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Dear Subscribers,

As the year 2009 draws to a close, I would like to take this opportunity to 
share the news about upcoming changes for the Italian Journal of Food Scien-
ce.  As you know, in addition to the standard printed version, the Journal was 
published for the first time in electronic form on the internet starting with n. 
1, volume 20 in 2008.  On January 1, 2010 the printed version will be discon-
tinued and the journal will be published exclusively on the internet.  Hence, 
prospective authors should carefully consult the new Guide to Authors to 
comply with the requirements.

With the new year, there will also be a new organization of the editorial bo-
ard and of the reviewing process.  A team of five co-editors, proposed by the 
Italian Society of Food Science and Technology (SISTAL) will assist me in the 
selection and evaluation of manuscripts submitted to IJFS, the official journal 
of SISTAL.  In an effort to facilitate a more rapid turn-around time, the evalua-
tion and publication process will be done on-line.  It goes without saying that 
Italian and foreign scientists will be called upon to serve as referees for the 
manuscripts.  To access the Journal, all paying subscribers will be issued a 
personal Username and Password.  This will give the user access to all issues 
of the Journal.  Hopefully this new format will allow a greater distribution of 
the Journal to a wider range of scientists, both authors and readers.

Due to these changes, IJFS will no longer maintain the secretariat in Peru-
gia and because of this we will be losing our Scientific Editor, Dr. Sister Mary 
F. Traynor.  However, she will stay with us to complete the work on all of the 
papers submitted up to December 31, 2009.  I am profoundly grateful to Sister 
Mary for the highly professional, untiring and dedicated service that she has 
given to the Journal since its inception twenty-one years ago.  I will always 
be indebted to her and cannot thank her sufficiently for helping to bring the 
journal to its present stage.

As we enter into the New Year of 2010 and this new phase of the Italian 
Journal of Food Science, I wish you a fruitful 2010.

Paolo Fantozzi
Editor-in-Chief
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STABILITY OF THE SENSORY QUALITY 
OF VIRGIN OLIVE OIL DURING STORAGE: 

AN OVERVIEW

PANORAMICA SULLE VARIAZIONI SENSORIALI DELL’OLIO VERGINE 
DA OLIVE DURANTE LA CONSERVAZIONE

A. BENDINI*, L. CERRETANI, M.D. SALVADOR1, 
G. FREGAPANE1, and G. LERCKER2

Dipartimento di Scienze degli Alimenti, Università di Bologna,  
P.zza Goidanich 60, 47023 Cesena, FC, Italy

1Departamento de Tecnología de Alimentos, Universidad de Castilla-La Mancha, 
Avda Camilo José Cela 10, 13071 Ciudad Real, Spain

2Dipartimento di Scienze degli Alimenti, Università di Bologna, 
V.le Fanin 40, 40127 Bologna, Italy

*Corresponding author: alessandra.bendini@unibo.it

AbstrAct

the storage conditions of bottled or 
tank-stored virgin olive oil, as well as 
all the agronomical and technologi-
cal variables of the processing stages, 
are particularly relevant for preserving 
the highly valued organoleptic quality 
of this product. All the efforts made in 
the olive grove and in the oil mill to pro-
duce virgin olive oil with good sensory 
characteristics can be undermined if 
improper storage conditions are used. 
In particular, it is necessary to protect 

rIAssunto

Le condizioni di conservazione dell’olio 
vergine di oliva in bottiglia o in cister-
ne, così come le variabili agronomiche e 
tecnologiche attuate durante le fasi che 
vanno dalla produzione delle olive alla 
loro trasformazione in olio, sono da con-
siderarsi con particolare attenzione se si 
vuole mantenere elevata la qualità sen-
soriale di questo prodotto. Infatti, tutti 
gli sforzi fatti sia in campo che in fran-
toio per produrre un olio vergine di oli-
va con buone caratteristiche organolet-
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the oil against lipid oxidation which can 
have many deleterious effects on the 
quality of virgin olive oil, including the 
formation of unpleasant organoleptic 
characteristics, the drastic reduction 
of the bouquet and taste notes as well 
as the reduction of naturally-occurring 
antioxidant compounds and therefore 
shortening of its the shelf life. the oxi-
dation process during storage is known 
and involves changes to both the ma-
jor and minor components of virgin ol-
ive oil. to slow down the oxidation rate 
during storage, certain factors such as 
the presence of oxygen and traces of 
metals, exposure to light and the bino-
mial storage time/temperature, must 
be kept under control. this overview 
will present the importance of reduc-
ing these pro-oxidizing effects, as well 
as the main changes which may occur 
during the storage of virgin olive oil at 
the expense of the minor constituents 
that are more relevant for the olfactive 
and gustative characteristics and its 
impact on the aroma and taste of the 
oil, particularly the phenolic and vola-
tile compounds.

tiche possono essere vanificati qualora 
si attuino improprie condizioni di con-
servazione del prodotto. In particolare, è 
necessario proteggere l’olio dall’ossida-
zione lipidica che può avere effetti de-
leteri sulla sua qualità, come ad esem-
pio la formazione di sentori sgradevoli, 
la drastica riduzione delle tipiche note 
percepibili all’olfatto ed al gusto, il de-
pauperamento degli antiossidanti natu-
ralmente presenti, con conseguente ac-
corciamento della shelf life. È noto come 
il processo di ossidazione, che inevita-
bilmente avviene durante la conserva-
zione, porti a variazioni dei componenti 
sia maggioritari che minoritari dell’olio 
vergine di oliva. Per rallentare la veloci-
tà delle modificazioni ossidative duran-
te la conservazione dell’olio, alcuni fatto-
ri come la presenza dell’ossigeno, i me-
talli in tracce, l’esposizione alla luce ed 
il binomio tempo/temperature devono 
essere attentamente controllati. In que-
sta panoramica si discuterà sull’impor-
tanza di ridurre l’effetto di questi fatto-
ri pro-ossidanti, così come delle più im-
portanti modificazioni che, nel corso del-
lo stoccaggio dell’olio, avvengono a spe-
se dei componenti minori responsabili 
delle caratteristiche olfattive e gustati-
ve quali, rispettivamente, i componenti 
volatili e fenolici.

IntroDuctIon

the assurance of the stability and 
quality of food products is a matter of 
great concern for producers and sellers. 
In the case of fats and oils, oxidation (one 
of the most fundamental reactions in lip-
id chemistry) is the main cause of quali-
ty deterioration and its reaction rate de-
termines the shelf-life of this type of food 
product. to maintain the phenol and vol-
atile molecule content responsible for the 
highly appreciated organoleptic and nu-

tritional properties in newly produced 
virgin olive oil during storage, it is abso-
lutely essential to control all the factors 
that promote lipid oxidation.

the high oxidative stability of virgin ol-
ive oil with respect to other vegetable oils 
is mainly due to its fatty acid composi-
tion, in particular, to the high monoun-
saturated-to-polyunsaturated ratio, and 
to the presence of minor compounds that 
play a major role in preventing oxidation. 
In spite of its high stability, virgin olive oil 
is also susceptible to oxidative process-
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es, such as enzymatic oxidation, which 
occurs when the oil is in the fruit and 
during the extraction process, photo-ox-
idation, when the oil is exposed to light, 
and autoxidation which mainly occurs 
during processing and storage when the 
oil is in contact with oxygen (FrAnKEL, 
1985). this review is mainly concerned 
with the autoxidation process, the main 
cause of deterioration of virgin olive oil 
during its shelf life.

Lipid oxidation occurs through the in-
teraction of the triacylglycerol fatty ac-
ids with molecular oxygen which yields 
hydroperoxides by a free radical mecha-
nism. the activation energy of this reac-
tion is high and the initiation of lipid ox-
idation requires traces of transition met-
als or exposure to light; the reaction is 
accelerated by an increase in tempera-
ture. these factors can catalyse the de-
composition of hydroperoxides, the pri-
mary oxidation products. the unstable 
hydroperoxides decompose to produce a 
range of volatile and non-volatile prod-
ucts. some volatile components, main-
ly aldehydes, are the major cause of the 
sensory perception of the rancid defect 
in vegetable oils (AnGErosA, 2000). Dur-
ing the autoxidation reaction, a series 
of compounds are formed in virgin olive 
oil (Voo), while minor components are 
degraded, causing rancidity and off-fla-
vours, loss of nutritional value and final-
ly consumer rejection.

some major factors influencing lip-
id oxidation are: the amount of oxygen 
dissolved in the oil that cannot be re-
moved, the oxygen permeability of the 
packaging materials, the storage tem-
perature, exposure to light and the fatty 
acid composition. Lipid oxidation is ac-
celerated by the presence of free fatty ac-
ids, mono- and diacylglycerols, thermal-
ly-oxidized compounds and metals such 
as iron. In contrast, phenolic compounds 
and carotenoids decrease autoxidation in 
oil, while tocopherols, chlorophylls and 
phospholipids demonstrate both antioxi-
dant and pro-oxidant activity depending 

on the oil system and storage conditions 
(cHoE and MIn, 2006).

tHE IMPortAncE oF controLLInG 
tHE Pro-oXIDIZInG FActors

Key facts regarding the major exter-
nal factors and olive oil constituents 
that influence lipid oxidation are shown 
in table 1.

Physical factors

As mentioned above, several physical 
factors play a key role in controlling ox-
idation in virgin olive oil during storage. 
All of these must be carefully monitored 
to prevent alterations in the oil and to 
extend the shelf-life.

oxygen availability
the great effect that oxygen availabil-

ity has on the oxidation reaction rate is 
directly related to its partial pressure. 
the level of oxygen in the oil depends 
on the conditions used in some techno-
logical operations such as centrifuga-
tion, and/or decanting and filtration. In 
the case of bottled or tank-stored olive 
oil, in which the surface-volume ratio 
in contact with the atmosphere is rela-
tively small, the diffusion of oxygen into 
the bulk oil is a limiting parameter, and 
therefore the oxidation rate is controlled 
by diffusion (YAnIsHLIEVA, 2001). the 
head-space in the container and the ox-
ygen permeability of the packaging ma-
terial are two variables to be considered 
since they play a major role in oil stability 
during storage (GutIÉrrEZ et al., 1988).

the basic factors that affect the shelf 
life of olive oil in different packaging sys-
tems and the main oxidative degradation 
mechanisms for them have been report-
ed. Published results on plastic packag-
ing material permeability show the fol-
lowing ranking of oil sample stability: 
PVc (polyvinyl chloride) ≥ PEt (polyeth-
yleneterephthalate) > PP (polypropylene) 
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table 1 - Key points of major external factors and olive oil constituents influencing lipid oxidation.

Factors	 Key	points	 References

Oxygen	availability	 -	Partial	pressure	and	diffusion	 GUTIÉRREZ	et al.,	1988
	 -	Permeability	of	packaging	materials	 YANISHLIEVA,	2001
	 -	Use	of	inert	gases	in	the	container	 DI	GIOVACCHINO	et al.,	2002
	 	 SACCHI	et al.,	2008
Storage	temperature	 -	Increases	the	reaction	constant	 RAGNARSSON	and	LABUZA,	1977
	 -	Improves	the	formation	and	 FRANKEL,	1998
	 decomposition	rates	of	hydroperoxides	 VELASCO	and	DOBARGANES,	2002
	 -	Decreases	oxygen	solubility	 GÓMEZ-ALONSO	et al.,	2004
Exposure	to	light	 -	Initiates	auto-oxidation	 GUTIÉRREZ	et al.,	1988
	 -	Produces	photo-oxidation	 JADHAV	et al.,	1996
	 -	The	oil	must	contain	photosensitizers	 CAPONIO et al.,	2005
	 -	Opacity	to	light	of	packaging	material	 MÉNDEZ	and	FALQUÉ,	2007
Triacylglycerols	 -	Unsaturation	degree	of	their	fatty	acids	 HOLMAN	and	ELMER,	1947
Free	fatty	acids	 -	Pro-oxidant	effect	exercised	by	 MIYASHITA	and	TAKAGI,	1986
	 carboxylic	group	 KIRITSAKIS	et al.,	1992
	 	 FREGA	et al.,	1999
Traces	of	metals	 -	Catalyze	the	decomposition	 BENJELLOUN	et al.,	1991
	 of	hydroperoxides	 ANGEROSA	et al.,	1993
Phenols	 -	Direct	relationship	between	content	 VÁZQUEZ-RONCERO	et al.,	1973
	 and	oxidative	stability	 GUTIÉRREZ	et al.,	1977
	 -	Hydroxytyrosol	and	its	secoiridoid	 MONTEDORO	et al.,	1992
	 derivatives	are	the	most	 BALDIOLI	et al.,	1996
	 active	antioxidants	 SALVADOR	et al.,	1999
	 -	Tyrosol	and	its	derivatives	show	 MATEOS	et al.,	2002
	 a	very	low	or	no	antioxidant	activity	 CARRASCO-PANCORBO	et al.,	2005
Tocopherols	 -	Lower	antioxidant	activity	 PORTER	et al.,	1989
	 than	hydroxytyrosol	 FRANKEL	et al.,	1994
	 -	Antioxidant	polarity	paradox	 BALDIOLI	et al.,	1996
	 	 MATEOS,	2002
Pigments	 -	Carotenoids:	efficient	protectors	 CUPPETT	et al.,	1997
	 against	photo-oxidation	 RAHMANI	et al.,	1998
	 -	Chlorophylls:	very	active	in	lipid	 ENDO	et al.,	1984
	 photo-oxidation	but	also	low	 GUTIÉRREZ	et al.,	1992
	 antioxidants	during	oxidation	in	dark	 PSOMIADOU	and	TSIMIDOU,	2002

≥ Ps (polystyrene) (tAWFIK and HuYGHE-
bAErt, 1999). Moreover, the differences 
in the shelf life observed in oils bottled in 
PEt or in glass are attributable to differ-
ences in the initial dissolved oxygen con-
tent in the oils (sAccHI et al., 2008). While 
the decay kinetics of bottled virgin olive 
oil depend on the shape and size of the 
bottle, it mainly depends on the material 
used to make the bottle, and on the ini-
tial value of the oxygen partial pressure in 
the headspace (DEL nobILE et al., 2003). 
the shelf life of packaged olive oil under 

various storage conditions can be pre-
dicted by applying mathematical model-
ing and simulations (KAnAVourAs and 
coutELIErIs, 2006a; KAnAVourAs et al., 
2006b). the feasibility of improving the 
stability of extra virgin olive oil by using 
inert gases, mainly nitrogen or argon in 
the head-space of the container, as a con-
ditioner gas during storage to reduce dis-
solved oxygen, has been studied. the use 
of nitrogen as conditioner gas helped to 
avoid the risk of oxidation during storage 
(DI GIoVAccHIno et al., 2002).
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storage temperature
It is well known that storage temper-

ature is one of the most relevant factors 
affecting lipid oxidation. A kinetic study 
of the autoxidation reaction in olive oil 
triacylglycerols stored in darkness at dif-
ferent temperatures (25°, 40°, 50°, 60° 
and 75ºc), in the absence of pro- and 
antioxidant compounds to avoid con-
founding effects, confirmed that the re-
action constant increases exponential-
ly with temperature (GÓMEZ-ALonso et 
al., 2004). the effect of temperature on 
the oxidation rate is quite complex; it in-
creases the oxidation rate improving the 
formation rate of hydroperoxides, while 
it decreases the oxygen solubility in the 
bulk oil and increases the decomposition 
of hydroperoxides, changing the profile of 
the products formed (rAGnArsson and 
LAbuZA, 1977; FrAnKEL; 1998; VELAsco 
and DobArGAnEs, 2002). therefore, it is 
very relevant to establish the relation-
ship between storage temperature and 
Voo oxidation rate. the temperature-
dependent kinetics of the oxidation indi-
ces and the unsaturated fatty acids are 
described well by the linear Arrhenius 
equation between 25° and 60°c (0.960 
≤ r2 ≤ 0.999, p≤0.05). the time required 
to reach the upper limits for PV, K232 and 
K270 established for the extra virgin ol-
ive oil category in the current Eu legis-
lation, correlated well with temperature 
using an exponential equation (MAncE-
bo-cAMPos et al., 2008).

Exposure to light
Luminous radiation is another exter-

nal factor to be considered in the lipid 
oxidation process during storage, since 
it initiates auto-oxidation and produc-
es photo-oxidation. to observe these ef-
fects, the oil must contain photosensi-
tizers, like chlorophylls, that are excited 
by light absorption. Prevention of light 
exposure during storage of virgin olive 
oil is absolutely necessary to extend its 
shelf life (JADHAV et al., 1996); oils ex-
posed to light are less stable than those 

kept in the dark (cAPonIo et al., 2005). 
However, Voo is usually protected from 
exposure to light radiation from the time 
of its production until it is exposed as 
bottled oil on the supermarket shelves. 
From that time onwards the opacity to 
light of the packaging material is of fun-
damental importance for its preservation 
(GutIÉrrEZ et al., 1988; MÉnDEZ and 
FALQuÉ, 2007). It has been observed that 
even small doses of uV radiation can in-
duce oxidation in virgin olive oil (LunA 
et al., 2006).

chemical factors
Apart from the external physical fac-

tors described above, the susceptibility 
of fats and oils to oxidation is influenced 
by their chemical composition, both ma-
jor and minor constituents, including the 
oxidation products formed during the ox-
idation reaction itself, all of which can 
possess pro- or antioxidant activities. 
the well known high oxidative stabili-
ty of Voo is related not only to the high 
monounsaturated/polyunsaturated fatty 
acid ratio of its lipid matrix, but also to 
the presence of minor components that 
have great antioxidant activity, particu-
larly the phenolic compounds.

triacylglycerols (tAG)
the susceptibility of lipids to oxida-

tion increases as the unsaturation lev-
el of its fatty acids increases. As shown 
in a previous study (HoLMAn and ELM-
Er, 1947), linoleate is 40 times more re-
active than oleate, whereas linolenate is 
2.4 times more reactive than linoleate. 
the stability of the triacylglycerol ma-
trix of olive oil has been demonstrated 
in experiments conducted in the pres-
ence of different antioxidants and com-
pared to a mixture of fatty acid methyl 
esters (FAME) with the same composition 
(MArInoVA and YAnIsHLIEVA, 1996). the 
position of the fatty acid within the tri-
acylglycerol moiety also affects its sus-
ceptibility to oxidation (MIYAsHItA et al., 
1990; MAtEos, 2002); they are slightly 
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less stable to oxidation when linoleate is 
in the 1,2- rather than the 1,3-triacylg-
lycerol position. It has also been report-
ed that the presence of mono- and dia-
cylglycerols and of oxidized triacylglyc-
erols has only a low pro-oxidant effect 
(MIstrY and MIn, 1988).

Free fatty acids (FFA)
Free fatty acids have a pro-oxidant ef-

fect when they are added to a purified 
lipid substrate (MIYAsHItA and tAKAGI, 
1986; MIstrY and MIn, 1987). therefore, 
it is very important to have low levels of 
free fatty acids and hydroperoxides in 
newly produced oil as they may accel-
erate the oxidation of fats. the pro-oxi-
dant action of free fatty acids seems to be 
exercised by a carboxylic group, which 
speeds up the decomposition rate of hy-
droperoxides (MIYAsHItA and tAKAGI, 
1986; KIrItsAKIs, 1992; FrEGA et al., 
1999). In a recent work scArPELLInI et 
al. (2005) confirmed the pro-oxidant ef-
fect shown by free fatty acids (FFA) add-
ed to refined peanut oil, as previously re-
ported by other authors using different 
vegetable oils (cAtALAno and DE FELIcE, 
1970; MIYAsHItA and tAKAGI, 1986; FrE-
GA et al., 1999). In fact, the oxidative 
stability values of a neutralized oil de-
creased in proportion to increasing per-
centages of oleic acid. they already ob-
served a substantial reduction of stabil-
ity of oil samples at concentrations low-
er than 0.5% oleic acid.

traces of metals
transition metals, mainly iron and 

copper, can catalyze the decomposition 
of hydroperoxides according to their ox-
idation-reduction potential to yield lipid 
peroxyl and alkoxyl radicals that initi-
ate free radical chain oxidation (bEnJEL-
Loun et al., 1991; AnGErosA and DI GIA-
cInto, 1993). AnGErosA and DI GIAcIn-
to (1993) studied the catalytic effect of 
Mn and ni on the oxidation of Voo. they 
measured the peroxide value (PV) and 
the K232 as indices of primary oxidation 

compounds and E-2-pentenal and E-2-
heptenal as markers of secondary oxida-
tion products and showed a significant 
increase in the oxidation of Voo in the 
presence of metals. In the experiments 
carried out by PoLVILLo et al. (1994), 
contamination with iron was detected 
in olive oil that had been in contact with 
carbon steel. the stability of Voo mea-
sured through the peroxide, K270, and p-
anisidine values was less after storage 
for one month in contact with a carbon 
steel sheet than when stored in the ab-
sence of the metal. bEnDInI et al. (2006) 
measured the primary and secondary ox-
idation products in Voos stored in the 
presence and absence of copper; dras-
tic increases of these products were ob-
served in samples with traces of metal. 
these results clearly demonstrate the 
ability of copper to promote autoxidation.

Phenols
the direct relationship between the 

content in phenolic compounds in Voo 
and its oxidative stability has been well 
known for a long time (VÁZQuEZ-ron-
cEro et al., 1973; GutIÉrrEZ et al., 
1977; GutFInGEr, 1981; MontEDoro 
et al., 1992; bALDIoLI et al., 1996; LItrI-
Dou et al., 1997; sALVADor et al., 1999). 
In the case of hydroxytyrosol and its se-
coiridoid derivatives, which show a sim-
ilar antioxidant activity (bALDIoLI et al., 
1996; MAtEos et al., 2002; cArrAsco-
PAncorbo et al., 2005), the formation 
of a stable radical has been proposed to 
explain their antioxidant activity (VIsI-
oLI and GALLI, 1998). In contrast, tyro-
sol and its derivatives show a very low 
or non antioxidant activity (bALDIoLI et 
al., 1996; MAtEos et al., 2002; cArrAs-
co-PAncorbo et al., 2005), due to the 
absence of an electron donor group that 
has a high transition energy and a lim-
itation in the formation of the phenoxyl 
radical. the presence of phenolic com-
pounds in Voo is therefore extreme-
ly important, because they combat lip-
id oxidation in its initial stages. Howev-
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er, they cannot block the autocatalyt-
ic mechanism. this effect is clearly vis-
ible from the data described by bEnDI-
nI et al. (2006) for an accelerated oxida-
tion test (60°c) on virgin olive oils which 
differed only with respect to phenol con-
tents. During the six weeks of testing, the 
peroxide and oxidized fatty acid (oFA) 
values increased in all the oils. there 
was a contemporary decrease of oxida-
tive stability (osI time), but with differ-
ent rates that were proportional to the 
initial content in phenolic antioxidants. 
this effect was amplified when copper 
was added as a catalyst of lipid oxidation. 
MAncEbo-cAMPos et al. (2007) studied 
the oxidation process of several virgin 
olive oils with different contents of nat-
ural antioxidants under accelerated ox-
idation conditions (rancimat) and com-
pared to long-term storage at room tem-
perature. All the samples reached the 
peroxide number limit (20 meq o2 kg-1) 
but in very different times (28-56 hours 
vs 96-167 weeks) depending on the tem-
perature (100°c for the rancimat test 
and 25°c for the prolonged storage) and 
the initial content in antioxidants.

tocopherols
Although a-tocopherol is considered 

to be the most relevant antioxidant in 
vegetable oils, as well as in the protec-
tion of the lipid structures in vivo, sev-
eral researchers have reported a low-
er antioxidant activity than hydroxyty-
rosol (LE tutour and GuEDon, 1992; 
bALDIoLI et al., 1996; MAtEos, 2002). 
this may be explained by the “antioxi-
dant polarity paradox” which states that 
hydrophilic antioxidants are often less 
effective in oil-in-water emulsions than 
lipophilic antioxidants, whereas lipo-
philic antioxidants are less effective in 
bulk oils than hydrophilic antioxidants 
(PortEr et al., 1989; FrAnKEL et al., 
1994). Moreover, it has also been report-
ed that in the presence of o-diphenols, 
a-tocopherol gives rise to a synergic ef-
fect (sErVILI et al., 1996).

Pigments
carotenoids, especially b-carotene are 

efficient Voo protectors against photo-
oxidation, since they are capable of de-
activating the oxygen singlet giving back 
its triplet status (cuPPEtt et al., 1997; 
WAGnEr and ELMAFDA, 1999). on the 
other hand, the capacity of the chlo-
rophyll molecule to absorb light ener-
gy and transfer it to chemical substanc-
es, makes it very active in lipid photo-
oxidation in Voo (rAHMAnI and sAArI-
csALLAnY, 1998). chlorophylls may also 
act as low antioxidants during oxidation 
in the dark – absence of light – proba-
bly due to its capacity to donate hydro-
gen (EnDo et al., 1984; GutIÉrrEZ et al., 
1992; PsoMIADou and tsIMIDou, 2002).

