 6.96±1.60	 5.31±1.79	 7.38±1.71
36	(GAPDH)	 4.50a±2.34	 7.23a,b±1.67	 8.38b±1.33	 7.21a,b±0.38	 8.03b±2.42
32	 1.90±0.96	 1.38±0.70	 1.86±0.03	 1.61±0.04	 1.68±0.53
31.5	 1.89±0.67	 1.69±0.87	 2.57±0.62	 2.73±0.51	 3.78±2.11
26.6	(TPI)	 2.92±0.58	 2.58±0.89	 1.79±0.77	 2.64±1.47	 3.37±1.62
24	 5.85a,b±1.40	 3.82a±1.38	 7.26b±1.20	 4.41a±1.75	 3.90a±1.76
22.5	 2.26±1.20	 2.16±1.08	 2.15±0.95	 3.15±1.31	 2.11±0.53
21.5	 2.54±0.72	 1.80±1.17	 2.43±1.28	 3.00±0.87	 2.83±0.65
18	 3.94a±0.66	 2.81a±0.92	 3.66a±0.96	 5.40b±0.92	 3.23a±0.73
15	 3.16±1.05	 2.80±0.72	 3.97±0.79	 4.70±1.36	 4.68±1.70
13	 7.59a,b±1.17	 6.29a±1.59	 8.27a,b,c±1.23	 10.47c±1.93	 9.41b,c±2.19
12	 7.11±1.54	 6.10±1.37	 4.58±2.08	 7.71±2.89	 6.40±3.72
11	 1.87a±0.61	 1.83a±1.34	 3.73a,b±2.28	 6.06b±1.54	 4.79a,b±2.13

Different	superscripts		in	each	row	indicate	significant	differences	(P	<	0.05).
n.d.:	not	detected;	GADPH:	glyceraldehyde-3-phosphate	dehydrogenase;	TPI:	triosephosphate	isomerase.

throughout ripening. In the four batches, 
two fragments, 70 and 36 kDa, increased 
during ripening. the 70 kDa fragment, 
which had the greatest relative density, 
increased after the first week of ripen-
ing in batches produced at the start of 
the hunting season (A and c), and the 
values were maintained throughout the 
second and third weeks; by the end of 
ripening, the overall increases with re-
spect to day 0 were 45% for batch A and 
66% for batch c. In batch b, the most 
marked increase was recorded after the 
second week of ripening; values were 
maintained during the third week, by the 
end of which the increase with respect to 
day 0 was 53%. In batch D an increase of 

23% was obtained after 21 days of ripen-
ing. DÍAz et al. (1997) reported a 69 kDa 
fragment which increased considerably 
during saucisson ripening, with high 
concentrations in the final product. on 
the other hand, glyceraldehyde-3-phos-
phate dehydrogenase (36 kDa), whose 
initial relative density in the four batch-
es ranged from 3.9 to 5.1%, increased 
significantly after the first week of rip-
ening, thereafter displaying no signifi-
cant variation throughout ripening and 
storage.

some different behaviors were ob-
served in some proteins depending on 
the ripening conditions. this shows the 
importance of ambient conditions in the 
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activity of proteolytic enzymes. the rel-
ative density of low-molecular-weight 
fragments, 13 and 11 kDa polypeptides, 
increased in batches produced under 
controlled conditions (A and b). In con-
trast, values did not vary significantly 
throughout ripening and storage in nat-
urally-ripened batches (c and D). DÍAz 
et al. (1997) noted a progressive increase 
in the intensity of 13 and 11 kDa poly-
peptides during saucisson ripening, and 
sorIANo et al. (2006) reported relative 
densities between 1.7 and 7.9% in com-
mercial venison chorizo and saucisson. 
In contrast, enolase (47 kDa) was not de-
tected in batch A and a significant de-

table 5 - Mean values and standard deviations for the relative density (%) of electrophoretic bands cor-
responding to the sarcoplasmic proteins extracted from chorizo sausages made at the start of the hunt-
ing season and ripened under natural conditions (batch c), throughout ripening and after 45 days of 
vacuum packed storage.

Approximate	molecular	mass		 Ripening	time	(days)	 Storage
(kDa)
	 0	 7	 14	 21

139	 1.60±0.52	 n.d.	 n.d.	 n.d.	 n.d.
123.5	 2.02±1.10	 2.51±0.34	 2.29±0.86	 2.40±0.83	 2.46±0.91
80	 3.27±0.84	 2.76±0.87	 3.89±1.93	 4.41±1.00	 2.80±0.55
70	 11.90a±2.22	 18.03b,c±2.02	 15.59b±2.80	 19.71c±2.74	 16.39b,c±1.80
65	 6.64±1.49	 5.03±2.19	 7.82±1.75	 5.06±1.38	 6.49±1.86
60	 2.32±0.89	 1.88±0.19	 2.01±0.78	 2.28±0.64	 2.41±0.64
58	(pyruvate	kinase)	 1.64±0.61	 1.72±0.61	 2.09±0.54	 1.83±0.43	 1.86±0.68
50	 4.02±0.97	 3.28±0.32	 n.d.	 n.d.	 n.d.
47	(enolase)	 2.71±0.99	 2.19±0.30	 2.59±0.36	 3.12±0.72	 2.70±0.74
43	(aldolase)	 6.20±1.59	 n.d.	 n.d.	 n.d.	 n.d.
42	 6.88a±1.38	 12.99b±1.16	 12.51b±1.79	 12.54b±2.32	 12.79b±1.25
38	 4.63±1.63	 8.66±3.17	 6.64±0.39	 6.45±3.34	 6.12±2.02
36	(GAPDH)	 4.46a±0.95	 7.00	b±3.97	 6.78	b±0.99	 6.99	b±3.20	 8.20	b±1.41
32	 1.64±0.36	 2.77±1.19	 1.72±0.08	 1.74±0.27	 2.09±0.54
26.6	(TPI)	 4.96a±2.0	 3.07a,b±0.76	 3.60a,b±1.51	 2.27b±0.30	 3.00a,b±1.23
24	 5.06a,b±1.41	 5.29a,b±1.40	 5.06a,b±1.11	 3.91a±1.00	 6.38b±0.73
22.5	 4.14a±2.17	 4.24a±0.47	 3.56a,b±0.58	 2.33b±0.96	 2.08b±0.63
21.5	 3.37±0.99	 2.68±0.72	 2.83±0.39	 2.53±0.69	 2.61±0.50
18	 2.80±0.53	 3.48±1.31	 3.42±1.57	 3.30±0.75	 3.25±0.81
16	(myoglobin)	 8.65±0.82	 n.d.	 n.d.	 n.d.	 n.d.
15	 2.00±0.71	 3.69±1.12	 3.59±1.54	 3.25±0.81	 3.16±0.82
13	 7.07±1.62	 7.09±2.59	 6.91±2.80	 6.90±1.93	 7.68±3.20
12	 4.61±1.38	 5.16±1.83	 4.57±1.28	 4.43±1.78	 3.83±1.71
11	 1.26±0.55	 0.61±0.95	 1.57±2.46	 1.76±2.73	 1.92±1.31

Different	superscripts		in	each	row	indicate	significant	differences	(P	<	0.05).
n.d.:	not	detected;	GADPH:	glyceraldehyde-3-phosphate	dehydrogenase;	TPI:	triosephosphate	isomerase.

cline was noted in batch b after 7 and 
21 days of ripening.  however, in natu-
rally-ripened batches (c and D), no sig-
nificant variation was found in the rel-
ative-density values of enolase. on the 
other hand, in naturally-ripened batches 
(c and D) the relative density of the 26.6 
(triosephosphate isomerase) and 22.5 
kDa bands declined significantly during 
ripening, however these proteins did not 
display any significant variations in con-
trolled conditions (batches A and b). 

Different changes were recorded in 
certain proteins depending on the hunt-
ing-season stage. the 42 kDa increased 
at the start of ripening in batch c, but 
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gradually decreased thereafter through-
out ripening and storage in batches elab-
orated at the end of hunting season (b 
and D). huGhEs et al. (2002) noted the 
appearance of a 42 kDa polypeptide after 
the first 2 days of ripening of a ferment-
ed sausage; afterwards, this fragment 
remained stable. Initially, the 31.5 kDa 
protein fragment had low relative densi-
ty values (1.3%) in batch A, followed by 
a marked increase during the first week, 
to a mean 10.7%; values then declined 
during the second and third weeks, re-
turning to initial levels by the end of rip-
ening; these were maintained through-
out storage. In batches b and D, made 

table 6 - Mean values and standard deviations for the relative density (%) of electrophoretic bands cor-
responding to the sarcoplasmic proteins extracted from chorizo sausages made at the end of the hunt-
ing season and ripened under natural conditions (batch D), throughout ripening and after 45 days of 
vacuum packed storage.

Approximate	molecular	mass		 Ripening	time	(days)	 Storage
(kDa)
	 0	 7	 14	 21

139	 1.76±0.29	 1.73±0.23	 1.59±0.22	 1.78±1.35	 1.30±0.33
123.5	 1.55a,b±0.42	 3.22c±0.84	 3.42c±1.26	 2.65b,c±0.26	 1.29a±0.76
80	 3.12±1.02	 3.30±0.66	 3.51±0.99	 3.10±0.33	 3.51±0.79
70	 11.53a±2.47	 14.77a,b±3.80	 11.97a,b±1.33	 14.17a,b±1.57	 16.23b±3.50
65	 8.31a±1.02	 7.89a±0.25	 6.30a,b±1.35	 4.86b±1.08	 5.07b±1.12
58	(pyruvate	kinase)	 1.61±0.67	 1.90±1.03	 1.67±0.37	 1.94±0.83	 2.38±1.18
50	 2.29±1.70	 n.d.	 n.d.	 n.d.	 n.d.
47	(enolase)	 2.49±1.19	 2.79±1.19	 2.99±0.90	 2.94±1.11	 2.56±1.15
43	(aldolase)	 6.94±1.04	 n.d.	 n.d.	 n.d.	 n.d.
42	 10.61a±2.55	 14.16a,b±3.11	 15.26b±2.20	 13.33a,b±2.58	 10.51a±1.55
38	 4.18a±1.01	 5.83a,b±0.27	 10.29c±2.31	 8.15b,c±0.89	 8.72b,c±2.49
36	(GAPDH)	 5.14a±1.09	 9.45a,b±4.62	 12.11b±1.29	 11.08b±1.69	 11.99b±0.83
31.5	 1.20±0.29	 1.96±1.19	 4.04±0.43	 1.95±0.57	 4.92±3.20
26.6	(TPI)	 4.23a±1.45	 2.67b±1.23	 1.84b±0.57	 2.64b±0.33	 2.42b±0.86
24	 4.25a±0.84	 6.43b±0.93	 4.87a,b±0.62	 5.81a,b±1.61	 4.59a,b±1.88
22.5	 4.65a±1.45	 3.02b±0.65	 1.75b,c±0.45	 2.16b,c±1.09	 1.53c±0.54
21.5	 2.39a,b±0.62	 2.98a±0.69	 1.58b±0.25	 2.39a,b±0.46	 1.64b±0.45
18	 2.87a±0.53	 3.83a±0.73	 3.36a±0.99	 3.71a±1.15	 5.33b±0.93
16	(myoglobin)	 2.05±1.41	 n.d.	 n.d.	 n.d.	 n.d.
15	 2.80±0.16	 4.17±0.48	 3.60±1.00	 2.85±0.51	 3.09±1.23
13	 5.68±1.52	 6.97±1.53	 6.72±1.74	 7.15±1.39	 7.59±1.42
12	 4.18±1.40	 4.98±0.50	 4.24±0.87	 4.65±1.29	 5.83±1.59
11	 1.85±2.11	 4.96±1.50	 2.55±1.40	 3.31±1.47	 4.14±1.57

Different	superscripts		in	each	row	indicate	significant	differences	(P	<	0.05).
n.d.:	not	detected;	GADPH:	glyceraldehyde	3-phosphate	dehydrogenase;	TPI:	triosephosphate	isomerase.

at the end of the hunting season, the 
relative-density values did not vary sig-
nificantly for this protein during ripen-
ing and storage; values ranged between 
1.2 and 4.9%. 

this marked variability in the chang-
es of proteins may be ascribed to the fact 
that the proteolysis pattern in ferment-
ed sausages is governed by a number of 
variables, including characteristics of the 
raw material (in this study the most nota-
ble difference between raw meat obtained 
at the start and the end of the hunting 
season is that animals at the start of the 
hunting season experienced strong mus-
cle activity and fatigue), the composition 
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of the product, starter culture and pro-
cessing conditions, which naturally vary 
from one product to another.

It should be noted that samples from 
batch A gave the highest number of 
proteins whose relative concentration 
changed during ripening, mainly me-
dium- and low-molecular weight frag-
ments, 70, 36, 18, 15, 13, 12 and 11 
kDa, increased after 7 days of ripening. 
this fact could influence the sensorial 
characteristics of chorizo sausages, in-
creasing the flavour intensity. 

Electrophoretic bands that
remained constant during ripening 

the relative density of the 80 kDa frag-
ment did not vary significantly through-

table 7 - Effect of hunting-season stage and ripening conditions on the relative density of the sarco-
plamic proteins in the four venison chorizo batches after 21 days of ripening.

Approximate	molecular	mass		 Factor effect
(kDa)
	 A	 B C	 D	 H	 R	 H	x	R

123.5	 2.17±0.80	 1.74±0.49 2.40±0.83	 2.65±0.26	 ns ns ns
80	 3.37±1.21	 4.12±2.47 4.41±1.00	 3.10±0.33	 ns ns ns
70	 21.97a±3.90	 22.84a±6.01 19.71a±2.74	 14.17b±1.57	 ns * *
58	(pyruvate	kinase)		 2.20±0.66	 2.06±0.91	 1.83±0.43 1.94±0.83	 ns ns ns
42 8.26a±3.17 7.06a±1.08	 12.54b±2.32	 13.33b±2.58	 ns *	 ns
38 7.13±1.81	 5.31±1.79	 6.45±3.34	 8.15±0.89	 ns ns ns
36	(GAPDH)	 8.96a,b±1.50	 7.21a±0.38	 6.49a±3.20	 11.08b±1.69	 ns ns *
26.6	(TPI)	 2.01±0.54	 2.64±1.47	 2.27±0.30	 2.64±0.33	 ns ns ns
24	 5.00a,b±0.98	 4.41a,b±1.75	 3.91a±1.00	 5.81b±1.61	 ns ns *
22.5	 2.15±0.58	 3.15±1.31	 2.33±0.96	 2.16±1.09	 ns ns ns
21.5	 2.60±0.70	 3.00±0.87	 2.53±0.69	 2.39±0.46	 ns ns ns
18	 3.89a±1.01	 5.40b±0.92	 3.30a±0.75	 3.71a±1.15	 *	 *	 ns
15	 4.69a±1.02	 4.70a±1.36	 3.25b±0.81	 2.85b±0.51	 ns *	 ns
13	 9.44a±1.65	 10.47a±1.93	 6.90b±1.93	 7.15b±1.39	 ns *	 ns
12	 6.42a,b±1.10	 7.71a±2.89	 4.43b±1.78	 4.65b±1.29	 ns *	 ns
11	 4.51±2.11	 6.06±1.54	 1.76±2.73	 3.31±1.47	 ns ns ns

Different	superscripts	in	each	row	indicate	significant	differences	(P	<	0.05).
*	significant	differences	(P	<	0.05).	ns:	not	significant	differences.
GADPH:	glyceraldehyde-3-phosphate	dehydrogenase;	TPI:	triosephosphate	isomerase.
A:	batch	made	at	the	start	of	the	hunting	season	and	ripened	under	controlled	conditions;
B:	batch	made	at	the	end	of	the	hunting	season	and	ripened	under	controlled	conditions;
C:	batch	made	at	the	start	of	the	hunting	season	and	ripened	under	natural	conditions;
D:	batch	made	at	the	end	of	the	hunting	season	and	ripened	under	natural	conditions
H:	hunting		season;
R:	ripening	conditions.

out ripening and storage in any of the 
four batches. A similar relative density 
for this fragment was reported by sorI-
ANo et al. (2006) in commercial venison 
chorizo and saucisson.

Very few sarcoplasmic proteins dis-
played significant variations during 
packing.  this suggests that variation 
takes place largely during ripening. the 
relative density of 70, 24, 18 and 15 
kDa fragments increased after storage in 
batches D, c, D and A, respectively. the 
relative density of band 123.5 in batch 
D decreased after storage.

table 7 shows the results obtained 
after applying the General Linear Mod-
el and the LsD test to determine differ-
ences between batches as a function of 
hunting-season stage and of ripening 
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conditions on sarcoplasmic protein pro-
files after 21 days of ripening.

ripening conditions influenced the rel-
ative density of more proteins than did 
hunting-season stage or the interaction 
of these two variables. the relative den-
sity of the 42 kDa band was significant-
ly lower in batches ripened under con-
trolled conditions.  In contrast, the rel-
ative density values of low-molecular-
weight bands 15, 13 and 12 kDa were 
higher in these batches. this may be 
because constant temperature and rel-
ative humidity enhance the activity of 
proteolytic enzymes and thus the gen-
eration of low-molecular-weight protein 
fragments.

the relative density of the 70 kDa 
band after 21 days of ripening was sig-
nificantly affected by the ripening pro-
cess and by the interaction of the two 
variables; relative density values in batch 
D were significantly lower than those of 
the other batches.

both hunting-season stage and rip-
ening conditions significantly influ-
enced the relative density of glyceral-
dehyde-3-phosphate dehydrogenase 
(36 kDa) and the 24 kDa fragment; val-
ues were highest in batch D and low-
est in batch c. the interaction of the 
two variables also affected the density 
of the 18 kDa band, values for batch c 
were significantly higher than for the 
other batches.

In conclusion, during the early stag-
es of venison chorizo ripening, main-
ly after 7 days, proteins with high and 
medium molecular weight disappeared, 
showing high proteolysis intensity. rip-
ening conditions and hunting-season 
stage influenced the degradation of 
some sarcoplasmic proteins. chorizo 
sausages made with venison from the 
start of the hunting season and ripened 
under controlled conditions (batch A) 
gave the highest number of proteins 
whose relative concentration changed 
during ripening, particularly the me-

dium- and low-molecular-weight frag-
ments, 70, 36, 18, 15, 13, 12 and 11 
kDa, increased after 7 days of ripening; 
this fact could influence the sensorial 
characteristics of chorizo sausages, in-
creasing the flavour intensity. Very few 
sarcoplasmic proteins displayed signif-
icant variations after 45 days of being 
vacuum packed, so packing is appro-
priate for conserving the product from 
a proteolysis point of view. 
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AbstrAct

the aim of this study was to evalu-
ate if the carotenoid content of Italian 
tomatoes is affected by factors such 
as the geographical area in which the 
plants are cultivated, harvest time, 
tomato typology and ripening stage. 
three Italian tomato varieties were 
sampled in different geographical lo-
cations throughout Italy in the sum-
mer and winter months. significant dif-
ferences were found in the lycopene, 

rIAssuNto

L’obiettivo di questo lavoro è stato 
quello di verificare in pomodori prodot-
ti in Italia se il contenuto dei principali 
carotenoidi poteva essere influenzato da 
alcuni fattori, quali la zona geografica 
in cui le piante erano coltivate, la sta-
gione di raccolta, la varietà di pomodo-
ro e il grado di maturazione. sono sta-
te studiate tre varietà di pomodori ita-
liani e i frutti sono stati campionati in 
diverse aree geografiche del paese du-
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β-carotene and phytoene contents as 
a function of tomato variety with the 
highest carotenoid levels recorded for 
cherry tomatoes. In relation to the ge-
ographic location the only significant 
differences were lycopene content in 
salad tomatoes. the harvesting peri-
od influenced carotenoid composition, 
but a definite seasonal trend was not 
observed. During the summer the lyc-
opene content was higher in summer-
harvested tomatoes than in winter-har-
vested ones, for both cluster and cherry 
typologies. In relation to the harvesting 
season, no significant differences were 
found for the lycopene content in sal-
ad tomatoes, while the β-carotene con-
tent was significantly different. ripen-
ing stage influenced lycopene and β-
carotene levels in all the varieties con-
sidered; significant differences in the 
phytoene values were found in cherry 
tomatoes. the highest carotenoid lev-
els were recorded in fully ripe cherry 
tomatoes.

rante i mesi estivi e invernali. In rela-
zione alla varietà, differenze significa-
tive sono state riscontrate per i conte-
nuti di licopene, β-carotene e fitoene. I 
più alti contenuti di carotenoidi sono 
stati rinvenuti in pomodori appartenen-
ti alla varietà ciliegino. In relazione al-
l’origine geografica delle coltivazioni, si 
sono riscontrate differenze significati-
ve solo confrontando i contenuti di lico-
pene dei pomodori insalatari. Il perio-
do di raccolta influenzava il contenuto 
dei composti analizzati, ma non è sta-
to possibile definire un andamento sta-
gionale ben definito. I valori medi di li-
copene in pomodori delle varietà cilie-
gino e grappolo determinati nel corso 
dei mesi estivi erano significativamen-
te più alti di quelli determinati nel cor-
so dei mesi invernali. Per la varietà in-
salataro differenze significative legate 
alla stagione di raccolta sono state re-
gistrate solo per il contenuto di β-caro-
tene. Il grado di maturazione influen-
zava in maniera significativa i conte-
nuti di licopene e β-carotene in ciascu-
na varietà analizzata. solo nella varie-
tà ciliegino si sono verificate differenze 
significative anche per il contenuto di 
fitoene. I maggiori contenuti di carote-
noidi sono stati registrati nei pomodo-
ri della varietà ciliegino raccolti a com-
pleta maturazione.