Filtered vs. unfiltered Voo
the results of some studies have hown 

a gradual loss in stability during the 
storage of filtered oils mainly due to a 
significant decrease in the phenolic com-
ponents. When unfiltered and the cor-
responding filtered virgin olive oils were 
stored for nine months at ambient tem-
perature in the dark, a loss in oxidative 
stability in the latter was observed due 
to a lower total phenolic content (tsIMI-
Dou et al., 2005). other researchers (GÓ-
MEZ-cArAVAcA et al., 2007) have report-
ed that eight virgin olive oils after fil-
tration through cotton in the laborato-
ry showed a significant loss of hydroxy-
tyrosol, a simple phenol endowed with 
high antioxidant activity. consequently 
there was lower oxidative stability of the 
filtered oils than of the unfiltered ones. 
Generally, the formation of simple phe-
nols, such as hydroxytyrosol and tyro-
sol, was greater in unfiltered olive oils 
due to the hydrolysis rate of their seco-
iridoid derivatives. these reactions ap-
pear linked to the presence of a higher 
content of dispersed water droplets that 
maintain a partial enzymatic activity. on 
the other hand, it is well known that the 
filtration step which removes the organic 
sediments, prevents anaerobic fermenta-
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tion which produces unpleasant volatile 
components responsible for the muddy 
defect. At the same time it has also been 
reported that filtration and dehydration 
decrease the hydrolysis rate of the triac-
ylglycerol matrix, especially during stor-
age at the higher temperature (40°c) and 
in oils with a higher initial free acidity 
(e.g. free acidity > 0.6%). Moreover, the 
formation rate of simple phenols due to 
hydrolysis of their secoiridoid deriva-
tives was also greater in unfiltered olive 
oils. thus, from this point of view, fil-
tration and especially dehydration could 
help prolong the shelf life of some high-
quality but less stable virgin olive oils, 
(e.g. Arbequina and colombaia varieties) 
(FrEGAPAnE et al., 2006).

Degradation of minor constituents 
in Voo
Another consequence of the autoxi-

dation reaction is the degradation of the 
naturally-occurring minor components 
in Voo (GÓMEZ-ALonso et al., 2007). 
the rates of degradation of a-tocopherol, 
squalene and phenolics in olive oil un-
der different storage conditions have 
been reported. the main changes in the 
concentrations of these compounds are 
associated with the higher oxygen lev-
el in the empty portion of the glass bot-
tles. a-tocopherol is the first molecule to 
be oxidized, whereas squalene and o-di-
phenols are protected in the first months 
due to the presence of a-tocopherol and 
their content decreases significantly only 
after 6 and 8 months, respectively (rAs-
trELLI et al., 2002). the secoiridoid agly-
cones, namely, the oleuropein and lig-
stroside derivatives, and a-tocopherol 
decreased following pseudo-first-or-
der kinetics during 8 months of storage 
in closed bottles in the dark, at 40 and 
25ºc. In all Voos, the oleuropein deriv-
atives were consumed faster than the 
corresponding ligstroside derivatives 
and a-tocopherol (LAVELLI et al., 2006). 
Moreover, the a-tocopherol content de-
creased slightly and apparently linearly 

during its shelf-life, although there may 
be a lag phase at the beginning of stor-
age (GÓMEZ-ALonso et al., 2007). re-
cently, there has been an increased in-
terest in oxidized minor compounds (e.g. 
phenols, sterols, pigments), especially in 
relation to determining the freshness/
aging status of Voo. the natural anti-
oxidants in Voo are important not only 
for their in vitro protection against ran-
cidity, and therefore the shelf life of the 
product, but also for their in vivo biolog-
ical activity which enhances the nutri-
tional value of this oil. Moreover, some 
individual phenolic compounds play an 
important role in positive sensory attri-
butes, like bitterness, and hence in con-
sumer preference.

EFFEcts oF oIL storAGE
on VoLAtILE coMPounDs:

IMPAct on AroMA

oxidation, an inevitable process that 
may start after the harvesting of the ol-
ives but certainly during the extraction 
of the virgin olive oil leads to a progres-
sive deterioration of the product that be-
comes more serious during oil storage. 
Initially, lipids are oxidised to hydroper-
oxides, which are odourless and taste-
less (FrAnKEL, 1982) and do not account 
for sensory changes. However, they are 
susceptible to further oxidation or de-
composition into products of secondary 
reactions, which, are responsible for the 
typical unpleasant sensory characteris-
tics, identified on the whole as a rancid 
defect. this disagreeable sensory note 
is especially perceptible in oils that are 
strongly oxidized due to incorrect or ex-
cessively long storage. Decomposition 
occurs through a homolytic cleavage of 
the hydroperoxide group which produc-
es various compounds, including alde-
hydes, ketones, acids, alcohols, hydro-
carbons, lactones, furans and esters 
(FrAnKEL, 1985).

the c6 and c5 compounds are enzy-
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matically produced from polyunsaturat-
ed fatty acids through the so-called lipox-
ygenase (LoX) pathway. Quantitatively, 
linear c6 unsaturated and saturated al-
dehydes are the most important fraction 
of volatile compounds in high quality vir-
gin olive oils (AnGErosA et al., 2004). the 
quali-quantitative profiles of these vola-
tile compounds depend on the level and 
activity of each enzyme involved in this 
LoX pathway (APArIcIo and MorALEs, 
1998; AnGErosA et al., 2001).

the main contributors to virgin olive 
oil aroma are not necessarily the vol-
atile compounds present in the high-
est concentrations. In fact, several fac-
tors, such as volatility, hydrophobicity, 
conformational structure of the mole-
cules and type and position of function-
al groups may affect the odour intensi-
ty more than the concentration due to 
their capacity to establish bonds with ol-
factory receptor proteins. therefore, the 
contribution of each volatile compound 
to the whole aroma and flavour is relat-
ed to their concentration in the oil with 
respect to their sensory threshold (Mo-
rALEs et al., 1997).

the concentration and odour thresh-
old of the volatile compounds are indeed 
crucial to virgin olive oil quality. sever-
al researchers (soLInAs et al., 1987; An-
GErosA, 2000; 2002) have reported that 
during oxidation the drastic reduction 
of the c6 aldehydes, alcohols and esters 
from the LoX pathway and the increase 
of many saturated and unsaturated alde-
hydes (c5-c11) from chemical oxidation, 
including hexanal, reduces the percep-
tion of the positive attributes and pleas-
ant sensory notes leading to the kind of 
off-flavour in virgin olive oil recognized 
as a rancid defect by assessors. In a re-
cent paper, cErrEtAnI et al. (2008) dis-
cussed the results relative to correla-
tions between the chemical and senso-
ry analysis. Assessors belonging to four 
panels (two Italian and two spanish) an-
alyzed 16 monocultivar Voos produced 
in Italy and spain. they assessed pleas-

ant flavours related to different percep-
tion routes (orthonasal, retronasal and 
gustative) such as green and ripe notes 
from olive and other fruits as well as neg-
ative attributes. the four panels were in 
agreement on the presence of a slight 
rancid defect in only two samples char-
acterized by a higher content of saturat-
ed aldehydes such as heptanal, nonanal 
and decanal.

the most advanced oxidation stages 
were characterised by the complete dis-
appearance of compounds arising from 
the LoX cascade and by very high con-
centrations of the above-mentioned al-
dehydes. they contribute mainly to the 
undesirable defect perceptions due to 
their low odour thresholds (GutH and 
GroscH, 1990). other contributors are 
the unsaturated hydrocarbons, furans 
and ketones.

It should be noted that although the 
E-2-hexenal content, which gives the 
typical “green note” to extra virgin olive 
oil, is by far the major c6 aldehyde com-
pound in all fresh oils, hexanal seems 
to contribute more to the green odour 
than E-2-hexenal because of its lower 
odour threshold (75-300 vs. 420-1,125 
µg kg-1) (rEInErs and GroscH, 1998; 
AnGErosA, 2002; APArIcIo and LunA, 
2002; MorALEs et al., 2005; KALuA et 
al., 2007).

In addition to fruity, the “green” sen-
sation reminiscent of freshly cut grass, 
leaf, tomato, artichoke, walnut husk, ap-
ple or other fruits generally contribute 
to the aroma of high quality oil. “Green” 
notes include Z-3-hexenal, and Z-3-hex-
enyl acetate whereas alcohols such as E-
2-hexen-1-ol, Z-3-hexen-1-ol and hex-
an-1-ol have less sensory significance 
than aldehydes due to their higher odour 
threshold values. their sensory descrip-
tions are associated with ripe fruity, soft 
green and aromatic sensory notes (LunA 
et al., 2006; bEnDInI et al., 2007).

Esters are compounds associated 
with fruity nuances (APArIcIo and LunA, 
2002; LunA et al., 2006). Hexyl acetate 
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and Z-3-hexenyl acetate, are present in 
the aroma of all fresh virgin olive oils but 
are minor components compared with 
aldehydes or alcohols. Different authors 
(rEInErs and GroscH, 1998; APArIcIo 
and LunA, 2002) indicate that Z-3-hex-
enyl acetate is linked to the pleasant 
green and banana notes (odour thresh-
old 200-750 µg kg-1).

Among the c5 compounds, 1-penten-
3-one has been mostly associated with 
fruity, sweet and pleasant attributes 
such as tomato and strawberry (AnGE-
rosA, 2000; APArIcIo and LunA, 2002; 
LunA et al., 2006; MorALEs et al., 1995). 
It has a very low odour threshold (0.7-50 
µg kg-1) so its contribution to the whole 
aroma can be considered important.

soLInAs et al. (1987) found that the 
concentrations of the aldehydes E-2-pen-
tenal, hexanal and E-2-heptenal increase 
considerably in the oxidised oils. the au-
thors suggested using E-2-heptenal as 
a marker for oxidation rather than E-2-
pentenal and hexanal, since these two 
compounds are already present in the 
aroma of extra virgin olive oils.

MorALEs et al. (1997) monitored the 
oxidation stages of a virgin olive oil dur-
ing an accelerated thermoxidation proc-
ess by determining the concentration of 
nonanal. the hexanal/nonanal ratio was 
found to be an appropriate way to de-
tect the beginning of oxidation and fol-
low its evolution, even if the hexanal is 
present in the original flavour (MorALEs 
et al., 1997).

In an interesting work VIcHI et al. 
(2003) investigated the oxidative chang-
es in virgin olive oil headspace by us-
ing sPME/Gc-Ms technique to select 
some compounds as possible markers 
of the oxidation process. samples, ana-
lyzed weekly, were oxidized at 60°c for 4 
months. the peaks corresponding to no-
nanal and hexanal increased most rap-
idly during oxidation. this demonstrated 
that whereas the amount of hexanal is 
due to both autoxidation and the lipox-
ygenase cascade (through the formation 

of 13-LooH), the concentration of non-
anal may be solely attributed to the au-
toxidation of oleic acid.

2-Alkenals, such as E-2-pentenal, E-
2-heptenal and E-2-decenal were also 
formed. these unsaturated aldehydes 
originate from secondary reactions 
of the primary autoxidation products 
(13-LnooH, 9-LooH and 9-oooH, re-
spectively). Moreover, the concentrations 
of 2,4-heptadienal isomers and E,E-2,4-
decadienal (from 12-LnooH and 9-LooH 
decomposition, respectively) were posi-
tively correlated with the time of oxida-
tion. Among the alkanes, octane (formed 
from 10-oooH) increased the fatest. the 
hexanoic acid content also increased and 
was due to the secondary decomposition 
of hexanal and 2,4-decadienal from fat-
ty acid oxidation. During the oxidation 
process, 2-pentylfuran and 2-ethylfuran 
are formed due to the degradation reac-
tions of linoleate and linolenate hydroper-
oxides, respectively. these substituted 
furan compounds, in particular 2-pentyl-
furan, increased rapidly from traces to 
considerable amounts during oxidation. 
VIcHI et al. (2003) proposed using them 
as markers for distinguishing oils in the 
late stages of oxidation.

KAnAVourAs et al. (2004) carried out a 
storage study based on three major con-
tributors to the oxidative degradation in 
packaged olive oil: temperature, availa-
bility of light, and presence of oxygen. 
they selected a group of volatiles such 
as hexanal, 2-pentyl furan, E-2-hepte-
nal, nonanal, and E-2-decenal, highly 
correlated with oxidation in packaged 
extra virgin olive oil under various stor-
age conditions for one year (glass/PEt/
PVc bottles; 15/30/40°c temperature; 
light or dark conditions).

KALuA et al. (2006) carried out a re-
al-time shelf life study for one year; vir-
gin olive oil samples were stored under 
different conditions: in the light at am-
bient temperature, in the dark at am-
bient temperature, at low temperature 
in the dark, with or without headspace. 
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All volatile compounds found in fresh oil 
decreased during storage in the light in 
the presence of oxygen, particularly E-2-
hexenal. under the non-accelerated con-
ditions used in this study, neither non-
anal nor 2-pentenal or 2-heptenal were 
identified as oxidation markers. octane 
was the marker for storage in the light, 
whereas hexanal discriminated virgin ol-
ive oil stored in the light in the presence 
of oxygen. only pentanal discriminated 
low-temperature storage. the major dif-
ference between oils stored with or with-
out headspace was the appearance of 
longer chain volatile compounds, such 
as octanal and E-2-nonen-1-ol.

LunA et al. (2006) evaluated the effect 
of ultraviolet radiation on the production 
of off-flavours in bottled virgin olive oil. 
this study showed that it is possible to 
predict the value of the rancid attribute 
of a sample submitted to uV radiation 
based on its nonanal concentration. the 
intensity of positive attributes (green, 
fruity, bitter, and pungent) decreased 
along the process in both varieties un-
der study (Arbequina and Picual), while 
the intensity of the rancid attribute in-
creased greatly. During irradiation treat-
ment with uV lamp for 12 days, E-2-
hexenal was the volatile that decreased 

the most. on the other hand, 2-butenal, 
and 2-pentenal formed from hydroper-
oxides of linoleic acid and octane, oc-
tanal, nonanal, and 2-decenal formed 
from hydroperoxides of oleic acid were 
the compounds that showed the great-
est variation.

the major compounds indicated by 
different researchers as markers of vir-
gin olive oil oxidation, their sensory char-
acteristics and odour thresholds are re-
ported in table 2.

In conclusion, E-2-heptenal, nonanal 
and 2-decenal are the most frequent-
ly used volatile markers of oxidation 
of virgin olive oil during storage. these 
three compounds are characterized by 
low odour threshold (5, 150 and 100 µg 
kg-1, respectively) and by negative off-
flavours namely oxidized, fatty and fish, 
that strongly contribute to the rancid de-
fect perceived by assessors.

tHE EFFEcts oF oIL storAGE 
on PHEnoLIc coMPounDs: 

tHE IMPAct on tAstE

Virgin olive oil contains minor com-
pounds that are of great sensory and bi-
ological importance; the molecules that 

table 2 - compounds indicated as markers of virgin olive oil oxidation, their sensory characteristics, 
odour thresholds and related references.

Compounds	 Sensory	characteristics	 Odor	threshold	 References
	 	 (mg	kg-1)

octane	 sweet	 0.940	 MORALES	et al.,	2005
octanal	 fatty,	soapy	 0.320	 MORALES	et al.,	2005
nonanal	 waxy,	paint,	soapy	 0.150	 GUTH	and	GROSCH,	1991;
	 	 	 MORALES	et al.,	2005
E-2-pentenal	 paint,	apple	 0.300	 SERVILI	et al.,	2001;
	 	 	 MORALES	et al.,	2005
E-2-heptenal	 oxydized,	tallowy	 0.050	 MORALES	et al.,	2005
E-2-decenal	 paint,	fishy,	fatty	 0.010	 MORALES	et al.,	2005
2,4-heptadienal	 fatty,	nutty,	rancid	 3.62	 ULLRICH	and	GROSCH,	1988;
	 	 	 MORALES	et al.,	2005
E,E-2,4-decadienal	 fatty,	deep-fried	 0.180	 REINERS	and	GROSCH,	1998
2-ethylfuran	 sweet,	rancid	 n.d.	 MORALES	et al.,	1997
hexanoic	acid	 sweaty,	rancid	 0.700	 MORALES	et al.,	1997
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have a phenolic structure are noted for 
their antioxidant properties. Among 
these the tocopherols are related to lip-
ids due to the presence of a hydropho-
bic side chain in the molecule and the 
hydrophilic phenols characterised by 
greater polarity. the former are impor-
tant for the antiradical and nutritional 
(vitamin E) properties, whereas the latter 
greatly influence the taste quality (bitter 
and pungency attributes) as well as the 
beneficial biological activity and oxida-
tive stability of virgin olive oil (sErVILI, 
2004; bEnDInI et al., 2007). Few individ-
uals, except for trained tasters of Voo, 
know that bitterness and pungency per-
ceived by taste are positive attributes of 
Voo. these two sensory characteristics 
are strictly connected by the quali-quan-
titative phenolic profile of the product. 
some phenols mainly elicit the taste per-
ception of bitterness, while other phenol-
ic molecules stimulate the free endings of 
the trigeminal nerve located in the pal-
ate and in the gustative buds giving rise 
to the chemesthetic perceptions of pun-
gency and astringency attributes.

the major phenolic compounds iden-
tified and quantified in olive oil belong 
to five different classes: phenolic acids 
(especially derivatives of benzoic and 
cinnamic acids), flavons (luteolin and 
apigenin), lignans ((+)-pinoresinol and 
(+)-acetoxypinoresinol), phenyl-ethyl al-
cohols (hydroxytyrosol, tyrosol) and se-
coiridoids (aglycon derivatives of oleuro-
pein and ligstroside) the latter are pecu-
liar to virgin olive oil.

several authors have associated some 
phenols with bitterness and have ob-
tained models and determined relation-
ships between individual phenols and 
bitterness intensity measured by a pan-
el test or calculated from spectrophoto-
metric absorbance at 225 nm known as 
the bitterness index (GutIÉrrEZ et al., 
1989; GutIÉrrEZ-rosALEs et al., 2003; 
MAtEos et al., 2004). A clear example 
of the different sensory properties of se-
coiridoid derivatives was reported by An-

DrEWEs et al. (2003). they assessed the 
relationship between phenols and olive 
oil pungency; the dialdehydic form of lig-
stroside aglycon was found to be respon-
sible for the burning sensation present 
in many olive oils. In contrast, the di-
aldehydic form of the oleuropein agly-
con, tasted at an equivalent concentra-
tion, produced very little burning sensa-
tion. Another study confirmed that the 
dialdehydic form of ligstroside aglycon 
is the principal agent in Voo respon-
sible for throat irritation. AnDrEWEs et 
al. (2003) deduced that the pungent in-
tensity could be measured by isolating 
this molecule from different Voo. start-
ing from this last work bEAucHAMP et al. 
(2005) compared the effect of the syn-
thetic form (named “oleocanthal”, with 
oleo- for olive, -canth- for sting, and -al 
for aldehyde) to that of the purified com-
pound from Voo.

regarding bitterness, after isola-
tion and water solubilization of the ma-
jor peaks of the phenolic profile of Voo 
separated by preparative HPLc and pu-
rified, GutIÉrrEZ-rosALEs et al. (2003) 
concluded that aldehydic and dialdehy-
dic forms of oleuropein were mainly re-
sponsible for the bitter taste of Voo. one 
year later, MAtEos et al. (2004) report-
ed a better correlation between the al-
dehydic form of oleuropein aglycon and 
bitterness. using a trained olive oil sen-
sory panel sInEsIo et al. (2005) studied 
the temporal perception of bitterness 
and pungency utilizing a time-intensity 
(tI) evaluation technique. they showed 
that the bitterness curves had a fast-
er rate of rising and declining than the 
pungency curves. the different kinet-
ic perception is linked to the slower (2-
30 m/sec) signal transmission of ther-
mal nociceptors compared to other neu-
rones (up to 100 m/s). During oil stor-
age secoiridoids undergo modifications 
(decomposition such as hydrolysis and 
oxidation reactions) that result in their 
decline and, consequently, to a reduced 
intensity of the typical bitter taste and 
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pungent note. EstI et al. (2009) recently 
carried out a study on intensity chang-
es of bitterness and pungency perception 
over time in seven samples stored up to 
18 months under two different temper-
ature conditions (10° and 28°c). the re-
sults showed that all of the oleuropein 
and ligstroside derivatives considered, 
except for hydroxytyrosol and tyrosol, 
were relevant predictors of the static and 
dynamic analysis for bitterness and pun-
gency. In contrast, the dialdehydic form 
of the ligstroside aglycon was only effec-
tive for predicting the pungency decrease 
in relation to storage time and tempera-
ture, but it was not correlated to chang-
es in bitterness.

Even in small quantities, phenols in 
virgin olive oil are fundamental for pro-
tecting glycerides from oxidation; in fact, 
by virtue of their favourable oxidation 
potential, they exert an intense protec-
tive action by exposing themselves to 
oxidation in the place of the lipid sub-
strate. Phenolic compounds can inhib-
it oxidation through a variety of mecha-
nisms based on radical scavenging, hy-
drogen atom transfer and metal-chelat-
ing. As chain breakers, they act by do-
nating a hydrogen radical to alkylperoxyl 
radicals that are formed during the initi-
ation step of lipid oxidation. the impor-
tant role that phenolic compounds play 
particularly the o-diphenol structure, in 
protecting lipids from autoxidation, also 
when catalysed by metal such as copper, 
was evidenced in several works that, in 
particular, even when catalysed by metal 
such as copper has been reported in sev-
eral works that, in particular, deal with 
antioxidant activity of phenols in bulk oil 
and in oil-in-water emulsion.

PAIVA-MArtIns et al. (2006) studied 
the antioxidant activity and interactions 
with copper of oleuropein, hydroxyty-
rosol, monoaldehydic and dialdehydic 
forms of oleuropein, in virgin olive oil and 
oil-in-water emulsions stored at 60°c 
(bonoLI-cArboGnIn et al., 2008). they 
concluded that the formation of a cop-

per complex with radical scavenging ac-
tivity is a key step in the antioxidant ac-
tion of the olive oil phenolic compounds 
in an emulsion containing copper ions. 
on the other hand, bEnDInI et al. (2006) 
working with a bulk oil system, report-
ed a more rapid consumption of the to-
copherols in samples that had the low-
est o-diphenols content and these latter 
were able to chelate copper.

the storage of virgin olive oils at low 
temperature may have a positive effect 
by slowing the kinetics of the oxidative 
reactions; even if at the same time it 
decreases the solubility of the phenol-
ic fraction that combats the lipid oxi-
dation. the effects of storage at incor-
rect temperatures, whether too high or 
too low, may have significant repercus-
sions on phenolic substances and indi-
rectly on both shelf life and sensory char-
acteristics of virgin olive oils. these ex-
cesses in temperatures may occur dur-
ing the winter or summer and lead to 
changes in the quality of the oil stored 
in tanks without a temperature regulator 
or in bottles kept in warehouses. Data 
obtained in a study by cErrEtAnI et al. 
(2005) and bonoLI et al. (2005), illus-
trate an important technological conse-
quence related to the storage conditions 
of virgin olive oils. If the storage temper-
ature is subjected to a marked tempera-
ture decreasing (e.g. close to 0°c), the oil 
will change its physical state due to the 
crystallization of more saturated triacylg-
lycerols and waxes. this could result in 
a destabilization of both micro-droplets 
of water and polar phenolic molecules 
and a loss of the total availability of the 
antioxidant compounds which would re-
duce its natural protection against lip-
id oxidation. some interesting chang-
es were found in defrosted oils after the 
freezing process. the oils showed a sig-
nificant decrease in the oxidative stabil-
ity value (by osI test) that corresponded 
to the loss in the phenolic fraction. the 
loss of phenols, particularly the o-diphe-
nols which are known to be the most ac-
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tive compounds for the shelf life of the 
oil, depends on their structure-activity 
relationship. A certain fraction of phe-
nols, solubilised into the micro-droplets 
of water in the oil probably precipitat-
ed during the freezing/defrosting proc-
esses with a proportionate reduction in 
its oxidative resistance. Destabilization 
and precipitation of phenols also cause 
an unavoidable loss in positive taste at-
tributes of the virgin olive oil.

the main effects observed in the phe-
nolic fraction during oil storage are: hy-
drolysis of secoiridoids and oxidation 
of some phenolic molecules. the first 
mechanism, due to enzymatic or chemi-
cal reactions, leads to a breaking of ester 
bonds into molecules of oleuropein and 
ligstroside aglycons and to an increase 
in the amounts of elenolic acid, hydrox-

ytyrosol and tyrosol. Furthermore, the 
oleuropein and ligstroside aglycons in 
their monoaldehydic forms generally lose 
the carboxymethyl group that causes 
an increase in concentrations of the re-
spective dialdehydic forms. these trends 
have been well documented in several 
studies. cInQuAntA et al. (1997) stud-
ied the evolution of simple phenols dur-
ing 18 months of storage in the dark. 
the tyrosol and hydroxytyrosol contents 
increased notably due to hydrolysis of 
their complex derivatives in a first stage, 
and a rapid loss of hydroxytyrosol com-
pared with that of tyrosol at the end of 
the storage period, due to a higher anti-
oxidant activity of the former. the par-
tial transformation of secoiridoid deriva-
tives into simple forms such as hydroxy-
tyrosol, tyrosol and elenolic acid, leads 

table 3 - correlations between phenolic compounds and taste perceptions and related references.

Short	name	 Common	name	 Sensory	description	 References

3,4-DHPEA-EDA	 decarboxymethyl	oleuropein	aglycon	 main	compound	responsible
	 	 for	bitter	taste	 KIRITSAKIS,	1998;
3,4-DHPEA-EA	 oleuropein	aglycon	 main	compound	responsible	 GARCIA	et al.,	2001
	 	 for	bitter	taste
p-HPEA-EDA	 decarboxymethyl	ligstroside	aglycon	 main	compound	responsible	 TOVAR	et al.,	2001
	 	 for	bitter	and	pungent	notes
3,4-DHPEA-EDA	 decarboxymethyl	oleuropein	aglycon	 high	positive	correlation	 GUTIÉRREZ-
3,4-DHPEA-EA	 oleuropein	aglycon	 between	these	compounds	 ROSALES	et al.,	2003
p-HPEA-EDA	 decarboxymethyl	ligstroside	aglycon	 and	bitterness	intensity
	 	 of	olive	oil
p-HPEA-EDA	 decarboxymethyl	ligstroside	aglycon	 main	compound	responsible	 ANDREWES	et al.,	2003
	 	 for	the	pungent	sensation	on
	 	 back	of	the	tongue
3,4-DHPEA-EA	 oleuropein	aglycon	 a	highly	significant
	 	 correlation	with	bitter	taste	 MATEOS	et al.,	2004
	 	 of	olive	oil
3,4-DHPEA-EA	 oleuropein	aglycon	 positive	correlation
	 	 between	this	compound	 CERRETANI	et al.,	2008
	 	 and	bitterness	and
	 	 pungency	intensity	of	several
	 	 Spanish	and	Italian	olive	oils

Secoiridoids	 all	oleuropein	and	ligstroside	 relevant	predictors	of	the
	 derivatives	considered	except	 static	and	dynamic	analysis	for	 ESTI	et al.,	2009
	 for	hydroxytyrosol	and	tyrosol	 bitterness	and	pungency
p-HPEA-EDA	 decarboxymethyl	ligstroside	aglycon	 effective	only	for	predicting	
	 	 pungency
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to a decrease in bitterness and pungent 
intensity.

the formation of new compounds due 
to phenol oxidation has been proposed 
by some researchers. According to ArMA-
FortE et al. (2007) it may be feasible to 
use the ratio of fresh phenols/oxidized 
phenols to determine the freshness/ag-
ing ratio of a virgin olive oil. this ratio 
appeared to decrease rapidly in samples 
that had an increased content of oxidized 
phenols. oxidized phenols are produced 
by thermic and forced oxidative stress, 
as in the case of extended conservation 
(roVELLInI and cortEsI, 2002; rÍos et 
al., 2005; cArrAsco-PAncorbo et al., 
2007).

table 3 shows the major compounds 
reported by different researchers to be 
the major components responsible for 
taste perceptions such as bitterness and 
pungency.

In conclusion, phenols, particularly 
secoiridoids generally decrease during 
Voo storage, due to the hydrolysis of se-
coiridoid derivatives in the hydroxytyro-
sol, tyrosol and elenolic acid and forma-
tion of oxidized phenols. these reactions 
lead to a decrease in bitterness and pun-
gent intensity, positive attributes that 
are characteristic of a fresh Voo.
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AbstrAct

Questions regarding the existence 
of one appropriate message across 
global markets for the same cheese 

riAssunto

Fino ad oggi, le questioni riguardanti 
l’esistenza di un messaggio appropriato 
in tutti i mercati mondiali per lo stes-
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do not seem to have been explored. 
three parallel, linked conjoint analy-
sis studies were conducted in Germa-
ny, France and the united Kingdom to 
identify which features and communi-
cations about cheese products drive 
consumer interest. in each study, con-
sumers evaluated 60 unique concepts 
comprising 2-4 elements dealing with 
‘types of cheese, emotional benefits, and 
country of export, respectively. the el-
ements varied in the degree to which 
they drove interest. three mind-set seg-
ments emerged when the respondents 
were segmented by the pattern of their 
individual utility values, independent of 
country. the segmentation transcend-
ed countries and conventional classi-
fication groups, such as gender and 
age. segment 1 comprised individuals 
responsive to flavour messages about 
cheese with something (46%), segment 
2 comprised individuals responsive to 
flavour messages about cheese, i.e., 
cheese as the focus (32%), and segment 
3 comprised individuals responsive to 
experiential messages about the occa-
sions when cheese is served, i.e., the 
cheese experience (22%). since these 
segments transcend conventional de-
mographics, to find these segments in 
the population requires an interven-
tion method, i.e., a ‘consumer inter-
active typing tool’. this study revealed 
that a 3-phrase questionnaire could 
correctly classify about 2/3 of the re-
spondents into the appropriate seg-
ments. the results are discussed in 
terms of how knowing these segments 
can guide product developers and mar-
keters through the creation of inbound 
‘micro-sites’ for development and out-
bound ‘targeted selling messages’ for 
sales.

so tipo di formaggio non sembrano es-
sere state esplorate. tre paralleli e fra 
loro collegati studi di analisi congiunta 
sono stati condotti in Germania, Fran-
cia e regno unito, per identificare quali 
caratteristiche e comunicazioni sui pro-
dotti caseari determinano gli interessi 
dei consumatori. in ciascuno studio, i 
consumatori hanno valutato 60 concet-
ti unici comprendenti da 2 a 4 elemen-
ti riguardanti rispettivamente i tipi di 
formaggi e benefici emozionali e il pae-
se di esportazione. Gli elementi varia-
no dell’interesse sollevato. tre segmen-
ti di atteggiamento mentale sono emer-
si quando gli intervistati sono stati seg-
mentati in base al modello dei loro va-
lori di utilità individuale, indipendente 
dal paese. La segmentazione trascende 
dai paesi e dai gruppi di classificazio-
ne convenzionale, come sesso ed età. il 
segmento 1 comprende risposte indivi-
duali sui messaggi del gusto come for-
maggio con qualcosa (46%), il segmen-
to 2 comprende risposte individuali sui 
messaggi del gusto come formaggio per 
se (32%) e il segmento 3 comprende ri-
sposte individuali su messaggi empirici 
circa i momenti di consumo del formag-
gio, es. l’esperienza del formaggio (22%). 
Poiché questi segmenti trascendono le 
demografie convenzionali, per trovare 
questi segmenti nella popolazione è ri-
chiesto un metodo di intervento come, 
ad esempio, “uno strumento interattivo 
per i consumatori”. Questo studio rive-
la che un questionario con tre frasi po-
trebbe correttamente classificare circa 
2/3 degli intervistati dentro il segmen-
to appropriato. i risultati sono discus-
si in termini di come questi segmenti 
possano guidare i progettisti e vendito-
ri dei prodotti attraverso la creazione di 
un “micro-sito” in arrivo per lo svilup-
po e uno in partenza “messaggi di ven-
dita mirato” per i venditori.
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introDuction

Firms use branding as a key strategy 
to attract new consumers and to retain 
current consumers with original brands, 
thereby improving the firms’ market 
share (ArnADE et al., 2009). consumers’ 
brand loyalty and desire for brand vari-
eties play an important role in the de-
mand for cheese products and the prof-
itability of firms which market foods. the 
study of trEVisioL (2005) for the Euro-
pean Dairy industry Model forecasted an 
optimistic growth rate for the consump-
tion of cheese. According to these esti-
mates the consumption of cheese will in-
crease in each country in Europe. Fur-
thermore, the consumption of cheese 
and processed cheese in countries from 
the European union-11 will increase by 
the highest annual average.

since country borders have a porous 
nature, manufacturers of packaged 
goods need to develop a strategy beyond 
branding in order to maintain the attrac-
tiveness of those brands that are export-
ed from a region of strong brand develop-
ment to another region where the brand 
is unknown (bonEtti, 2004). one such 
strategy is messaging (KotLEr, 1997). 
Messaging is defined as marketing-de-
rived ‘words and phrases’ that a compa-
ny uses to describe a product to a con-
sumer, in order to convince the consum-
er to buy it and to consume it. Messaging 
carries with it a tonality beyond descrip-
tion. it is description motivated by the 
desire to convince consumers in a posi-
tive way, either about the product itself, 
the brand, or the experience surround-
ing the product. Messaging precedes 
both brand and product (nEDriEcH and 
sWAin, 2008).

From the standpoint of business eco-
nomics, the number of foreign and do-
mestic competitors has increased enor-
mously (bonEtti, 2004), requiring that 
a company become increasing customer-
focused in order to maintain a compet-
itive edge. consumers represent the ul-

timate but yet the most important com-
ponent within the food chain. the study 
of consumers helps firms and organiza-
tions to improve their marketing strate-
gies by understanding consumers’ atti-
tudes and shopping behavior. With this 
knowledge, marketers adapt and im-
prove their marketing messaging strat-
egies in order to reach the consumers’ 
needs in the most appropriate way.

it is important to keep in mind that 
when one works with consumers, sim-
ple descriptions of products, their bene-
fits, and the experiences with those prod-
ucts, do not necessarily suffice to moti-
vate purchase. And, in the creation of a 
product, simple descriptions alone do 
not necessarily capture the unique fea-
tures of products to which the consum-
er is attuned, and which the developer 
must capture in the prototype to be cre-
ated. the messaging adds that bit of indi-
viduality and flair to the product, which 
in turn guides the developer, helping to 
identify specific ‘extras’ to be incorporat-
ed into the product.

Various cheese studies have investi-
gated responses to both products and 
to messages regarding specific tastes, 
texture, and emotional experiences con-
nected with cheese. For example, LiG-
GEtt, DrAKE and DELWicHE (2005) re-
ported that in switzerland consumer ac-
ceptance of commercial swiss cheeses 
is a function of their flavor characteris-
tics. PAttisson and LinDGrEEn (2004) 
reported that the best development po-
tential for the dairy industry in south-
west England is mature cheddar, special-
ty cheeses, suitable territorial cheese va-
rieties and other fresh cheeses.

cheeses are also subject to economic 
factors, and to evolving economic con-
ditions. For instance, in the slovaki-
an dairy industry, in the past produc-
tion focused on cheap bulk commod-
ities. nowadays increasingly sophis-
ticated consumers and more compet-
itive markets push companies to seg-
ment their offerings (KAPsDorFEro-
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VA and nAGYoVA, 2007). these within-
country segmentations have been the 
topic of a number of research projects. 
in norway, WEstAD, HErsLEtH and LEA 
(2005) segmented consumers based on 
their cheese preferences. MurPHY et al. 
(2004) segmented consumers in ireland 
based on preferences for a strong flavor, 
a hard texture, a wax packaged wheel, 
made with pasteurized milk, nutritional 
information present on the package, a 
white colored cheese and a price. they 
reported two segments with different 
ideal product profiles. Finally, boGuE 
and ritson (2005) identified the extrin-
sic and intrinsic attributes which de-
termined end-users’ preferences for a 
range of full-fat and lighter dairy prod-
ucts in the united Kingdom. they iden-
tified clusters of end-users with similar 
preferences for both the full-fat and for 
the lighter dairy products.

With the increasing globalization of 
the business world, cognition, respons-
es to messaging, and thus internation-
al messaging segmentation is evolving 
into an evermore important strategy for 
marketing (stEEnKAMP and HoFstEDE, 
2002). Messaging can also play a role in 
product development. by knowing what 
consumers want, and by identifying un-
met needs, product developers can bet-
ter focus their efforts. the key then is to 
better discover the specific messages, a 
task that can become difficult when a 
product is to be developed for, or sold in 
several countries, having different cul-
tures, different food habits, and differ-
ent arrays of products against which the 
new product must compete.

there is a body of information about 
messaging regarding cheese, but not 
to the level of specificity which exists 
for response to actual products. stud-
ies regarding the cheese country of ori-
gin (LuoMALA, 2007) showed that con-
sumers attach meaning to foods of var-
ious origins. Finnish consumers as-
sociate partly overlapping, partly, dis-
tinct cognitive, affective and normative 

meanings with swedish, German and 
French foods.

to date, questions regarding the exist-
ence of one appropriate message across 
global markets for the same cheese do 
not seem to have been explored. Does 
each market require its own messag-
ing to interest consumers in that coun-
try? Does the same message perform 
differently in different countries, and if 
so then how can the marketer custom-
ize the message? these are questions 
which move beyond product to market-
ing, but depend vitally on the sensory 
characteristics of the product. People 
buy foods for sensory pleasure as well 
as for health and nutrition, so an un-
derstanding of what messaging works 
for foods may help the product find ac-
ceptance in new markets. in some cas-
es, the messaging may also show what 
has to be changed in the product to ap-
peal to the new consumer.

A typical consumer may see several 
thousand messages about products and 
services in a single day (scHuLtZ et al., 
1993). in light of the ongoing, ever-in-
creasing bombardment of consumers by 
information, a key business objective is 
to identify the specific messaging which 
can break through, and then which can 
enhance product acceptance. communi-
cation of food messaging demands know-
ing what to say about the product, what 
not to say, how to say it, and to whom 
one should communicate. the style of 
message, the content, and even the time 
of message, may all influence a consum-
er’s receptivity (KotLEr, 1997). consum-
ers are continually confronted with com-
munications about products and servic-
es. How do we know what particular el-
ements reinforce a message regarding a 
specific food, and how can the marketer 
and the company use that information 
to sell their products more effectively?

conventional methods to collect data 
regarding food, such as in depth inter-
views, or focus groups, typically consid-
er a reduced set of test messages. such 
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research settings are artificial versus an 
external world where multiple factors 
may affect consumer choice and sub-
sequent consumption. Matters become 
even more difficult when the data collec-
tion process is long, expensive, and im-
plemented in a global environment char-
acterized by different, market-specific is-
sues hampering research execution.

to cope with these issues research-
ers have developed other methods in 
order to understand the mind of the 
consumer. one of these, featured in 
this paper, uses experimental design of 
messages executed through web-based 
conjoint analysis. conjoint analysis, a 
branch of experimental design with a 
long, 45+ year history (LucE and tuK-
EY, 1964), and thousands of published 
papers, uses systematically varied test 
stimuli (concepts), comprising differ-
ent messages, much as one might work 
with small test advertisements. in the 
conjoint experiment the researcher ex-
poses respondents to an array of in-
teracting elements, i.e., the test con-
cepts. consumers respond to the com-
pound communication, in a way simi-
lar to what they might respond to in the 
external world. the components or ele-
ments of these mixtures must compete 
with each other to drive the consumer 
response to the test concept. by mixing 
and matching these messages in many 
different combinations and deducing 
what drives the response through post-
hoc regression modelling, the researcher 
identifies that part-worth contribution 
of each element. For the food industry, 
conjoint analysis in particular, but ex-
perimental design in general, identifies 
the important elements. conjoint anal-
ysis increases the scope of the message 
research, revealing ‘what works, for 
whom, and where’. Furthermore, con-
joint analysis provides the ‘raw material’ 
for segmentation based upon patterns 
of responses to actual test communi-
cations, rather than relying on ques-
tionnaire methods where the respond-

ent can give ‘politically correct answers’ 
(GrEEn and KriEGEr, 1991).

When applied to mixtures of com-
munications rather than to single com-
munication points, experimental de-
sign has been extraordinarily popular 
among both academics and business 
professionals, and for both theory of 
consumer behaviour as well as specific 
tactical issues for the business venture 
(WittinK et al., 1994). the foundation-
al work using conjoint analysis, pub-
lished 45 years ago, originally designed 
to identify how consumers ‘trade off’ fea-
tures of products, was quickly applied 
to marketing issues (GiL and sAncHEZ, 
1997; LucE and tuKEY, 1964; GrEEn 
and sriniVAsAn, 1980). conjoint anal-
ysis reveals how consumers in markets 
respond to the array of actual messag-
ing currently in the market (MosKoWitZ 
et al., 2003; MosKoWitZ et al., 2002). 
More recently, conjoint analysis has 
been used to identify what emotions 
and product features drive acceptance 
(MosKoWitZ and GoFMAn, 2007). Fi-
nally, focus in the academic communi-
ty is now recognizing the importance of 
individual-level modelling (e.g., GrEEn 
and KriEGEr, 1996).

this paper presents country-level in-
formation, gathered by aggregating in-
dividual level models. thus, experimen-
tal design of messaging may help the re-
searcher, product developer, and mar-
keter in a company to identify the specif-
ic messaging for a product, both within 
a country, and across countries. in the 
process of design and analysis, we devel-
oped three specific hypotheses to guide 
the design, the empirical data acquisi-
tion, and the analysis:

Hypothesis 1: there are distinct seg-
ments of cheese consumers. some seg-
ments are based on product features 
and others on the experience of cheese.

Hypothesis 2: segments transcend 
countries.
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Hypothesis 3: segments are based on 
responses to test stimuli rather than on 
people’s self explicated attitudes, ne-
cessitating a different type of discovery 
mechanism.

this study uses experimental design, 
focusing on responses to concepts about 
cheese in three countries, and makes 
four contributions to data basing and 
global segmentation.

1. it shows how to create a database 
across countries for a single product, in 
order to understand the mind of the con-
sumer in each country with respect to 
the same food product, cheese.

2. in contrast to traditional ‘one-stim-
ulus-at-a-time’ methods used to identi-
fy powerful messaging, the research de-
tails a more advanced approach using 
experimental design of mixtures. Ex-
perimental design allows the more im-
pactful elements to emerge, even if the 
respondent cannot articulate what is 
important.

3. the study extends previous meth-
ods for looking at common segmentation 
across countries, as part of an initial at-
tempt to create general, ‘world-rules’ for 
specific products (stEEnKAMP and HoF-
stEDE, 2002).

4. the study shows how to assign 
new respondents to one of the three 
mind-set segments for cheese, based 
upon a short ‘intervention’, i.e., a typ-
ing questionnaire, lasting no more than 
one minute. the typing tool provides 
the opportunity to classify new indi-
viduals, making it possible to create 
micro-sites appropriate for each mind-
set segment, with these micro-sites ei-
ther devoted to product design using 
in-bound interactions with consumers, 
or devoted to product messaging using 
out-bound communications designed 
by marketers.

MAtEriALs AnD MEtHoDs

the original database from which 
these results are drawn comprised 20 
studies per country dealing with re-
sponse to foods (AArts et al., 2002). the 
studies were all of the same type – con-
joint analysis of messaging for a partic-
ular product, followed by an extensive 
classification study. one study per prod-
uct category was conducted in each of 
three countries: France, Germany, and 
the united Kingdom. the database from 
the 20 studies provides a large-scale 
cross-section of responses to messages 
for a variety of common foods, such as 
colas, pizza, etc. Each country had its 
own set of 20 studies. When a product 
was assessed across each of the three 
countries, the elements and the clas-
sification questionnaire were the same 
(MosKoWitZ et al., 2005). the approach 
to consumer understanding using mul-
tiple, linked studies using conjoint anal-
ysis is relatively new, having begun in 
2001, with the availability of easy-to-
execute, self-authored conjoint analy-
sis on the internet (FoLEY et al., 2009; 
(MosKoWitZ et al., 2001; MosKoWitZ et 
al., 2005a).

the elements for each conjoint study 
were organized into silos and elements, 
for a total of 36 elements. the silos and 
elements were created by a multi-coun-
try task force which designed the stud-
ies for three countries (France, Germa-
ny, united Kingdom) based upon previ-
ous studies of the same type conduct-
ed in the united states (bEcKLEY and 
MosKoWitZ, 2002). the elements were 
chosen in order to reveal how consum-
ers in the different countries would re-
act to different types of messaging, what 
type of country-to-country variations 
existed, whether the respondents re-
acted in a manner similar to emotion-
al elements, and whether there existed 
a segmentation that transcended one 
country. the existence of such trans-
national segmentation simplifies mul-
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ti-national product development and 
innovation.

the basic experimental design com-
prised four silos or buckets of elements, 
with nine elements per silo. Each silo 
comprised elements that were similar in 
qualitative nature. silo 1 (elements 1-9) 
comprised phrases describing the type 
of cheese. silo 2 (elements 10-18) com-
prised phrases dealing with uses and 
benefits of cheese, silo 3 (elements 19-
27) comprised elements that promised 
emotional rewards; and finally, silo 4 (el-
ements 28-36) comprised elements deal-
ing with the cheese country of export. 
the division of elements into silos was 
done as a bookkeeping device to ensure 
that a concept would not contain two el-
ements that could contradict each oth-
er. in the analytical phase all elements 
were treated as independent variables, 
so that the different silos are only rele-
vant as control devices for the creation of 
the test concept. Across the three coun-
tries, 34 of the 36 elements were iden-
tical. only two of the elements, corre-
sponding to country of origin, differed 
across the three studies.

the 60 test concepts per respondent 
were developed by experimental design. 
Each respondent evaluated a unique set 
of combinations. the test concepts were 
short, easy to understand descriptions of 
a cheese product. A single concept com-
prised 2-4 concept elements, one or no 
element from each of the four silos. Each 
concept element appeared three times 
against different backgrounds among 
the 60 combinations evaluated by the 
respondent.

the experimental design was a main 
effects design, so that each of the 36 el-
ements was statistically independent of 
every other element. this independence 
was achieved by having some silos en-
tirely absent from a concept. such in-
dependence has the statistical proper-
ty of allowing an estimation of absolute 
level of utility, not just relative level as 
is typically the case when concepts are 

designed to comprise one element from 
each of the silos (boX et al., 1978). Fur-
thermore, the unique set of 60 combi-
nations was created for each respond-
ent based upon a permutation scheme 
that used the basic design, but renum-
bered the elements. thus each respond-
ent evaluated a unique set of combina-
tions. this scheme (MosKoWitZ and 
GoFMAn, 2004) ensured that no bias 
could occur due to a specific pair of ele-
ments appearing unduly frequently with 
each other, a problem that plagues con-
ventional conjoint studies using one ba-
sic set of test stimuli evaluated by many 
respondents.

the respondent was invited to par-
ticipate in the survey by an e-mail invi-
tation, which offered a sweepstakes re-
ward, so that there was an incentive to 
participate. respondents received their 
invitations from a local provider, specif-
ic to the country. the e-mail link simply 
specified that the respondents were be-
ing invited to a study of food and drink, 
but gave no more information. All three 
countries had reasonably well-developed 
internet penetration, so finding respond-
ents was no problem. one internet pan-
el provider in each country, specializing 
in such field work, was selected to pro-
vide the panel. there was an approxi-
mately 2 to 4% response from the dif-
ferent countries, slightly lower than the 
us response rate of about 6% for that 
same time frame.

respondents who received the email 
invitation and clicked on the link were 
then guided to a ‘wall’. the wall pre-
sented the available research studies, of 
which there were 20 per country. Each 
respondent who chose to participate was 
instructed to click on the study, which 
most interested him, at which point the 
study began. this strategy increases the 
probability that a respondent partici-
pates in a study that is personally rele-
vant. After a study quota (>125 respond-
ents) was already filled the study ‘disap-
peared from the wall’ and was automati-
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cally suspended until reactivated by the 
researcher. this strategy ensured ade-
quate numbers of respondents for each 
study. Each study began with a short 
introduction about the project. the in-
troduction, one screen long, told the re-
spondent that the study was about the 
degree to which respondents ‘craved’ or 
‘liked’ a product very much. the intro-
ductory screen then gave the respond-
ent a brief description of the scale and 
described the sweepstakes. nothing else 
was mentioned. the study then moved 
to the test concepts.

the respondent completed the basic 
interview comprising 60 screens which 
presented the test concepts for cheese. 
the test concepts were created accord-
ing to a basic experimental design, which 
was permuted. Every respondent evalu-
ated each concept element three times in 
the set of 60 combinations, testing con-
cepts that comprised 2-4 elements. the 
nature of the experimental design dictat-
ed that some concepts would be absent 
from a particular silo. After evaluating 
the 60 concepts, the respondent com-
pleted a short classification question-
naire which instructed the respondent 
to indicate gender, age, region where he/
she lived, reasons for buying cheese, the 
specific times when cheese was desired, 
as well as self-rated hunger. Finally, at 
the end of the interview the respondent 
logged out of the study.

the respondent could not change the 
rating to any concept, once the rating 
had been assigned. As soon as a rating 
was typed it was sent to the server. the 
respondent could, however, change the 
self-profiling classification question be-
fore submitting the answer. the inter-
view lasted 12-16 minutes, depending 
upon the speed of the respondent. this 
period falls within the range that has 
been shown to generate a pleasant re-
spondent experience with an internet-
based interview, and is considered an ap-
propriate time for best practices in inter-
net-based interviews (MAc ELroY, 2000).

rEsuLts

the panel for the cheese study com-
prised 328 individuals, with more par-
ticipants from France and fewer from the 
united Kingdom (table 1). All three coun-
tries began with the same number of e-
mail invitations sent out to prospective 
respondents at the start of the project. 
the united Kingdom required an addi-
tional email invitation to new respond-
ents to boost the sample.

identifying drivers of concept 
acceptance through modelling

the ratings for each respondent were 
incorporated into a respondent-level 
model relating the presence/absence of 
the 36 concept elements to the ratings. 
since the elements were systematically 
varied by experimental design, standard 
regression methods can be used to create 
the models. the simplest method gener-
ating the most understandable results 
is ordinary least-squares, using ‘dum-
my variable’ predictors. in the regres-
sion analysis, each of the 36 predictors, 

table 1 - Distribution of respondents across clas-
sification questions dealing with gender, age, and 
self-reported hunger level. numbers in the body 
of the table are actual numbers of respondents in 
each classification group.