INtroDuctIoN

In recent years, many scientific stud-
ies have demonstrated the strong rela-
tionship between diet and health. the 
results of epidemiological studies have 
shown the association of a high vegeta-
ble intake with a reduced risk of many 
degenerative diseases including some 
types of cancer (stEINMEtz and PottEr, 
1996; rIboLI and NorAt, 2003), cardi-
ovascular diseases (NEss and PoWLEs, 

1997; JoshIPurA et al., 2001), etc. the 
positive correlation between vegetable in-
take and cancer prevention has been at-
tributed to the presence of antioxidant 
compounds (MAchLIN, 1995).

During the last decade the physio-
logical and biological functions of car-
otenoids have been studied. the provi-
tamin A activity of some carotenes has 
been described in many papers (oL-
soN, 1989; rocK, 1997). other stud-
ies have shown that these compounds 



Ital. J. Food Sci. n. 2, vol. 19 - 2007  183

have biological functions that can be 
attributed to their antioxidant activi-
ty (burtoN, 1989; PALozzA and KrIN-
sKY, 1992). Among the carotenoids, lyc-
opene has been considered the most ef-
fective for quenching singlet oxygen (DI 
MAscIo et al., 1989) and for this reason 
many recent studies have investigated 
its protective role in human health. Di-
etary intake of lycopene has been as-
sociated with a decreased risk of pros-
tate cancer (GIoVANNuccI, 1999, 2002) 
and its function in the prevention of de-
generative diseases has been described 
in numerous papers (rAo and ArGWAL, 
1998, 1999).

tomato is the main dietary source of 
lycopene and is one of the most frequent-
ly consumed vegetables in the Mediterra-
nean area. recent studies have defined 
the potential health benefits of a toma-
to-rich diet. According to many authors 
the regular consumption of tomatoes is 
associated with a decreased incidence 
of certain types of cancer (GIoVANNuc-
cI, 1999, 2002; rAo and ArGWAL, 1998) 
and heart diseases (LAVELLI et al., 2000). 
these beneficial effects on human health 
have been attributed to the antioxidants, 
particularly carotenoids and flavonoids 
(LAVELLI et al., 2000).

It is well known that the qualitative 
and quantitative composition of tomato 
is affected by many factors, such as to-
mato typology, ripening stage, climatic 
conditions, etc. Differences in composi-
tion are due to genotype and several au-
thors have described variations in the 
carotenoid profile in relation to different 
cultivars (LEoNArDI et al., 2000; AbushI-
tA et al., 1997, 2000). other studies have 
described the changes that occur during 
ripening; the biosynthesis of carotenoids 
is controlled by regulatory mechanisms 
that allow an increase in carotenoid con-
tent (thELANDEr et al., 1986; FrAsEr et 
al., 1994). In the literature, there have 
been a few recent reports that caroten-
oid composition is a function of harvest-
ing period (rAFFo et al., 2006; toor et 

al., 2006) and of the environmental con-
ditions in which the tomato crop is culti-
vated (DuMAs et al., 2003). these studies 
have shown that tomato quality is affect-
ed by many factors such as temperature 
and uV radiation (DorAIs et al., 2001); 
same studies have proven that lycopene 
synthesis is inhibited by particularly in-
tense solar radiation (ADEGoroYE and 
JoLLIFFE, 1987).

In Italy, fresh tomatoes and toma-
to products are the most important 
source of the dietary intake of lycopene 
and carotenoids because tomatoes are 
used in many culinary preparations. In 
Italy sicily is the most important toma-
to-producing area. During the summer, 
tomato crops are grown throughout the 
country, because the temperate climate 
of the Mediterranean area assures op-
timal conditions for their growth. how-
ever, since the microclimates are differ-
ent in the northern and southern Ital-
ian regions it is hypothesized that there 
could be variations in the lipophilic anti-
oxidant content of tomatoes grown in 
the different regions. Many tomato vari-
eties cultivated in these regions are har-
vested and sold at the ripening stage at 
which they are normally used for culi-
nary purposes.

the aim of this study was to define 
carotenoid content in the most common 
tomato cultivars available on the Italian 
market. the investigation was carried 
out during different periods of the year 
and the tomatoes were sampled in differ-
ent geographical areas in order to deter-
mine if there are significant differences 
in carotenoid content related to harvest-
ing season or to the typical microclimate 
in which the crops were grown. to com-
pare the carotenoid contents in relation 
to these variables, three Italian tomato 
cultivars were analyzed at the ripening 
stage at which they were sold. however, 
to complete the investigation, the effect 
of ripening stage was also evaluated by 
analyzing some tomatoes harvested at 
different ripening stages.
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MAtErIALs AND MEthoDs

tomato sampling

tomatoes were collected in unheated 
greenhouses located in sicily, tuscany 
and Latium. Plant nutrition and chem-
ical pest and disease control followed 
commercially acceptable practices. the 
tomatoes were grown under varying cli-
matic conditions, because the green-
houses were covered with plastic film 
but temperature and uV radiation were 
not controlled.

the tomatoes were harvested during 
May and June 2004; tomatoes from sic-
ily were also collected during the winter 
(January-February 2005).

three different commercial varieties 
were investigated: a cluster type (cv. 
Ikram F1), cherry type (cv. Naomi F1) 
and salad type (cv. Eroe F1).

For each variety grown in the same 
geographical area and harvested dur-
ing the same season, ten tomatoes were 
harvested from ten different representa-
tive plants (selection based on their cen-
tral position in the greenhouse). the to-
matoes were combined into one sample 
that was selected in relation to the rip-
ening stage: salad tomatoes at incom-
plete ripening (green-orange fruit (G-o)); 
cluster and cherry tomatoes at full rip-
ening (red fruit (r)). to get a homoge-
neous group, chromatic coordinates (L*, 
a*, b*) were determined on the equato-
rial part of the fruit (Mc GuIrE, 1992), 
using a tristimulus chroma meter (Mi-
nolta, tokyo, Japan, model cr 200). 
Fruit colours was described by the ra-
tio a*/b*.

reagents and standards

All solvents used were of hPLc grade 
from bhD (Poole, England). the β-caro-
tene and lycopene standards were pro-
duced by sigma (st. Louis, usA); the 
lutein standard was purchased from IcN 
biochemical Inc. (ohio, usA). Magnesi-

um oxide and silica gel 60 (0.063-0.200 
mm) were from Merck (Darmstadt, Ger-
many).

sample extraction

to obtain a homogeneous and rep-
resentative sample for analysis, ten to-
matoes were taken at random from each 
pooled sample and homogenized using 
an IKA Labortechnik homogenizer, mod-
el t25 basic (IKA® WErKE Gmbh & co., 
staufen, Germany).

Fresh homogenized tomatoes were 
weighed and lyophilized for 24 hours 
(Freeze Dryer Modulyo, Edwards 
equipped with a Motors bs 5000-11 
pump (Edwards high Vacuum. Ltd, 
crowley, u.K.). the freeze-dried samples 
were then weighed and stored at -20°c 
until analysis.

For carotenoid extraction, a 275 mg 
sample of homogenized freeze-dried to-
matoes (corresponding to 5 g of fresh 
tomato) was extracted for 2 min using 
15 mL of chloroform and then centri-
fuged at 3,000 rpm for 10 min (rozzI et 
al., 2002). this extraction was repeat-
ed twice until the pellet became colour-
less. the organic fractions were collect-
ed and evaporated to dryness on a ro-
tavapor. the residue was dissolved in 5 
mL of hPLc grade chloroform; 1 mL was 
filtered through a 0.45 µm Minisart srP 
4 filter (sartorius, Goettingen, Germa-
ny) and injected into the liquid chroma-
tograph. three replications were carried 
out for each sample.

hPLc analyses

A Perkin-Elmer Lc 410 series appa-
ratus (Norwalk, ct, usA) equipped with 
a uV/VIs Lc295 Perkin-Elmer detec-
tor and a Perkin-Elmer 1022 Plus in-
tegrator was used. Elution was carried 
out using a mixture of methanol:ace-
tonitrile:dichloromethane (50:48:2) at 
a flow rate of 1.0 mL/min. A reversed-
phase Lichrospher 100 rP 18 (5 µm, 
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125x4.6 mm) Merck column was used 
and the run time was 35 min (sALEh 
and tAN, 1991). the injection volume 
was 10 µL. uV-VIs detector was set at 
290 nm for the simultaneous detection 
of all compounds.

the quantitative analysis of lycopene, 
β-carotene, lutein and phytoene was 
based on an external standard meth-
od. the quantification of these com-
pounds was carried out using a calibra-
tion curve obtained by injecting stand-
ards at known and variable concentra-
tions.

Isolation of phytoene standard by
open column chromatography (occ)

to obtain phytoene standard, a pre-
viously described occ method was 
used (otLEs, 2000). Phytoene was 
isolated from a carotenoid extract of 
fresh tomatoes. the organic fraction 
was evaporated in a rotary evaporator 
and the residue was dissolved in 2 mL 
of hexane. occ was carried out in an 
open column (15x1.5 cm) packed with 
Mgo: silica gel (1:2) and activated using 
hexane. Phytoene standard was sepa-
rated using 100 mL of hexane as the 
eluting solvent. An aliquot of the iso-
lated fraction was then used to verify 
the purity by hPLc and uV-VIs spec-
troscopy. the eluted fraction was evap-
orated under nitrogen and stored at -
20°c until used.

statistical analysis

A one-way analysis of variance (ANo-
VA) was performed to independently test 

the significance of the observed differ-
ences (using stata 9.0, statacorp LP). 
Data were analyzed considering toma-
to variety, geographical locations, har-
vest time and ripening stage as exper-
imental factors. If the effects were sig-
nificant (P≤0.05) the mean values were 
then compared by Duncan’s test to look 
for grouping.

rEsuLts AND DIscussIoN

carotenoid content determination

calibration curve parameters (µg/mL 
- chromatographic peak area ratio) used 
for carotenoid content determination are 
described in table 1.

to verify that the extraction proc-
ess was reproducible, three portions of 
different tomato samples (salad, clus-
ter and cherry tomatoes) were collect-
ed, lyophilized and analyzed in triplicate 
for five consecutive days. the obtained 
cV% values were: 7.5, 3.9, 4.6 and 6.8, 
respectively, for lutein, lycopene, β-car-
otene and phytoene.

Effect of tomato variety
on carotenoid content

In order to evaluate the effect of va-
riety on the carotenoid content, toma-
toes were sampled during the same har-
vesting period (summer months) and in 
the same geographical area, sicily (ta-
ble 2). the total carotenoid content was 
in the range reported in the literature 
(LEoNArDI et al., 2000; AbushItA et al., 
1996, 2000)

table 1 - Parameters of lutein, lycopene, β-carotene and phytoene calibration curves.

Compound	 Slope	 Intercept	 R2	 Range	(µg/mL)

Lutein	 41512	 2261	 0.9863	 0.08	-	 	20.20
Lycopene	 158549	 -494	 0.9957	 8.25	-	200.23
β-carotene	 62246	 6036	 0.9999	 2.20	-	 	20.56
Phytoene	 174735	 2311	 0.9997	 0.52	-	 	60.13
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Data show that the tomatoes are char-
acterized by relevant differences in lyc-
opene content. In every case, lycopene 
was the main component of the carote-
noid fraction and its mean values ranged 
from 2.35 to 13.27 mg/100 g of fresh to-
matoes. the highest values were detect-
ed in cherry-type tomatoes, while the 
lowest lycopene content as well as the 
other carotenoids were recorded in sal-
ad-type tomatoes. the one-way analysis 
of variance (ANoVA) showed significant 
differences for lycopene, β-carotene and 
phytoene contents. the stage of ripen-
ing can explain the quantitative differ-
ences that were observed, because the 
salad tomatoes were analyzed at an in-
complete ripening stage, when the car-
otenoid contents are the lowest (rAFFo 
et al., 2002; AbushItA et al., 1996). Ac-
cording to some authors (LEoNArDI et 
al., 2000) carotenoid content is more af-
fected by ripening stage than by cultivar, 
the latter determined slight but signifi-
cant effects, consequently quantitative 
differences were not observed when dif-
ferent tomato varieties were analyzed at 
the same ripening stage.

In this study, the lycopene and phy-
toene contents varied according to vari-
eties for both cluster and cherry toma-
toes. since the cherry and cluster to-
matoes were analyzed at the same rip-
ening stage, the differences could be re-
lated to tomato typology. As previously 

table 2 - carotenoid content (mg/100 g of fresh tomato) of different tomato varieties from sicily (Mean 
values ± standard Deviation).

	 Tomato	cultivara

Compound	 Salad	 Cluster	 Cherry

Lutein	 0.016±0.012	 0.020±0.009	 0.021±0.012
Lycopene	 2.35±0.53	a	 8.47±1.17	b	 13.27±2.82	c
β-carotene	 0.42±0.09	a	 0.62±0.22	b	 0.71±0.12	b
Phytoene	 0.12±0.37	a	 0.44±0.28	a	 1.99±0.54	b

a	Different	letters,	within	each	row,	indicate	significant	differences	according	to	the	Duncan	test.	No	letter	is	report-
ed	if	ANOVA	results	were	not	significant	(P≤0.05)	in	relation	to	the	tomato	cultivar.

described by LEoNArDI et al. (2000) the 
highest carotenoid content values were 
observed in cherry-type tomatoes. sig-
nificant differences were not found in 
lutein content.

Effects of geographical location
on carotenoid content

to examine the influence of geograph-
ical location on Italian tomatoes, sam-
ples were harvested during the summer 
in three geographically different areas 
of Italy. Quantitative data on caroten-
oid composition are presented in table 
3. For each typology investigated, lyco-
pene was the most abundant component 
ranging from 2.14 mg/100 g (recorded 
for salad tomatoes grown in tuscany) to 
13.27 mg/100 g (recorded for cherry to-
matoes grown in sicily). the quantitative 
data obtained for each variety were com-
pared with data obtained for the same 
variety grown in other geographic loca-
tions. significant differences were found 
in the lycopene content in salad toma-
toes. the carotenoid content in the oth-
er varieties was not significantly influ-
enced by geographic location. No signif-
icant differences were found in the con-
tents of the other components.

According to some authors (DuMAs et 
al., 2003; GArcIA and bArrEtt, 2006) 
the lycopene concentration in tomatoes 
is dependent on the environmental fac-
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tors in which the crop is grown. In this 
study, with the exception of the lycopene 
content in salad tomatoes, no differences 
were found in relationship to geograph-
ic location. the climatic conditions that 
occurred in sicily, tuscany and Latium 
in the summer of 2004 were compara-
ble in terms of temperature, uV radia-
tion, etc.

Effects of harvesting seasons
on carotenoid content

For this investigation tomatoes were 
sampled during the summer and winter 
in unheated greenhouses located in sic-
ily. During the year, the microclimate of 
sicily is subject to seasonal changes in 
temperature and solar irradiation that 
could generate variations in lipophilic 
composition.

As can be seen in table 4 the carote-
noid content was lower during the win-
ter. this is in agreement with studies 
of rAFFo et al. (2006) who reported the 
highest lutein, lycopene and β-carotene 
contents in tomatoes sampled during the 
summer. the seasonal trend of the phy-
toene contents recovered in our study is 
not in agreement with these authors be-
cause they reported the opposite trend, 
i.e., a higher content in winter-grown 
tomatoes.

the quantitative data obtained for 
each variety analyzed during the sum-
mer were compared with data obtained 
from the same variety grown during the 
winter. the ANoVA showed that there 
were significant quantitative differences 
for the lycopene contents in both clus-
ter- and cherry-type tomatoes. signif-
icant differences in lycopene content 
were not found for salad-types tomatoes, 
while the β-carotene contents were sig-
nificantly different. based on these re-
sults and in agreement with previous-
ly published data, no definite seasonal 
trend of carotenoid content was found 
in Italian tomatoes (rAFFo et al., 2006; 
toor et al., 2006).t
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Effects of ripening stage
on carotenoid content

to complete the study regarding the 
carotenoid profile in Italian tomatoes, 
cherry and cluster tomatoes were har-
vested and analyzed at different ripen-
ing stages. chromatic coordinates were 
defined and the a*/b* ratio was used 
as a ripening index (GIoVANNELLI et al., 
1999). the mean values were determined 
for each sample: a*/b* mean values were 
less than 0.5 in green-orange fruits (G-
o), between 0.5 and 1 for orange-red 
fruits (o-r) and higher than 1 for red 
fruits (r). table 5 shows that the caro-
tenoid contents increased during ripen-
ing; the highest values were found in ful-

table 4 - carotenoid content (mg/100 g of fresh tomato) in tomatoes harvested during the summer and 
winter (Mean values ± standard Deviation).

	 Salada	 Clustera	 Cherrya

Compound	 winter	 summer	 winter	 summer	 winter	 summer

Lutein	 0.014±0.013	 0.016±0.012	 0.016±0.009	 0.020±0.009	 0.019±0.012	 0.021±0.012
Lycopene	 1.94±0.52	 2.35±0.53	 6.84±0.89	a	 8.47±1.17	b	 9.63±2.08	a	 13.27±2.82	b
β-carotene	 0.21±0.08	a	 0.42±0.09	b	 0.55±0.12	 0.62±0.22	 0.64±0.16	 0.71±0.12
Phytoene	 0.09±0.24	 0.12±0.37	 0.39±0.52	 0.44±0.28	 1.83±0.73	 1.99±0.54

a	Different	letters,	within	each	row,	indicate	significant	differences	according	to	the	Duncan	test.	No	letter	is	report-
ed	if	ANOVA	results	were	not	significant	(P≤0.005)	in	relation	to	harvesting	season.

ly ripe tomatoes. Lycopene was the most 
abundant carotenoid compound; at full 
ripeness its content was six-times great-
er than unripe tomatoes.

using ripening stage as an experi-
mental factor, ANoVA showed that the 
lycopene and β-carotene contents dif-
fered significantly in both cluster and 
cherry tomatoes. these results were 
confirmed by some studies that report-
ed an increase in the β-carotene and 
lycopene contents as ripening evolved 
(rAFFo et al., 2002; AbushItA et al., 
1997). significant differences in phy-
toene content were found in cherry to-
matoes. the lutein contents were not 
significantly influenced by the ripen-
ing stage.

table 5 - carotenoid content (mg/100 g of fresh tomato) in tomatoes harvested at different ripening 
stage (Mean values ± standard Deviation).