	 France	 Germany	 United	 Total
	 	 	 Kingdom

Gender
Female	 63	 67	 65	 195
Male	 80	 36	 17	 133

Age (Upper)
18	 16	 7	 2	 25
25	 43	 33	 11	 87
35	 33	 53	 42	 128
45	 33	 4	 12	 49
55	 14	 3	 11	 28
65	 4	 3	 4	 11

Total 143 103 82 328
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or independent variables, take on the 
value 0 if the element is absent from the 
concept and 1 if the element is present 
in the concept. this binary nature rath-
er than metric nature of the independ-
ent variables is the reason for the name 
‘dummy variable’. Each respondent gen-
erates 60 such observations or cases in 
regression terminology, with each case 
comprising 2-4 concept elements, de-
pending upon the specific combination 
called for by the design.

two models were created, both using 
ordinary least squares regression, using 
an individual level model, and so-called 
dummy variables (sYstAt, 2002). the 
only difference between the models was 
the specific dependent variable.

the persuasion model
Here the dependent variable was the 

actual 9-point rating assigned to the 
combination. the persuasion model can 
be written as: rating = k0 + k1(Element 
1).. k36(Element 36).

the interest model
this model is developed after the rat-

ings are converted to a binary scale, us-
ing criteria chosen by the consumer re-
searcher to define the cut-point on the 
rating scale. For example, many con-
sumer researchers working a five-point 
purchase scale choose the top two rat-
ings on which to focus. For a 9-point 
scale the authors have typically focused 
on the top three ratings (ratings of 7-9) 
to represent acceptance of the particu-
lar concept being evaluated. this focus 
on membership in a group (concept ac-
ceptors; ratings 7-9) follows the conven-
tion in consumer research, which stud-
ies membership in a group, i.e., accept a 
concept, thus being a concept acceptor, 
rather than studying intensity of feeling. 
intensity of feeling, rather than member-
ship in a group, is left as a topic to re-
search psychologists.

the interest model is also written as: 
binary rating = k0 + k1(Element 1)… 

k36(Element 36). the dependent variable, 
i.e., the binary rating, is now either a 0 
for any particular concept or a 100 for 
the concept, depending upon the origi-
nal rating assigned by the respondent 
for that concept, using the 9-point scale. 
ordinary least squares regression esti-
mates the 36 coefficients and the addi-
tive constant, again at the level of the in-
dividual respondent.

For both regression models a very 
small random number (magnitude < 
0.0001) is added to all of a respond-
ent’s ratings to ensure that the regres-
sion analysis would work. this statisti-
cal modification of the rating is prophy-
lactic, ensuring no regression failures. 
the statistical correction has no percep-
tible impact on the parameters emerging 
from the regression modelling.

Although the original assignment of 
the elements to concepts was done with-
in the framework of the silos, the regres-
sion analysis takes no account of the si-
los when estimating the model, nor does 
it need to do so. the experimental de-
sign makes the silo irrelevant for statis-
tical analysis. the silos would be rele-
vant when the design requires one ele-
ment from each silo had to be present in 
the concept. by moving away from this 
so-called effects model (one element from 
each silo present) to true zero conditions 
for silos (a silo may be entirely absent), 
we avoid the problem faced by tradition-
al research. certainly smaller concepts 
with some silos missing may generate in-
complete concepts. Yet, the incomplete-
ness is outweighed by the benefits. the 
stratagem produces databases whose 
utilities have ratio scale properties, and 
can be compared across studies with dif-
ferent elements, done at different times. 
thus the current approach produces 
data that can be used as the foundation 
for a science, rather than simply relative 
numbers that have meaning only with-
in the limited world of the single study.

All discussion of modelling derives 
from the interest model, except for 
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the specific steps used in the devel-
opment of segments. Analyses of var-
iance were done for individual-level 
modelling, as well as for the large da-
tabase which combined the data from 
all respondents within a single coun-
try. Estimates of significance with the 
full model suggest that coefficient dif-
ferences for the interest model greater 
than 5 are highly significant (p<0.01). 
the precise cut-off value for statistical 
significance at the 95 and 99% confi-
dence levels vary by element, howev-
er. A good and quite conservative rule 
of thumb considers differences of 6 
or more to be statistically significant 
across all elements.

How the elements perform

the results from the modelling appear 
in table 2. Each respondent generates 
an individual model. the table shows 
the average coefficient across respond-
ents for each of the 36 elements, for 
each of the three countries. the model 
comprises two parts; the additive con-
stant and the 36 terms. the additive 
constant for the interest model shows 
the conditional probability of a person 
being interested in cheese, in the ab-
sence of any particular communication 
element. the additive constant is an es-
timated value, based upon the pattern 
of ratings assigned by an individual to 
the 60 concepts. At a more interpre-
tive level, the additive constant may be 
considered a baseline for acceptance of 
cheese. it is important to note that for 
the data in table 2, the utility values 
are shown by country.

the individual utility for an element is 
the conditional probability or odds that 
a person will switch the rating from not 
interested (rating 1-6) to interested (rat-
ing 7-9) if the element were to be intro-
duced into the concept. the statistical 
meaning of the individual utility is the 
coefficient for the element for the partic-
ular individual.

Do respondents in the three 
countries show the same pattern of 
interest in cheese?

the additive constant suggests that 
basic interest in cheese varies across 
countries. the constant has the low-
est value for Germany (19, i.e. 19% of 
the respondents would give a rating of 
7-9 for a cheese concept without any 
elements), an intermediate yet still low 
value of 31 for the united Kingdom (i.e. 
31% of the respondents would give a rat-
ing of 7-9 for a cheese concept), and a 
high of 45 (i.e. 45% of the respondents 
would give a rating of 7-9 for a cheese 
concept) for France. For comparison 
purposes, a product such as pizza eval-
uated in the same type of study generat-
ed additive constants of 35 for the unit-
ed Kingdom, 29 for Germany and 39 for 
France, respectively. the additive con-
stant combines both a response bias 
(magnitude of the numbers used in a 
country) with actual country-to-coun-
try differences in the basic acceptance 
of a product idea.

the elements also differ in their im-
pact. table 2 shows a fairly wide range 
of these utilities in each country. For ex-
ample, in the united Kingdom, the ele-
ment “Cheddar with a typical strong fla-
vour” generates a utility of +20, “Cheese 
with a glass of wine or a soft drink of 
your choice” generates a utility of +10, 
and finally “Soft light cream coloured Brie 
- perfect with crusty bread” generates 
a utility of +12. this means that when 
these elements are introduced into the 
concept an additional 20, 10 and 12% 
respectively of the respondents change 
their rating from 1-6, going up to 7-9, 
i.e., changing from indifferent/disinter-
ested to interested.

there are clear country-to-country 
and within-country differences across 
the common elements. Yet, no simple 
pattern emerges to reveal why some con-
cept elements perform well and others 
perform poorly. it would be incorrect to 
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conclude that concept elements deal-
ing with the description of the product 
tend to perform well, whereas emotion-
al benefits, as part of concepts, tend to 
perform poorly. However, ‘puffery’ emo-
tional statements tend to perform poor-
ly. thus, elements such as “Cheers you 
up” and “Celebrate special occasions with 
cheese - escape from the routine” perform 
poorly across all three countries. coun-
try of cheese export also generally per-
form poorly, except in some instances 
such as France, which does slightly bet-
ter in Germany (utility +6) than it does in 
France (+4) and is irrelevant in the unit-
ed Kingdom (-1).

Do trans-national segments exist 
for cheese?

individual differences in prefer -
ence functions for actual products can 
be seen by visiting any supermarket 
(MosKoWitZ et al., 1985). these prefer-
ence differences are profound, existing 
even at the level of ‘model systems’ of 
water and a simple tastant such as sug-
ar or salt (EKMAn and AKEsson, 1964; 
PAnGborn, 1970).

one key benefit of running a multi-
country study with the same elements 
is the ability to identify groups of like-
minded respondents based upon their 
responses to the concept elements. the 
search for these segments focused on the 
36 elements. the segmentation meth-
od has already been described in detail 
(MosKoWitZ et al., 2005b).

segmentation follows the steps enu-
merated below. it is important to note 
that the segmentation does not begin 
with any preconceived notion either 
about the number of segments or the 
names of the segments. rather, the seg-
mentation partitions the respondents 
into groups such that the variability 
within a group or the respondent-to-re-
spondent distance is small, whereas the 
variability across group or the group-to-
group distance is large.

step 1: use the persuasion model at 
the individual respondent level to define 
the utilities for the 328 respondents, in-
dependent of country. this first step re-
quires that the persuasion model be run 
at the individual respondent level, which 
is straightforward since the design cre-
ated combinations appropriate for indi-
vidual-level modelling. the persuasion 
model provides metric information about 
the degree of interest generated by a spe-
cific element.

step 2: there may be redundancies in 
the utility values across the respondents 
for elements, i.e., specific elements on 
which the clustering will be performed. 
remove the redundancy, and then per-
form a principal components analysis 
of the utilities on the identical elements 
across the 328 respondents, independ-
ent of country. this generated 11 factors, 
extracted by principal component factor 
analysis, whose solution can be rotated 
to a simple solution by quartimax rota-
tion. table 3 shows the strongest load-
ing element(s) on each dimension or fac-
tor, defined as a correlation > 0.6 with 
the dimension.

step 3: Each respondent corresponds 
to a single point in this 11-dimension 
factor space. the respondent is iden-
tified as a point having 11 values, one 
per dimension. cluster the respondents 
based on their 11-dimensional factor 
scores, using k-means clustering. the 
measure of distance between respond-
ents is defined as the geometric or Eucli-
dean distance between the two respond-
ents computed on their corresponding 
11-dimensional factor scores. table 4 
presents the sum of squares within fac-
tors, the sum of squares between fac-
tors, and the F ratios. it is clear from 
the order in the table that those fac-
tors emerging from the principal com-
ponents factor analysis and explaining 
most of the variability in the attribute 
ratings are not necessarily the same as 
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table 2 - Average utility values for cheese type, cheese use benefits, cheese emotional benefits, and country of export for cheese. Elements from the three countries are based on total panel results, aggregating the corre-
sponding coefficients from the individual models. the utilities come from the ‘interest’ model, so the numbers reflect the proportion of respondents who would rate a concept as interesting (7-9) if the element were present 
in the concept. strong interest drivers (utility or coefficient > 10) are shown in bold. the coefficients are sorted with a silo by the utility values for the united Kingdom, to show country effects. standard errors appear to the 
right of every utility. (note: Elements whose meaning differ across the three countries are shown at the bottom of the table. Mn = average utility for all respondents from that country; sE = standard error of the mean).

	 France  MN SE Germany  MN SE United Kingdom  MN SE
	 Constant 45 	 Constant 19 	 Constant 31 

	 SILO A: Types of Cheese 	 	 	 	 	 	 	
A2	 Du	fromage	bien	fait	à	la	coupe	 8	 2.3	 Stuecke	von	gereiftem	Kaese	 8	 3	 Chunks	of	matured	cheese	 12 3.6
A9	 Un	Brie	fait	à	coeur,	avec	un	morceau	 20 3.3	 Cremiger,	hellgelber	Brie,	der	 7	 3.7	 Soft,	light	cream	coloured	Brie,		 12 4.1
	 de	pain	frais	et	croustillant	 	 	 auf	dem	Brot	fast	verlaeuft	 	 	 perfect	with	crusty	bread
A4	 Du	fromage	doux	et	crémeux	 1	 2.8	 Cremiger	Weichkaese	 5	 2.9	 Creamy	soft	cheese	 6	 3.6
A7	 Un	bleu	traditionnel	avec	son	arômeIntense	 11 3.8	 Blauschimmelkaese	mit	typischem	 -5	 4	 Blue	cheese	with	typical	and	intense	flavour	 1	 3.6
	 	 	 	 und	intensivem	Geschmack
A5	 Des	cubes	de	Feta	pour	une	salade	Grecque	 -7	 2.6	 Brocken	von	Fetakaese	fuer	einen	 17 3.2	 Cubes	of	Feta	cheese	for	a	greek	salad	 -1	 3.8
	 ou	avec	des	légumes	 	 	 griechischen	Salat	oder	mit	Gemuese	 	 	 or	with	vegetables
A3	 Du	fromage	à	tartiner	 -18	 2.1	 Streichfertiger	Kaese	 -3	 3.0	 Spreadable	cheese	 -5	 4.1
A1	 Du	fromage	en	tranches	 -14	 3.5	 Kaesescheiben	 2	 3.6	 Sliced	cheese	 -6	 4.2

	 SILO B: Use Benefits of Cheese  	 	 	 	 	 	 	
B2	 Avec	un	verre	de	vin	rouge	 5	 3.4	 Mit	dem	passenden	Getraenk,	z.B.	Rotwein	 11 2.4	 With	a	glass	of	wine,	or	a	soft	drink	of	your	choice	 10 2.7
B9	 Si	bon	qu’on	en	savoure	chaque	bouchée	 2	 1.8	 Jeder	Biss	so	schmackhaft,	dass	man	 5	 1.9	 So	tasty	you	have	to	lick	your	lips	twice	after	each	bite	 5	 2.8
	 	 	 	 mit	der	Zunge	ueber	die	Lippen	faehrt
B5	 Y	penser,	c’est	déjàle	savourer!	 1	 2.1	 Schon	bei	dem	Gedanken	daran	laeuft	 3	 2.0	 You	can	just	savour	it,	when	you	think	about	it	 4	 2.3
	 	 	 	 einem	das	Wasser	im	Mund	zusammen!
B6	 100%	naturel,	frais	et	affiné		avec	soin	 6	 2.3	 Natuerlich,	frisch	und	schonend	hergestellt	 8	 2.0	 100%	natural,	fresh	and	carefully	prepared	 4	 2.6
B8	 Le	voir	c’est	le	désirer!	 3	 1.9	 Beim	Betreten	des	Geschaeftes	ist	der	 1	 2.0	 You	can	imagine	the	taste	as	you	see	it	in	front	of	you	 3	 2.6
	 	 	 	 Geschmack	schon	zu	empfinden
B4	 Excellente	qualité,	ce	grand	classique	du	 2	 3.5	 Topqualitaet	mit	absolut	typischem	 1	 2.4	 Premium	quality...that	great	traditional	taste	 1	 3.5
	 goût	comme	autrefois	 	 	 Geschmack
B3	 Avec	du	pain	et	du	raisin	 2	 3.5	 Mit	Weissbrot	und	Trauben	 12 2.4	 With	bread	and	pickle	 0	 3.0
B1	 Pas	de	fête		sans	fromage!	 4	 3.8	 Es	macht	Spass,	Kaese	 2	 4.0	 Cheese	is	great	for	parties	 -2	 5.4
	 	 	 	 in	Gesellschaft	zu	essen!
B7	 Avec	tous	les	accompagnements	souhaités	 1	 2.2	 Mit	selbst	ausgewaehlten	Extras,		 1	 4.0	 With	all	the	accompaniments	you	want	 -3	 3.6
	 	 	 	 ganz	ohne	Einschraenkung

	 SILO C: Emotional Benefits of Cheese 	 	 	 	 	 	 	
C2	 Y	penser,	c’est	le	désirer	le	manger,	ce	n’est	 3	 1.8	 Schon	beim	Gedanken	muss	man	ihn		 3	 2.0	 When	you	think	about	it,	you	have	to	have	it...	 7 2.2
	 ne	plus	s’arrêter!	 	 	 haben,	und	wenn	man	ihn	hat,		 	 	 and	once	you	have	it	you	want	more
	 	 	 	 kann	man	nicht	mehr	aufhoeren!
C6	 Une	fête	pour	vos	sens...voir,	sentir,	goùter!	 4	 2.0	 Sinnesfreuden	pur:	Sehen,	Riechen,		 4	 2.1	 A	joy	for	your	senses...seeing,	smelling,	tasting	 5	 2.4
	 	 	 	 Schmecken!
C5	 Echappez		à	la	routine	avec	du	fromage...	 5	 2.2	 Fuer	besondere	Gelegenheiten!	 2	 2.3	 Celebrate	special	occasions	with	cheese		4	 2.6
	 une	manière	de	célébrer	les	moments	uniques!	 	 	 	 	 	 -	escape	from	the	routine
C8	 Pur	Plaisir!					 1	 1.9	 Pure	Begeisterung!	 5	 2.4	 Pure	enjoyment	 4	 2.4
C7	 Une	expérience	unique..	a	partager	en	famille					 2	 2.0	 Eine	aussergewoehnliche	Erfahrung,		 0	 2.3	 A	real	experience...shared	with	friends	or	family	 3	 2.5
	 ou	entre	amis!	 	 	 am	schoensten	mit	lieben	Menschen!
C9	 Le	fromage	satisfait	vos	petites	faims!					 7	 1.9	 Macht	einfach	satt	und	befriedugt	das	 -1	 2.2	 It	satisfies	your	hunger	 3	 2.4
	 	 	 	 Verlangen!
C1	 Rapide	et	sympa...	manger	seul	devient	un	plaisir	 -2	 2.2	 Macht	einfach	Spass,	auch	alleine!	 3	 2.5	 Quick	and	fun	...	eating	alone	doesn’t	have	to	be	boring	 1	 2.8
C3	 Pour	vos	petit	creux,	au	moment	où	il	faut				 1	 1.9	 Hilft	gegen	den	aufkommenden	Hunger!	 -2	 2.8	 It	fills	you	up	–	just	when	you	need	it	 0	 2.9
C4	 Vous	redonne	le	sourire...!!					 2	 1.8	 Heitert	auf	und	tut	gut!	 -2	 2.3	 Cheers	you	up	 -2	 2.2

	 SILO D: Country of Export for Cheese, and emotional assurance 	 	 	 	 	 	 	
D8	 Por	moi,	simplementle	meilleur	fromage!	 0	 1.9	 Einfach	der	beste	Kaese	fuer	mich!	 1	 2.2	 Simply	the	best	cheese	for	me	 3	 2.9
D9	 Avec	les	meilleurs	standards	de	qualité	 1	 2.0	 Ein	absolut	sicheres	Produkt,		 2	 2.0	 With	highest	quality	and	standards	that	you	trust	 -1	 2.2
	 auxquels	vous	faites	confiance!	 	 	 vertrauenswuerdig	und	mit	hoher	Qualitaet!

D1	 De	France	 4	 1.9	 Aus	Frankreich	 6	 2.2	 From	France	 1	 2.4
D2	 De	Suisse	 -7	 1.9	 Aus	der	Schweiz	 2	 2.3	 From	Switzerland	 -3	 2.6
D3	 D’Italie	 -3	 1.9	 Aus	Italien	 4	 2.7	 From	Italy	 -3	 2.7
D4	 De	Hollande	 -14 2.0	 Aus	Holland	 4	 2.4	 From	Holland	 -7	 2.6
D5	 De	Grèce	 -10 1.7	 Aus	Griechenland	 3	 2.5	 From	Greece	 -7	 2.5
	 	 	 	 	 	 	 	 	
	 Elements ‘unique’ to a country 	 	 	 	 	 	 	
A8	 Du	chèvre	avec	son	goût	typique	 12 3.4	 Schweizerkaese	mit	kraeftigem	Geschmack	 11 3.6	 Cheddar	with	a	typical	strong	flavour	 20 4.9
D6	 De	Corse	 -5	 2.3	 Aus	Daenemark	 -7	 2.7	 From	Spain	 -9	 2.4
D7	 Des	Pyrenées	 -1	 2.3	 Aus	Deutschland	 2	 2.7	 From	Britain	 2	 2.9
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table 2 - Average utility values for cheese type, cheese use benefits, cheese emotional benefits, and country of export for cheese. Elements from the three countries are based on total panel results, aggregating the corre-
sponding coefficients from the individual models. the utilities come from the ‘interest’ model, so the numbers reflect the proportion of respondents who would rate a concept as interesting (7-9) if the element were present 
in the concept. strong interest drivers (utility or coefficient > 10) are shown in bold. the coefficients are sorted with a silo by the utility values for the united Kingdom, to show country effects. standard errors appear to the 
right of every utility. (note: Elements whose meaning differ across the three countries are shown at the bottom of the table. Mn = average utility for all respondents from that country; sE = standard error of the mean).

	 France  MN SE Germany  MN SE United Kingdom  MN SE
	 Constant 45 	 Constant 19 	 Constant 31 

	 SILO A: Types of Cheese 	 	 	 	 	 	 	
A2	 Du	fromage	bien	fait	à	la	coupe	 8	 2.3	 Stuecke	von	gereiftem	Kaese	 8	 3	 Chunks	of	matured	cheese	 12 3.6
A9	 Un	Brie	fait	à	coeur,	avec	un	morceau	 20 3.3	 Cremiger,	hellgelber	Brie,	der	 7	 3.7	 Soft,	light	cream	coloured	Brie,		 12 4.1
	 de	pain	frais	et	croustillant	 	 	 auf	dem	Brot	fast	verlaeuft	 	 	 perfect	with	crusty	bread
A4	 Du	fromage	doux	et	crémeux	 1	 2.8	 Cremiger	Weichkaese	 5	 2.9	 Creamy	soft	cheese	 6	 3.6
A7	 Un	bleu	traditionnel	avec	son	arômeIntense	 11 3.8	 Blauschimmelkaese	mit	typischem	 -5	 4	 Blue	cheese	with	typical	and	intense	flavour	 1	 3.6
	 	 	 	 und	intensivem	Geschmack
A5	 Des	cubes	de	Feta	pour	une	salade	Grecque	 -7	 2.6	 Brocken	von	Fetakaese	fuer	einen	 17 3.2	 Cubes	of	Feta	cheese	for	a	greek	salad	 -1	 3.8
	 ou	avec	des	légumes	 	 	 griechischen	Salat	oder	mit	Gemuese	 	 	 or	with	vegetables
A3	 Du	fromage	à	tartiner	 -18	 2.1	 Streichfertiger	Kaese	 -3	 3.0	 Spreadable	cheese	 -5	 4.1
A1	 Du	fromage	en	tranches	 -14	 3.5	 Kaesescheiben	 2	 3.6	 Sliced	cheese	 -6	 4.2

	 SILO B: Use Benefits of Cheese  	 	 	 	 	 	 	
B2	 Avec	un	verre	de	vin	rouge	 5	 3.4	 Mit	dem	passenden	Getraenk,	z.B.	Rotwein	 11 2.4	 With	a	glass	of	wine,	or	a	soft	drink	of	your	choice	 10 2.7
B9	 Si	bon	qu’on	en	savoure	chaque	bouchée	 2	 1.8	 Jeder	Biss	so	schmackhaft,	dass	man	 5	 1.9	 So	tasty	you	have	to	lick	your	lips	twice	after	each	bite	 5	 2.8
	 	 	 	 mit	der	Zunge	ueber	die	Lippen	faehrt
B5	 Y	penser,	c’est	déjàle	savourer!	 1	 2.1	 Schon	bei	dem	Gedanken	daran	laeuft	 3	 2.0	 You	can	just	savour	it,	when	you	think	about	it	 4	 2.3
	 	 	 	 einem	das	Wasser	im	Mund	zusammen!
B6	 100%	naturel,	frais	et	affiné		avec	soin	 6	 2.3	 Natuerlich,	frisch	und	schonend	hergestellt	 8	 2.0	 100%	natural,	fresh	and	carefully	prepared	 4	 2.6
B8	 Le	voir	c’est	le	désirer!	 3	 1.9	 Beim	Betreten	des	Geschaeftes	ist	der	 1	 2.0	 You	can	imagine	the	taste	as	you	see	it	in	front	of	you	 3	 2.6
	 	 	 	 Geschmack	schon	zu	empfinden
B4	 Excellente	qualité,	ce	grand	classique	du	 2	 3.5	 Topqualitaet	mit	absolut	typischem	 1	 2.4	 Premium	quality...that	great	traditional	taste	 1	 3.5
	 goût	comme	autrefois	 	 	 Geschmack
B3	 Avec	du	pain	et	du	raisin	 2	 3.5	 Mit	Weissbrot	und	Trauben	 12 2.4	 With	bread	and	pickle	 0	 3.0
B1	 Pas	de	fête		sans	fromage!	 4	 3.8	 Es	macht	Spass,	Kaese	 2	 4.0	 Cheese	is	great	for	parties	 -2	 5.4
	 	 	 	 in	Gesellschaft	zu	essen!
B7	 Avec	tous	les	accompagnements	souhaités	 1	 2.2	 Mit	selbst	ausgewaehlten	Extras,		 1	 4.0	 With	all	the	accompaniments	you	want	 -3	 3.6
	 	 	 	 ganz	ohne	Einschraenkung

	 SILO C: Emotional Benefits of Cheese 	 	 	 	 	 	 	
C2	 Y	penser,	c’est	le	désirer	le	manger,	ce	n’est	 3	 1.8	 Schon	beim	Gedanken	muss	man	ihn		 3	 2.0	 When	you	think	about	it,	you	have	to	have	it...	 7 2.2
	 ne	plus	s’arrêter!	 	 	 haben,	und	wenn	man	ihn	hat,		 	 	 and	once	you	have	it	you	want	more
	 	 	 	 kann	man	nicht	mehr	aufhoeren!
C6	 Une	fête	pour	vos	sens...voir,	sentir,	goùter!	 4	 2.0	 Sinnesfreuden	pur:	Sehen,	Riechen,		 4	 2.1	 A	joy	for	your	senses...seeing,	smelling,	tasting	 5	 2.4
	 	 	 	 Schmecken!
C5	 Echappez		à	la	routine	avec	du	fromage...	 5	 2.2	 Fuer	besondere	Gelegenheiten!	 2	 2.3	 Celebrate	special	occasions	with	cheese		4	 2.6
	 une	manière	de	célébrer	les	moments	uniques!	 	 	 	 	 	 -	escape	from	the	routine
C8	 Pur	Plaisir!					 1	 1.9	 Pure	Begeisterung!	 5	 2.4	 Pure	enjoyment	 4	 2.4
C7	 Une	expérience	unique..	a	partager	en	famille					 2	 2.0	 Eine	aussergewoehnliche	Erfahrung,		 0	 2.3	 A	real	experience...shared	with	friends	or	family	 3	 2.5
	 ou	entre	amis!	 	 	 am	schoensten	mit	lieben	Menschen!
C9	 Le	fromage	satisfait	vos	petites	faims!					 7	 1.9	 Macht	einfach	satt	und	befriedugt	das	 -1	 2.2	 It	satisfies	your	hunger	 3	 2.4
	 	 	 	 Verlangen!
C1	 Rapide	et	sympa...	manger	seul	devient	un	plaisir	 -2	 2.2	 Macht	einfach	Spass,	auch	alleine!	 3	 2.5	 Quick	and	fun	...	eating	alone	doesn’t	have	to	be	boring	 1	 2.8
C3	 Pour	vos	petit	creux,	au	moment	où	il	faut				 1	 1.9	 Hilft	gegen	den	aufkommenden	Hunger!	 -2	 2.8	 It	fills	you	up	–	just	when	you	need	it	 0	 2.9
C4	 Vous	redonne	le	sourire...!!					 2	 1.8	 Heitert	auf	und	tut	gut!	 -2	 2.3	 Cheers	you	up	 -2	 2.2

	 SILO D: Country of Export for Cheese, and emotional assurance 	 	 	 	 	 	 	
D8	 Por	moi,	simplementle	meilleur	fromage!	 0	 1.9	 Einfach	der	beste	Kaese	fuer	mich!	 1	 2.2	 Simply	the	best	cheese	for	me	 3	 2.9
D9	 Avec	les	meilleurs	standards	de	qualité	 1	 2.0	 Ein	absolut	sicheres	Produkt,		 2	 2.0	 With	highest	quality	and	standards	that	you	trust	 -1	 2.2
	 auxquels	vous	faites	confiance!	 	 	 vertrauenswuerdig	und	mit	hoher	Qualitaet!

D1	 De	France	 4	 1.9	 Aus	Frankreich	 6	 2.2	 From	France	 1	 2.4
D2	 De	Suisse	 -7	 1.9	 Aus	der	Schweiz	 2	 2.3	 From	Switzerland	 -3	 2.6
D3	 D’Italie	 -3	 1.9	 Aus	Italien	 4	 2.7	 From	Italy	 -3	 2.7
D4	 De	Hollande	 -14 2.0	 Aus	Holland	 4	 2.4	 From	Holland	 -7	 2.6
D5	 De	Grèce	 -10 1.7	 Aus	Griechenland	 3	 2.5	 From	Greece	 -7	 2.5
	 	 	 	 	 	 	 	 	
	 Elements ‘unique’ to a country 	 	 	 	 	 	 	
A8	 Du	chèvre	avec	son	goût	typique	 12 3.4	 Schweizerkaese	mit	kraeftigem	Geschmack	 11 3.6	 Cheddar	with	a	typical	strong	flavour	 20 4.9
D6	 De	Corse	 -5	 2.3	 Aus	Daenemark	 -7	 2.7	 From	Spain	 -9	 2.4
D7	 Des	Pyrenées	 -1	 2.3	 Aus	Deutschland	 2	 2.7	 From	Britain	 2	 2.9
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the factors that drive the segmentation 
into three clusters.

step 4: Extracting the relevant number 
of segments is both a statistical task and 
an interpretive art. the objective of clus-
tering to generate segments which en-
sure a minimum variability within a seg-
ment versus maximum variable across 
segments, as well as an interpretable 
segmentation with the clusters ‘mak-
ing sense’. in this spirit we extracted 
thee segments, which was the minimum 
number of segments which seemed to 
‘tell a story’.

step 5: compute the average utili-
ty value for each element by segment, 
independent of country, using those 
respondents who are placed into the 
segment as the source of the utility 
values.

Like-minded segments across 
countries

segmentation divides the consum-
er population into worlds of individuals 
having different mind-sets. When seg-
mentation is based on the response to 
type of cheese, use benefits of cheese, 
emotional benefits, and country of ex-
port for cheese, we work with a differ-
ent type of segmentation than the con-
ventional segmentation by attitudes so 
frequently developed (WELLs, 1975). 
segmentation based on the utility pat-
terns lies between actual behaviour on 
the one hand, and general attitudes to-
wards the product on the other hand. 
We deal here with segmentation emerg-
ing from responses to actual stimuli, in 
the form of small ‘advertisements’ about 
the product, rather than in self-stated 
values and rather than products them-
selves. table 5 shows the strongest el-
ements for each of the three mind-set 
segments that emerged from analyzing 
what phrases most strongly ‘drive’ con-
sumer responses.

Where are the three segments 
found?

When respondents are segmented by 
the pattern of their responses to test 
stimuli, a behavioral response rather 
than attitudinal response, there are no 
clear correlates in the self-profiling clas-
sification which predict segment mem-
bership. therefore, although the seg-
ments appear to be homogeneous with 
respect to the way they respond to mes-
saging, they are not homogeneous with 
respect to other, easy-to-measure fac-
tors, such as age, gender, country, and 
so forth. this failure to find external cor-
relates to issues about food and nutri-
tion is pervasive (WArDLE et al., 2004). 
We see an example of such heterogenei-
ty of the segments when we classify the 
individuals by the country in which they 
reside (table 6). Each country has re-
spondents from each segment, albeit in 
different proportions.

Discovering new members in a 
segment by intervention methods – 
‘the typing tool’

if membership in a concept-response 
segment cannot be easily predicted by 
the conventional methods of data-min-
ing using variables such as age, gender, 
and even perhaps products bought re-
cently, how then can the segmentation 
be made more ‘actionable’, for develop-
ers and marketers? the data strongly 
suggest three different groups of con-
sumers, with different mind-sets, and 
thus product desires. the segmenta-
tion can guide new product develop-
ment, but only when the individuals in 
the segments can be properly identified, 
and a line of communication opened up 
with them. once the discovery is made 
that a specific individual belongs to a 
segment, the next steps in development 
and communication are simplified. the 
segments are homogeneous with respect 
to mind-sets, and thus look at the world 
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table 3 - the eleven dimensions or factors underlying the common elements. the individual elements 
most highly correlated with each of the 11 dimensions are shown.

Dimension Element(s) that correlate highest with the dimension % Variance

Dim1	 It	fills	you	up	-	just	when	you	need	it
Dim1	 Celebrate	special	occasions	with	cheese	-	 13.6
	 escape	from	the	routine

Dim2	 Chunks	of	matured	cheese	 7.9

Dim3	 From	Italy
Dim3	 From	France
Dim3	 From	Holland
Dim3	 From	Greece	 6.9

Dim4	 You	can	imagine	the	taste	as	you	see	it	in	front	of	you
Dim4	 So	tasty	you	have	to	lick	your	lips	twice	after	each	bite	 5.4

Dim5	 Sliced	cheese
Dim5	 Spreadable	cheese	 4.6

Dim6	 With	bread	and	pickle	 4.1

Dim7	 Cubes	of	Feta	cheese	for	a	Greek	salad	or	with	vegetables	 3.9

Dim8	 100%	natural,	fresh	and	carefully	prepared	 3.5

Dim9	 A	joy	for	your	senses...seeing,	smelling,	tasting	 3.5

Dim10	 Quick	and	fun	...	eating	alone	doesn’t	have	to	be	boring
Dim10	 Pure	enjoyment	 3.2

Dim11	 Soft,	light	cream	coloured	Brie,	perfect	with	crusty	bread
Dim11	 Creamy	soft	cheese	 2.9

table 4 - results of k-means splitting cases into 3 groups.

FACTOR Sum of Squares Degrees Sum of squares Degrees F-ratio
used in between of within factors of
clustering factors freedom  freedom

FACTOR(1)	 66.41	 2	 260.58	 325	 41.42
FACTOR(2)	 38.17	 2	 288.82	 325	 21.48
FACTOR(3)	 1.01	 2	 325.98	 325	 0.50
FACTOR(4)	 14.65	 2	 312.34	 325	 7.63
FACTOR(5)	 51.84	 2	 275.15	 325	 30.63
FACTOR(6)	 20.72	 2	 306.27	 325	 11.00
FACTOR(7)	 59.13	 2	 267.86	 325	 35.87
FACTOR(8)	 5.15	 2	 321.84	 325	 2.60
FACTOR(9)	 28.40	 2	 298.59	 325	 15.46
FACTOR(10)	 30.72	 2	 296.27	 325	 16.21
FACTOR(11)	 76.96	 2	 250.03	 325	 50.03
Total	 393.21	 22	 3203.78	 3575	
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of cheese similarly, at least within the 
limits of this study.

Although conventional geo-demo-
graphics and even behaviors do not pre-
dict one’s ‘mind-set’ for specific messag-
ing, for any particular food, at the gran-
ular level, it is quite possible to create a 
simple ‘intervention’, a small and easily-
administered survey’, that can identify a 
person as belonging to a segment. the 
notion here is that instead of predicting 

segment membership of the individual 
without knowing the person, there is in-
teraction with the person using a short 
interview. this way of thinking mirrors 
today’s medical practice, where in or-
der to understand the patient the doc-
tor takes a blood sample, and from the 
pattern of the scores from various tests 
performed on the patient’s blood, under-
stands what problems and even illness-
es the patient might have.

table 5 - the strongest performing elements for the total panel and for each of the three concept-re-
sponse (mind-set) segments. the table shows the coefficients for the interest model, for total panel, and 
for each of the three mind-set segments. the segmentation transcends the three countries. only com-
mon elements across countries were used to develop the segments.

 Total Seg1 Seg2 Seg3
	 33	 34	 28	 39

Winning elements - total panel
Soft,	light	cream	coloured	Brie,	perfect	with	crusty	bread	 14 0	 26 26
Chunks	of	matured	cheese	 9 9 13 3
With	a	glass	of	wine,	or	a	soft	drink	of	your	choice	 8 3	 9 17

Winning elements - Segment 1 of 3 – Cheese with something
Cubes	of	Feta	cheese	for	a	Greek	salad	or	with	vegetables	 2	 10 3	 -14
Chunks	of	matured	cheese	 9 9 13 3
When	you	think	about	it,	you	have	to	have	it...and	once	you	have
it	you	want	more	 4	 8 0	 0
Pure	enjoyment	 3	 8 -6	 5
With	bread	and	pickle	 5	 7 5	 0
It	satisfies	your	hunger	 3	 7 -4	 7
A	joy	for	your	senses...seeing,	smelling,	tasting	 4	 7 -1	 5

Winning elements - Segment 2 of 3 – Cheese is the focus
Soft,	light	cream	coloured	Brie,	perfect	with	crusty	bread	 14 0	 26 26
Chunks	of	matured	cheese	 9 9 13 3
Creamy	soft	cheese	 4	 -5	 12 8
100%	natural,	fresh	and	carefully	prepared	 6	 3	 11 4
So	tasty	you	have	to	lick	your	lips	twice	after	each	bite	 4	 2	 10 -2
With	a	glass	of	wine,	or	a	soft	drink	of	your	choice	 8 3	 9 17
Blue	cheese	with	typical	and	intense	flavour	 3	 0	 9 1

Winning elements - Segment 3 of 3 – The cheese experience
Soft,	light	cream	coloured	Brie,	perfect	with	crusty	bread	 14 0	 26 26
With	a	glass	of	wine,	or	a	soft	drink	of	your	choice	 8 3	 9 17
Celebrate	special	occasions	with	cheese		-	escape	from	the	routine	 4	 3	 0	 11
From	Switzerland	 2	 -1	 -1	 11
A	real	experience...shared	with	friends	or	family	 2	 2	 -5	 11
Cheese	is	great	for	parties	 2	 3	 -4	 9
Creamy	soft	cheese	 4	 -5	 12 8
It	satisfies	your	hunger	 3	 7 -4	 7
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Discriminant function analysis (sYs-
tAt, 2002) uncovers the elements for a 
typing test. the test itself comprises a 
few elements, presented as direct phras-
es. since the persuasion model shows 
how each individual element ‘drives’ the 
9-point rating scale, one can create 33 
different stand alone phrases, from the 
33 common elements across the three 
countries. For each respondent, we know 
both how each of the phrases would 
score on the 9-point rating scale if pre-
sented as a stand-alone concept, and 
the segment to which the respondent 
belongs. Discriminant function analysis 
identifies a limited set of such phrases, 
i.e., one-element concepts which togeth-
er maximize the likelihood of assigning a 
person to the correct segment. Discrimi-
nant function analysis provides the clas-

sification rule, which can be used to as-
sign a new individual to one of the three 
segments (i.e., scoring a new person).

A worked example of the classification 
rule appears in table 7. not all elements 
need be used. in fact, only responses to 
three elements are needed (A1, A9, c2) 
to generate almost 2/3 correct assign-
ment. these elements generate the high-
est F ratios for ability to classify respond-
ents correctly. the table shows the pa-
rameters of the three classification func-
tions, hypothetical ratings by four new 
respondents (res1-4), the value of the 
classification function corresponding to 
each segment for each respondent (bot-
tom of the table), and then the assign-
ment of the respondent to the segment 
whose classification function shows the 
highest numerical value.

table 6 - the heterogeneous nature of each segment, when it comes to country in which the respond-
ents reside. Each segment has consumers from all countries. Each country has consumers from all 
segments. thus, the segmentation transcends country.

How segments Seg1 Seg2 Seg3 Total% Total 
distribute by segment Cheese with Cheese as The cheese  No.
and country something the focus experience

France	 56	 45	 42	 	 143
Germany	 57	 29	 17	 	 103
United	Kingdom	 38	 31	 13	 	 82
Total	 151	 105	 72	 	 328

Distribution of the three
segments within each
country (look across
columns for each row)
France	 39%	 31%	 29%	 100%	 143
Germany	 55%	 28%	 17%	 100%	 103
United	Kingdom	 46%	 38%	 16%	 100%	 82
Total	 46%	 32%	 22%	 100%

Distribution of the three
countries within each
segment (look down
across rows for each
column)
France	 37%	 43%	 58%	 44%	 143
Germany	 38%	 28%	 24%	 31%	 103
United	Kingdom	 25%	 30%	 18%	 25%	 82
Total	 100%	 100%	 100%	 100%
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sometimes it is difficult to assign a 
person to only one segment, because the 
classification functions are very close. in 
that case, two segments are shown. the 
assignment is shown by the shaded cell. 
For example, respondent 1 is assigned 
to segment 2. in contrast, respondent 
4 assigns ratings to the three elements 
such that it is probably difficult to as-
sign the respondent to a segment since 
the classification functions are negative. 
When, however, the respondent must be 
assigned, both segment 1 and segment 
2 show approximately equal functional 
values for the classification function and 
so the respondent would be assigned to 
both segment 1 and to segment 2.

Finally, discriminant function analysis 
does not perfectly classify all of the re-
spondents. it does the best possible, giv-
en noise in the responses. table 8 shows 
the performance of the typing tool for the 
data taken from the 328 respondents. the 

typing tool was created using the ‘jack-
nife’ procedure, which estimated the pa-
rameters of the model, but left out cer-
tain cases in order to use them for vali-
dation testing. the classification function 
generates about 2/3 correct assignment, 
double what might be the case for random 
allocation of respondents to segments.

Discussion

to increase the odds of an item being 
purchased, the marketer must shape 
the product messaging. the marketer 
needs insights as to what to say, what 
not to say, how to say it and to whom it 
should be said. We identified winning el-
ements of the messaging and examined 
them across countries. We found that 
there are three mindsets of consumers. 
it is important to note that these mind-
sets pertain to one product, cheese, and 

table 7 - classification functions to assign new respondents to a segment, and example of the func-
tion applied to four respondents (res1 - res4).

  Seg1 Seg2 Seg3 Res1 Res2 Res3 Res4

	 Constant	 -4.13	 -4.72	 -5.37
A1	 Sliced	cheese
F=25.83	 	 0.30	 0.42	 -0.23	 7	 5	 1	 2

	 SOFT,
	 light	cream
	 coloured	Brie,
A9	 perfect	with
F=38.39	 crusty	bread	 0.31	 0.85	 0.77	 5	 5	 8	 2

	 When	you	think
	 about	it,
	 you	have
	 to	have	it...and
C2	 once	you	have	it
F=30.75	 you	want	more	 0.73	 0.07	 0.76	 1	 8	 4	 2

Results: Assignment of new respondents to one of the three segments

	 	 	 	 Seg1	 0.26	 4.78	 1.58	 -1.44
	 	 	 	 Seg2	 3.09	 2.77	 3.36	 -1.49
	 	 	 	 Seg3	 -2.36	 3.47	 3.66	 -2.75
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table 8 - Assignment successes and failures by the discriminant function, working on the 238 respond-
ents. the correct assignments in the training session are shown in the shaded cells.

 And classified And classified And classified % correct
 as Seg1 as Seg2 as Seg3

Respondent	is	really	in	Seg1	 119	 23	 9	 79
Respondent	is	really	in	Seg2	 41	 53	 11	 50
Respondent	is	really	in	Seg3	 21	 18	 33	 46
Total	 181	 94	 53	 63

that they reveal differences at the very 
granular level of communication. Fur-
ther, the approach represents a depar-
ture from the traditional macro-segmen-
tation, done for food in general, where 
the difficulty then becomes one of de-
termining how to apply the segmenta-
tion to the particular food (e.g., WELLs, 
1975). our approach begins from the 
ground up, and at all times maintains 
granularity of information, insight, and 
direction.

For each of these identified mindsets, 
the marketer may use the winning ele-
ments to shape an effective message that 
will enhance the acceptance of cheese. 
Each of the three major mindset seg-
ments for cheese responds to a differ-
ent set of messages. the cross-national 
segmentation suggests a common type 
of message for the segment, independ-
ent of country. that is the first step. the 
second step is to fine tune the message 
for the segment, taking into account the 
sensibilities of the country, but remain-
ing faithful to the general segmenta-
tion which exists. this strategy provides 
guidance both for marketing, but also for 
future product development, where the 
thrust can be on the basis of segments 
that exist across countries.

Making segmentation actionable – 
finding these respondents for sales 
and product development

the segmentation of respondents by 
patterns of utilities creates groups that 

are intuitively meaningful. However, 
there are no clear methods by which to 
link membership in a segment to some 
demographic, attitudinal, or even need-
state variable. certainly there are dif-
ferences between the segments. if one 
somehow ‘knew’ an individual’s likeli-
hood of being a member of segment 1 or 
2, or 3 one could craft a strongly appeal-
ing sales message using these data along 
with other messaging relevant for the 
consumers in the particular segment. 
However, knowing the country, gender, 
age, income, etc. does not predict seg-
ment membership. Additional analyses 
of the segments by gender and age (not 
shown) did not reveal any strong predic-
tors of segment membership.

opportunities for improved product 
development and marketing

the lack of clear predictors of mem-
bership in segments coupled with the 
evidence that these segments appear 
to have strongly held preferences sug-
gests that other methods must be de-
veloped to classify an individual as be-
longing to a concept-response segment. 
these other methods will not necessar-
ily be simply statistical analyses of da-
tabases, but rather experimental in-
terventions with prospects, as shown 
here with the three-question typing tool. 
the intervention or personalized typing 
should present the prospect with a stim-
ulus or set of stimuli, get the response of 
the prospect, and then assign the pros-
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pect to a segment based on the pattern 
of responses.

instead of the segmentation being 
problematic because it does not direct-
ly co-vary with country, or any other 
conventional geo-demographic, or even 
other behaviors, the segmentation may 
provide new opportunities for targeted 
product development and marketing. 
conventional thinking looks for exter-
nal factors to predict segment member-
ship. once these factors are shown not 
to work, it becomes clear that a differ-
ent way is required when looking at seg-
ments. that different way uses an active 
intervention with the respondent as the 
way to establish segment membership 
for a particular individual. Furthermore, 
the intervention is quite easy; a three-
question interview followed by a classi-
fication function.

From this simple approach follows 
three immediate opportunities for the 
food industry:

opportunity 1 – ‘sequence the genome 
of the consumer mind’

this study shows how to understand 
the consumer mind with respect to one 
product, cheese, across different coun-
tries. if instead of one product being test-
ed, one could do this same cross-nation-
al segmentation with 20+ products. For 
each product in turn, in a study run with 
the appropriate respondents, one would 
segment the respondents for that prod-
uct, and then develop a product-specif-
ic typing test. At the end of the process, 
the result would be 20+ short, easy to ad-
minister questionnaires, or typing tests, 
each test each comprising 3-6 questions. 
Each typing questionnaire would corre-
spond to a specific product. the nature 
of the segmentation need not be the same 
for each product.