	 Cluster	a	 Cherry	a

Compound	 G-O	b	 O-R	b	 R	b	 G-O	b	 O-R	b	 R	b

Lutein	 0.014±0.008	 0.016±0.010	 0.020±0.009	 0.015±0.009	 0.020±0.013	 0.021±0.012
Lycopene	 2.23±0.37	a	 4.83±0.96	b	 8.47±1.17	c	 2.46±0.43	a	 8.63±1.09	b	 13.27±2.82	c
β-carotene	 0.37±0.08	a	 0.51±0.11	b	 0.62±0.22	b	 0.49±0.09	a	 0.61±0.13	b	 0.71±0.12	b
Phytoene	 0.11±0.19	 0.35±0.50	 0.44±0.28	 0.13±0.61	a	 1.10±0.52	b	 1.99±0.54	c

a	green-orange	fruit	(G-O),	orange-red	fruit	(O-R)	and	red	fruit	(R).
b	Different	letters,	within	each	row,	indicate	significant	differences	according	to	the	Duncan	test.	No	letter	is	report-
ed	if	ANOVA	results	were	not	significant	(P≤0.05)	in	relation	to	ripening	stage.
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coNcLusIoNs

this study provides some interesting 
new data on the carotenoid content in 
Italian tomatoes. our investigation has 
shown that geographic location, harvest-
ing season, variety and ripening stage 
are factors that should be taken into 
consideration when evaluating carote-
noid content in Italian tomatoes. the 
highest carotenoid levels were recorded 
in fully ripe cherry tomatoes harvested 
during the summer. All of the various 
experimental factors considered affect-
ed tomato quality in terms of lycopene, 
β-carotene, phytoene contents but the 
lutein content was not significantly in-
fluenced.
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AbstrAct

the natural antioxidants present in 
the by-products of the coffee indus-
try have been focused on because they 
are related to the reduction of oxida-
tive stress. Furthermore, the phenolic 
acids present in coffee beans play an 
important role as oxidative inhibitors. 
Dust is generated during the process 
of peeling the coffee bean. the etheric, 
alcoholic and aqueous extracts of cof-
fee dust were obtained by sequential 
extraction, and the effect of these sol-
vents (ether, alcohol and water) on the 

rIAssuNto

È stata focalizzata l’attenzione su-
gli antiossidanti naturali presenti nei 
sottoprodotti dell’industria del caffè, 
in quanto correlati alla riduzione dello 
stress ossidativo. Gli acidi fenolici pre-
senti nelle fave di caffè giocano, inoltre, 
un ruolo importante quali inibitori del-
l’ossidazione. La polvere viene prodot-
ta durante il processo di decorticazio-
ne delle fave di caffè. Gli estratti eterei, 
alcolici e acquosi della polvere di caffè 
sono stati ottenuti per estrazioni suc-
cessive ed è stato studiato l’effetto di 
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total phenolic content and total anti-
oxidant activity (tAA) was studied. the 
concentration of phenolic compounds 
ranged from 288.64 to 424.48 mg and 
is expressed as gallic acid equivalents 
(GAE), according to the Folin-ciocal-
teau method. the tAA was investigated 
by the β-carotene/linoleic acid system 
and the Abts method, which quantifies 
the quenching of this radical spectro-
photometrically. by using this method, 
the trolox Equivalent Antioxidant ca-
pacity values for etheric, alcoholic and 
aqueous extracts were 735.27, 235.57 
and 121.06, respectively. the quantifi-
cation in free (FPA), esterified (EPA) and 
insoluble-bound phenolic acids (IPA) 
were 4,620.94, 2,013.26 and 2,796.56 
mg expressed as gallic acid equivalents 
(GAE), respectively. the identification 
by gas chromatography showed that 
salicylic acid was the main component 
with a concentration higher than 90% 
in all phenolic acid fractions of the dust. 
A high correlation between the content 
of phenolic compounds and the anti-
oxidant index was found. the order of 
antioxidant activity (tEAc) in different 
solvents was etheric > alcoholic > aque-
ous. these data indicate that the cof-
fee residues are an excellent source of 
natural antioxidants.

questi solventi (etere, alcool ed acqua) 
sul contenuto fenolico totale e sull’atti-
vità antiossidante totale (tAA). La con-
centrazione dei composti fenolici va-
riava da 288,64 a 424,48 mg, espressa 
come equivalenti acido gallico (GAE), in 
accordo con il metodo Folin-ciocalteau. 
L’attività antiossidante totale è stata de-
terminata col sistema β-carotene/acido 
linoleico e il metodo Abts, che quan-
tifica spettrofotometricamente l’inatti-
vazione di questo radicale. utilizzando 
tale metodo, i valori per la capacità an-
tiossidante in equivalenti di trolox, per 
gli estratti etereo, alcolico ed acquoso 
erano rispettivamente pari a 735,27, 
235,57 e 121,06. Gli acidi fenolici libe-
ri (FPA), esterificati (EPA) e insolubili in 
forma polimerica (IPA) erano rispettiva-
mente 4.620,94, 2.013,26 e 2.796,56 
mg, espressi come equivalenti di aci-
do gallico (GAE). L’analisi gas-croma-
tografica mostrava che l’acido salicilico 
era il componente principale, con con-
centrazioni superiori al 90% in tutte le 
frazioni fenoliche della polvere di caffè. 
È stata riscontrata un’alta correlazio-
ne tra il contenuto in composti fenoli-
ci e l’indice antiossidante. L’ordine per 
l’attività antiossidante (tEAc) nei dif-
ferenti solventi era etere > alcool > ac-
qua. Questi dati indicano come i resi-
dui del caffè siano una sorgente eccel-
lente di antiossidanti naturali.

INtroDuctIoN

Plant-food processing generates by-
products that are rich sources of func-
tional compounds, including phenolic 
acids (schIEbEr et al., 2001). the avail-
ability of phenolic compounds from ag-
ricultural and industrial residues, their 
extraction and antioxidant activity were 
objects of a review by MourE et al. 
(2001). brazil is the world’s largest coffee 

producer and is becoming a significant 
player in the specialty coffee industry. It 
produces around 25% of the world’s sup-
ply of coffee, eighty percent of which is 
Arabica. the vast majority of coffees are 
still processed via the dry method since 
brazil is one of the few countries in the 
world that has the appropriate weather 
to do so successfully (coFFEErEsEArch, 
2005). the objective of the dry method 
is remove the shell, pulp and seed mu-
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cilagens. the bean shell is taken out by 
rotatory cylinder attrition. In sequence 
the residues made of dry pulp and mu-
cilagens are removed and represent the 
dust. Presently, there is no use for the 
residues of the coffee industry, and the 
high cost of collecting, transporting and 
storing them makes their utilization not 
viable. Dust is generated during the 
standard process of producing peeled 
coffee. Every three hundred thousand 
bags, containing 60 kg of coffee beans 
per bag, produce, approximately 25 tons 
of dust per month. this residue has been 
used as fertilizer and animal feed (sAN-
tA cLArA, 2004).

Phenolic acids, substances that belong 
to the group of phenolic compounds, are 
classified into two groups. In the first 
group are the hydroxy benzoic acids, 
which are the simplest found in nature. 
to the second group belong the cinnam-
ic acids; coumarins belong to this group 
and are lactones of o-hydroxycinnamic 
acids. the phenolic acids are present as 
three different forms in plants: free, es-
terified and insoluble-bound (KrYGIEr 
et al., 1982).

coffee is the major source of chloro-
genic acid in the human diet; the dai-
ly intake by coffee drinkers ranges from 
0.5 to 1 gram, whereas coffee abstain-
ers typically ingest < 100 mg/day (cAs-
tILLo et al., 2002).

the antioxidant properties of coffee 
beverages and roasted coffee have been 
widely studied in model systems. how-
ever, studies on the free radical scav-
enging activity of coffee residues are still 
needed in view of their potential use due 
to their high content of bioactive com-
pounds (YEN et al., 2005).

recently, there has been considerable 
interest in finding natural antioxidants 
from plant material to replace synthet-
ic ones. Natural antioxidant substances 
are presumed to be safe since they oc-
cur in plant foods; typical compounds 
that exhibit antioxidant activity include 
vitamins, carotenoids and phenolic 

compounds and can be recognized as 
GrAs substances. In the case of phe-
nolics, their ability to act as antioxi-
dants depends on the redox properties 
of their phenolic hydroxyl groups that 
allow them to act as reducing agents, 
hydrogen-donating antioxidants, and 
oxygen quenchers (chANWIthEEsuK 
et al., 2005). however, studies consid-
ering the toxicological and physiologi-
cal aspects of phenolic acids are nec-
essary to assess the dose versus effec-
tive response.

thus, not only does the importance 
of conducting studies on coffee residues 
lie on their chemical characterization 
but also on the possibility of linking the 
chemical contents with particular func-
tional properties (YEN et al., 2005).

the objectives of this study were to de-
termine total phenolics in the dust of cof-
fee extracted with different solvents, to 
identify active phenolic acids in the dust 
fractions (free, esterified and insoluble-
bound) by gas chromatography, and to 
evaluate the total antioxidant activity us-
ing the Abts radical cation decolouriza-
tion assay. the β-carotene/linoleic acid 
system was also used to evaluate the an-
tioxidant activity in hydrophilic extracts 
obtained with alcohol and water.

the Abts method was chosen for phe-
nolic acid fractions because it is simple, 
fast, highly reproducible, uses a regu-
lar visible-uV spectrophotometer, and is 
also useful for determining the activity of 
both hydrophilic and lipophilic species, 
thus covering a wider range of possible 
applications (sAcchEttI et al., 2005).

MAtErIALs AND MEthoDs

Materials

the samples of coffee dust were giv-
en by the cooperative of coffee Produc-
ers cooxupé (Guaxupé - MG), from bra-
zil. the residue is a result of the dry pro-
cessing of coffee beans.
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chemicals

Folin and ciocalteau phenol reagent, 
Abts [2,2´-Azino-bis – (3-ethylbenzothi-
azoneline-6-sulfonic acid)] diammonium 
salt, trolox (6-hydroxy-2,5,7,8-tetrameth-
ylchroman-2-carboxylic acid) and stand-
ards including methyl heptadecanoate, 
salicylic acid, protocatechuic acid, chlo-
rogenic acid, ellagic acid, cinnamic acid, 
vanillic acid, o-coumaric acid, gentisic 
acid, quinic acid, p-coumaric acid, gallic 
acid, ferulic acid, caffeic acid and synapic 
acid were purchased from sigma-Aldrich 
co (st. Louis, Mo, usA).

Dry matter

Approximately 10 g of coffee dust were 
passed through a 60 mesh sieve. the dry 
matter content of the coffee dust was de-
termined on three samples of 3 g each in 
a drying oven at 105°c overnight until 
constant weight; this methodology was 
used only to determine the dry weight. 
the dried matter was weighed and the 
yield was calculated based on the wet 
weight of the samples. the results were 
used to express the total phenolic con-
tent and the antioxidant activity with re-
spect to dry matter.

Extraction

Etheric, alcoholic and aqueous ex-
tracts of coffee dust were obtained in 
sequential extraction form using 20 g of 
powder dust, according to MorEIrA and 
MANcINI-FILho (2003).

Extraction was applied by shaking 
flasks with 20 g of sample and 100 mL of 
ethyl ether for 1 hour at room tempera-
ture (25°c±2). the solutions were filtered 
through filter paper and the volume was 
made up to 100 mL by adding ethyl ether. 
the residue in the filter paper was dried 
at room temperature and in a drying oven 
at 60°c and used to obtain the other ex-
tracts with ethanol and distilled water, 
following the same procedure used for the 

first extract. the whole process was com-
pleted under dim light to minimize light 
induced degradation of phenolics, which 
are generally light sensitive.

Determination of total phenolic
compounds

the concentrations of phenolic com-
pounds in the extracts of coffee dust, ex-
pressed as gallic acid equivalents (GAEs), 
were measured according to the method 
of Folin-ciocalteau, with some modifica-
tions (buDINI et al., 1980). An aliquot of 
100 µL of sample was mixed with 500 µL 
of Folin and ciocalteau phenol reagent. 
After 3 minutes, 1.5 mL of a saturated so-
lution of Na2co3 was added to the mixture 
and made up to 10 mL by adding distilled 
water. the reaction was kept in the dark 
for 2 hours, after which its absorbance 
was read at 764 nm. A calibration curve 
was constructed with different concentra-
tions of gallic acid as standard.

Determination of antioxidant activity
by Abts decolourization assay

Abts [2,2´-Azino-bis – (3-ethylbenzo-
thiazoneline-6-sulfonic acid)] diammoni-
um salt was used as the free radical pro-
vider and was generated by reacting this 
compound (7.4 mM) with potassium per-
sulphate (2.45 mM) overnight (rE et al., 
1999). the solution was diluted with eth-
anol to yield an absorbance of 0.70±0.02 
at 734 nm.

After six minutes of incubation in cu-
vettes containing 980 µL Abts•+ solution 
and 20 µL of dust extracts, measure-
ments were carried out to quantify the 
decrease of absorption using a hewlett-
Packard 8425A spectrophotometer (Palo 
Alto, cA, usA). Ethanol was used as 
blank. the standard curve was prepared 
using a similar volume of trolox (6-hy-
droxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid), an analogue of vitamin 
E. In the presence of color reduction, the 
percentage inhibition of oxidation was 
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calculated for each sample relative to 
a blank absorbance and was plotted as 
a function of trolox concentration. the 
results are expressed as tEAc (trolox 
Equivalent Antioxidant capacity) per 
gram of organic dust (dry matter).

Determination of antioxidant activity
by β-carotene/linoleic acid system

the antioxidant activity of the extracts 
was based on coupled oxidation of β-
carotene and linoleic acid, according to 
the methodology described by MArco 

Fig. 1 - Extraction of phenolic acid fractions - free phenolic acids, esterified phenolic acids and insol-
uble-bound phenolic acids (sotEro, 2002).

(1968). this was subsequently expressed 
as an oxidation inhibition percentage, 
calculated in relation to the 100% oxida-
tion that occurs in the control (no anti-
oxidant). the antioxidant activities of the 
bht and crude alcoholic and aqueous ex-
tracts were determined under the same 
conditions, as a means of comparison.

Attainment of phenolic
acid fractions

the free, esterified and insoluble-
bound phenolic acid fractions (Fig. 1) 
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were obtained following the method de-
scribed by KrYGIEr et al. (1982), with 
some modifications (sotEro, 2002).

Extraction of free phenolic acids

one gram of sample powder was sub-
mitted to delipidation with ethyl ether in 
soxhlet; this sample was extracted six 
times with 20 mL tetrahydrofuran and 
mixed for 5 minutes in a vortex at room 
temperature (±23°c). the resulting su-
pernatant of the extractions was filtered 
and dehydrated with anhydrous sodium 
sulphate. the fraction was concentrated 
in a rotary vacuum evaporator (Fisatom 
802, são Paulo, brasil), at 40°c and di-
luted in 5 mL tetrahydrofuran. the ex-
tract containing the free phenolic acid 
fractions was stored under refrigeration 
and nitrogen atmosphere.

Extraction of esterified
phenolic acids

the residue from the extraction of free 
phenolic acids was used for new process-
es of extraction. the soluble phenolics 
of the sample were extracted six times 
with 20 mL methanol:acetone:water so-
lution (7:7:6). the sample was shaken 
for 5 minutes and centrifuged. At the 
end of the extraction, the supernatant 
was evaporated under vacuum, at 40°c, 
until aqueous phase. to release the sol-
uble esters, which were esterified with 
proteins and polypeptides, an equal vol-
ume of 4N sodium hydroxide was added 
(DAbroWsKI and sosuLKI, 1984). After 
three hours of hydrolysis at room tem-
perature (±23°c) in the dark and nitro-
gen atmosphere, the ph was adjusted to 
2 with 6N hcl, followed by centrifuga-
tion at 10,000 rpm for 10 minutes. the 
supernatant was transferred to a sepa-
ratory funnel and extracted with hexane 
(1:1), to eliminate free fatty acids and 
other contaminants, and also to extract 
the phenolics from the aqueous phase. 
twenty mL of diethyl ether:ethyl acetate:

tetrahydrofuran solution (1:1:1) was also 
added six times and under agitation for 
5 min. the extracted fraction was filtered 
and dehydrated with anhydrous sodium 
sulphate and the solvent was eliminated 
in a rotary vacuum evaporator at 40°c 
and made up to 5 mL with tetrahydrofu-
ran. the storage followed the process de-
scribed in the methodology of DAbroWs-
KI and sosuLsKI (1984).

Extraction of insoluble-bound
phenolic acids

the residue from the extraction of sol-
uble phenolics was hydrolyzed with 25 
mL of 4N Naoh, for 3 hours, at room 
temperature (±23°c) in the dark and ni-
trogen atmosphere. the insoluble-bound 
phenolic acid extract was acidified until 
ph 2 using 6N hcl, followed by centrif-
ugation at 10,000 rpm for 10 minutes. 
From this point, the procedure was the 
same as that used for the soluble esters 
filtrate of coffee dust (DAbroWsKI and 
sosuLsKI, 1984).

Identification of phenolic acids
by gas chromatography

one-tenth mL of internal standard 
(methyl heptadecanoate - 1.5 mg/mL) 
was added to 0.5 mL of each fraction. 
the sample was derivatized by 0.2 mL 
N,0-bis (trimethylsilyl) acetamide (bsA) 
heated at 60°c for 30 minutes, and af-
ter cooling to room temperature, was in-
jected in a shimadzu cG 17A chromato-
graph, equipped with a flame ioniza-
tion detector. the identification of phe-
nolics was based on matching reten-
tion times of standards. the chromato-
graphic conditions followed the proce-
dures described by DAbroWsKI and so-
suLsKI (1984) with modifications made 
by MorEIrA and MANcINI FILho (2003).

A Db5 semi polar column (25 m x 
0.25 mm, J & W) was used; operating 
conditions were as follows: initial tem-
perature of the column 150°c, isother-
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mic for 3 minutes; from 150° to 300°c 
at a rate of 5°c/min; isothermic 300°c 
for 3 minutes. the temperature of the 
injection port was 250°c and of detec-
tor was 300°c.

A standard solution was prepared di-
luting the 18 phenolic acids in methanol, 
and an aliquot of this solution was add-
ed to an internal standard (methyl hep-
tadecanoate) previous to injecting them 
in the chromatograph.

statistical analysis

All analyses were performed in trip-
licate. one-way analysis of variance 
(ANoVA) and tukey multiple compari-
sons were carried out to test for any sig-
nificant differences between the means, 
by using Statistica 6.0. Differences be-
tween means at the 5% (P < 0.05) level 
were considered significant.

rEsuLts AND DIscussIoN

Determination of total
phenolic content

Data in table 1 show that the dust ex-
tracts contain high levels of total pheno-
lics and that the solvents used for ex-
traction also significantly affected the to-
tal phenolic concentration. Ethyl ether 

table 1 - total phenolics and antioxidant activity of coffee dust extracts.