At this point the typing tool becomes 
a way to understand entire populations, 
and effects of acculturation, and so 
forth. Any new respondent would then 
‘type’ himself on each of the products, 

with the short, product-specific typ-
ing questionnaire. the result would be 
equivalent to sequencing a genome, only 
this time it would be sequencing the ge-
nome of the mind with respect to the dif-
ferent foods. Further understanding of 
consumer responses to food and bever-
age would emerge from understanding 
the mind-set of many individuals to a 
large array of different foods.

opportunity 2 – ‘targeted development’ 
to individuals with the same mind-set

current practice in product develop-
ment uses consumers who identify them-
selves either as users, or non-users, or 
lapsed users. the underlying thinking is 
that these different groups of individuals 
have different needs to be satisfied. With 
the typing tool, one can quickly identify 
an individual as belonging to a mind-set 
segment, and work with groups of peo-
ple with like mind-sets. the product de-
velopment task then speeds up because 
of the coherence of the mind-set. Devel-
opment efforts would work with individ-
uals of similar mind-sets, rather than 
of known user groups or demographic 
groups. such individuals would be easy 
to identify by the short typing question-
naire, which in turn could be embedded 
in a ‘mind-typing’ website. such devel-
opment efforts would be more focused, 
and presumably far more productive, be-
cause the individuals for whom the prod-
uct is being developed are more likely to 
have homogeneous preferences with re-
spect to the specific products.

opportunity 3 – ‘targeted sales com-
munication’

current advertising is purchased on 
the basis of media habits (magazines 
read, television viewing patterns, etc.). 
With the advent of the new media, and 
with an understanding of the mind-
set of any particular individual avail-
able through a rapid typing exercise, 
one can created targeted, individual-
ized messaging for cheese, or any oth-
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er product, appropriate for an individ-
ual’s known mind-set. the intervention 
exercise identifies the mind-set as well 
as referring back to the database, which 
shows what messaging is appropriate for 
that mind-set.

concLusions

segments that emerge here come from 
actual responses to concepts, rather than 
from more easily measured, but per-
haps less clearly related variables such 
as those that might be purchased from a 
third-party database. in dozens of stud-
ies of this type, whether with products or 
service variables or even social attitudes, 
there do not seem to be clear, a priori pre-
dictors of membership in a concept-re-
sponse segment that might be gleaned 
from standard socio-demographic infor-
mation. Yet the segmentation makes in-
tuitive sense. the data are too compelling, 
since the segmentation is based upon the 
very response to concepts about the spe-
cific product, namely cheese. First, the 
immediacy of the segmentation, its clar-
ity, and its compelling nature sense sug-
gest that the segments are real. second, 
the segmentation is based on response 
patterns to actual communication phras-
es of the type a person would see in ad-
vertisements. third, when we do these 
types of studies with many products, we 
find similar concept-response segments 
emerging again and again (MosKoWitZ et 
al., 2005). We conclude that we are deal-
ing with a real division of people in the 
population which allows us to shape the 
message content. However, we still do not 
have the necessary rules by which to pre-
dict membership in that division, except 
by behavioral responses, i.e., reactions to 
the stimulus itself.

identifying a person as belonging to a 
mind-set or concept-response segment 
comes from a short intervention inter-
view, the typing test, rather than coming 
from data-mining. the ingoing assump-

tion is that the assignment of new individ-
uals to segments is going to be far more 
accurate than a statistical, data-mining 
approach which looks for easy-to-pur-
chase exogenous variables that are then 
combined to create a predictive model. 
With the stronger segmentation due to 
mind-set segmentation, it may be possi-
ble to speed up and more precisely focus 
the process of developing products, sell-
ing products, and in turn understanding 
consumers at a profound level.
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AbstrAct

Adults in Poland have a high risk of 
metabolic syndrome due to increasing 
obesity and high blood pressure, cho-
lesterol and blood sugar levels. some 
people, especially those who are aware 
of health risks, assume that consuming 
functional foods may help decrease dis-

riAssunto

tra la popolazione polacca adulta si 
riscontra un alto rischio di sindrome 
metabolica a seguito dell’aumento cre-
scente dell’obesità, della pressione san-
guigna alta, di un elevato tasso di co-
lesterolo e di un elevato tasso di gluco-
sio nel sangue. Alcuni soggetti, in par-

- Key words: diet-related diseases, food consumption, functional food, health perceptions, 
metabolic syndrome -
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ease risks and promote better health. 
the aim of this paper was to find spe-
cific clusters of Polish adults who con-
sume certain functional foods and char-
acterize them as functional food con-
sumers or non-consumers in relation to 
their awareness of disease risk condi-
tions and perception of the risk of met-
abolic syndrome. 

ticolare quelli consapevoli delle minac-
ce alla propria salute, ritengono che il 
consumo di alimenti funzionali possa 
svolgere un ruolo importante nella ridu-
zione del rischio di malattie e nella pro-
mozione della salute. Lo scopo di que-
sto studio è stato quello di trovare dei 
gruppi di Polacchi adulti i quali consu-
massero o non consumassero alimenti 
funzionali e di descriverli in base alla 
consapevolezza del proprio stato di sa-
lute e alla percezione del rischio di una 
sindrome metabolica. 

introDuction

Adults in Poland have a high risk 
of metabolic syndrome due to the in-
creasing occurrence of obesity, high 
blood pressure, high blood cholester-
ol and high blood glucose level (ncEP, 
2001; buttriss, 2006; stAn zDrowiA 
LuDności PoLsKi w, 2006; zDrojEwsKi 
et al., 2006; wYsocKi and zEjDA, 2007). 
According to the world Health organisa-
tion (wHo), in Poland 25% of the disa-
bility-adjusted life years (DALYs) is due 
to high blood pressure, 13% to high cho-
lesterol and 12% is due to being over-
weight and obese (PowLEs et al., 2005). 
the health status in Poland is very sim-
ilar to other developed countries, al-
though some health indices are less fa-
vourable to life and health quality than 
in other European countries. in 2006, 
the life expectancy in Poland was 70.9 
years for men and 79.6 years for wom-
en, a few years less than in many west-
ern European countries (worLD HEALtH 
stAtistics, 2006). such statistics of ma-
jor health risks have increased interest 
in prevention by understanding the pos-
sible roles that specific foods could play 
in improving health in Poland.

Food traditionally plays a nutritive 

role in providing energy and nutrients, 
but food is now becoming a way to de-
crease disease risk and improve health. 
this type of food is called functional food. 
there are many definitions of function-
al food. DoYon and LAbrEcquE (2008), 
after consultation with a group of north 
American and European experts, pro-
posed the following working definition: 
“A functional food is, or appears similar 
to, a conventional food. it is a part of a 
standard diet and is consumed on a reg-
ular basis, in normal quantities. it has 
proven health benefits that reduce the 
risk of specific chronic diseases or ben-
eficially affects target functions beyond 
its basic nutritional function”.

some consumers believe that eating 
functional foods and/or supplements 
may be an easy way to be healthier and 
compensate for an unhealthy lifestyle (DE 
jong et al., 2003; scHrYvEr and smitH, 
2006). Among the Dutch population, 17% 
of a national representative sample aged 
19-91 years thought that eating choles-
terol-lowering margarine was an easy way 
to stay healthy (DE jong et al., 2003); 
31% had similar expectations in relation 
to yoghurt with lactic acid bacteria and 
39% in relation to foods with extra calci-
um. recent studies have found that, de-
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pending on the type of product, functional 
foods are consumed at least once a week 
by up to 50% of Europeans (DE jong et 
al., 2003; DE ALmEiDA et al., 2006a). Pos-
itive attitudes towards functional foods 
are held by an even higher percentage of 
people in comparison to those who eat 
such food (DE jong et al., 2003). this 
indicates the potential of increasing func-
tional food consumption.

consumer attitudes towards function-
al foods may be stronger among people 
with a positive interest in health and 
greater awareness of disease risk. mo-
scA et al. (2006) showed that aware-
ness of increased personal health risk 
in women was positively associated with 
preventative actions for themselves and 
for their family members. Attitudes, be-
liefs and behaviour towards health differ; 
they depend on social and demographic 
factors and vary from country to coun-
try (KAFAtos et al., 1999; PAmPALon 
et al., 1999). Previous studies have fo-
cused on a set of individual predictors of 
health perception reflecting gender, life-
style, socio-economic conditions, mari-
tal status and social support (PAmPAL-
on et al., 1999; DE jong et al., 2003). 
However, there is no information about 
adult consumers in Poland and the sim-
ilarities and differences between them 
in relation to health risk perception to-
wards metabolic syndrome. the associ-
ation between the consumption of func-
tional foods and consumer health sta-
tus and perceived metabolic syndrome 
risk is not known.

it is our hypothesis that Polish people 
differ in perceived metabolic syndrome 
risk and this awareness affects the fre-
quency of functional food consumption. 
the aim of this work was to find specif-
ic clusters of Polish adults who consume 
certain functional foods and character-
ize them as functional food consumers 
or non-consumers in relation to their 
awareness of disease risk conditions and 
metabolic syndrome risk perception, as 
well as various demographic factors.

mEtHoDs

the study was carried out as part 
of  the LiPgEnE project (FooD-
ct-2003505944). this is an integrat-
ed project (2004-2009) funded under 
the European union’s 6th Framework 
Programme for research and technolo-
gy Development, entitled “Diet, genom-
ics, and the metabolic syndrome: an in-
tegrated nutrition, agro-food, social and 
economics analysis”. one of the goals of 
the project was to determine consum-
er attitudes in six European countries 
(France, germany, great britain, italy, 
Poland, Portugal) towards metabolic syn-
drome, genetics in nutrition and poten-
tial agro-food technologies (DE ALmEiDA 
et al., 2006b).

sample selection

Data collection took place in Poland in 
june 2005. recruitment, data gathering 
and entry were done by the market re-
search company ipsos market and opin-
ion research international (ipsos-mori), 
in each member state, including Poland. 
Details concerning sampling and ques-
tionnaire development are described by 
DE ALmEiDA et al. (2006b).

A sample of people aged 15 years and 
older (n=1005) was recruited in Poland. 
the objective of the LiPgEnE project was 
focused on adult attitudes and was the 
first cross-cultural survey to investigate 
metabolic syndrome in six European 
countries. in several countries consum-
er studies and market research consider 
persons aged 15 and above as “adults”; 
therefore this lower age boundary was 
used in this study. Ethical approval was 
granted by the office of research Ethics 
committee (orEc), uK. the market re-
search company in charge of the field-
work ensured that there were no ethical 
problems in participant selection.

As demographic information routine-
ly collected by market research organi-
sations can vary among member states, 
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care was taken to ensure that standard-
ized information was obtained from all 
subjects in order to facilitate compari-
son. the subjects were initially classi-
fied according to the following charac-
teristics:

(i) gender = male or female;
(ii) age group (years) = 15-24, 25-34, 

35-44, 45-54, 55-64, 65-79, 80+;
(iii) education = highest level of edu-

cation achieved by respondent – illiter-
ate, primary, secondary, higher educa-
tion, still studying;

(iv) working status = working, not 
working;

(v) region = country region.
no data regarding social class was 

collected because the criteria for defin-
ing social class differ among countries 
and it is difficult to standardize. instead, 
the variable education (highest educa-
tion level attained) was used as an indi-
rect measure of social class (bLAKELY et 
al., 2004; wAśKiEwicz and sYgnows-
KA, 2006). For the same reason, other 
detailed demographic data were not col-
lected, e.g. religion. Furthermore, none 
of the Polish studies on food consump-
tion have considered sample represent-
ativeness in the context of religion. For 
this reason, the current study made no 
reference to the issue.

the main demographic factors for 
sampling were the same across all mem-
ber states, although there were small dif-
ferences associated with country-specif-
ic factors. Demographic factors influenc-
ing the Polish sample selection were: sex, 
age, region and size of place of inhabit-
ancy. in Poland 200 research areas were 
chosen for further analysis, complying 
with their geographical location and size 
of city/town/village. respondents were 
chosen in a systematic drawing based 
on date of birth from a database of the 
state registrar Department of the minis-
try of internal Affairs and Administration 
(using PEsEL identity card number) and 
were visited in their own homes. quotas 
were drawn from selected research are-

as, and then divided according to age and 
gender criteria. this was a quota-control-
led sample so no refusal rates were re-
corded. to ensure that the samples from 
each participating country were as na-
tionally representative as possible, re-
sponses were weighted by demograph-
ic factors for each sampling point based 
on the official statistics (in Poland: sex, 
age, region and size of place of inhabit-
ancy). the sampling procedure ensured 
that the sample matched census statis-
tics for the pre-defined characteristics. 
there were no reimbursements for peo-
ple participating in the study.

the Polish sample included 48.2% 
men and 51.8% women aged from 15 
years to 79 years. working and non-
working (including students) people 
made up 43.4 and 56.6% of the total 
sample, respectively. the sample char-
acteristics are presented in table 1.

Data collection

the survey was included in an omni-
bus research study in which subjects 
complete questionnaires on separate 
topics from different clients in a single 
session. the advantages of carrying out 
this type of survey are that interviewers 
are fully trained, the costs of sample se-
lection are shared between the partici-
pating clients and surveys can be com-
pleted within a very short time period. 
However one drawback in the use of the 
omnibus research method was that the 
length of the questionnaire could not 
exceed 13 questions. interviews were 
carried out by trained pollsters face-to-
face using the closed question question-
naire. Pollsters presented special sheets 
(so-called “show cards”) with an answer 
menu for each question and then filled 
in the questionnaire according to con-
sumer responses. the sequence of an-
swer presentation to subsequent read-
ers was constantly altered (e.g. from A 
to E or from E to A).

the questionnaire was developed on 
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the basis of prior qualitative research (DE 
ALmEiDA et al., 2006b) comprising a se-
ries of consumer focus group and stake-
holder interviews. the survey was focused 
on metabolic syndrome, genetically modi-
fied products, food habits and health con-
ditions. the fourteen focus groups were 
carried out with 50 consumers in Portu-
gal and 50 in northern ireland (100 in to-
tal). based on this qualitative research, 
several themes were identified and used 
to create the questionnaire. the question-
naire was designed by specialists (nutri-
tionists, statisticians, psychologists and 
sociologists) from the six countries tak-
ing part in the study. the research cen-
tres taking part in the study and creat-
ing the questionnaire were: the Facul-
ty of nutrition and Food sciences, Porto 
university (Portugal), the university of 
ulster (northern ireland), instituto nazi-
onale di ricerca per gli Alimenti e la nu-
trizione (italy), the university of warm-
ia and mazury (Poland), uniLEvEr (the 
netherlands) and ipsos market and opin-
ion research international (ipsos-mori, 

great britain). the questionnaire was de-
veloped in English and then translated 
into the mother language of each coun-
try. the translations were verified by the 
researchers before administration to en-
sure that the original meaning had been 
maintained. the questionnaire was test-
ed in a pilot study among about 30 peo-
ple in each country (in total about 180 
consumers). this helped to verify whether 
the questions and the terms used in the 
questionnaire were properly understood 
and whether the respondents found it dif-
ficult to provide an answer.

the final questionnaire included 12 
close-ended questions and one open-
ended item. the study used three closed 
questions only, which were related to: 
(i) past and present personal history 
of health risks, (ii) health risk percep-
tion and (iii) consumption of function-
al food at least once a week. Each of the 
three questions related to 5 or 7 sepa-
rate statements; a total of 17 character-
istics were analysed. this was done to 
simplify the process for a large number 
of samples and reduce time (and cost) 
for questionnaire completion. it was not 
possible to use a long version of a food 
frequency questionnaire in this study.

Data were gathered regarding the past 
and present personal history of health 
risks with respect to the following con-
ditions:

(i) central obesity (described as “a 
higher than normal amount of fat around 
your waist”),

(ii) high blood cholesterol level,
(iii) high blood glucose level,
(iv) high blood pressure (or hyperten-

sion),
(v) high stress level (described as 

“stress resulting in difficulty concentrat-
ing, sleeping or relaxing at least once a 
week”).

respondents were asked to judge their 
health conditions (responses: yes/no/i 
don’t know) separately for each of the five 
conditions mentioned above. terms and 
phrases were used in the study as word-

table 1 - sample characteristic (n=1005).

Category	 Sample	percentage	(%)

Gender
	 Men	 48.2
	 Female	 51.8
Age
	 15-24	y	 23.0
	 25-34	y	 18.0
	 35-44	y	 16.3
	 45-54	y	 17.0
	 55-64	y	 15.1
	 65-79	y	 10.6
Age	(years*)	 40±29
Employment	status
	 Working	 43.4
	 Not	working	 56.6
Education	level	
	 Primary	 21.4
	 Secondary	 30.2
	 Higher	 48.4

*Expressed	as	median	and	quartile	deviation.
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ed above. the terms used were properly 
understood by respondents as they had 
been carefully prepared as described 
above. Doubts, if any, were additionally 
explained by pollsters, who were thor-
oughly instructed and well trained.

in addition, respondents were asked 
to assess their health risk perception of 
central obesity, high blood cholesterol 
level, high blood glucose level, high blood 
pressure and high stress level (currently 
or in the future). Each of the risks were 
measured on a scale from 0 to 10, where 
0 meant “total lack of health risk”, and 
10 “very high health risk”. respondents 
could give the response: “i don’t know”.

next, the frequency of consumption of 
the following foods at least once a week 
(responses: yes/no) was assessed (sep-
arately for each food):

(i) cholesterol lowering spreads or 
drinks (e.g. benecol, Flora pro.activ),

(ii) yoghurt probiotic drinks (e.g. 
Yakult, Actimel),

(iii) high fibre foods (e.g. wholegrain 
breads, cereals with high fibre content),

(iv) weight loss products (e.g. meal re-
placements used for weight maintenance 
and/or obesity treatment),

(v) food with added vitamins and/or 
minerals,

(vi) energy drinks (e.g. sport drinks, 
red bull),

(vii) vegetables and/or fruit.
respondents could also answer: “none 

of these” or “i don’t know”. Proper under-
standing of the questions was verified by 
the pollsters and doubts, if any, were ex-
plained orally, using specific examples of 
foods commercially available in Poland. 
A binary scale (yes/no) was used for the 
assessment of functional food consump-
tion with a frequency at least once a 
week. the same or similar frequency of 
functional food consumption was used 
in previous studies (de jong et al., 2003; 
urALA and LAHtEEnmAKi, 2004; 2007). 
more detailed data regarding consump-
tion was not required because the aim 
of this paper was to identify clusters of 

functional food consumers and non-con-
sumers and characterize them.

the functional food list was created 
after a focused group interview analy-
sis. it was observed that European con-
sumers consider vegetables and fruit 
as functional foods (DE ALmEiDA et al., 
2006b). For this reason they were includ-
ed as “functional food” in the six-country 
studies. Although the frequency of veg-
etable and fruit consumption described 
as “once a week” did not quite match the 
description of dietary habits, it was the 
same as the frequency of consumption 
of other functional foods. this approach 
enabled further analysis and compari-
sons between functional food items. the 
use of energy drinks was also included 
in the survey. According to DoYon and 
LAbrEcquE (2008) energy drinks should 
not be classified as a functional food, 
while other researchers disagree (urALA 
and LAtHtEEnmAKi, 2007). in summa-
ry, energy drinks and vegetables and/or 
fruit were classified as typical functional 
foods because they are: (i) marketed as 
such and/or (ii) perceived by consumers 
as such and/or (iii) investigated in simi-
lar papers as such.

statistical analysis

Principal components analysis (PcA) 
and cluster analysis were carried out to 
determine characteristic clusters of peo-
ple with certain food consumption pat-
terns and their awareness of disease risk 
(HiLL and LEwicKi, 2006; ArmitAgE et 
al., 2008). both analyses are a multi-di-
mensional method and permit the simul-
taneous analysis of several different fac-
tors, including qualitative and quanti-
tative ones. these types of analyses are 
frequently used to describe dietary pat-
terns in nutritional epidemiology (Hu, 
2002; Dixon et al., 2004; HoFFmAn et 
al., 2004; nEwbY et al., 2004). the char-
acteristic clusters of people were deter-
mined in two stages, first with the PcA 
method followed by a cluster analysis.
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Principal components analysis

the PcA method was used to reduce 
the multi-dimensional factor set and find 
a lower number of new complex dimen-
sions created by various input factors.

the PcA and clusters analysis were 
only based on data obtained from re-
spondents who gave complete answers 
and answered yes or no. individuals re-
sponding “i don’t know” were exclud-
ed. in this way, a total of 52 individuals 
(5% of total sample) were excluded. this 
procedure did not change the consumer 
distribution in demographic categories. 
the input data included a continuous 
variable (perceived health risk) or binary 
variables (yes/no: self-reported health 
condition, frequency of functional food 
consumption). For binary answers, nu-
meric values 0 and 1 were assigned. 
before the PcA, the input data were 
standardized, i.e. transformed so that 
their mean value amounted to 0 and the 
standard deviation was 1. this trans-
formation has a wide variety of appli-
cations because it makes the distribu-
tions of values easy to compare across 
variables and/or subsets (HiLL and LE-
wicKi, 2006; ArmitAgE et al., 2008). if 
applied to the input data, standardiza-
tion also makes the results of a varie-
ty of statistical techniques entirely in-
dependent of the range of values or the 
units of measurement. Data standard-
ization is also recommended for input 
data in PcA (HiLL and LEwicKi, 2006; 
ArmitAgE et al., 2008).

seventeen variables concerning self-
reported health conditions, health risk 
perception and frequency of weekly con-
sumption of functional food were entered 
into the PcA. the factors were rotated by 
the orthogonal transformation (varimax 
option), resulting in uncorrelated factors, 
to achieve a simpler structure with great-
er interpretability. in determining the 
number of factors to retain, three crite-
ria were considered: (i) components with 
eigenvalue >1, (ii) the scree test and (iii) 

the interpretability of the factors (HiLL 
and LEwicKi, 2006; ArmitAgE et al., 
2008). the percentage of variance ex-
plained by each factor was not used be-
cause this criterion depends largely on 
the total number of variables included in 
the analyses. For factor loadings such as 
the cutoff point a value of 0.7 was used. 
However, in order to better illustrate the 
results, more data were provided; only 
the least significant values were omitted, 
i.e. factor loadings with an absolute val-
ue <0.3. the PcA generated five non-cor-
related principal components. these di-
mensions explained a total of 67.0% of 
the variance differentiation.

cluster analysis

the cluster analysis allowed the cre-
ation of separate groups (clusters) of in-
dividuals using mathematically defined 
characteristics. individuals belonging 
to the same group have a strong sim-
ilarity but there are strong differences 
between individuals belonging to sepa-
rate groups (ArmitAgE et al., 2008). us-
ing cluster analysis, characteristic clus-
ters of Polish consumers were separat-
ed and each cluster contained subjects 
with similar health conditions, health 
risk perception and frequency of week-
ly functional food consumption.

in the cluster analysis, the input 
data were 5 principal components that 
had been separated in the PcA. For 
subject grouping, the k-means cluster-
ing was used (HiLL and LEwicKi, 2006; 
ArmitAgE et al., 2008). in turn, a var-
ied number of clusters starting with 
two clusters were tested. Finally, six 
non-overlapping clusters were found. 
the correctness of cluster number 
choice was verified by a one-way vari-
ance analysis (AnovA). clusters were 
named using a combination of princi-
pal factors from 2 to 5 because there 
were significant differences between 
clusters (excluding factor 1). no sig-
nificant differences were found in Eu-
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clidean distances between clusters for 
factor 1. For this reason, factor 1 was 
not considered a determinant charac-
teristic of any cluster. Finally, cluster 
names were created according to which 
features contributed either the highest 
or lowest values of sample percentage 
with respect to heath risk perception 
and frequency of weekly functional food 
consumption.

method of results analysing

the results are displayed as a sample 
percentage and/or a median and a quar-
tile deviation, because factor distribution 
did not correspond to a normal distribu-
tion. Health risk perception was present-
ed as a percentage of people with: no risk 
(0 point), low risk (1-3 points), medium 
risk (4-6 points), high risk (7-9 points) 
and extremely high risk (10 points). Fac-
tor distributions were compared using 
the c2 test for comparison in pairs as well 
as for comparisons between six clusters. 
Differentiation between clusters regard-
ing the health risk perception level was 
evaluated by the Kruskal-wallis test. A 
post-hoc analysis for multiple compari-
sons in pairs was performed by a medi-
an test, except for age (continuous varia-
ble expressed in years), which was com-
pared by a Kruskal-wallis test. the sta-
tistical analysis was carried out using 
the statistica PL v.7.1 software.

rEsuLts

self-reported health conditions 
and health risk perception

About 16% of Poles reported a high 
stress level resulting in difficulty concen-
trating, sleeping or relaxing at least once 
a week (table 2). About 13% of the sub-
jects declared having central obesity and 
about 11% declared high blood pressure. 
High blood cholesterol and high blood 
sugar were declared by about 6% and 

about 4% of the subjects, respectively.
the perception of health risk of high 

blood cholesterol, high blood pressure, 
central obesity, high blood sugar and 
high stress level were assessed as aver-
age (median 5 on a scale from 0 to 10). 
but some individuals had high or ex-
tremely high metabolic syndrome risk 
perception. High/extremely high health 
risk perception (>7 points) of high blood 
pressure was stated by over 40% of the 
subjects and high blood cholesterol or 
high stress level were declared by over 
35% of the subjects (Fig. 1).

Frequency of functional 
food consumption

in total, vegetables and/or fruit were 
consumed at least once a week by over 
80% of the subjects while probiotic yo-
ghurt drinks or high fibre foods were 
consumed by almost 40% of the subjects 
(table 2). Around 20% of the subjects 
consumed cholesterol-lowering spreads 
or drinks and foods with added vitamin 
and/or minerals at least once a week. 
Energy drinks or weight loss products 
were consumed by 4-7% of the subjects 
at least once a week.

PcA analysis and relationship 
between self-reported health 
conditions, health risk perception 
and frequency of functional 
food consumption

in the PcA, five main components 
were found that linked factors (table 3). 
main factor 1 was “health condition” be-
cause it included all factors concerning 
self-reported health conditions (factor 
loadings from 0.83 to 0.92). main fac-
tor 2 linked all of the features concern-
ing health risk perception (factor load-
ings from 0.76 to 0.91). the frequency 
of functional food consumption created 
three separate main factors. main fac-
tor 3 included weekly consumption of 
weight loss products (0.67), foods with 
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added vitamin and/or minerals (0.66) 
and high fibre foods (0.63); main fac-
tor 4 included weekly consumption of 
cholesterol lowering spreads or drinks 
(0.70) and energy drinks (0.63). main 
factor 5 included only one feature, the 
weekly consumption of fruit and/or veg-
etables (0.79).

clusters of Polish functional 
food consumers

six clusters of subjects were identified 
which differed with respect to health risk 
perception and frequency of functional 
food consumption (p<0.001; table 4-5). 
these consumers were: (i) aware of low 
health risk (23.5% of the subjects), (ii) 
consuming cholesterol-lowering spreads 
or drinks and aware of low health risk 
(10.2%), (iii) consuming cholesterol-low-
ering spreads or drinks and aware of 
high health risk (12.5%), (iv) eating veg-
etables and/or fruit and were aware of 
relatively high health risk (24.1%), (v) 
less-likely to eat functional food (25.5%) 
and (vi) eating functional food includ-
ing weight loss products (4.2%). self-
reported health conditions (main fac-

Fig. 1 - Distribution of health risk perception in relation to metabolic syndrome (n=1005).
Health risk level defined from 0 to 10 points; no risk=0 point; low risk=1-3 points; medium risk=4-6 
points; high risk=7-9 points; extremely high risk=10 points.

table 2 - self-reported health conditions, health 
risk perception and weekly* consumption of some 
food products (n=1005).

Category	 Sample	
	 percentage	(%)

Self-reported	health	conditions
	 high	blood	cholesterol	 6.4
	 high	blood	pressure	 11.2
	 central	obesity	 13.3
	 high	blood	sugar	 3.7
	 high	stress	level	 16.3
Health	risk	perception**
	 high	blood	cholesterol	 5±6
	 high	blood	pressure	 5±7
	 central	obesity	 5±5
	 high	blood	sugar	 5±7
	 high	stress	level	 5±5
Weekly*	consumption	of
	 cholesterol-lowering	spreads	or	drinks	 19.9
	 probiotic	yoghurt	drinks	 37.1
	 high	fiber	food	 38.1
	 weight-loss	products	 3.7
	 foods	with	added	vitamin	and/or	minerals	 19.6
	 energy	drinks	 7.0
	 fruit	and/or	vegetables	 83.4
	 None	of	these	 3.4

*Assessed	as	at	least	once	a	week;
**expressed	as	median	and	quartile	deviation	(on	scale	
from	0	to	10).
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table 3 - Factor loadings matrix for the major factors extracted in the PcA method.

Input	variables	 Factor	1	 Factor	2	 Factor	3	 Factor	4	 Factor	5

Self-reported	health	conditions
	 high	blood	cholesterol	 0.83
	 high	blood	pressure	 0.87
	 central	obesity	 0.88
	 high	blood	sugar	 0.92
	 high	stress	level	 0.89
Health	risk	perception
	 high	blood	cholesterol	 	 0.91
	 high	blood	pressure	 	 0.91
	 central	obesity	 	 0.79
	 high	blood	sugar	 	 0.90
	 high	stress	level	 	 0.76
Weekly*	consumption	of
	 cholesterol-lowering	spreads	or	drinks	 	 	 	 0.70
	 probiotic	yoghurt	drinks	 	 	 0.34	 0.49	 0.43
	 high	fiber	food	 	 	 0.63	 	 0.38
	 weight-loss	products	 	 	 0.67	 	 -0.38
	 foods	with	added	vitamin	and/or	minerals	 	 	 0.66
	 energy	drinks	 	 	 	 0.63
	 fruit	and/or	vegetables	 	 	 	 	 0.79
Share	in	explained	variance**	(%)	 23.1	 21.8	 8.5	 7.0	 6.6

*Assessed	as	at	least	once	a	week;
**share	in	the	explained	variance	of	five	main	factors	amounts	67.0%;
The	cut-off	point	in	results	interpretation	was	at	0.7,	however,	the	table	contains	more	data	to	better	illustrate	the	re-
sults,	without	factor	loadings	with	the	absolute	value	<0.3.

table 4 - cluster number and characteristics (n=953).

Cluster	 Number	 Sample	percentage	(%)	 Cluster	description*

	 I	 224	 23.5	 Consumers	with	low	health	risk	perception
	 II	 97	 10.2	 Consumers	consuming	cholesterol-lowering	spreads
	 	 	 	 or	drinks	and	with	a	low	health	risk	perception
	 III	 119	 12.5	 Consumers	consuming	cholesterol-lowering	spreads
	 	 	 	 or	drinks	and	with	a	high	health	risk	perception
	 IV	 230	 24.1	 Consumers	consuming	fruit	and/or	vegetables	and
	 	 	 	 with	a	relatively	high	health	risk	perception
	 V	 243	 25.5	 Less-likely	consumers	of	functional	food
	 VI	 40	 4.2	 Consumers	consuming	functional	food	including
	 	 	 	 weight-loss	products

*Cluster	descriptions	were	formed	by	principal	factors	in	combinations	from	2	to	5	excluding	main	factor	1,	because	
there	were	no	differences	in	Euclidean	distances	between	clusters	for	factor	1.
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tor 1) were not characteristic features 
of the clusters. However, it was stated 
that clusters differed in the percentage 
of people with self-reported health con-
ditions in relation to high blood pressure 
(p<0.001), central obesity (p<0.001) and 
high stress level (p=0.003; table 5). Em-
ployment status did not influence the 
clusters (table 6).

subjects in cluster i perceived their 
health risk as very low (median from 0 to 
2; table 5). only a few of them declared 
poor health conditions (central obesity 
<9% and high stress level, 17%). Almost 
all of them (about 97%) consumed fruit 
and/or vegetables at least once a week, 
but none consumed energy drinks or 
weight loss products. there were more 
women (57.6%) and young adults (medi-
an: 36 years; table 6). this cluster con-
tained the lowest number of people with 
a primary education (about 14%).

subjects from cluster ii perceived their 
health risk as low (median from 0 to 4; 
table 5). this cluster included the fewest 
people who reported high blood sugar 
(about 1% of the sample) or central obes-
ity (about 7%) and many subjects report-
ed high stress level (about 24%). the 
cluster included the most subjects who 
consumed energy drinks (about 43%) 
at least once a week. many consumers 
from this cluster reported eating choles-
terol-lowering spreads or drinks (65%) or 
probiotic yoghurt drinks (about 55%) at 
least once a week. this cluster had the 
most men (57.7%), students aged 15-
24 years (32%) and people with a higher 
level of education (about 53%; table 6).

subjects from cluster iii perceived 
their health risk as high due to high 
blood cholesterol, high blood pressure, 
high blood sugar and high stress level 
(median from 8 to 9; table 5). their self-
reported health conditions were similar 
to the total sample. this cluster includ-
ed the most people who reported eating 
cholesterol-lowering spreads or drinks 
(about 87%) at least once a week. there 
were more men (55.5%) than women and 

consumers had a higher level of educa-
tion (about 54%; table 6).

subjects from cluster iv perceived 
their health risk as relatively high due 
to high blood pressure, high blood cho-
lesterol, high blood sugar and high 
stress level (median from 7 to 8; table 
5). this cluster contained the most peo-
ple who self-reported high blood pres-
sure (over 20%) and a high stress level 
(about 24%). All subjects from cluster iv 
reported consuming fruit and/or vegeta-
bles with a frequency of at least once a 
week. many consumers from this cluster 
reported eating high fibre foods (about 
70%) or probiotic yoghurt drinks (about 
52%) or foods with added vitamin and/
or minerals (about 32%) at least once a 
week. there were more women (57.4%) 
than men and fewer people had a prima-
ry education level (about 17%; table 6).

subjects from cluster v perceived their 
health risk as slightly high (median from 
5 to 7; table 5). the cluster included the 
fewest people who reported a high stress 
level (about 10%). subjects from this clus-
ter were the least likely to eat function-
al food. the lowest number of subjects 
(<60%), compared to the other clusters, 
reported eating fruit and/or vegetables at 
least once a week. Less than 7% report-
ed eating other functional food products 
at least once a week (table 5). there were 
more men (54.3%) and older people (me-
dian: 46 years) and the most people had 
a primary education (about 32%).

subjects from cluster vi perceived 
their health risk as moderate (median 
5; table 5). this cluster included the 
most people who reported central obesity 
(about 30%) and who declared consum-
ing weight-loss products (85%) at least 
once a week, as compared to other clus-
ters. many subjects from cluster vi re-
ported eating high fibre food (about 78%) 
or foods with added vitamin and/or min-
erals (about 62%) at least once a week. 
only 65% declared eating fruit and/or 
vegetables at least once a week. the clus-
ter included mostly women (70%; table 
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6). there were more people aged from 55 
to 64 years and with a secondary edu-
cation level (about 48%), but higher ed-
ucation was quite rare (30%).

Discussion

the study showed that the function-
al food consumer group did not exceed 
40% of Poles aged 15 years and above. 
nearly 40% of subjects consumed high 
fibre food and probiotic yoghurt drinks 
at least once a week and about 20% of 
subjects consumed cholesterol-lowering 
spreads or drinks and foods with added 
vitamin and/or minerals at least once 
a week. only a few consumers reported 
eating weight loss products. no studies 
have been found in the Polish literature in 
which the results are directly comparable 
to these, especially with reference to spe-
cific functional foods. some background 
may be provided by food product market 
research. An analysis performed by an 
expert from Pentor research internation-
al (http://www.poradnikhandlowca.com.
pl/) found an annual growth of yoghurt 
sales of 6.9% (data from 2003-2004) and 
an increased interest in so-called “bioy-
oghurts”. About 47% of the Polish mar-
ket share is held by Danone, which pro-
duces increasingly popular probiotic yo-
ghurts. in general, nearly 75% of Poles 
declared consuming yoghurt, including 
70% who consumed it at least twice a 
week (http://www.poradnikhandlowca.
com.pl/). the analysis cited above shows 
that nearly 23% of Poles consumed high-
fibre crispy bread (“wasa”) with a varied 
frequency. consumption of margarines 
and spread mixes were declared by near-
ly 70% of the Poles, including 60% who 
declared daily consumption. However, it 
is difficult to determine the percentage of 
overall consumption of cholesterol-lower-
ing spreads and other high-fibre food. it 
may be supposed that the increased con-
sumption of cholesterol-lowering spreads 
was greater than that of total margarines 

(annual sales growth in 2003-2004 was 
2.7%). the results related to high fibre 
food, probiotic yoghurt drinks and cho-
lesterol-lowering spreads seem to be con-
sistent with the market analysis results.

in comparison to six other European 
countries, including Poles, the propor-
tion of Polish functional food consum-
ers was similar with respect to choles-
terol-lowering spreads or drinks (17 vs. 
20%, respectively) as well as foods with 
added vitamins and/or minerals (18 vs. 
20%, respectively) and weight-loss prod-
ucts (5 vs. 4%, respectively) (de ALmEi-
DA et al., 2006a). more Europeans con-
sume high fibre food at least once a week 
(50 vs. 40%, respectively) and fewer con-
sume probiotic yoghurt drinks (26 vs. 
37%, respectively). A lower proportion of 
functional food consumers was noted by 
de jong et al. (2003) in the Dutch pop-
ulation aged 19-91 years. the same fre-
quency (at least once a week) was noted 
for yoghurt with lactic acid bacteria (8%), 
foods with extra calcium (10%) and cho-
lesterol lowering-margarine (4%). these 
results show some similarities and differ-
ences between Poles and western Euro-
peans with respect to eating such prod-
ucts. the results confirmed that the con-
sumption of functional foods depends on 
the type of product. the current results 
and analysis of the food product market 
in Poland indicate that Poles consume 
more probiotic yoghurt drinks than oth-
er Europeans.

it was found that only about 83% of 
the respondents reported consuming 
vegetables and/or fruit at least once 
a week. A similar low percentage was 
found for people eating vegetables and/
or fruit (86%) with the same frequen-
cy among residents of the six European 
countries, including Poland (de ALmEi-
DA et al., 2006a). it could not be ascer-
tained how many times per week or per 
day these people ate vegetables and/or 
fruit. Although it can be stated that 15-
20% of the Europeans were non-con-
sumers of vegetables and/or fruit be-
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cause they consumed vegetables and/or 
fruit less frequently than once a week. 
thus, indirectly it can be stated that 
this group of Poles (and Europeans) con-
sumes less than the recommended level 
of these products. this view is supported 
by numerous qualitative studies (EzzA-
ti et al., 2004; PomErLEAu et al., 2005; 
sYgnowsKA et al., 2005). this negative 
dietary habit lowers the chances of pre-
venting many diet-related diseases, e.g. 
metabolic syndrome.

Polish consumers differed in frequen-
cy of functional food consumption and 
perceived health risk. the occurrence of 
these features depended on gender, age 
and education level but not on working 
status. there were no clear differences 
between Polish consumers and less-like-
ly consumers of functional foods in met-
abolic syndrome risk perception and de-
mographic characteristics. the frequen-
cy of functional food consumption by 
Poles aged 15 years and older was weakly 
dependent on their awareness of health 
conditions.

two consumer groups, those in clus-
ter vi and cluster v, were generally clas-
sified as functional food consumers and 
less-likely consumers of functional food. 
the lowest probability of functional food 
consumption was found among older con-
sumers, especially men and subjects with 
a low level of education and slightly high 
health risk perception (cluster v). older 
people were less interested in novel food 
consumption and changing their dietary 
habits, especially people with a low level 
of education (mAYnArD et al., 2005). the 
small group of general functional food 
consumers was made up of middle-aged 
women with a secondary level of educa-
tion and with central obesity (cluster vi). 
such consumers were the most likely to 
eat weight-loss products, food with added 
vitamins and/or minerals, high fibre food 
and probiotic yoghurt drinks. nearly 30% 
of the consumers in this group self-re-
ported obesity but, surprisingly, they saw 
it as a moderate threat to their health, 

currently and in future. undoubtedly, 
there is strong link between self-report-
ed obesity and declared eating of weight-
loss products in consumers from clus-
ter vi. obese women could have a strong 
motivation to reduce their body mass and 
could be searching for different ways to 
lower body mass, e.g. by using special 
foods. Furthermore, it could be assumed 
that they were not interested in changing 
their dietary habits. thirty-five percent of 
the individuals from cluster vi declared 
eating vegetables and/or fruit with a fre-
quency of at least once a week. men were 
more likely to be consumers of cholester-
ol-lowering spreads or drinks (cluster ii 
and iii), although the current study has 
provided no information on the amount 
of food consumed. many papers have 
found a higher frequency and amount of 
fat/fat spreads consumed by Polish men 
than women (szPonAr et al., 2003; sYg-
nowsKA et al., 2005; wAśKiEwicz and 
sYgnowsKA, 2006; wąDołowsKA et al., 
2008). men often ate popular foods and 
preferred more tasty foods, e.g. fatty food 
or with added fat. it may be supposed 
that men who consumed cholesterol-low-
ering spreads or drinks were taking care 
of their health by making small changes 
in their dietary habits.

the consumption of cholesterol-low-
ering spreads or drinks was related to 
low health risk perception, as well as to 
high risk perception. the non-consum-
ers of cholesterol-lowering spreads or 
drinks had the lowest health risk per-
ception (cluster i) in comparison to the 
others. subjects who were more like-
ly to eat cholesterol-lowering spreads or 
drinks made up two separate clusters (ii 
and iii). while the most likely consumers 
of cholesterol-lowering spreads or drinks 
and probiotic yoghurt drinks were men 
and subjects with a higher level of ed-
ucation, some were younger and had a 
low health risk perception (cluster ii) but 
others had a higher health risk percep-
tion (cluster iii) in comparison to the oth-
ers. there are at least three possible fac-
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tors involved in the consumption of these 
functional products: age, gender and ed-
ucation. All of these factors have been 
identified as very important in differen-
tiating health perception and food con-
sumption (joHAnsson et al., 1999; KirK-
LAnD et al., 1999; mArgEtts et al., 1999; 
PAmPALon et al., 1999; zAnDstrA et al., 
2001; iDziK, 2006; moscA et al., 2006; 
wAśKiEwicz and sYgnowsKA, 2006; 
wąDołowsKA et al., 2008). most stud-
ies show that women and younger peo-
ple with a higher level of education are 
more aware of potential health risks, eat 
more frequently products that are benefi-
cial for health, including functional foods, 
and avoid unhealthy foods. However, this 
relationship is unclear because the asso-
ciations with health risk perception are 
very complex. jong et al. (2003) stated 
that health-conscious individuals were 
not only ones who consumed function-
al foods to compensate for an unhealthy 
lifestyle. the consumption of functional 
food by Dutch adults strongly depended 
on the type of products. the current study 
also supports these findings.

women were the most likely consum-
ers of vegetables and/or fruit (cluster i 
and iv). numerous studies have found 
that women consume vegetables and/
or fruit more frequently than men (sYg-
nowsKA et al., 2005; wąDołowsKA et 
al., 2008). this may be because they are 
more interested in their health and have 
more pro-health dietary habits (DE jong 
et al., 2003; moscA et al., 2006). zAnD-
strA et al. (2001) affirmed that among 
adults general health interest was as-
sociated with an increased consump-
tion of vegetables and fruit and a low-
er fat intake. According to moscA et al. 
(2006), women are more interested in 
their health and that of their families.

one limitation in the current study 
was that the actual amount of function-
al food consumed was not assessed; 
this makes it difficult to differentiate 
between the occasional functional food 
consumers and those who consume larg-

er amounts regularly. For example, this 
study cannot show whether consumers 
from cluster iv really ate more vegeta-
bles and/or fruit (100% of them declared 
consuming those products at least once 
a week) than consumers from cluster v 
(about 60% of them declared consum-
ing vegetables and/or fruit at least once 
a week), because the data related to fre-
quency of consumption could not be in-
terpreted quantitatively. A qualitative 
analysis could provide more detailed in-
formation, but according to DE jong et 
al. (2003) only a few adults (<10%) were 
daily functional food consumers. A qual-
itative analysis of functional food con-
sumption would require a larger sam-
ple size. Furthermore, a simple tool was 
used to distinguish between the two 
large groups: the consumers and non-
consumers of certain food items. How-
ever, it was not an objective of the study 
to quantify food intake.

there is a certain limitation to the 
study related to sample choice. initially, 
the sample was collected by quota con-
trolling. next, to ensure that the sample 
was as nationally representative as pos-
sible, responses were weighted. Due to 
the procedure, the sample matched cen-
sus statistics on the pre-defined charac-
teristics, but, the sample was not repre-
sentative of Poles aged 15 and above. An-
other limitation could have been refus-
als, but they were not recorded because 
it was a quota-controlled sample. A liter-
ature review by grovEs et al. (2002) in-
dicated that those who refused are more 
likely to be among those who are least 
likely to have meaningful attitudes to-
wards the topic of interest, knowledge 
of the topic, exposure to information on 
the topic and a perceived need to form 
an opinion on the topic. thus, this study 
probably had an over-representation of 
healthier people, those who were more 
interested in their health and subjects 
who were more aware of their health 
problems. However, it is very difficult to 
confirm or contradict this presumption.
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concLusions

non-consumers of functional food ac-
counted for 4% of the respondents. gen-
erally, the consumption of functional 
foods depended on the type of product. 
Factors that differentiated the Poles in-
cluded metabolic syndrome risk percep-
tion and frequency of functional food con-
sumption, but there was also a weak re-
lationship to self-reported health condi-
tions. the occurrence of these character-
istics depended on gender, age and edu-
cation. there were no clear differences 
between consumers and less-likely con-
sumers of functional foods in metabol-
ic syndrome risk perception and demo-
graphic characteristics. men were more 
likely to be consumers of cholesterol-low-
ering products while women were more 
likely to consume vegetables and/or fruit. 
the consumption of cholesterol-lowering 
products was related to low health risk 
perception as well as high risk perception. 
generally, those who were less-likely to be 
consumers of functional foods were older 
subjects, especially men with a low lev-
el of education and a slightly high health 
risk perception. Further studies should 
be aimed at understanding how to im-
prove the interest of health risks among 
middle-aged Poles, particularly men with 
a lower level of education.
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AbstrAct

the effect of adding artichoke (Cy-
nara scolymus L.), strawberry-tree fruit 
(Arbutus unedo L.) and cherry (Prunus 
avium L.) extracts was evaluated on 
the physico-chemical, antioxidant and 
microbiological properties of home-
made yogurts. Yogurts, enriched with 
artichoke or red ripe strawberry-tree 
fruit extract, demonstrated high in vitro 

riAssunto

in questo lavoro è stato valutato l’ef-
fetto dell’aggiunta di estratti di carciofo 
(Cynara scolymus L.), frutti di corbezzo-
lo (Arbutus unedo L.) e ciliegia (Prunus 
avium L.) sulle proprietà fisico-chimi-
che, antiossidanti e microbiologiche di 
yogurt preparati in laboratorio. Gli yo-
gurt con estratti di parte edibile di car-
ciofo o con frutti maturi di corbezzo-
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antioxidant activity. ten days after their 
preparation, no variations in the anti-
oxidant components and antioxidant 
activity of the yogurts were observed. 
the enriched yogurts showed an in-
crease in lactic acid and acetaldehyde. 
As regards microbial characteristics, 
there was a notable increase in the mi-
crobial count of Lactobacilli in yogurts 
with edible artichoke parts (4.5x109 
cfu/g) and with strawberry-tree fruit ex-
tracts (1.8x109 cfu/g) during the three-
week experimental period.  During the 
same period persistence of streptococ-
ci in yogurt with artichoke edible parts 
was observed until the end of the first 
week (5.2x107 cfu/g). our results in-
dicate that the enrichment of yogurts 
with sardinian plant extracts can sig-
nificantly improve the antioxidant ac-
tivity of yogurt and in some cases the 
survival of its microbial flora.

lo dimostravano un’elevata attività an-
tiossidante in vitro. Dieci giorni dopo la 
loro preparazione, gli yogurt mantene-
vano inalterato il contenuto in polifenoli 
e l’attività antiossidante e mostravano 
un significativo aumento nel contenu-
to di acido lattico e acetaldeide. Dopo 
sette giorni è stato osservato un incre-
mento di Lactobacilli negli yogurt con-
tenenti estratto di parte edibile di car-
ciofo (4,5x109 cfu/g) e estratti di frut-
ti di corbezzolo (1,8x109 cfu/g) ed una 
persistenza di streptococchi negli yo-
gurt contenenti estratto di parte edibi-
le di carciofo (5,2x107 cfu/g). i risultati 
indicano che la preparazione di yogurt 
contenenti estratti di carciofo può mi-
gliorare significativamente la sopravvi-
venza della flora batterica solo per i pri-
mi 7 giorni e può potenziarne l’attività 
antiossidante.

introDuction

Yogurt is a well-known fermented 
dairy product obtained by the lactic acid 
fermentation of milk by the action of yo-
gurt starter bacteria, Streptococcus sali-
varius subsp. thermophilus and Lactoba-
cillus delbrueckii subsp. bulgaricus. the 
role of these bacterial strains in yogurt 
production is primarily milk acidifica-
tion by D- and L-lactic acid and synthe-
sis of flavour compounds that contribute 
to the final aroma of the yogurt, such as 
volatile and non-volatile acids, carbon-
yl compounds (acetaldehyde or diacetyl) 
and miscellaneous products (sErrA et 
al., 2009). Yogurt has long been recog-
nised as a healthy food since the associ-
ated bacterial metabolism is responsible 
for the development in a yogurt of com-
pounds that make it beneficial for hu-
man health. For example, 3-hydroxy-3-

methylglutaric acid is known to be an 
antihypercholesterolemic product (HEP-
nEr et al., 1979) and β-galactosidase is 
indispensable to lactose digestibility, and 
antihypertensive peptides inhibiting an-
giotensin-i-converting enzyme (AcE) de-
rived from casein hydrolysis (tAKAno, 
2002; AsHAr and cHAnD, 2003). More-
over, the contribution of yogurt bacteria 
to the improvement of intestinal micro-
flora is widely recognised and yogurt con-
sumption is associated with health ben-
efits: for lactose intolerance, diarrhoeal 
diseases, inflammatory bowel diseases, 
Helicobacter pylori infection and allergies 
(ADoLFsson et al., 2004).

to meet consumer demands, yogurt 
is also produced in flavoured, supple-
mented and enriched forms. Flavouring 
can be carried out by addition of natu-
ral ingredients i.e. ‘‘berry’’ fruits such as 
strawberry, raspberry, bilberries, black-
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berry, blackcurrant and cherry, well 
known sources of polyphenolic antioxi-
dants (coÏsson et al., 2005). supple-
mentation with functional components 
(APostoLiDis et al., 2006) is carried out 
for various reasons: probiotic strains, 
such us Lactobacillus and Bifidobacteri-
um, are added for their therapeutic prop-
erties in gastrointestinal disorders and 
their ability to improve immune func-
tions (isoLAuri, 2001; sAAVEDrA, 2001). 
Prebiotic oligosaccharides enhance the 
growth of probiotics in the yogurt envi-
ronment; ω-3 long-chain fatty acids are 
precursors of important anti-thrombotic 
and anti-inflammatory molecules (MAr-
cHioLi et al., 1999; ALbErt et al., 2002); 
phytosterols and phytostanols help low-
er the absorption of cholesterol (rAMJi-
GAnEsH et al., 2000); and, finally, plant 
polyphenols are added because of their 
well-known antioxidant activity (FuKu-
Moto and MAZZA, 2000; sZEto et al., 
2002).

in terms of natural polyphenolics from 
dietary plants, there is an increasing ev-
idence that a diet with an increased in-
take of these compounds is associated 
with reduced risk of cardiovascular dis-
eases (YocHuM et al., 1999) and certain 
types of cancer (YAnG et al., 2001). the 
characterization and quantification of 
phenolic compounds present in typical 
sardinian plants such as artichoke (Cy-
nara scolymus L.) spinoso sardo variety, 
strawberry-tree (Arbutus unedo L.) fruits 
and cherries (Prunus avium L.) bonnan-
naro variety and the in vitro evaluation 
of their benefits have been the focus of 
recent research (ALAMAnni and cossu, 
2003; ALAMAnni et al., 2006). the results 
showed a high content of antioxidant 
polyphenolics whose activity was com-
parable, and in some cases higher, than 
well-known antioxidants such as beta-
carotene, ascorbic acid and catechins.

the effect of adding strawberry-tree 
fruit and artichoke extracts on the via-
bility of fermenting bacterial strains and 
a probiotic strain was evaluated in a pre-

vious investigation (Pisu et al., 2006); 
the results showed that the extracts had 
a positive action on the development of 
bacterial flora.

the aim of this research was to inves-
tigate the effect of enrichment with ar-
tichoke, strawberry-tree fruit and cher-
ry extracts from sardinian plants on 
the physico-chemical, antioxidant and 
microbiological characteristics of home-
made yogurt, as compared to commer-
cially produced yogurts.