Extracts	 Total	phenolics	 ABTS	 β-carotene/linoleic	acid
	 (GAE1mg/100g±SD)	 (TEAC2µM/g±SD)	 inhibition	(%)

Aqueous	 288.64±7.16a	 121.06±2.24	a	 40.0
Alcoholic	 358.49±8.28b	 235.57±7.29	b	 84.0
Etheric	 424.48±9.10c	 735.27±7.7	c	 nd

1	GAE:	Gallic	Acid	Equivalent	in	mg	per	100	mg	(dry	matter).
2	TEAC:	Trolex	Equivalent	Antioxidant	Capacity	in	µm	per	g	(dry	matter).
3	%	inhibitor	of	the	β-carotene/linoleic	acid	system.
Values	are	the	means±standard	deviation	of	triplicate	determinations.
Different	letters	in	the	same	column	indicate	significant	differences	(P<0.05)	by	Tukey’	s	test	among	the	samples.
nd:	not	determined.

was more effective in extracting pheno-
lic compounds from coffee dust than 
alcohol and water, giving 424.48 mg 
GAE/100 g dry matter.

In a study concerning the effect of 
coffee processing on the total phenolic 
content in organic extracts, sÁNchEz-
GoNzALEz et al. (2005) found values 
which ranged from 3.9 to 6.91 g/100 g 
dry matter. In the case of brewed coffee 
made through various procedures, the 
values ranged from 1.87 to 3.74 g/100 
g dry matter.

recently, chANWIthEEsuK et al. 
(2005) investigated the antioxidant ac-
tivity of a large number of plants of 
thailand. According to their results, the 
methanolic extracts of ginger (Zingiber of-
ficinale) and tamarind (Tamarindus indi-
ca) gave 60.1 and 121 mg GAE/100 g, 
respectively. these values are consider-
ably lower than the content of phenolics 
determined in the dust extracts.

table 1 shows that the concentration 
of the phenolic compounds is related 
to the antioxidant activity measured by 
both Abts and β-carotene/linoleic acid. 
the tAA of coffee dust extracts was af-
fected by the extraction solvents (P< 
0.05). their values ranged from 121.02 
to 735.27 µM/g dry matter. the order of 
activity of the dust extracts of coffee was: 
etheric > alcoholic > aqueous.

As also seen from the results present-
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ed in table 2, the dust fractions (FPA, 
EPA and IPA) had a very high content 
of phenolics, ranging from 2,013.26 to 
4,620.94 mg GAE/100 g dry matter. the 
free phenolic acid fraction of dust had 
the highest value, which is twice as high 
as the content of polyphenols in salvia 
leaves - 2,260 mg GAE/100 g (MILIAus-
KAs et al., 2004). these results show that 
coffee dust is a good source of phenol-
ic compounds.

concerning the significant amount of 
phenolic compounds present in the cof-
fee dust extracts and fractions, it was 
reasonable to evaluate the antioxidant 
activity of these residues.

Determination of antioxidant activity
by Abts decolourization assay

the antioxidant capacity of brewed 
cof fee was studied by sÁNchEz-
GoNzÁLEs et al. (2005). they found 
the highest antioxidant activity in the 
Italian method of preparation (117 µM 
trolox/g); this value is lower than the 
results obtained in the present study 
for the aqueous extract of dust (121.06 
µM trolox/g).

there was a high correlation between 
the estimated polyphenol content and 
the radical scavenging activity (r: 0.9585, 

P < 0.05). It would therefore appear that 
the level of antioxidant activity meas-
ured by the in vitro testing method is 
determined mainly by the polyphenol 
components of the coffee dust extracts 
(Fig. 2).

As expected, the phenolic acid frac-
tions gave excellent performance as rad-
ical scavengers, due to their composi-
tion in isolated phenolics. their values 
also increased with the total phenolic 
content, and the best antioxidant was 
the free phenolic acid fraction, giving 
1,743.98 µM trolox/g (table 2).

Determination of antioxidant activity
by the β-carotene/linoleic
acid system

the β-carotene/linoleic acid system is 
a good method to evaluate the antioxi-
dant activity in polar solvents. the inhi-
bition of oxidation shows that the aque-
ous extract of coffee dust inhibited 40% 
of the oxidation. the alcoholic extract of 
the dust gave 80% inhibition. these re-
sults are correlated with the phenolic 
concentration, 288.64 and 358.49 mg, 
respectively. It was not possible to mea-
sure the antioxidant activity of the ethe-
ric extract of the dust with the β-caro-
tene/linoleic acid system.

Fig. 2 - correlation between antioxidant activity and total phenolics of aqueous, alcoholic and ether-
ic extracts of coffee dust.
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Identification of phenolic acids
by gas chromatography

table 3 reports all of the phenolic ac-
ids in the dust fractions identified by 

table 2 - total phenolics and antioxidant activity 
of coffee dust phenolic acid fractions.

Fractions	 Total	phenolics	 ABTS
	 (GAE1	mg/100	g±SD)	 (TEAC2	µM/g±SD)

FPA	 4,620.94±8.56a	 1,743.98±3.33	a

EPA	 2,013.26±10.49b	 926.68±6.74	b

IPA	Etheric	 2,796.56±9.10c	 926.68±6.74	c

1	GAE:	Gallic	Acid	Equivalent	 in	mg	per	100	mg	(dry	
matter).
2	TEAC:	Trolox	Equivalent	Antioxidant	Capacity	in	µm	
per	g	(dry	matter).
FPA:	free	phenolic	acids;	EPA:	esterified	phenolic	ac-
ids;	IPA:	insoluble-bound	phenolic	acids.
Values	are	the	means±standard	deviation	of	triplicate	
determinations.
Different	 letters	 in	 the	 same	column	 indicate	 signifi-
cant	differences	(P<0.05)	by	Tukey’	s	test	among	the	
samples.

comparison with the retention times of 
the standards. salicylic acid was pre-
dominant in all the fractions, giving val-
ues over 90%.

caffeic acid has been reported to be 
the most abundant phenolic compound 
in coffee brew, and it is endowed with 
strong antioxidant activity in vitro and in 
vivo (NAtELLA et al., 2002). All dust frac-
tions had caffeic acid, with concentra-
tions (0.12; 1.77 and 1.04 for FPA, EPA 
and IPA, respectively) less than only the 
salicylic and gentisic acids.

sroKA and cIsoWsKI (2003) investi-
gated the anti radical activity of some 
phenolic acids with the DPPh• method. 
the results showed that the strongest 
antioxidant scavenging of DPPh• radi-
cal activity was exhibited by gallic acid, 
with three hydroxyl groups bonded to 
the aromatic ring in an ortho position 
in relation to each other. Phenolic acids 
with two hydroxyl groups bonded to the 
aromatic ring in the ortho position, caf-
feic and protocatechuic acids, showed 
strong antioxidant and anti-radical activ-

table 3 - Phenolic compound composition (%) in the coffee dust fractions.

Phenolic	Acids	 FPA	 EPA	 IPA

Salicylic	 98.82±0.45	 94.41±0.46	 95.48±1.55
Protocatequinic	 0.36±0.16	 0.19±0.00	 _
Chlorogenic	acid	 0.35±0.00	 0.24±0.01	 _
Ellagic	 0.77±0.00	 0.46±0.12	 _
Cinnamic	 0.09±0.00	 _	 _
Vanillic	 0.07±0.00	 _	 _
o-Coumaric	 0.21±0.00	 _	 _
Gentisic	 0.26±0.00	 0.87±0.02	 2.52±0.14
Quinic	 _	 _	 0.21±0.01
p-Coumaric	acid	 0.07±0.00	 _	 0.18±0.02
Gallic	 _	 _	 0.21±0.02
Ferulic	acid	 0.13±0.00	 0.77±0.03	 0.21±0.01
Caffeic	acid	 0.12±0.00	 1.77±0.09	 1.04±0.06
Synaptic	 0.13±0.00	 0.5±0.02	 1.02±0.05

FPA:	free	phenolic	acids;	EPA:	esterified	phenolic	acids;	IPA:	insoluble-bound	phenolic	acids;	respectively.
Values	are	the	means±standard	deviation	of	triplicate	determinations.
_	trace	levels.
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ity. compounds with one hydroxyl group 
such as salicylic acid exhibited the low-
est anti-radical activity. the results ob-
tained showed that the anti-radical activ-
ity of phenolic acids correlated positive-
ly with the number of hydroxyl groups 
bonded to the aromatic ring. concerning 
the data presented in this study, it be-
comes clear that, despite the high con-
centration of salicylic acid in all frac-
tions, it was not responsible for the an-
tioxidant activity.

other phenolic acids present in low 
concentrations in the coffee dust frac-
tions can be determinant for the anti-
oxidant activity. the phenolic and cin-
namic acids present in soy grains, de-
fatted soy flour and soy protein isolate 
were investigated by soArEs (2002). 
Four phenolic acids presented signifi-
cant antioxidant activity - chlorogenic 
acid (higher content and activity), caf-
feic acid, p-coumaric acid and ferul-
lic acid.

some studies have shown that bio-
active compounds such as chlorogenic 
acid, caffein, caffeic acid, nicotinic acid, 
trigonelline, and 5-(hydroxymethyl) fur-
furaldehyde are present in coffee (tAMu-
rA and shIbAMoto, 1991; MArtIN et al., 
1998; KY et al., 2001).

In the present study, most of the phe-
nolic acids were detected in free form in 
coffee dust. It is also interesting to note 
that gallic and quinic acids, which were 
present in the insoluble-bound form, 
were present at trace levels in the free 
and esterified forms in the dust frac-
tions.

the esterified phenolic acid (EPA) frac-
tion gave the highest content in caffeic 
acid (1.77%), as can be seen in table 3. 
however, its antioxidant activity was low-
er than the other fractions (926.68 µM 
trolox/g). these findings suggest that 
an individual evaluation of the antioxi-
dant activity of each compound would be 
interesting in order to ensure their real 
contribution to the total radical scaveng-
ing capacity of coffee dust.

coNcLusIoNs

the results obtained demonstrate that 
the etheric extract of coffee dust gave a 
significant antioxidant activity, which in-
creased with the total phenolic content 
of the extracts and fractions. Among the 
phenolic acids identified in the dust frac-
tions, salicylic acid was predominant, al-
though its presence does not seem to be 
responsible for the antioxidant capaci-
ty of this residue. besides knowledge of 
potential antioxidant activity of the food 
phenolic compounds, the study of their 
action in vivo is extremely important.
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AbstrAct

Grape drying is a technology used 
in the production of dessert wines. In 
this study the phenolic compounds 
were determined in Aleatico grapes 
dried in a forced air tunnel. In this 
system temperature and relative hu-
midity are accurately controlled. the 
results showed that there was no re-
duction in the polyphenol content. so 
this technology opens a new prospect 
for producing a dessert wine from Alea-
tico grapes without altering the phe-

rIAssuNto

L’appassimento delle uve è una tecni-
ca che viene utilizzata per la produzio-
ne dei vini da dessert. Il presente lavo-
ro ha studiato i composti polifenolici in 
uve di Aleatico sottoposte ad una tecni-
ca di disidratazione artificiale, che per-
mette il controllo accurato di tutti i pa-
rametri ambientali e in particolare del-
la temperatura e dell’umidità relativa. 
I risultati ottenuti sono piuttosto inte-
ressanti in quanto non si è assistito al 
calo previsto della concentrazione poli-
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nolic compounds which are extreme-
ly important for organoleptic charac-
teristics.

fenolica. Pertanto, con l’ausilio di que-
sta tecnica, si aspira alla produzione di 
un vino Aleatico che realizzi un connu-
bio tra tradizione ed innovazione, cer-
cando di conservare più inalterata pos-
sibile la sua componente polifenolica 
che influenza in modo determinante le 
caratteristiche organolettiche.

INtroDuctIoN

the Aleatico grape variety produces a 
small cluster of vermilion grape, which 
has a transparent skin and is very rich 
in bloom, giving rise to its opaque black 
appearance. this grape is well acclimat-
ed to the hills surrounding bolsena Lake 
in the region of Lazio, Italy, where “Alea-
tico di Gradoli” wine, in liqueur and stock 
typology is produced. the wine received 
the controlled Denomination of origin 
(Doc), with D.P.r. in 1972. “Aleatico di 
Gradoli” Doc is a typical product ob-
tained from an autochthonous variety. 
current market trends are directed to-
wards more characteristic wines.

Grape drying is a technology used in 
the production of dessert wines. Dried 
grapes have a higher sugar concentra-
tion which gives a wine that is richer 
in “flavour”, extractive substances and 
glycerine, conferring body and aromatic 
qualities to the wines (FErrArINI, 1982). 
Natural sun-drying is still the most com-
mon method used to produce dessert 
wines. In this system ripe grapes are ex-
posed to the sun on racks. It is usual-
ly used in the sunny southern regions. 
considerable loss may occur during nat-
ural sun-drying due to various factors, 
such as rodents, birds, insects, rain and 
microorganisms. the quality of the dried 
product may also be significantly lower. 
In the sunless drying method, grapes are 
placed in pans or on racks in ventilat-
ed rooms. this method is usually used 

in the colder northern regions (DI stE-
FANo et al., 1995).

An alternative to the traditional tech-
niques which could help overcome some 
of these problems is the use of a dehy-
dration tunnel. this is an innovative 
drying system based on an air speed of 
1 m/sec which allows the temperature 
and relative humidity (r.h.) to be con-
trolled (bELLINcoNtro et al., 2004). De-
hydration time and intensity affect the 
qualitative characteristics of grapes (to-
NuttI and MENcArELLI, 2005) such as 
sugars, tartaric and malic acids (cAN-
cELLIEr and MIchELEt, 1994). Little in-
formation has been reported on the ef-
fects of drying on the secondary meta-
bolic compounds, such as polyphenols 
and terpenes.

DI stEFANo et al. (1995) reported a 
decrease in polyphenol concentration in 
the skins and juice caused by oxidative 
phenomena due to high temperature (Di 
stEFANo et al., 1997; 2001; DI stEFANo 
and MAGGIorotto, 1995; borsA and DI 
stEFANo, 2000). temperature influenc-
es the enzymatic systems and therefore 
it can compromise, preservation of aro-
matic and phenolic compounds during 
dehydration. recently a new technology 
for grape drying has been used (bELLIN-
coNtro et al., 2002; FrANGIPANE et al., 
2005) this system permits grapes to be 
dehydrated as it maintains lower and 
more constant temperatures than those 
regularly used.

this study was undertaken to deter-
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mine if the wine produced from Aleatico 
grapes subjected to drying maintained 
its varietal composition. hence, the fate 
of phenolic compounds during the grape 
drying process was investigated.

MAtErIALs AND MEthoDs

the tunnel for artificial dehydration 
was manufactured by Europanel spA 
(Laives, bozen, Italy) (patent MI2001A 
002198). the pilot plant used has a ca-
pacity of 300 kg. the small tunnel is in-
sulated and has a double roof where 
the evaporative coil, condenser and fans 
are located. the rest of the cooling plant 
and the control panel display are out-
side. During the dehydration tests the 
thermohygrometric atmospheric con-
ditions were monitored with a hYGro-
clip model probe (rotronic AG, bass-
ersdorf, switzerland) connected to hY-
Growin software to record the data. the 
air speed was measured by means of a 
terman hot wire anemometer (LsI spA, 
Milan, Italy).

over-ripe Aleatico grapes were care-
fully picked and immediately placed in 
perforated plastic boxes (wall height 20 
cm) to reach a weight of 6 kg (±500 g). 
the boxes were immediately placed in-
side the tunnel, with an air speed of 1 
m/sec and the temperature and relative 
humidity (40%) were monitored contin-
uously. Initially the temperature was 
held at 15°c and then progressively in-
creased to 23°c in order to facilitate the 
dehydration process; subsequently the 
temperature was reduced (17°c) in or-
der to slow down the respiration process, 
as weight decrease was still under 10%. 
this is considered the first critical point 
in the drying process (toNuttI and MEN-
cArELLI, 2005). the temperature was 
then increased to 30°c in order to re-
duce grape drying time. the experiment 
was carried out for thirteen days; every 
day clusters were weighed and samples 
taken for chemical analysis. the meth-

od of Di stefano and cravero (1991) was 
followed for sample extraction. total an-
thocyanins and total polyphenols were 
determined on the skin extracts (Di ste-
fano et al., 1989); polyphenols were also 
determined in the juice. the single an-
thocyanins of the skins were character-
ized by hPLc, according to the method 
of ritchey and Waterhouse (1999). After 
filtration on Millipore filters (0.22 µm di-
ameter) the samples were directly inject-
ed in a Dionex chromatograph (loop 20 
µm) with a photodiode detector. A c18 
column, 300 mm x 3.9Ø (Waters), kept 
at 22°c was used as stationary phase, 
with a mobile phase flow rate of 0.5 mL/
min. solvent A = 50 mM dihydrogen am-
monium phosphate adjusted to ph 2.6 
with orthophosphoric acid; solvent b = 
20% A with 80% acetonitrile; solvent c 
= 0.2 M orthophosphoric acid adjusted 
with Naoh to ph 1.5. two wavelengths 
were monitored: 280 nm for phenolic ac-
ids and 520 nm for anthocyanins. Peak 
identification was carried out by compar-
ison to standards as well as by compari-
son with standards previously character-
ized on the hPLc system by both relative 
elution times and spectral matching.

All analyses were done in triplicate 
and analytical results were submitted to 
statistical analysis. Variance homogene-
ity was analysed with student-Newman-
Keuls test. All pair wise multiple com-
parison procedures were performed at 
the (p<0.05) significance level (under-
wood, 1997).

rEsuLts AND DIscussIoN

the dehydration process was slow, 
probably due to the concentration of 
bloom on the Aleatico berries, so on oc-
tober 3, the temperature was increased 
to 30°c for two days. this caused a 26% 
weight loss (table 1). At the same time 
the sugar content increased due to rise 
in temperature. Anthocyanins and total 
polyphenols increased when weight loss 
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table 1 - Mean values of sugars and weight loss of grapes during the drying process.

Sampling	date	 Temperature	(°C)	 Sugars	(°Brix)	 Increase	in	sugars	(%)	 Weight	loss	(%)

24/09/2004	 15.00	 23.82	 0.00	 0.00
27/09/2004	 16.80	 25.30	 6.21	 3.21
29/09/2004	 23.00	 26.10	 9.57	 6.84
01/10/2004	 16.80	 27.14	 13.94	 9.03
04/10/2004	 30.00	 30.66	 28.72	 21.18
06/10/2004	 30.00	 31.86	 33.75	 26.48

was approximately 7% (table 2). this in-
crease could be due to phenolic induc-
tion due to water stress as confirmed 
by other studies (bELLINcoNtro et al., 
2004; tonutti and Mencarelli, 2005).

subsequent dehydration and final 
thermal shock induced a significant ox-
idative stress which brought anthocy-
anins and total polyphenols to their ini-
tial values (FrANK et al., 2005). the con-
centrations are expressed as mg/1000 

berries in order to compare the treatment 
to the number of berries and not to the 
weight (PAPuccI et al., 2000).

In table 3 the evolution of some phe-
nolic acids in juice and skins is report-
ed. the results show that gallic and caf-
feic acids are present in the juice; gener-
ally they are mainly found in the skins. 
trans-caftaric acid values in the juice 
remained almost constant until approxi-
mately midway through the drying proc-

table 2 - Mean values of anthocyanins and total polyphenols in skins and juice of grapes during the 
drying process.

Sampling	date	 Anthocyanins	 Total	Polyphenols
	 (mg	malvin/1000	berries)	 (mg	gallic	ac.	/1000	berries)

	 skin	 skin	 juice

24/09/2004	 1,085±54	 2,706±104	 178±8.90
27/09/2004	 1,215±61	 2,800±140	 178±8.70
29/09/2004	 1,285±64	 3,070±153	 178±8.80
01/10/2004	 1,160±58	 2,942±147	 169±8.45
04/10/2004	 1,135±57	 2,751±137	 145±7.25
06/10/2004	 1,036±52	 2,615±138	 142±7.10

table 3 - Evolution of phenolic acids (mg/L) in skins and juice of grapes during the drying process.

	 24/09/2004	 29/09/2004	 06/10/2004

Phenolic	acids	 juice	 skin	 juice	 skin	 juice	 skin

Trans-caftaric	acid	 19.58±0.979	 17.34±0.868	 20.81±1.041	 30.13±1.505	 63.47±3.173	 16.52±0.826
Syringic	acid	 0.08±0.004	 0.70±0.035	 0.12±0.005	 0.86±0.043	 0.05±0.003	 0.5±0.025
Gallic	acid	 3.02±0.151	 -	 2.98±0.148	 -	 0.50±0.012	 -
Caffeic	acid	 0.30±0.015	 -	 0.19±0.010	 -	 0.66±0.033	 -
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Fig. 1 - Evolution of skin anthocyanins during the drying process.

ess, then its concentration tripled at the 
end of the process. trans-caftaric acid 
in the skins assumed a slightly increas-
ing trend until approximately midway 
through the drying, and then it came 
back to the initial values. syringic and 

caffeic acids however did not change in 
either the juice or the skins. Finally the 
amount of gallic acid in the juice de-
creased during the drying process. For 
anthocyanins determined by hPLc (Fig. 
1) the same trend of polyphenols was ob-
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served. the percentage of each anthocy-
anin however was unchanged.

In conclusion, the study carried out 
on the Aleatico grapes dried with a new 
technology showed that in a short time 
the sugar concentration can increase to 
approximately 34%. Furthermore the 
phenolic concentration remained un-
changed. Moreover oxidation that can 
take place with the traditional dry-
ing techniques is minimized. so drying 
grapes in a forced air tunnel can be a val-
id alternative to traditional drying meth-
ods and the grapes maintain an anti-ox-
idant power that will be able to guaran-
tee the production of wine with good or-
ganoleptic characteristics.
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AbstrAct

Meatballs, a value-added prod-
uct made from fish (Scombfroidfs tol), 
prawn (Penaeus semisulcatus) and a 
gastropod (Chicoreus ramosus) were 
evaluated for their quality during stor-
age. the protein content of the meat-
balls was higher than the raw meat. 
the FFA, tMA-N and tVb-N values of 
the meatballs increased slightly dur-
ing storage, but the increase was with-
in acceptable limits. the total plate 
count of bacteria varied in meatballs, 
but no pathogenic bacteria were found. 

rIAssuNto

È stata valutata la qualità duran-
te lo stoccaggio di prodotti alimentari 
quali: polpette di pesce (Scombfroidfs 
tol), gamberi (Penaeus semisulcatus) e 
gastropodi (Chicoreus ramosus). Il con-
tenuto proteico delle polpette di carne 
era più alto rispetto a quello della car-
ne cruda. I valori di acidi grassi liberi, 
di trimetilammina e di Azoto basico Vo-
latile totale delle polpette aumentava 
leggermente durante lo stoccaggio, re-
stando comunque entro limiti accetta-
bili. Nelle polpette la conta totale di bat-
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the taste, texture and appearance and 
long shelf-life under frozen storage 
were rated good.

teri risultava aumentare, ma non sono 
stati ritrovati batteri patogeni. Il gusto, 
la consistenza, l’aspetto e la lunga con-
servazione per congelamento, sono ri-
sultati ottimali.

INtroDuctIoN

human consumption of seafood chief-
ly consists of finfish, followed by crusta-
ceans and mollusks. seafood is an excel-
lent source of animal protein, vitamins 
and minerals. Fish represents about 
14% of all animal protein and about 5% 
of the total protein consumed on a glo-
bal basis (soMVANshI, 1998). It is es-
timated that 60% of the people in de-
veloping countries obtain 40-100% of 
animal protein from fish (cLucAs and 
WArD, 1996).

the dietary habits of people are 
changing rapidly due to improved so-
cio-economic status, the availability of 
new food resources and of enriched, pre-
pared foods for customer convenience. 
Present market trends indicate an in-
creased demand for ready-to-serve or 
ready-to-cook convenience products 
made from a variety of fish and shell 
fish (JAYAchANDrAN et al., 1988). Val-
ue-added means any additional process 
that changes the nature and presenta-
tion of the product and that adds sale 
value. rapid industrialization and ur-
banization provide ample incentive for 
the development of such products in In-
dia. however, ready-to-eat products of 
reasonable shelf-life are not common. 
systematic studies on their nutrition-
al quality and storage characteristics 
are required before popularizing such 
products (NurAL huDA et al., 2001). In 
the present study meatballs were de-
veloped using the meat of finfish, crus-
taceans and mollusks and their quali-
ty and shelf-life were assessed.

MAtErIALs AND MEthoDs

Meatballs were prepared using three 
different sea foods including needle 
scaled queen fish (Scombfroidfs tol), ti-
ger prawn (Penaeus semisulcatus) and 
a gastropod (Chicoreus ramosus). one 
kilogram of finfish and prawns were 
bought at the marine landing and tak-
en to the laboratory in an icebox. they 
were cleaned and the edible portions 
were separated out. the edible parts 
were washed in potable water, minced 
in a Waring blender and used to make 
meatballs. For the gastropods, the shell 
was broken, the soft body removed and 
the edible parts, foot and adductor mus-
cle were cut and separated. the edible 
meat, washed meticulously two to three 
times in potable water, was cut into small 
pieces and dried in a mechanical drier 
for 48 h at 50°-60°c and ground into a 
powder using a pulverizer.

Preparation of meatballs

three different seafood meatballs were 
prepared using the minced meat from 
the finfish and prawns and the dried, 
powdered gastropod meat. the ingre-
dients are given in table 1. the onions 
were cleaned, chopped into small piec-
es and fried in oil until golden brown. 
the sesame seeds were fried in a pan 
over low heat until they burst; they were 
then removed and cooled. the minced 
finfish and prawn meat, and the dried 
meat powder were thoroughly mixed with 
corn flour, curry powder, pepper powder, 
fried onions and sesame seeds. Finally 
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the preservatives, ascorbic acid and sodi-
um benzoate, were added and mixed. the 
mixture was then seasoned to taste with 
salt and mixed thoroughly. this mixture 
was then made into a dough by adding a 
little water and then shaped into small 
balls of uniform size (about 2-3 cm) by 
rolling sufficient amounts of the dough 
between one’s palms.

Proximate composition,
packaging and storage

the proximate composition such as 
carbohydrate, lipid and protein were de-
termined. the carbohydrate content was 
estimated by the method of DuboIs et al. 
(1956) and the lipid content was deter-
mined by the method of bLIGh and DYEr 
(1959). the amount of protein present 
was estimated following the biuret meth-
od (rAYMoNt et al., 1964).

the meatballs were wrapped with alu-
minum foil, packed in laminated Low 
Density Polyethylene (LDPE) pouches and 
sealed with an electric sealing machine 
model No. PsA 15/ob (India) and stored 
at -18°c in a deep freezer until used.

shelf-life

the shelf-life was determined by ana-
lyzing the thaw and drip loss, moisture 
content, ph, total volatile base nitrogen 
(tVb-N), tri-methyl amine nitrogen (tMA-
N) and free fatty acid (FFA) content.

table 1 - Ingredients used for making meatballs.

Ingredients	 Quantity

Minced	meat	of	prawn	or	finfish	or	dried
	 and	powdered	gastropod	meat	 500	g
Corn	flour	 175	g
Sesame	seeds	 16	g
Big	onions	 n=5
Curry	powder	 3.5	g
Pepper	powder	 3.5	g
Ascorbic	acid	 0.166	g
Sodium	benzoate	 0.166	g
Salt	 9	g

the thaw and drip loss was estimated 
by thawing the meatballs in the polythene 
bags. the drip loss in the bags was meas-
ured using a graduated cylinder and val-
ues are expressed in milliliters. the mois-
ture content was determined by drying 
the meatballs in a mechanical drier for 
2 days at 50°-60°c till a constant weight 
was reached. For ph, 10 g of the sample 
was homogenized with 50 mL of distilled 
water and the ph was measured using a 
digital ph meter. the total volatile base ni-
trogen was estimated by the conway mi-
cro-diffusion method. tri-methyl amine-
Nitrogen (tMA-N) was estimated using the 
conway micro diffusion method of bEAt-
tY and GIbboNs (1937). Free fatty acids 
were estimated by the method of KE et al. 
(1976). Microbiological analysis was done 
by checking the total plate count and to-
tal fungal count (APhA, 1992). Pathogens 
such as E. coli, Vibrio and Salmonella were 
enumerated by the pour plate method of 
the u.s. Food and Drug Administration 
(u.s. FDA, 1998).

sensory evaluation

the frozen meatballs were thawed and 
fried in refined sunflower oil to a uni-
form brown colour. sensory evaluation 
was done by judging the colour, texture, 
appearance, odour and taste. the fried 
meatballs were tested by a taste panel of 
6 to 8 members and the overall accept-
ability was determined using a hedonic 
scale of 1 to 9 (AMErINE et al., 1965) with 
a rating of 9 (excellent), 6 (good) and be-
low 4 (unacceptable). the analysis was 
carried out weekly over a 7-week period 
and the changes in quality were noted.

statistical analysis

Analysis of variance (ANoVA) was used 
to analyze the data to determine if there 
were any differences in the biochemical, 
microbiological and organoleptic charac-
teristics during storage. results are the 
means of three replications.



212  Ital. J. Food Sci. n. 2, vol. 19 - 2007

rEsuLts AND DIscussIoN

the percentages of protein, carbohy-
drates and lipids in the meat of the three 
species are shown in table 2. the nutritive 
value of the raw finfish meat was 24.2% 
protein, 6.3% carbohydrate and 6.3% lip-
id. the raw prawn meat contained 20.5% 
protein, 4.9% carbohydrate and 1.3% lip-
ids. the gastropod meat had 14.4% pro-
tein, 5.2% carbohydrate and 1.3% lipid. 
the nutritive value of the meatballs was 
also analyzed. the finfish meatballs had 
24.6% protein, 7.1% carbohydrate and 
7.4% lipid, while the prawn meatballs 
had 20.7% protein, 5.4% carbohydrate 
and 7.4% lipid, and the gastropod meat-
balls had 14.5% protein, 5.6% carbohy-
drate and 5.6% lipid. the finfish had the 
highest protein level followed by prawns 
and gastropods. the nutritive value was 
slightly higher in the meatballs than in the 
raw meat which may be due to the ingre-
dients added to make the meatballs. the 
protein value of finfish meatballs (24.6%) 
was higher than the shark fish balls (17 
to 19%) of Indonesia (FAWzYA,1992) and 
bream fish balls (11.09-11.25%) of thai-
land (YAMPrAYooN et al., 1991).

During storage, the percentage mois-
ture content increase was significant 
(P<0.01) in finfish and gastropod meat-
balls (tables 3 and 4), but it was not sig-
nificant in prawn meatballs (table 5). the 
thaw and drip loss of finfish and prawn 
also increased gradually and significant-
ly (P<0.01) with increased storage time. 
the duration and temperature of frozen 
storage are the most important factors 
that influence drip loss. Moisture loss 

table 2 - Percentage (%) of protein, carbohydrate and lipid in raw meat and meatballs.

Species	 Scombfroidfs tol	 Penaeus semisulcatus Chicoreus ramosus
	 (Finfish)	 (Tiger	prawn)	 (Gastropod)

	 Raw	meat	 Meatballs	 Raw	meat	 Meatballs	 Raw	meat	 Meatballs

Protein	 24.2	 24.6	 20.5	 20.7	 14.4	 14.5
Carbohydrate	 6.3	 7.1	 4.9	 5.4	 5.2	 5.6
Lipid	 6.3	 7.4	 1.32	 7.45	 1.3	 5.6

was accompanied by greater drip loss 
during thawing of frozen crabs (GEorGE, 
1973). similar results have been ob-
tained with frozen storage of other sea 
foods (GEorGE, 1974; rAJEsWArI and 
hAMEED, 1998; GEorGE et al., 1990).

the ph of the meatballs decreased in 
all three species during 49 days of frozen 
storage (tables 3, 4, 5). the ph of muscles 
has been reported to be one of the most 
important factors in determining the drip 
loss of thawed meat (LAWrIE, 1974) and 
the reduction in ph is due to an increase 
in drip loss percentage (hAArD, 1971).

over the 49 days of storage, the tVb-N 
values increased steadily for all three spe-
cies as did the tMA-N values. these val-
ues were very low, indicating a high level 
of fish freshness and were within accept-
able limits. the changes in all the param-
eters were significantly different (P<0.01) 
between the storage days. tVb-N and 
tMA-N are the most important indices of 
fish freshness and indicate the ammonia 
and other basic volatile nitrogenous com-
pounds associated with seafood spoilage. 
the low levels may have been due to the 
addition of the preservative sodium ben-
zoate and also the use of aluminium foil 
and air tight packaging which minimized 
moisture and gas permeation to some ex-
tent during frozen storage.

the free fatty acid levels (% oleic acid) 
of all three meatball types increased with 
storage (tables 3, 4, 5). this may have 
been due to the anti-oxidative effect of 
ascorbic acid added during the prepara-
tion of the meatballs.

the changes in total plate counts 
during frozen storage of the three types 
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of meat are given in tables 3, 4 and 5. 
Pathogenic bacteria, such as E. coli, Vi-
brio sp. and Salmonella sp., were absent 
in all the samples. the increase in total 
plate count (tPc) (cFu/g) was signifi-
cant (P<0.01) in all three meatball types. 
the sanitation standard (3×106 cFu/g) 
for frozen food was used throughout the 
storage period to determine the plate 
count limits. the counts were found to 
be well within limits of acceptability.

organoleptic ratings of the product 
during frozen storage (tables 6, 7, 8) 
gradually decreased for all the character-
istics, including overall acceptability and 
the differences were significant (P<0.01). 
the scores were always well above the 
acceptability level of five.

coNcLusIoN

the meatballs developed using finfish, 
prawn and gastropod meat had good pro-
tein and carbohydrate contents with low 
fat. the FFA, tMA-N and tVb-N values 
of the meatballs increased slightly with 
storage, but the increase was within ac-
ceptable limits. the texture and colour 
of all the meatballs under frozen storage 
were good till the end of storage. thus 
this type of product could be used as a 
new ready-to-cook product.
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AbstrAct

A survey of the protein levels and 
amino acid composition of a variety of 
commercial presentations of table ol-
ives was carried out. the three main 
processing types (spanish-style, direct-
ly-brined, and ripe olives) were consid-
ered. A highly significant correlation 
was found between the protein content 
calculated as the sum of the amino ac-
ids and protein content calculated from 
nitrogen. All presentations showed an 
excellent balance of total essential ami-
no acids when compared with the FAo/

rIAssuNto

È stata effettuata un’indagine dei li-
velli proteici e della composizione in 
aminoacidi di diverse varietà di olive da 
tavola commerciali. sono stati conside-
rati i tre processi principali (sistema si-
vigliano, salamoia diretta ed olive matu-
re). È stata osservata una correlazione 
altamente significativa fra il contenuto 
proteico calcolato come somma degli 
aminoacidi ed il contenuto proteico cal-
colato in aminoacidi essenziali totali in 
confronto al pattern aminoacidico della 
proteina modello di riferimento secon-
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Who/uNu reference protein pattern; 
lysine was the limiting amino acid in 
most presentations. Data analysis by 
Principal components Analysis (PcA) 
did not differentiate among the process-
ing types or cultivars, but Discriminant 
Analysis (DA) was able to discriminate 
among the processing types.

do FAo/Who/uNu; la lisina è risulta-
ta essere l’aminoacido limitante nella 
maggior parte delle forme commercia-
li. L’analisi di dati utilizzando l’analisi 
delle componenti principali (PcA) non 
ha consentito la differenziazione fra le 
differenti lavorazioni o fra le cultivars, 
ma l’analisi discriminante (DA) è stata 
in grado di discriminare fra le differen-
ti lavorazioni.

INtroDuctIoN

the world production of table olives 
reached 1,456,000 tonnes in 2001/2002 
(Iooc, 2003). table olives constitute an 
important part of the Mediterranean diet. 
their industrial processing is restrict-
ed to only a few types or styles, each of 
which can be found in various commer-
cial presentations (that is, in a great va-
riety of products offered to the consum-
er). the most common are green ol-
ives (spanish- or sevillian-style); direct-
ly-brined olives (turning colour or nat-
urally black); and ripe olives (califor-
nian-style). A detailed description can be 
found elsewhere (GArrIDo et al., 1997). 
the number of cultivars used for table 
olives is limited, and some of them can 
be processed in various styles. In turn, 
each cultivar within the same style may 
have several commercial presentations. 
the commercial presentations of green 
olives are numerous, and include the 
use of diverse stuffing materials, which 
may produce variations in the compo-
sition of their respective final products. 
In some commercial presentations of di-
rectly-brined olives, the olives are broken 
or cut along their longitudinal diameter 
and/or seasoned with natural products 
or their flavours. commercial presenta-
tions of ripe olives are limited to plain 
(whole), pitted, and sliced olives, and, 

sometimes, olive paste. therefore, in or-
der to create an up-to-date nutrient da-
tabase of table olives, it is necessary to 
include the widest possible range of com-
mercial presentations.

Although the protein content of veg-
etables, including olives, is low, knowl-
edge of the amino acid composition is im-
portant, particularly in the dietary treat-
ment of patients with amino acid and 
protein metabolism disorders (brEMEr 
et al., 1996). It has been reported (zAMo-
rA et al., 2001) that proteins from the ol-
ive fruit mesocarp constitute 1.3-1.8% of 
the dry weight of the olive fruit, and cul-
tivar and fruit ripening do not produce 
important changes in mesocarp pro-
tein content or composition. Fermented 
(spanish-style) green table olives have 
been reported (MoNtAÑo et al., 2005) 
to have a high content of total essential 
amino acids (EAA) when compared with 
the FAo/Who/uNu (1985) reference 
protein pattern for adults. to date, no 
accurate calculation of protein quality 
has been done for the other two above-
mentioned processing types. Moreover, 
the diversity of commercial presenta-
tions can produce different amino acid 
profiles, which may, in turn, affect the 
protein quality.

Amino acid profiles have been widely 
used to differentiate or classify various 
foods, such as vinegar (DEL sIGNorE et 
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al., 2000), wine (ArVANItoYANNIs et al., 
1999), almonds (sEroN et al., 1998) and 
honey (cottE et al., 2004) using chem-
ometric techniques like Principal com-
ponent Analysis (PcA) and Discriminant 
Analysis (DA).

the main objective of this work was to 
supply protein content and amino acid 
profiles for commercial presentations of 
the three main processing types of table 
olives. the results may be used by the 
industry for requirements of nutritional 
labelling or by nutritionists to estimate 
amino acid intakes in diets that include 
table olives. A further objective of this 
study was to determine if the amino acid 
composition together with chemometric 
methods could be used to classify table 
olives according to processing type and 
olive cultivar.

MAtErIALs AND MEthoDs

samples

the study was carried out on sixty-six 
composite samples of different commer-
cial presentations of table olives. Each 
composite sample was made up of 3 to 8 
units (depending on the size of the units, 
cans, jars, or plastic pouches) from 1-5 
processing companies, and with different 
packing dates, depending on their avail-
ability on market shelves. brine was sep-
arated by a procedure similar to that es-
tablished in the International standards 
for table olives Applicable in Interna-
tional trade (Iooc, 1980) to determine 
olive net weight. Fruit containers were 
emptied onto a standard no. 8 circular 
sieve of 20 cm diameter. the olives were 
evenly distributed over the sieve, which 
was inclined at an angle of 17-20º to fa-
cilitate drainage. the product was al-
lowed to drain for 20 minutes. Drained 
olives of the different commercial pres-
entations were pitted (if appropriate). Av-
erage time from packing was about three 
months. Producers kindly supplied those 

not available in the local markets. the 
samples of spanish-style green olives, di-
rectly-brined olives, and ripe olives that 
were analysed are reported in tables 1, 
2, and 3, respectively.

chemical analyses

to estimate water content, aliquots of 
homogenised freeze-dried samples were 
weighed before and after freeze-drying. 
Fat and nitrogen contents were deter-
mined using the soxhlet technique and 
Kjeldahl method, respectively, as de-
scribed previously (FErNANDEz et al., 
1985).

For the determination of the amino ac-
ids, except for tryptophan, freeze-dried 
and defatted samples (100 mg) were sub-
jected to acid hydrolysis with 5 mL of 6 M 
hcl under nitrogen atmosphere for 24 h 
at 110ºc. Each hydrolysate was washed 
in a 50 mL volumetric flask and made 
up to mark with Milli-Q water. An aliquot 
was spiked with DL-norleucine (sigma, 
st Louis, Mo, usA) as internal stand-
ard, and dried under vacuum on a rotary 
evaporator. the dried mass was washed 
with Milli-Q water, evaporated to dry-
ness, and 1 mL of 20 mM hcl was add-
ed to the residue. the amino acids were 
subjected to hPLc analysis after deriva-
tisation with 6-aminoquinolyl-N-hydrox-
ysuccinimidyl carbamate (AQc), follow-
ing the method described in the Waters 
AccQ.tag chemistry package (MILLIPorE, 
1993). because of the conversion of as-
paragine and glutamine into aspartic 
acid and glutamic acid, respectively, dur-
ing hydrolysis, the data for asparagine 
plus aspartic acid and glutamine plus 
glutamic acid are reported as Asx and 
Glx, respectively. Variation coefficients of 
the amino acid determination, including 
hydrolysis, were from 1.8 to 5.1%.

cysteine and methionine were ana-
lysed as cysteic acid or methionine sul-
phone, respectively, after oxidation of 
the sample with performic acid and hy-
drolysis with 6 M hcl, according to the 
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table 1 - samples of spanish-style green table olives analysed according to cultivars and commercial 
presentations.

Olive	cultivar	 Commercial	presentation	 Code

Gordal	 Plain	 AV-GH
	 Seasoned	 AV-GALP
	 Pitted	 AV-GP
	 Stuffed	with	formulated	red	pepper	strips	 AV-GPP
	 Stuffed	with	natural	red	pepper	 AV-GPN
	 Stuffed	with	almond	 AV-GA
	 “Salads”	(a	mixture	of	olives	and	formulated	red	pepper	strips)	 AV-GS
	 Stuffed	with	cucumber	 AV-GV
	 Stuffed	with	onion	 AV-GC
	 Stuffed	with	garlic	 AV-GAJ
	 Stuffed	with	jalapeño	pepper	 AV-GJP
Manzanilla	 Plain	 AV-MH
	 Plain	anchovy-	flavoured	 AV-MAS
	 Plain	seasoned	 AV-MALE
	 Seasoned	(“gazpachas”)	 AV-MGA
	 Pitted	 AV-MP
	 Pitted	“salads”	 AV-MSL
	 Slices	 AV-MR
	 Slices	“salads”	 AV-MRS
	 Stuffed	with	formulated	red	pepper	strips	 AV-MPP
	 Stuffed	with	formulated	anchovy	strips	 AV-MAN
	 “Alcaparrado”	(with	capers)	 AV-MAP
	 Stuffed	with	natural	red	pepper	 AV-MPN
	 Stuffed	with	almond	 AV-MA
	 Stuffed	with	formulated	tuna	strips	 AV-MAT
	 Stuffed	with	onions	 AV-MC
	 Stuffed	with	red	pepper	and	almond	 AV-MPAL
	 Stuffed	with	capers	 AV-MALC
	 Stuffed	with	garlic	 AV-MAJ
	 Stuffed	with	hazelnut	 AV-MAV
	 Stuffed	with	“piquillo”	pepper	 AV-MPQ
	 Stuffed	with	natural	hot	pepper	 AV-MVG
	 Stuffed	with	formulated	hot	pepper	strips	 AV-MPPP
	 Stuffed	with	ham	 AV-MJ
	 Stuffed	with	formulated	and	marinated	anchovy	strips	 AV-MBV
	 Stuffed	with	lemon	 AV-ML
	 Stuffed	with	formulated	orange	strips	 AV-MN
	 Stuffed	with	formulated	jalapeño	strips	 AV-MJP
	 Stuffed	with	formulated	garlic	strips	 AV-MAJP
	 Stuffed	with	cheese	 AV-MQ
Carrasqueña	 Pitted	 AV-CP
	 Pitted	“salads”	 AV-CS
	 “Alcaparrado”	(with	capers)	 AV-CAP
Hojiblanca	 Plain	 AV-HH
	 Pitted	 AV-HP
	 Slices	 AV-HR
	 Stuffed	with	formulated	red	pepper	strips	 AV-HPP
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method described by MoorE (1963). 
cysteic acid and methionine sulphone 
were derivatised with AQc and separat-
ed as mentioned above. Method precision 
for cysteine and methionine was 3.4 and 
5.1%, respectively.

tryptophan was analysed after alka-
line hydrolysis with 4.2 M Naoh accord-
ing to the method described by NIELsEN 
and hurrELL (1985). chromatograph-
ic conditions were similar to those used 
by DELhAYE and LANDrY (1986), except 
that a µ-bondapak c18 (10 µm, 3.9x300 
mm) column (Waters), maintained at 
40ºc, and fluorimetric detection (exci-
tation at 285 nm, emission at 345 nm) 
were used. Method precision was 1.4%. 

table 2 - samples of directly-brined table olives analysed according to cultivars and commercial pres-
entations.

Olive	cultivar	 Commercial	presentation	 Code

Gordal	 Broken	seasoned	turning	colour	 AS-GMALP
Manzanilla	 Turning	colour	in	brine	 AS-MM
	 Turning	colour	seasoned	 AS-MMA
	 Green	in	brine	(ecologic)	 AS-ME
Hojiblanca	 Seasoned	 AS-HA
Arbequina	 Seasoned	 AS-SA
Aloreña	 Seasoned	prepared	from	fresh	olives	 AS-AC
	 Seasoned	prepared	from	stored	olives	 AS-AA
Verdial	 Green	broken	seasoned	 AS-VALP

table 3 - samples of ripe olives (by alkaline oxida-
tion) analysed according to cultivars and commer-
cial presentations.

Olive	cultivar	 Commercial	presentation	 Code

Gordal	 Plain	 AN-GE
Manzanilla	 Pitted	 AN-MP
Carrasqueña	 Plain	 AN-CE
	 Pitted	 AN-CP
Hojiblanca	 Plain	 AN-HE
	 Pitted	 AN-HP
	 Slices	 AN-HR
Cacereña	 Plain	 AN-CCE
	 Pitted	 AN-CCP
	 Slices	 AN-CCR

the chemical score of the limiting ami-
no acid was determined on the basis of 
the FAo/Who/uNu (1985) recommen-
dations for adults. All amino acid anal-
yses were performed in duplicate.

statistical analysis

All the computations for basic and 
multivariate statistics were carried out 
using statistica version 6.0 software 
package (stAtsoFt, 2001). Principal 
component analysis (PcA) with varimax 
rotation was performed on the data ma-
trix to classify data according to their 
amino acid profile, without making prior 
assumptions on processing types or cul-
tivars. to decide on the number of princi-
pal components (Pcs), the Kaiser criteri-
on was followed and only factors with ei-
genvalues greater than 1 were retained. 
A discriminant analysis (DA) model was 
built following the backward stepwise 
analysis option. the values of probability 
to include or to remove were fixed at 0.05 
and 0.1, respectively, and the number 
of steps was set at 100. the minimum 
tolerance was fixed at 0.01 and no var-
iable was forced to enter in any model. 
the prior probabilities were established 
proportional to the number of samples 
in each group. A leaving-one-out cross 
validation procedure was performed to 
assess the performance of the classifi-
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cation rule. the scores of the table olive 
samples based on processing types were 
plotted on the canonical axes (discrimi-
nate coordinates) to visualize group dis-
crimination.

rEsuLts AND DIscussIoN

Proteins in commercial table olives

Moisture, fat, and protein (calculat-
ed from N) contents of the commercial 
presentations analysed are reported in 
table 4. Mean contents of moisture and 
fat for presentations of spanish-style ol-
ives did not significantly (p<0.05) differ 
from those of ripe olives. Presentations 
of directly-brined olives had lower mois-
ture and higher fat contents. the protein 
content averaged 1.2% in both spanish-
style and directly-brined olives, where-
as the mean content (0.9%) of ripe olives 
was significantly (p<0.05) lower. Appar-
ently, the numerous lye treatments and 
water washes in the processing of ripe 
olives result in greater loss of nitroge-
nous compounds when compared with 
that of spanish-style olives. the range 
for protein content expressed as g/100 
g edible portion within presentations of 
directly-brined olives or ripe olives was 
relatively small (0.9-1.4 and 0.6-1.1, re-
spectively), but within presentations of 
spanish-style olives, the protein content 
varied widely (0.7-3.7), as expected due 

table 4 - Moisture, fat, and protein levels (g/100 g edible portion) of commercial presentations of ta-
ble olives.
	
	 Spanish-style	olives	(n=47)	 Directly-brined	olives	(n=9)	 Ripe	olives	(n=10)

	 Water	 Fat	 Proteina	 Water	 Fat	 Protein	 Water	 Fat	 Protein

Mean	 75.7	 15.1	 1.2	 68.7	 21.8	 1.2	 77.1	 16.0	 0.9
CV	(%)	 4.7	 21.3	 48.1	 6.7	 17.2	 14.8	 5.0	 22.4	 17.4
Min	 65.2	 8.7	 0.7	 58.5	 18.7	 0.9	 71.4	 9.2	 0.6
Max	 83.4	 23.2	 3.7	 73.0	 30.7	 1.4	 85.2	 22.0	 1.1

a	Calculated	as	N	x	6.25;	CV	=	coefficient	of	variation.

to the many types of stuffing materials 
or ingredients. the protein content cal-
culated from nitrogen was significantly 
higher than that calculated as the sum of 
the individual amino acids, as indicated 
by the highly significant (p<0.001) slope 
of the regression (Fig. 1):

Protein from N =
=1.265*(protein from amino acids) + 
 +0.098 r = 0.963

the intercept 0.098 was also signifi-
cant (p<0.05).

For individual processing types, the 
following equations were obtained (the 
intercept did not significantly differ from 
0 in any case):

spanish-style olive
Protein from N = 

=1.292*(protein from amino acids) +
 + 0.04 r = 0.978

Directly-brined olives
Protein from N =

= 2.070*(protein from amino acids) -
 - 0.33 r = 0.881

ripe olives
Protein from N =

= 0.822*(protein from amino acids) +
 + 0.36 r = 0.710

the slopes were significantly (p<0.05) 
higher than 1 in both spanish-style and 
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directly-brined olives, but did not differ 
from 1 in ripe olives.

the highest protein contents were 
found in presentations using almonds 
as stuffing material (AV-MA, 3.7 g/100 
g edible portion; AV-GA, 3.4 g/100 g ed-
ible portion; AV-MPAL, 2.1 g/100 g edi-
ble portion), followed by that with hazel-
nut (AV-MAV, 1.8 g/100 g e.p.) and those 
with stuffing materials of animal origin 
(AV-MJ, 1.8 g/100 g e.p.; AV-MAt, 1.7 
g/100 g e.p.). these results are not sur-
prising, because almond contains a high 
percentage of protein (21.26 g/100 g e.p., 
usDA 2004), similar to the protein con-
tent of foods traditionally used as protein 
source, such as meat and fish.

Individual amino acid content
in commercial table olives

the results of the amino acid analy-
ses are shown in table 5. In spanish-
style green olives, the number of com-
mercial presentations of the Manzanil-
la cultivar (29) was considerably larger 

Fig. 1 - relationship between protein content calculated as the sum of the amino acids and protein con-
tent calculated from nitrogen for commercial presentations of table olives (n=66).

than those of the Gordal (11), hojiblan-
ca (4) and carrasqueña (3) cultivars. the 
major amino acids were Glx, Asx, and 
leucine, as previously reported in plain 
spanish-style green olives (FErNANDEz 
et al., 1985; MoNtAÑo et al., 2005). the 
range for the Glx/Asx ratio was 0.9-5.2. 
since this ratio is quite close to the value 
of 1.0 in table olives (VEGA et al., 1981; 
brEMEr et al., 1996; MoNtAÑo et al., 
2005; usDA, 2004), higher values could 
indicate that monosodium glutamate 
(MsG) had been added. this compound 
is a flavour enhancer that is frequent-
ly added to table olives to give an “an-
chovy flavour” (rEJANo and sANchEz, 
1996). In presentations where MsG was 
declared on the label, the Glx/Asx ra-
tio ranged from 1.4 (in presentation AV-
Gh) to 5.2 (in AV-MJ). In the remain-
ing presentations (those without label 
+ those not declaring MsG on the label) 
the Glx/Asx ratio was <1.2, with the ex-
ception of presentations AV-GA (2.1), AV-
MAV (1.6), AV-MPAL (1.7), and AV-MALc 
(2.3). According to the usDA (2004), al-
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monds and hazelnuts have Glx/Asx ra-
tios of about 2, which could explain the 
relatively high values for samples AV-GA, 
AV-MAV, and AV-MPAL in the absence of 
added MsG. capers have been reported 
(VEGA and rAMos, 1987) to have similar 
amounts of Glx and Asx. therefore, the 
relatively high value of Glx/Asx ratio in 
presentation AV-MALc (supplied with-
out label) indicates that MsG had prob-
ably been added.

Values for total essential amino ac-
ids (EAA) ranged from 41 g/16 g N in 
presentation AV-MAs to 57 g/16 g N 
in presentations AV-GJP and AV-cAP, 
which are higher than the FAo/Who/
uNu (1985) reference protein pattern 
value for adults (12.7 g/16 g N) or a 

table 5 - Levels of individual amino acids in presentations of table olives according to processing 
types.

	 Spanish-style	olives	(n=47)	 Directly-brined	olives	(n=9)	 Ripe	olives	(n=10)

Amino	acida	 Mean	 CV(%)	 Range	 Mean	 CV(%)	 Range	 Mean	 CV(%)	 Range

Asxb	 98	 49	 60-299	 89	 11	 70-97	 76	 19	 46-95
Serine	 45	 39	 29-120	 44	 12	 34-54	 37	 21	 21-48
Glxc	 188	 81	 62-651	 93	 10	 75-103	 79	 18	 50-99
Glycine	 45	 50	 29-144	 41	 11	 32-45	 37	 23	 21-50
Histidine	 23	 48	 14-69	 20	 11	 16-23	 15	 34	 8-25
Arginine	 59	 79	 29-267	 51	 15	 40-67	 38	 26	 20-56
Threonine	 42	 30	 26-94	 41	 9	 33-46	 36	 22	 20-48
Alanine	 47	 41	 29-128	 47	 13	 35-54	 39	 18	 24-47
Proline	 45	 42	 28-128	 44	 18	 31-52	 36	 19	 21-46
Tyrosine	 36	 37	 22-93	 33	 14	 25-38	 30	 32	 14-48
Valine	 52	 39	 32-136	 51	 11	 39-56	 43	 19	 25-53
Lysine	 15	 80	 4-53	 6	 79	 1-13	 2	 82	 1-6
Isoleucine	 48	 39	 30-127	 45	 10	 35-49	 39	 19	 23-48
Leucine	 74	 42	 46-209	 70	 10	 54-76	 60	 19	 36-75
Phenylalanine	 48	 50	 29-156	 43	 12	 33-50	 40	 30	 20-64
Tryptophan	 17	 26	 11-30	 18	 17	 13-23	 13	 26	 7-17
Cysteine	 6	 60	 2-23	 7	 19	 5-9	 4	 31	 3-6
Methionine	 11	 32	 5-23	 9	 7	 8-10	 8	 28	 5-12
Total	 898	 49	 493-2746	 752	 10	 584-817	 631	 21	 364-816
Glx/Asx	 2	 63	 0.9-5.2	 1.1	 5	 1.0-1.1	 1.0	 3	 1.0-1.1
Total	EAAd	 51	 9	 41-57	 54	 2	 52-56	 56	 2	 54-58
Chemical	scoree	 101	 31	 48-160	 60	 77	 12-122	 21	 61	 9-54

a	mg/100	g	edible	portion;	b	Aspartic	acid	plus	asparagine;	c	Glutamic	acid	plus	glutamine;	d	Essential	amino	acid	
expressed	as	g/16	g	N,	corrected	to	100%	nitrogen	recovery;	e	Using	the	FAO	pattern	for	adults	(FAO/WHO/UNU,	
1985)	as	reference	and	lysine	or	methionine	+	cysteine	as	the	first	limiting	amino	acid.

two to five year-old child (33.9 g/16 g 
N). As a result, the amino acid profile 
of all presentations within this process-
ing type showed a good balance of to-
tal EAA. based on the FAo pattern for 
adults, lysine was the first limiting ami-
no acid in most presentations. however, 
in 14 of the 47 presentations the most 
limiting amino acids were the sulphur-
containing amino acids cysteine and 
methionine. In presentations based on 
olives alone, the protein chemical score 
was low for the Manzanilla and hoji-
blanca cultivars (e.g. AV-Mh, 56%; AV-
hr, 49%), but greater than 100% for 
presentations AV-Gh and AV-cP of the 
Gordal and carrasqueña cultivars, re-
spectively. the chemical scores previ-
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ously reported in green table olives re-
ferred only to the Manzanilla cultivar, 
and ranged from 45 to 60% (MoNtAÑo 
et al., 2005). In olives with stuffing ma-
terials, the highest scores correspond-
ed to presentations AV-MALc (155%) 
and AV-GALP (160%). considering all 
the presentations, the average chemi-
cal score was 101%.

In directly-brined olives, with the 
exception of the limiting amino acid 
(lysine), the amounts of each amino acid 
varied relatively little between presenta-
tions (table 5). MsG is usually not add-
ed to this type of processing, which is re-
flected in the Glx/Asx ratio values that 
were quite close to 1. total EAA content 
averaged 54 g/16 g N, which was slight-
ly higher (p<0.05) than the mean value 
for commercial spanish-style presenta-
tions (51 g/16 g N). based on the chem-
ical score, the presentations As-GMALP, 
As-VALP, and As-MMA showed the best 
protein quality, while the worst was for 
presentation As-ME. on average, pro-
tein quality, indicated by the mean val-
ue of the chemical score in this type of 
processing, was lower than in the case 
of spanish-style olives.

For the presentations of ripe olives 

studied, the mean values of each amino 
acid, expressed as mg/100 g e.p., were 
slightly lower than those for directly-
brined olives, but the amino acid pro-
files were quite similar. total EAA con-
tent averaged 56 g/16 g N (table 5), 
which was slightly higher (p<0.05) than 
the mean value for directly-brined ol-
ives. however, the lysine content was 
the lowest in the ripe olives (Fig. 2). this 
is not surprising, because this style of 
olive requires several lye treatments 
and water washes, and a sterilisation 
treatment, which favour the possibil-
ity of lysine loss due to lysinoalanine 
formation or Maillard reaction (MEADE 
et al., 2005). the chemical score was 
low, averaging 21%, and, thus, the pro-
tein quality was the poorest of all the 
processing types.

chemometric study of the amino
acid composition of table olives

the data were successfully checked, 
using the Kolmogrov-smirnov-Lillie-
fors test, for normal distribution. the 
multivariate analysis of variance (data 
not shown) resulted in significant dif-
ferences among processing styles and 

Fig. 2 - Essential 
amino acid (EAA) 
profile of commer-
cial presentations 
of table olives from 
the three process-
ing types. Data rep-
resent mean val-
ues of 47, 9, and 10 
samples of span-
ish-style olives, di-
rectly-brined olives, 
and ripe olives, re-
spectively. Error 
bars were obtained 
at 95% confidence 
intervals.
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cultivars. the data showed appropri-
ate characteristics to be subjected to 
the chemometric study. PcA was ap-
plied without making any assumption 
of sample processing styles. basically, 
the extraction of the principal compo-
nents (Pcs) amounts to a variance max-
imizing (varimax) rotation of the origi-
nal variables. A new set of only two Pcs 
was generated. their eigenvalues were 
12.85 and 1.62 and they accounted for 
a cumulative variance of 90.45%. the 
plot of the variable loadings on the Pcs 
plane is shown in Fig. 3. the graph per-
mits a visualization of the relative posi-
tion of the variables and their respective 
correlations. two groups were evident, 
one formed by cysteine and methionine 
and other by the rest of the amino ac-
ids. correlations within groups (cosine 
of the angle of their respective vectors) 
were very strong but fairly low between 
them. Most of the amino acids were re-
lated to Pc1, with high loads, while the 
group composed of cysteine and me-

Fig. 3 - Projection of loadings of the variables (amino acids) in 
the first two principal components.

thionine was closest to Pc2. A similar 
distribution (not shown) with cysteine 
and methionine that was clearly sepa-
rated from the other amino acids was 
also found when data from a different 
product like pickled garlic (previous-
ly published by MoNtAÑo et al., 2004) 
were analysed by PcA. this appears to 
be a reflection of the different procedure 
(sample preparation including an oxida-
tion step) used to analyse cysteine and 
methionine in comparison to that used 
for the other amino acids.

the plot (not shown) of the sample 
scores in the plane of the two Pcs did 
not lead to a classification of the sam-
ples according to processing styles or 
cultivars. consequently, predictive DA 
was applied. the back stepwise proce-
dure retained that only the following 
amino acids significantly contributed 
to discrimination: histidine, Asx, valine, 
isoleucine, phenylalanine, alanine, tyro-
sine, cysteine, tryptophan, and lysine, in 
decreasing order of F to-remove values. 

the canonical analysis of the 
data deduced two orthogonal 
functions (number of groups 
-1), identified as Factor 1 and 
Factor 2, the classification 
abilities of which were ob-
served by plotting the case 
scores on the plane of these 
functions (Fig. 4). It was ev-
ident that they were able to 
discriminate among the three 
different processing styles. In 
this plot, ripe olives were re-
lated to low Factor 1 values 
and high Factor 2 values. Di-
rectly-brined olives (with rel-
atively wide dispersion) had 
Factor 1 values that were 
similar to those of ripe ol-
ives, but lower Factor 2 val-
ues. Green olives were char-
acterized by values around 
0 for both factors and also 
showed marked dispersion. 
the contribution of each var-
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Fig. 4 - Plot of sample scores and group means, according to processing styles, as a function of the two 
canonical discriminant functions.

iable (amino acid) within each factor was 
assessed by their standardized (by with-
in group variances) coefficients. those 
with the highest contributions in Factor 
1 were: valine (-14.9), isoleucine (12.8), 
phenylalanine (-5.4), Asx (5.0), histidine 
(4.7), and tyrosine (2.7); those with the 
highest values in Factor 2 were alanine 
(-5.5), isoleucine (5.9), histidine (-3.0), 
valine (-2.1), Asx (2.1), tyrosine (1.8), 
and phenylalanine (1.6). the classifica-
tion functions correctly assigned 85, 78, 
and 99% of the ripe, directly-brined and 
green olive samples, respectively, with 
94% correct answers overall. the cross-
validation resulted in similar rates: 85, 
72, 98, and 92%, respectively. these 
achievements showed that the algo-
rithm developed could be used for the 
classification of future samples.

When the predictive DA was used to 
discriminate among cultivars, the re-
sults were less conclusive and only 63% 

of the samples were correctly assigned. 
these results may indicate that the ami-
no acid content in most cultivars are 
fairly similar. the apparent increase in 
correct answers in the classification ac-
cording processing styles with respect to 
cultivars may be due to some effects of 
the processing treatments (e.g. lye treat-
ments, washings, etc.) or to differences 
between the raw materials.

coNcLusIoNs

An accurate calculation of protein con-
tent and protein quality was made based 
on the corresponding amino acid composi-
tion for the three main types of commercial 
table olives. the Glx/Asx ratio was used 
as an indicator of the presence or absence 
of MsG in table olives. on average, the to-
tal EAA content for each type of process-
ing was high when compared with the 
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FAo reference protein, but the chemical 
score was low in both directly-brined (60%) 
and ripe (21%) olives. As a result of more 
commercial presentations with a diversi-
ty of stuffing materials which increased 
the lysine content notably, the chemical 
score for the spanish-style product aver-
aged 101%. Data analysis by PcA did not 
differentiate among processing types or 
cultivars. however, DA was successful-
ly able to discriminate among processing 
types. this indicates that the amino acid 
content may be affected by the process-
ing treatments or the maturity level of the 
raw material.
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AbstrAct

the aim of the present study was to 
investigate the prevalence of enterovir-
ulent Escherichia coli strains in cheese 
manufactured in the Italian Alpine re-
gion. cheese samples obtained from 
raw and pasteurised milk were collect-
ed from cheese-making plants. Enu-
meration of E. coli and the presence of 
verocytotoxigenic (VtEc), enteropatho-

rIAssuNto

La presente ricerca è stata eseguita 
con lo scopo di osservare la prevalenza 
di ceppi enterovirulenti di Escherichia 
coli in formaggi prodotti sul territorio al-
pino italiano. Dai caseifici alpini sono 
stati raccolti campioni di formaggi pro-
dotti sia da latte crudo che pastorizzato. 
Per ogni campione si sono determinate 
le cariche di E. coli totali e la presenza di 
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genic (EPEc) and enterotoxic (EtEc) E. 
coli were carried out. A multiplex-Pcr 
for the amplification of the sequences 
of Vt1, Vt2, eae, ehxA, st, Lt genes 
was used to identify pathogenic E. coli 
strains. the presence of E. coli o157 
was investigated using an immunomag-
netic separation technique. E. coli o157 
was not recovered in cheese made from 
raw or pasteurised milk. the multiplex 
Pcr approach detected at least one vir-
ulence determinant in only ten cheese 
samples, in four of them, a verotoxin-
producing gene (Vt2 and/or Vt1) was 
detected and in the remaining six only 
the attaching and effacing lesion genes 
(eae) were found. No EtEc strains were 
detected. the statistical analyses of the 
results demonstrated significant asso-
ciations between the use of raw milk in 
cheese production and the presence of 
detectable virulence genes in cheese. 
Moreover, high E. coli counts were also 
associated with the use of raw milk in 
fresh and ripened cheese production. 
the results revealed the survival and 
recovery of pathogenic strains even af-
ter a 60-day ripening period, highlight-
ing the importance of the hygienic and 
sanitary requirements for milk used in 
the production of both fresh and rip-
ened cheese.

ceppi verocitotossici (VtEc), enteropa-
togeni (EPEc) ed enterotossici (EtEc). 
I ceppi patogeni sono stati identificati 
mediante l’utilizzo di una Pcr multipla 
per l’amplificazione di frammenti dei 
geni Vt1, Vt2, eae, ehxA, st ed Lt. La 
ricerca di E. coli o157 è stata eseguita 
utilizzando la tecnica della separazio-
ne immunomagnetica. I risultati han-
no permesso di evidenziare l’assenza di 
E. coli o157, mentre in 10 formaggi la 
Pcr ha messo in evidenza la presenza 
di geni di patogenicità: in 4 campioni 
sono stati evidenziati i geni codificanti 
per la produzione di verotossina (Vt1 
e/o Vt2), nei rimanenti si è evidenziato 
solo il gene responsabile delle attaching 
and effacing lesions (eae), mentre non 
si sono evidenziati ceppi EtEc. L’ana-
lisi statistica dei risultati ha permesso 
di evidenziare che la presenza di geni di 
virulenza è associata a formaggi prodot-
ti da latte crudo. Inoltre è stata osser-
vata un’associazione tra alte cariche di 
E. coli e prodotti a latte crudo (freschi e 
stagionati). I risultati della presente ri-
cerca hanno evidenziato la sopravviven-
za di ceppi patogeni anche in formag-
gi stagionati per periodi superiori ai 60 
giorni, sottolineando l’importanza del-
le condizioni igienico-sanitarie del latte 
utilizzato per la produzione sia di for-
maggi freschi che stagionati.

INtroDuctIoN

Escherichia coli, is physiological-
ly present in the intestines of hu-
mans and warm-blooded animals. Al-
though usually harmless, it was de-
fined as a foodborne pathogen in 1971, 
when nearly 400 people became ill af-
ter eating contaminated cheese (MAr-
IEr et al., 1973). At present, at least 
five virulence groups of E. coli are rec-
ognized with respect to disease syn-

dromes, characteristics, serological 
grouping and effects on certain cell 
cultures (JAY et al., 2005). Verotoxin-
producing E. coli (VtEc) are often as-
sociated with the onset of foodborne 
diseases. these strains may produce 
two kinds of verotoxins (Vt1 and Vt2). 
More than 200 Vt-producing E. coli se-
rotypes have been isolated, but only a 
few have caused severe human diseas-
es; the o157 serotype has been respon-
sible for most of these infections (cAP-
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rIoLI et al., 2005; MALDoNADo et al., 
2005). two virulence factors may affect 
the pathogenicity of VtEc: the eae and 
ehxA genes. the former is responsible 
for the production of attaching and ef-
facing lesions (AE lesions) in the intes-
tinal mucosa; the latter encodes for the 
haemolysin called EhEc enterohaemo-
lysin (ehxA) (bEutIN et al., 2004).

While consumption of undercooked 
beef meat has long been considered the 
main cause of this infection, E. coli o157 
and VtEc strains have often been de-
tected in the environment (MALDoNA-
Do et al., 2005). In addition, raw milk, 
as well as cheese and yogurt, have also 
been associated with outbreaks and spo-
radic cases of illnesses due to VtEc con-
tamination (GILLEPsIE et al., 2003; LIPtA-
KoVA et al., 2004; hussEIN and sAKu-
MA, 2005).

E. coli o157 are currently the most 
common VtEc in many regions of the 
world (ArMstroNG et al., 1996). howev-
er, other serotypes, such as o26, o103, 
o111, o118 and o145 have also been 
recovered from infected patients and 
are considered a serious threat to pub-
lic health (cAPrIoLI et al., 1997; ALLEr-
bErGEr et al., 2003).

some non-VtEc strains, named en-
terotopathogenic E. coli (EPEc) and en-
terotoxigenic E. coli (EtEc), can induce 
sporadic diarrhoea. the former group 
causes AE lesions in the human small 
intestine causing diarrhoea, but does 
not generally produce enterotoxins 
(cortÉs et al., 2005). the latter group 
is a major cause of sporadic diarrhoe-
ic diseases in humans, affecting main-
ly children in developing countries (NA-
tAro and KAPEr, 1998). EtEc strains 
have also been detected in Europe, in 
particular switzerland, in 20% of the 
raw milk and dairy products (ALLMANN 
et al., 1995).

At present, conventional microbio-
logical diagnostics in food only in-
clude the determination of the E. coli 
count per gram without requiring any 

further characterization of the isolat-
ed strains; the analyses on serogroups 
and detection of pathogenic determi-
nants are only carried out when food-
borne outbreaks occur. therefore, in-
formation about the presence of poten-
tially pathogenic E. coli in dairy prod-
ucts is lacking, particularly regarding 
traditional cheeses produced in specif-
ic geographic areas.

the aim of this study was to investi-
gate the occurrence of all potentially en-
terovirulent E. coli (VtEc including E. 
coli o157, EPEc, EtEc strains) in raw 
and pasteurised milk cheeses manufac-
tured in the Italian Alpine region, which 
is known for its high standards in dairy 
production. the investigation was car-
ried out by coupling the traditional im-
munoseparation technique used to de-
tect o157 with the newer multiplex Pcr 
technique used to detect other pathogen-
ic E. coli strains.

MAtErIALs AND MEthoDs

sampling

two-hundred and three soft and rip-
ened cheeses were collected over a 17-
month period from 50 cheese-making 
plants in the Italian Alpine region. the 
samples included 143 (70.4%) raw milk 
cheeses and 60 (29.6%) pasteurised milk 
cheeses. soft cheeses (less than 10-days 
maturation) and ripened cheeses (more 
than 10-days maturation) were the most 
frequent cheese types. All of the ripened 
and most of the soft cheeses analysed 
were obtained by enzymatic coagulation. 
table 1 reports the sample distribution 
according to ripening time (days), cheese 
texture, heat treatment and dairy species 
of origin of the milk used in cheese pro-
duction. After collection, samples were 
refrigerated and transported to the lab-
oratory where the samples were stored 
at 4°c and then processed the follow-
ing day.
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Enumeration of E. coli

the total E. coli count was done ac-
cording to the uNI method (2002). seri-
al dilutions of peptone water were pre-
pared and 1 mL of each dilution was 
poured onto tryptone bile Glucuronide 
Medium (tbX, oxoid Italiana, Garbag-
nate Milanese, Milan, Italy). Plates were 
incubated at 44°c for 18-24 h and E. 
coli were counted on plates with typical 
blue/green colonies.

Detection of pathogenic
E. coli strains

For each sample, 25 g of product were 
added to 225 mL of modified tryptic soy 
broth (oxoid Italiana, Garbagnate Mila-
nese, Milan, Italy) supplemented with 
novobiocin (20 µg/mL, oxoid Italiana, 
Garbagnate Milanese, Italy) and incubat-
ed at 41.5°c for 6 h. In compliance with 
the Iso (2001) procedure, two 50-µL al-
iquots of broth were streaked onto one 
plate of sorbitol Macconkey agar (sMAc, 
oxoid Italiana, Garbagnate Milanese, Mi-
lan, Italy), and one plate of sorbitol Mac-

table 1 - cheeses sampled according to days of 
ripening (A); number of raw and pasteurized milk 
cheeses according to cheese texture and species 
of milk origin (b).

Ripening	period	(days)	 Sampled	cheeses

<10	 74
10-30	 45
31-60	 47
61-90	 28
>90	 9

A

	 Texture	 Species	of	origin	of	milk

Cheeses	 Soft	 Ripened	 Cow	 Goat	 Cow/Goat	 Cow/Sheep	 Cow/Goat/Sheep

Raw	milk	 50	 93	 115	 11	 11	 4	 2
Pasteurised	milk	 29	 31	 56	 1	 2	 0	 1

B

conkey agar supplemented with cefix-
ime tellurite (ct-sMAc, oxoid Italiana, 
Garbagnate Milanese, Italy), in order to 
increase the selectivity of the medium for 
E. coli detection. both media were incu-
bated at 37°c for 18-24 h.

If present, five sorbitol-negative and 
five sorbitol-positive colonies from each 
plate were inoculated into tryptone water 
for 24 h at 37°c. these suspensions were 
sub-cultured onto Nutrient agar (oxoid 
Italiana, Garbagnate Milanese, Milan, It-
aly), emulsified in 5 mL of sterile saline 
solution, inoculated onto API 20E strips 
(bioMérieux, rome, Italy), and incubated 
at 37°c for 24 h. the same suspensions 
were also processed to prepare DNA tem-
plates for multiplex Pcr targeting E. coli 
virulence factors, following the published 
protocol (bottEro et al., 2004) for DNA 
extraction and amplification. however, 
in order to effectively identify pathogen-
ic E. coli strains, further investigations 
were performed when multiplex-Pcr de-
tected at least one virulence factor when 
tryptone water-suspended colonies were 
tested. these were sub-cultured on tbX 
and at least five isolates per plate were 
analysed singularly with the same mul-
tiplex-Pcr method and serotyping.

Isolation of E. coli o157

All samples were examined for the 
presence of E. coli o157 following the Iso 
(2001) procedure and using an immu-
nomagnetic separation (IMs) technique. 
Each sample underwent pre-enrichment 
in modified tryptic soy broth (oxoid Ita-
liana, Garbagnate Milanese, Milan, It-
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aly) supplemented with novobiocin (20 
µg/mL, oxoid Italiana, Garbagnate Mi-
lanese, Milan, Italy) as described above. 
Immunomagetic separation was per-
formed according to the manufacturer’s 
instructions (Dynal, oslo, Norway); how-
ever, the IMs was repeated after an ad-
ditional 24 h of incubation.

In compliance with the Iso (2001) 
procedure, two 50-µL aliquots of the 
IMs-enriched broth were analyzed as 
described previously. suspected E. coli 
o157 colonies were tested for indole pro-
duction using Kovacs reagent (Merck & 
co, Milan, Italy).

serotyping

serotyping was performed by means 
of slide agglutination with an E. coli 
o157 Latex test kit (oxoid Italiana, Gar-
bagnate Milanese, Milan, Italy) on API 
20 E identified E. coli isolates, which re-
vealed at least one virulence gene when 
tested with multiplex Pcr. the results 
were confirmed by tube agglutination 
of heat-treated cultures (Denka seiken 
co., Ltd., tokyo, Japan).

Data analysis

In the present study three associations 
were evaluated with the heat treatment of 
milk used in the cheese-making process: 
the first was the total E. coli count, the 
second the presence of virulence genes 
in colonies isolated from cheese sam-
ples and the third the presence of the Vt 
gene in isolated colonies. In order to an-
alyse the data, microbiological and Pcr 
results were coded as binary variables; 
for E. coli count, a value of 1 was attrib-
uted to samples where the E. coli count 
was greater than 103 cfu/g, and 0 was 
assigned if the count was less. to eval-
uate the presence of a virulence gene, a 
value of 1 was given when at least one 
isolated colony from the cheese samples 
showed the presence of at least one vir-
ulence factor amplification product with 

multiplex Pcr. similarly, when the asso-
ciation between milk heat treatment and 
the presence of the Vt gene was evaluat-
ed a value of 1 was given to all the sam-
ples that had at least one isolated colo-
ny with Vt1 and/or Vt2. the heat treat-
ment of milk used in the cheese-making 
process was also coded as 1 and 0 for 
raw and pasteurised milk, respectively. 
For the evaluation of the association be-
tween heat treatment of milk and E. coli 
count, a total of 200 cheese samples were 
analysed. since cheese type is associat-
ed with both E. coli count in cheese and 
the heat treatment of the milk used, sam-
ples were divided into fresh (n=83) and 
ripened (n=117) cheeses and a stratified 
analysis was performed in order to check 
for the confounding effect of cheese type. 
on investigating the other two associa-
tions, 195 cheese samples were analysed, 
dividing them into fresh (n=78) and rip-
ened (n=117) cheeses. In all the contin-
gency tables the Fisher Exact Probabili-
ty test (F.E.P.) and the Mantel-haenszel 
χ2 were used to assess the significance of 
the results. Mantel-haenszel odds ratio 
(o.r.) values and 95% confidence inter-
vals (95% c.I.) were evaluated as meas-
ures of association.

rEsuLts

Enumeration of E. coli
and pathogenic E. coli identification

the E. coli counts are reported in table 
2. In the raw milk cheese samples less 
than 10 cfu/g of E. coli were present in 
70 cheeses (49% of the samples). Among 
these samples, 21 (30%) and 49 (70%) 
were soft and ripened cheeses, respec-
tively. In contrast, 55 (92%) pasteurised 
milk cheeses had E. coli counts less than 
10 cfu/g.

Presumptive E. coli colonies on sMAc 
and ct-sMAc were recovered in 123 
(61%) and 93 (46%) cheese samples, re-
spectively. When subsequently tested 
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with API 20 E, these colonies were iden-
tified as E. coli. When multiplex Pcr was 
performed on tryptone water from isolat-
ed sMAc/ct-sMAc colonies, the pres-
ence of at least one virulence gene was 
detected in 16 (8%) cheeses. In particu-
lar, when Pcr was performed on sMAc 
colonies, 6 soft (3%) and 8 ripened (4%) 
cheeses showed amplification products of 
at least one virulence factor. Pathogenici-
ty determinants were detected when Pcr 
was performed on tryptone water from 
isolated ct-sMAc colonies, in 5 (2.5%) 
soft and 4 (2%) ripened cheeses. Frequen-
cies of virulence determinants in the dif-
ferent kinds of cheeses are reported in 
table 3. In particular, the Vt2 gene was 
detected in 3 (2%) of the positive sMAc 

table 2 - E. coli distribution in cheeses related to heat treatment of the milk used for cheese produc-
tion.

	 E. coli counts	(cfu/g)

Cheeses	 <	10	 10-102	 102-103	 103-104	 104-105	 >105

Raw	milk	 70	 14	 19	 15	 16	 9
Pasteurised	milk	 55	 2	 2	 1	 0	 0

samples, whereas the Vt1 and Vt2 genes, 
respectively, were detected in 2 (2%) and 
3 (3%) of the positive ct-sMAc sam-
ples. both genes were detected in only 
one positive ct-sMAc sample. the eae 
was the most commonly amplified gene, 
whereas the ehxA gene was only detect-
ed in 3 isolates in association with Vt2 
or Vt1 genes, detected in three and two 
isolates, respectively. tryptone water in-
oculated with Pcr positive samples were 
sub-cultured on tbX, and both multiplex 
Pcr and serotyping were performed on 5 
isolated colonies. Virulence determinants 
were only detected in 10 samples. table 
4 shows the presence of virulence deter-
minants in these 10 cheese samples: 9 
raw milk, ripened cheeses, and one pas-

table 3 - Number of cheeses with isolated E. coli colonies on sMAc (A) or ct-sMAc (b) and with mul-
tiplex Pcr positive results, according to cheese texture and heat treatment of the milk. the percentage 
of positive results calculated over the total sample size for each type is reported in parentheses.

	 Cheeses	 n	 SMAC	(%)	 ehxA (%) eae (%) ST	(%)	 LT	(%)	 VT1	(%)	VT2	(%)

Soft	 Raw	milk	 52	 28	(53)	 3	(6)	 3	(6)	 ------	 ------	 ------	 ------
	 Pasteurised	milk	 31	 12	(39)	 ------	 1	(3)	 ------	 ------	 ------	 ------
Ripened	 Raw	milk	 91	 63	(69)	 3	(4)	 4	(6)	 ------	 ------	 ------	 3	(4)
	 Pasteurised	milk	 29	 12	(41)	 ------	 ------	 ------	 ------	 ------	 ------
	 Total	 203	 123	(61)	 6	(3)	 8	(4)	 ------	 ------	 ------	 3	(1.5)

A

	 Cheeses	 n	 CT-SMAC	(%)	 ehxA (%) eae (%) ST	(%)	 LT	(%)	 VT1	(%)	 VT2	(%)

Soft	 Raw	milk	 52	 27	(52)	 5	(10)	 2	(4)	 ------	 ------	 1	(2)	 1	(2)
	 Pasteurised	milk	 31	 7	(23)	 ------	 ------	 ------	 ------	 ------	 ------
Ripened	 Raw	milk	 91	 47	(52)	 2	(2)	 2	(2)	 ------	 ------	 1	(1)	 2	(2)
	 Pasteurised	milk	 29	 12	(41)	 ------	 ------	 ------	 ------	 ------	 ------
	 Total	 203	 93	(46)	 7	(3.5)	 4	(2)	 ------	 ------	 2	(1)	 3	(1.5)

B
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teurised, fresh milk cheese. Four of these 
isolates were characterized as VtEc, and 
none as EtEc, since no Lt or st genes 
were amplified.

Isolation of E. coli o157

When samples were tested with the 
Iso immunoconcentration technique 
(2001) the presence of E. coli o157 was 
not detected.

serotyping

When serotyping was performed on 
ten cheese samples from which isolates 
with pathogenic determinants were re-
covered, three isolates, o26, o113, and 
o146, were identified, the rest were not 
able to be typed. Interestingly, only the at-
taching and effacing lesion encoding gene 
was detected in the o26 isolate, whereas 
in the o113 strain, isolated from a 70-day 
ripened cheese, both Vt2 and eae genes 
were detected. In the o146 strain, iso-
lated from a mixed raw cow-sheep milk 
cheese, all four virulence genes (eae, 
ehxA, Vt1, Vt2) were detected.

table 4 - cheeses with at least one E. coli colony 
isolated from sMAc or ct-sMAc that showed pos-
itive reactions to one or more virulence gene tar-
geted in the Multiplex Pcr. the total E. coli count 
is also reported for each sample.

	 E. coli count	 Multiplex	PCR

Cheese	 cfu/g	 ehxA eae VT1	 VT2	 uidA

	 1	 <10	 +	 -	 -	 +	 +
	 2	 <10	 -	 -	 -	 +	 +
	 3	 <10	 +	 +	 +	 +	 +
	 4	 230	 +	 +	 +	 -	 +
	 5	 1,100	 -	 +	 -	 -	 +
	 6	 <10	 -	 +	 -	 -	 +
	 7	 <10	 -	 +	 -	 -	 +
	 8	 160	 -	 +	 -	 -	 +
	 9	 43,000	 -	 +	 -	 -	 +
10	 <10	 -	 +	 -	 -	 +

Measure of association

the use of raw milk for cheese produc-
tion was significantly associated with E. 
coli counts in cheeses when the stratified 
analysis was performed (Mantel-haenszel 
χ2 = 17.79; p<0.001). In particular, chees-
es produced from raw milk were more 
associated with an E. coli count greater 
than 103 cfu/g than cheeses made from 
pasteurised milk (Mantel-haenszel o.r.= 
29.74; 95% c.I.: 3.63-531.53).

the association between raw milk 
cheeses and the presence of at least one 
virulence gene in isolated E. coli colo-
nies was also statistically significant 
(Mantel-haenszel χ2 =3.95 p<0.05), in-
dicating that cheeses made from raw 
milk are more associated with positive 
Pcr results than the ones produced 
with pasteurised milk (Mantel-haenszel 
o.r.=2.31 95% c.I.: 1.11-5.05). In con-
trast, the presence of the Vt gene was 
not associated with the use of raw milk 
for cheese production (F.E.P. >0.05).

DIscussIoN

the aim of the present study was to 
monitor the presence of pathogenic E. 
coli strains and related virulence deter-
minants (eae, ehxA, Vt1, Vt2, st, Lt) 
in raw- and pasteurised-milk cheese 
produced in the Italian Alpine region, 
an area that has high dairy production 
standards. conventional techniques for 
the differential detection of E. coli vir-
ulent strains in dairy products are not 
applicable due to the absence of known 
phenotypic traits related to strain dis-
crimination. therefore, in the last few 
years, biomolecular approaches have 
been extensively explored as strain dif-
ferentiation tools as an alternative to 
conventional phenotypic methods.

Genes encoding for virulence determi-
nants, such as st, Lt (ALLMANN et al., 
1995), Vt1, Vt2, ehxA, and eae (PIEr-
ArD et al., 1997; bouVEt et al., 2001; 
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chAPMAN et al., 2001) have been used 
for Pcr detection of VtEc, including E. 
coli o157, EPEc, and EtEc. the useful-
ness of these Pcr assays has long been 
debated. In fact, even if Pcr assays can 
be applied for E. coli pathogenic strain 
detection in human faecal samples, the 
applicability of these techniques on en-
vironmental samples is severely limited 
by the widespread presence of virulence 
genes in E. coli strains that are only rare-
ly associated with human diseases.

however, despite these limitations, Pcr 
might allow strains to be identified that 
are not usually detected by conventional 
techniques. some VtEc strains belonging 
to serogroups o26, o103, o111, o145 
and o157 isolated from human diseas-
es such as hc and hus (cAPrIoLI et al., 
1997; bEutIN et al., 2004), were not de-
tected by traditional techniques and were 
investigated only after the occurrence of 
food poisoning outbreaks (bEutIN et al., 
2004). In this context, the use of Pcr for 
monitoring E. coli virulence factors is im-
portant for identifying potentially danger-
ous foods as part of the hAccP plans, in 
order to detect and avoid the spread of 
pathogenic E. coli, before food poisoning 
outbreaks occur.

the results of this research revealed 
that in 98.3% of the pasteurised-milk 
cheeses and in 72% of the raw-milk 
cheeses the E. coli counts were less than 
103 cfu/g, the maximum level allowed 
(commission regulation No 2073/2005) 
in cheeses made from heat-treated milk. 
the significantly low E. coli count in the 
Italian Alpine cheese sampled in this in-
vestigation, is undoubtedly related to the 
strict hygiene procedures used in milk 
and cheese production. however, the 
analysis of the association between raw 
milk cheeses with E. coli counts greater 
than 103 cfu, and positive multiplex Pcr 
isolated colonies showed a statistical-
ly significant association. these results 
indicate the importance of milk quality 
and hygiene prior to processing, for both 
fresh and ripened cheese production.

In the present investigation, the pres-
ence of pathogenic E. coli in cheeses was 
evaluated by combining the traditional 
Iso (2001) procedure for E. coli o157 de-
tection, with the detection of E. coli vir-
ulence determinants through multiplex 
Pcr after pre-enrichment of cheese sam-
ples. this approach could detect EPEc, 
EtEc and VtEc by Pcr amplification 
of virulence determinants, revealing the 
presence of potentially pathogenic E. coli 
strains (besides o157) in cheeses which 
might not be detected by standard iden-
tification procedures. however, to effec-
tively identify pathogenic E. coli strains, 
other investigations (e.g. serotyping) were 
performed when multiplex-Pcr detected 
at least one virulence factor when tryp-
tone water-suspended colonies were test-
ed. using this approach pathogenic E. coli 
were isolated in only 10 cheese samples 
out of 16 which presented multiplex Pcr 
amplification products. None were sero-
typed as o157, three were identified as 
o26, o113, and o146. Four of the iso-
lates were VtEc, but none were EtEc. 
these findings suggest that by combining 
the two methods pathogenic E. coli iso-
lates, which are likely to pass undetected 
when only traditional methods are used, 
can be detected. In particular, the patho-
genic E. coli levels are usually lower than 
those of non pathogenic E. coli and, when 
plated, the colonies share the same mor-
phology, thus making it difficult to iso-
late the pathogenic strains. hence, from 
a practical point of view, the presence of 
such small concentrations of pathogens 
might be important for the monitoring 
process needed in hAccP plans in order 
to control the spread of these strains. In 
fact, low levels of pathogenic E. coli can 
also be a serious hazard for consumers’ 
health. the infectious dose of strains con-
taining Vt2, that is well associated with 
human disease (hussEIN and sAKuMA, 
2005), is quite low. tILDEN et al. (1996) 
suggested that the infectious dose eval-
uated in an E. coli o157:h7 outbreak 
from dry fermented salami consumption 
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was less than 50 bacteria, and strAch-
AN et al. (2001) estimated that an infec-
tious dose could be as low as 4-24 ingest-
ed organisms.

Enterovirulent E. coli contamination of 
milk and dairy products (hussEIN and 
sAKuMA, 2005) has been investigated 
in a limited number of studies. Detec-
tion of VtEc strains in raw milk, milk 
filters and cheeses was reported in bel-
gium, canada, Germany, the uK and the 
u.s.A., but only a few isolates were iden-
tified as belonging to serogroups known 
to cause human illness. coNEDErA et al. 
(2004) analysed 2948 Italian dairy prod-
ucts and E. coli o157:h7 was detected 
in only one sample. similarly, no o157 
VtEc were isolated when 1011 raw cow 
milk samples were examined in the Neth-
erlands (hEuVELINK et al., 1998).

Likewise, these research results 
showed a very low prevalence of path-
ogenic E. coli strains in cheeses: no 
o157 strains and no EtEc were detect-
ed. the virulence genes (Vt1, Vt2, eae, 
and ehxA) were detected in only 1 of the 
10 isolates presenting virulence deter-
minants. the source of this isolate was 
a 60-day-old raw-milk cheese, that had 
an E. coli count of less than 10 cfu/g. 
similarly, considering multiplex Pcr re-
sults, most of the genes coding for tox-
in production were detected in isolates 
from raw-milk ripened cheeses, which 
were also characterized by low levels of 
total E. coli contamination. the absence 
of any correlation between the E. coli 
count and the presence of E. coli o157, 
as well as other VtEc and EtEc strains, 
has already been observed (chAPMAN et 
al., 2001; coNEDErA et al., 2004). these 
findings suggest that VtEc and EtEc 
strains could be more resistant than 
other E. coli strains to stress conditions 
(fermentation and maturation of chees-
es) as already observed for E. coli o157 
(KAsrAzADEh and GENIGEorGIs, 1995; 
rEItsMA and hENNING, 1996).

the association between the presence 
of virulence genes and the heat treat-

ment of milk used in the cheese-making 
process was also evaluated, in particu-
lar the use of raw milk was associated 
with the presence of virulence genes for 
both fresh and ripened cheese, indicating 
that the ripening process alone (even if 
60 days) does not guarantee the absence 
of pathogenic E. coli strains. hence, con-
trary to what was claimed by QuINto and 
cEPEDA (1997), both soft and ripened 
cheeses should be considered as possi-
ble vehicles of infection.

the results of this investigation demon-
strate the presence of E. coli virulence de-
terminants in raw milk cheese regardless 
of the ripening process. E. coli virulence 
testing is therefore needed particularly 
in all raw milk products or other dairy 
products processed at temperatures be-
low 45°-48°c. this testing is currently not 
included in routine diagnostic activities. 
therefore, to address consumer protec-
tion issues there must be a careful con-
trol of all the cheese production phases, 
starting from milking procedures, as well 
as more detailed information on product 
labels that indicates the heat treatment 
of the milk used in production.
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F. scheller (Germany)
K. sode (Japan)

Important deadlines
June 1st, 2007: second announce-

ment
september 17th, 2007: submission of 

the abstracts
september 24th, 2007: Information to 

authors about acceptance of abstracts
september 29th, 2007: Early registra-

tion with reduced fee

corresponding address:
Professor Aziz Amine, université hassa-

nII-Mohammedia, Faculté des sciences et 
techniques, Laboratoire Analyses chimiques 
et biocapteurs, b.P. 146, 20800 Moham-
media, Morocco, tel. +212 23 314705, Fax 
+212 23 315353, e-mail: a.amine@univh2m.
ac.ma, azizamine@yahoo.fr, Website: www.
biocap.ma

SELECTIvE EnuMErATIOn
OF BIFIDOBACTErIA In MILk 

AnD MILk PrODuCTS

brussels, 4 April 2007 - IDF has just 
released a draft standard method on bi-
fidobacterial enumeration describing 
how the method was developed and as-
sessed for its performance based on se-
lectivity, reproducibility and repeatabil-
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ity. this method can be used as a road-
map for developing a microbiological 
standard method.

bifidobacteria play an important role 
as probiotic microorganisms in ferment-
ed dairy products. Depending on the in-
dividual properties of the strains as well 
as on their density in the product and the 
survival conditions in the human intes-
tinal tract, several beneficial effects have 
been demonstrated for certain bifidobac-
teria in numerous studies. In this con-
text, selective viable count and bacterial 
viability have been identified as key cri-
teria for determining the quality of pro-
biotic products.

As far as bifidobacterial enumera-
tion is considered, several methodol-
ogies have been proposed during the 
last two decades, however, with limit-
ed applicability due to laborious pro-
cedures and/or lacking selectivity. 
According to experience, the accom-
panying microflora often negatively 
influences the discrimination among 
the different groups of bacteria con-
tained in a product. on this account, 
an IDF group of experts has elaborat-
ed a procedure for bifidobacterial enu-
meration, which is easy to perform 
and of high selectivity.

“selective Enumeration of bifidobac-
teria in Dairy Products: Development of 
a standard Method” is the new bulletin 
of IDF n. 411/2007. It can be ordered 
in electronic form via the IDF website at 
http: www.fil-idf.org

IDF GuIDInG PrInCIPLES 
FOr TrACEABILITY/PrODuCT 

TrACInG

brussels, 5 April 2007 - IDF has just 
released thirteen guiding principles 
as a consensus view of the worldwide 
dairy sector on how to apply traceabili-
ty/product tracing in the dairy produc-
tion chain.

the dairy sector has taken the view-
point that traceability/product tracing 
as a tool is not only relevant in the con-
text of food inspection and certification 
system but may also be applied for in-
dustry-driven business reasons and is 
mainly concerned with food safety as-
pects.

over the past years, a number of coun-
tries have introduced requirements for 
traceability/product tracing in national 
regulations as an effective means to con-
tribute to both product safety and con-
sumer confidence. the FAo/Who Joint 
Food standards Programme (codex Ali-
mentarius) has recently adopted codex 
Principles for traceability/Product trac-
ing as a tool within a Food Inspection 
and certification system.

IDF Guiding Principles for traceabili-
ty/Product tracing, a new IDF publica-
tion is available free of charge from the 
IDF Internet homepage: http://www.fil-
idf.org/WebsiteDocuments/412-2007.
pdf

EvIDEnCE-BASED BEnEFICIAL 
HEALTH EFFECTS

OF PrO-AnD PrEBIOTICS

Scientific reviews published in the sup-
plement to the Journal of Nutrition

brussels, 2 March 2007 - the evi-
dence for claims on beneficial effects 
of functional foods is frequently called 
into question. In a collection of inde-
pendent scientific articles published 
in a supplement to the Journal of Nu-
trition, leading nutrition scientists re-
view the evidence on the effects and on 
the underlying mechanisms of pro-and 
prebiotics.

these scientific studies strengthen the 
positive influence of probiotics in main-
taining and improving health and quality 
of life including preventive and therapeu-
tic application possibilities on infectious 
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or antibiotic-associated diarrhea, influ-
ence on the intestinal flora, and the re-
duction of pathogenic mircoorganisms, 
metabolites, and enzymes as well as im-
munostimulating properties and the re-
duction of allergenic and atopic com-
plaints. recent investigation has also 
revealed beneficial effects on infectious 
intestinal diseases and irritable bowel 
syndrome.

the prevention or alleviation of differ-
ent infectious diseases including com-
mon cold, other respiratory infections 
and also allergy has also been demon-
strated. Very recently, there have been 
new findings that enable to understand 
how probiotics may strengthen immune 
defence and reduce allergic reactions.

Effects of probiotics and prebiotics, 
supplement to the Journal of Nutrition, 
March 2007, Volume 137, Number 3s-
II. http://jn.nutrition.org

HEALTH-EnHAnCInG 
MILk COMPOnEnTS: 

TECHnOLOGICAL ADvAnCES 
AnD HEALTH BEnEFITS

brussels, 25 April 2007 - this IDF 
publication provides insights into the 
latest and emerging scientific knowl-

edge about the characteristics of major 
and minor bioactive component groups 
occurring naturally in milk, focusing 
on components with positive health at-
tributes. Novel technologies for extrac-
tion of bioactive components from milk 
and product innovations based on these 
components are also presented.

the rapid scientific progress in the 
knowledge of milk bioactives has put a 
lot of pressure on the development of ap-
propriate technologies for recovery, frac-
tionation and application of such com-
ponents in active form. to this effect, 
membrane separation processes have 
been developed and applied successful-
ly to industrial scale.

beneficial health effects of many milk 
or colostrum-derived bioactive compo-
nents have been demonstrated in animal 
model studies and clinical trials in hu-
mans. Examples of documented health 
benefits delivered through such value-
added products are also given in this IDF 
bulletin. “health-enhancing Milk com-
ponents: technological Advances and 
health benefits”, Extended abstracts 
of the conference held at the IDF World 
Dairy congress in shanghai, china, oc-
tober 2006, is the new bulletin of IDF 
n. 413/2007. It can be ordered in elec-
tronic form via the IDF website at http: 
www.fil-idf.org
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