MAtEriALs AnD MEtHoDs

Extract preparation and 
determination of polyphenolic 
content
Fresh artichokes (Cynara scolymus 

L.), spinoso sardo variety, purchased 
from the local market with stalk and 
leaves, were subdivided into the edible 
part (EP) (consisting of internal bracts, 
cup, and the edible part of the stem) and 
the non-edible part (nEP) (consisting of 
the fibrous portions rich in chlorophyll, 
i.e. outer bracts, stem bark and leaves). 
strawberry-tree (Arbutus unedo L.) fruits 
at two different stages of ripening, ripe 
(red fruit) and unripe (yellow fruit), were 
collected in the sardinian mountains 
(tempio Pausania, sassari, italy). cher-
ries (Prunus avium L.), bonnannaro va-
riety, were harvested in the bonnannaro 
area (sassari, italy). Plants and fruits 
were stored at -20°c. the extracts were 
prepared by suspending 300 g of each 
plant, finely homogenized in a blender, 
in 300 mL of Milli-Q water and boiling 
them for 30 min. the suspensions were 
filtered and the filtrate was concentrat-
ed up to ~30 mL at 70°c and at reduced 
pressure. the residue obtained was dis-
solved in water to a final volume of 50 
mL. All plant extracts were stored at 5°c 
until use.

the amount of total phenolics in the 
extracts was determined according to 
the Folin-ciocalteu spectrophotometric 
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method (sinGLEton and rossi, 1965). 
the results are expressed as mg/mL of 
gallic acid equivalent (GAE) (Acros, Mi-
lan, italy). the calibration curve was pre-
pared using concentrations of gallic acid 
ranging from 5 to 50 µg/mL.

Preparation of yogurts containing 
polyphenolic extracts
commercial whole fresh pasteurised 

bovine milk was mixed with a commer-
cial natural bovine yogurt as a start-
er culture at 5, 10 and 20% (v/v) in or-
der to determine the best conditions re-
quired to obtain a “home-made” yogurt. 
the mixtures were incubated at 45°c 
and the yogurt was taken out of the in-
cubator when the pH dropped to approx-
imately 4.5 (~6-7 hours). the yogurt was 
cooled to room temperature and stored 

at 4°c. samples were collected after 1 
day at 4°c and analysed for the viable 
counts of both L. bulgaricus and S. ther-
mophilus.

to prepare yogurts enriched with veg-
etable and fruit extracts, aliquots of 45 
mL of whole milk inoculated with nat-
ural yogurt as a starter (10% v/v) (per-
centage chosen on the basis of micro-
biological results) were transferred to 
sterile plastic containers. Appropriate 
amounts of each extracts were add-
ed to obtain the following polyphenol-
ic concentrations: 0.05% (w/w) for ar-
tichoke yogurt (edible and non-edible 
parts), 0.05% (w/w) for strawberry-tree 
fruit yogurt (ripe and unripe) and 0.02% 
(w/w) for cherry yogurt (table 1). con-
trols consist of unsupplemented yogurt 
samples.

table 1 - commercial and home-made yogurts assayed.

	 Home-made	 Characteristics	 	 Polyphenolic	content	%
	yogurt	samples	 	 	 (w/w)

	 LW	 unsupplemented	yogurt	(ctr)
	 LE1	 with	edible	artichoke	part	(EP)	extract	 0.05
	 LE2	 with	non	edible	artichoke	part	(NEP)	extract	 0.05
	 LE3	 with	ripe	strawberry-tree	fruit	(red)	extract	 0.05
	 LE4	 with	unripe	strawberry-tree	fruits	(yellow)	extract	 0.05
	 LE5	 with	cherry	extract	 0.02

	 Commercial
	yogurt	samples

	 CW1	 natural	yogurt
	 CW2	 natural	yogurt
	 CW3	 natural	yogurt
	 CW4	 natural	yogurt
	 CW5	 natural	yogurt
	 CW6	 natural	yogurt
	 CW7	 natural	yogurt
	 CW8	 natural	yogurt
	 CE1	 with	Vit.	C,	D3,	E
	 CE2	 with	Q10	factor	and	Vit.	A,	D3,	E
	 CE3	 with	blueberry/currant	extract	 0.07*
	 CE4	 with	papaya/guava	extract	 0.07*

CW:	Commercial	natural;	CE:	Commercial	enriched;	LW:	home-made	natural;	LE:	home-made	enriched;	*	report-
ed	on	labels.
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commercial yogurt samples
Eight samples of natural bovine yo-

gurt, and four samples of yogurt enriched 
with different antioxidant compounds 
and polyphenolic extracts, produced from 
whole bovine milk in different factories, 
were purchased one month before the 
expiry date at a local supermarket and 
stored at 4°c until used (table 1).

Physico-chemical properties of 
yogurts
the pH of different yogurt samples was 

measured at 20°c by using a pH meter 
equipped with a specific electrode for 
semi-solid substances (Hanna Fc200, 
Hanna instruments, Milan, italy).

the acidity of the yogurt was mea-
sured suspending 10 g of yogurt in 100 
mL of water and titrating with a solu-
tion of 0.25 n naoH, with phenolphtha-
lein solution as indicator. Yogurt acidity 
is expressed in soxhlet-Henkel degrees 
(sH°) and is reported for 100 g of yogurt 
according to the equation:

sH° = milliliters naoH consumed/yo-
gurt weight;

D- and L-lactic acid and acetalde-
hyde were dosed in yogurts using rapid 
uV-Kit enzymatic conventional methods 
(Megazyme international ireland Limit-
ed, bray, co. Wicklow, ireland) based on 
spectrophotometric detection of specific 
compounds.

total polyphenolic content and 
antioxidant activity of the yogurt 
samples
one gram of yogurt was placed in a 

volumetric flask and diluted in a meth-
anol/water (1:1 ratio) solution to 10 mL, 
it was then transferred to a plastic tube 
(15 mL) with a screw cap, shaken by 
vortex for 15 s and centrifuged at 4,000 
rpm for 10 min. the total polyphenol-
ic content was determined by the Folin-
ciocalteu method previously described 
and the results are expressed as micro-
grams of gallic acid equivalent (GAE) per 
gram of yogurt.

the antioxidant activity of the different 
yogurt samples was evaluated in terms 
of “free-radical-linked scavenging abili-
ty” by measuring the decoloration of a 
methanolic solution of the stable radical 
1,1-diphenyl-2-picryl-hydrazyl (DPPH•) 
(sigma-Aldrich, Milan, italy) with a spec-
trophotometric test (Von GADoW et al., 
1997). the percentage of scavenging of 
the radical in the presence of the sam-
ple was calculated according to the fol-
lowing formula:

inhibition % = [(At0-At60)/At0]x100

where At0 is the absorbance of the con-
trol at 517 nm at time = 0 min and At60 
is the absorbance of the DPPH-sample 
solution at the same wavelength after 
60 min. the percentage inhibition data 
are expressed as micrograms of trolox 
equivalents (tE) per gram of yogurt. the 
calibration curve had been prepared us-
ing concentrations of trolox (Acros, Mi-
lan, italy) between 1.0 and 10.0 µg/mL 
(r2 = 0.999, y = 2.351x + 0.443).

the determination of the reducing 
ability of yogurt was carried out by us-
ing a method based on the ferric reduc-
ing ability power (FrAP) (bEnZiE and 
strAin, 1996). At low pH, when a ferric-
tripyridyltriazine (Fe3+-tPtZ) (Acros, Mi-
lan, italy) complex is reduced to the fer-
rous (Fe2+) form, an intense blue colour 
develops with an absorption maximum 
at 593 nm. the data of absorbance ob-
tained are expressed as micrograms of 
trolox equivalents (tE) per gram of yo-
gurt by calibration curve in a range from 
1.0 to 12.0 µg/mL (r2 = 0.999, 2.337x + 
0.0098).

Microbiological analysis
Aliquots of 1.0 g of each yogurt sample 

were weighed in sterile tubes and mixed 
with 100 mL of sterile phosphate saline 
buffer (pH 7.4; Pbs) (oxoid, Milan, ita-
ly); serial tenfold dilutions were prepared 
using the same buffer. the selective enu-
meration of yogurt microorganisms was 



452  Ital. J. Food Sci. n. 4, vol. 21 - 2009

performed by plating the dilutions of yo-
gurt samples onto appropriate media. Vi-
able counts of Streptococcus thermophil-
us were carried out on M17 agar (final pH 
6.9±0.2) (oxoid Milan, italy) plates incu-
bated aerobically for 48 h (tErZAGHi and 
sAnDinE, 1975), while Lactobacillus del-
bruecki subsp. bulgaricus was enumerat-
ed on Mrs agar, final pH 6.2±0.2 (oxoid, 
Milan, italy) plates, incubated anaerobi-
cally for 48 h in the Gas Generating Kit 
Anaerobic system (oxoid, Milan, italy) 
(DAVE and sHAH, 1996). bacterial counts 
of yogurt samples and controls were car-
ried out at t0 (24 h after yogurt manu-
facturing) and after 1, 2 and 3 weeks of 
refrigerated storage (4°c).

the percentile survival rate was cal-
culated for each time with the following 
formula:

% = (bacterial number at t/bacterial 
number at t0) x 100

statistical analysis
Data reported in the tables and fig-

ures are the means of experiments re-
peated three times. statistical analyses 
were conducted by GraphPad Prism 4 
software (GraphPad software inc., san 
Diego, cA, usA). correlations were ob-
tained by Pearson correlation coefficient 
in bivariate correlations. Differences be-
tween means at the 5% (p<0.05) level 
were considered significant.

rEsuLts

total polyphenolic content of plant 
extracts
the total polyphenolic contents of the 

different fruits and plant extracts, ex-
pressed as mg/mL of gallic acid equiva-
lents are reported in table 2. As expect-
ed on the basis of the available literature 
(ALAMAnni and cossu, 2003; ALArcAo-
E-siLVA et al., 2001; usEniK et al., 2008), 
the polyphenolic content of the assayed 
extracts are quite different, ranging from 

4.0 mg/mL (cherry extract) to 15.3 mg/
mL (yellow strawberry-tree fruit extract).

Physico-chemical properties and 
antioxidant activity of natural 
yogurts
the baseline values of some chemical 

characteristics of commercial and home-
made natural yogurts are reported in ta-
ble 3. L-lactic acid concentration and pH 
were comparable between the two types 
of yogurt; the L-lactic acid concentra-
tion was 3-5 times higher than D-lac-
tic acid. Acetaldehyde levels were high-
er in commercial yogurts even though 
the high standard deviation (data not 
shown) demonstrates a great variability 
of this parameter (0.05 to 1.73 mg/g), 
probably due to the different geograph-
ical origins of the milk and/or the pro-
duction process.

Good baseline correlations (r) were ob-
tained between the polyphenolic content 
and the antioxidant activity of all the ex-
amined yogurts without any plant-based 
supplementation (r = 0.771 for DPPH test 
and r = 0.827 for FrAP test; p<0.05).

Physico-chemical properties and 
antioxidant activity of enriched 
yogurts
Enriched yogurts were prepared in 

the laboratory and analyzed 24 h after 
preparation, as previously described in 

table 2 - total polyphenolic contents of artichoke, 
strawberry tree and cherry extracts, expressed as 
gallic acid equivalents (mg/mL).

Extract	 Polyphenolic	content
	 (mg/mL±SD)

Artichoke	(EP)	 8.0±0.01
Artichoke	(NEP)	 6.7±0.04
Red	strawberry-tree	fruits	 11.3±0.06
Yellow	strawberry-tree	fruits	 15.3±0.03
Cherry	 4.0±0.01

Mean±SD	(standard	deviation)	of	3	determinations	for	
each	sample.
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the experimental section. in table 4 the 
results of home-made enriched yogurts 
(LE 1-5) are compared with four selected 
commercial enriched yogurts (cE 1-4).

compared to the unsupplement-
ed yogurt (LW), all of the home-made 
enriched yogurts had a lower pH and 
consequently a higher sH° acidity val-
ue, no variation in D- and L-lactic acid 
contents and a lower concentration of 
acetaldehyde.

pH and acidity values of enriched com-
mercial yogurt were comparable to those 
of the unsupplemented yogurt, while in 
the cE2 sample (yogurt with Q10 factor 

and vitamin A, D, E) the L-lactic acid 
and acetaldehyde contents were higher.

the polyphenolic content and the 
antioxidant activities of enriched yogurt 
samples, commercial and home-made 
yogurts are compared in Fig. 1. in gen-
eral, the antioxidant activities were quite 
similar for all of the yogurts examined 
with the exception of the LE3 and LE4 
samples (enriched with red strawber-
ry-tree fruit and yellow fruit extract, re-
spectively) that showed the highest ac-
tivity in the DPPH radical scavenging as-
say. Moreover, yogurt enriched with ed-
ible parts of artichoke (LE1) contained 

table 3 - General features of commercial and home-made natural yogurts.

	 	 	 Commercial*	 Home-made*
	 	 	 mean±SD

pH	 	 	 4.3±0.26	 4.4±0.11
Acidity	 	 SH°	 52.8±8.1	 40.5±3.5
Lactic	acid	 D	 mg/g	 3.29±3.3	 1.3±0.1
	 L	 	 9.47±2.2	 9.8±0.14
Acetaldehyde	 	 mg/g	 0.54±0.53	 0.34±0.04
Polyphenolic	content	 	 GAE	(µg/g)	 73.2±17.6	 101.4±12.6
Antioxidant	activity	 DPPH	test	 TE	(µg/g)	 39.6±11.1	 35.7±5.8
	 FRAP	test	 	 31.1±21.9	 50.6±6.7

*Mean±SD	of	8	samples.

table 4 - Physico-chemical characteristics of commercial and home-made yogurts enriched with polyphe-
nolic substances (mean±sD of 3 determinations for each sample).

Samples	 pH	 Acidity	 Lactic	acid	 Acetaldehyde
	 	 (SH°)	 (mg/g)	 (µg/g)

	 	 	 D	 L

CE1	 4.45±0.08	 46.20±1.3	 0.0±0.00	 9.3±0.34	 88.1±3.4
CE2	 4.17±0.06	 55.40±1.8	 1.4±0.06	 30.7±2.9	 387.6±20.3
CE3	 4.23±0.07	 40.20±1.1	 0.2±0.01	 5.7±0.19	 141.0±7.7
CE4	 4.36±0.02	 33.50±0.8	 0.3±0.01	 5.3±0.24	 176.2±8.4
LW	 4.4±0.03	 40.5±1.5	 1.3±0.04	 9.1±0.39	 343.9±18.6
LE1	 3.8±0.04	 76.6±3.7	 1.4±0.05	 9.2±0.41	 121.8±6.8
LE2	 3.8±0.07	 69.9±2.4	 1.7±0.08	 9.6±0.65	 103.6±5.5
LE3	 3.8±0.08	 70.0±3.1	 1.4±0.10	 9.4±0.55	 172.6±7.0
LE4	 3.7±0.05	 63.7±2.1	 1.1±0.09	 9.6±0.47	 246.7±13.8
LE5	 3.8±0.06	 63.9±2.9	 1.9±0.11	 8.9±0.38	 105.7±7.1
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Fig. 1 - Antioxidant activities (expressed as trolox equivalents, tE) and total polyphenolic content of 
commercial enriched yogurts and home-made enriched yogurts at t0.

Fig. 2 - characteristics of home-made yogurts: per cent increase or decrease of values after ten days.
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Fig. 3 - Viability of L. bulgaricus (a) and S. thermophilus (b) in commercial and home-made natural yogurt.

a greater quantity of polyphenols and 
showed a higher antioxidant activity 
than commercial yogurts without any 
plant extract enrichment.

the variations in the physico-chemi-
cal characteristics, polyphenolic content 
and antioxidant activities of all of the 
home-made yogurts (both unenriched 
and enriched) were observed over a peri-
od of ten days. results of these observa-
tions are reported in Fig. 2, where the in-
creases or decreases (minus sign) in the 
values with respect to t0 are reported as 
percentages. notable increases were ob-
served particularly in lactic acid (D and 
L) and acetaldehyde production; in par-
ticular there were marked increases in 

the D-lactic acid and L-lactic acid in yo-
gurt containing strawberry-tree fruit ex-
tracts (LE4) and in yogurt enriched with 
edible artichoke parts (LE1).  Acetalde-
hydes increased remarkably in sever-
al yogurts and especially in the sam-
ple enriched with cherry extract (LE4). 
After ten days, the antioxidant compo-
nent levels were almost unchanged, and 
the antioxidant activity showed negligi-
ble variations.

Microbiological analysis
bacteria were counted periodically in 

both the unsupplemented commercial 
and home-made yogurts. All the experi-
ments were performed in triplicate and 
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bacteria were also counted in triplicate 
for each sample. the results, expressed 
as % survival, are reported in Fig. 3.

in commercial natural yogurts, the 
initial cell counts were in the range of 
2.6x109 and 5.0x109 cfu/g for L. bulgari-
cus and S. thermophilus respectively, and 
these numbers decreased steadily over 
the three-week experimental period.

Home-made yogurt samples were 
characterised by lower initial counts of 
both L. bulgaricus and S. thermophilus 
(ranges 3.5x108 and 1.1x108 cfu/g, re-
spectively) and by a more marked de-

Fig. 4 - survival of L. bulgaricus (a) and S. thermophilus (b) in home-made yogurt enriched with plant 
extracts over 3 weeks.

crease after the second week of stor-
age. this might be due to the quality of 
milk used, to the yogurt used as an in-
oculum to produce home-made yogurt, 
which most likely was quite different if 
compared to the industrial starter, and 
also to the equipment and methodology 
of preparation.

the enriched yogurts showed an in-
creasing trend in microbial counts when 
enriched with the edible artichoke ex-
tract (LE1) (Fig. 4): at time 0 both L. bul-
garicus and S. thermophilus showed sig-
nificantly higher numbers compared to 
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the controls. it is also noteworthy that 
this effect was not observed after the 
addition of non-edible artichoke parts 
(LE2). this result may be partly attrib-
uted to the presence of inulin, a well-
known prebiotic polysaccharide (KrusE 
et al., 2005) in artichoke ED extracts. 
Moreover, at time zero a notable improve-
ment of viable counts of lactobacilli was 
observed in yogurt enriched with un-
ripe strawberry-tree extract (LE4) and 
an enhanced effect was observed after 
the addition of ripe strawberry-tree ex-
tract (LE3).

Fig. 5 shows the bacterial survival (ex-
pressed as percentage) in yogurts en-
riched with polyphenolic extracts in com-
parison with the control (LW) over the es-
tablished period of time. As far as lacto-
bacilli are concerned, the values for the 
survival after the first week were higher 
than the controls only in the presence of 
LE1 extract (85% and 70%, respectively), 
while the other extracts did not improve 
their viability. on the other hand, strep-
tococci survival was positively affected by 
the presence of LE2 extract (65% viabil-
ity vs 55%) after one week.  the viabili-

Fig. 5 - Evolution of L. bulgaricus (a) and S. thermophilus (b) in yogurts in the presence of polyphenol-
ic extracts.
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ty was not improved due to the extract 
at later times. At the second week, sur-
vival of the lactobacilli and streptococci 
was always less than 20%.

concLusions

commercial dairy yogurts and home-
made dairy yogurts were quite compara-
ble in terms of chemical-physical char-
acteristics. Moreover, these properties 
were not significantly modified by sup-
plementation with different edible plant 
extracts just before fermentation, except 
for a slight decrease of pH and increase 
of acidity in all the samples.

Enriched home-made yogurts showed 
antioxidant activities quantitatively com-
parable to those of commercial enriched 
yogurts;  the yogurt with red strawber-
ry-tree fruit extract was the most active 
in the DPPH assay.

After ten days, an increment in the  
lactic acid (D and L) and acetaldehyde 
production was observed in some sam-
ples of home-made yogurt, while vari-
ations in the antioxidant components 
were not observed and antioxidant ac-
tivities were almost unchanged.

in terms of microbial activity over the 
experimental period of three weeks, a 
high microbial count was observed at 
time 0 after fermentation with lactoba-
cilli and streptococci in yogurts enriched 
with strawberry-tree extract and with 
edible artichoke extract. under these 
storage conditions these counts did not 
change significantly in yogurt enriched 
with edible artichoke parts for the first 
week of the experiment.

on the basis of these results the in-
corporation of selected edible polyphe-
nolic extracts did not affect the chem-
ical and microbiological characteristics 
of yogurts. Further considering that a 
regular intake of these dietary polyphe-
nolic compounds is regarded as benefi-
cial for human health, it can be conclud-
ed that the yogurts produced as in this 

study could be of potential interest for 
the design of probiotic yogurts with ad-
ditional bioactive metabolites from edi-
ble sources and therefore more effective 
functional foods.
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AbstrAct

the amounts of lycopene, b-carotene 
and lutein were monitored in tomato 
fruit of traditional and high-pigment 
cultivars (cvs) collected at the green, 
green-orange, orange-red and red stag-
es of ripening. All data are expressed 
as mg/kg fresh weight (f.w.) of tomato 
fruit homogenates.

Each homogenate was centrifuged at 
27,000 g and the pellets obtained, con-
stituted of tomato cells, were lyophilised 
and ground to obtain a variety of homo-

riAssunto

il contenuto in licopene, b-carote-
ne e luteina è stato monitorato in bac-
che di pomodoro di cultivar (cv) tradi-
zionali e high-pigment raccolte a diver-
si stadi di maturazione (verde, verde-
arancio, arancio-rosso e rosso). tutti i 
dati sono espressi come mg/kg di peso 
fresco (f.w.) di bacche omogenate. cia-
scun omogenato è stato centrifugato a 
27.000; i pellet così ottenuti, costituiti 
da cellule parenchimatiche di pomodo-
ro, sono stati liofilizzati e macinati per 

- Key words: b-carotene, freeze-dried matter, lutein, lycopene, ripening, 
Solanum lycopersicum L., tomato -
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geneous powders. the content of caro-
tenoids in the powders, prepared at the 
different ripening stages, was measured 
and expressed as mg/kg freeze-dried 
matter (f-d.m.). At the green stage, the 
f-d.m. of each cv was rich in b-caro-
tene and lutein (>95% as compared to 
the total carotenoid content). At the red 
stage, the f-d.m. was composed of more 
than 96.2% lycopene in each cv. How-
ever, there was twice as much lycopene 
in the high-pigment cvs compared to 
the traditional ones. the data confirm 
dramatic changes in carotenoid content 
during tomato fruit ripening and show 
that it could be possible to prepare to-
mato matrices with defined carotenoid 
mixes that could be extracted with su-
percritical co2.

ottenere una gamma di polveri a gra-
nulometria omogenea. il contenuto di 
carotenoidi nelle polveri, preparate a 
differenti stadi di maturazione, è stato 
determinato ed espresso come mg/kg 
di peso liofilizzato (f-d.m.). Allo stadio 
verde, i liofilizzati di ciascuna cv sono 
ricchi in b-carotene e luteina (>95% ri-
spetto al contenuto totale in carotenoi-
di). Allo stadio rosso, il licopene rappre-
senta più del 96,2% del contenuto tota-
le in carotenoidi nei liofilizzati di ciascu-
na cv. La quantità di licopene nelle cv 
high-pigment è doppia rispetto a quel-
le tradizionali. i risultati confermano i 
cambiamenti drammatici nel contenu-
to di carotenoidi durante la maturazio-
ne delle bacche ed evidenziano la pos-
sibilità di preparare matrici di pomodo-
ro con un definito contenuto di carote-
noidi da estrarre con co2 supercritica.

introDuction

carotenoids are the most important 
pigments found in nature. More than 
600 carotenoid molecules have been 
chemically characterized with an esti-
mated annual yield of 100 million tonnes 
(FrAsEr and brAMLEy, 2004; britton 
et al., 2004; bouViEr et al., 2005). in all 
organisms that photosynthesize, carote-
noids are involved in numerous biolog-
ical functions such as photosynthesis, 
photoprotection, phytohormone precur-
sors, membrane stability and environ-
mental adaptation. in addition, they are 
important components in pigmentation 
of flowers and fruits to attract animals 
that facilitate seed dispersion (niyoGi 
et al., 1997; PAuLsEn, 1999; DEMMinG-
ADAMs and ADAMs, 2002; KoPsELL and 
KoPsELL, 2006).

carotenoids are c40 isoprenoids that 

are generally made up of eight isoprene 
units. these molecules are characterized 
by a long polyene chain consisting of 3 
to 15 conjugated double bonds, which 
are responsible for the characteristic ad-
sorption spectrum and, as such, for the 
colour of the carotenoids.

Animals do not synthesize carotenoids 
so they need to obtain them from their 
daily diet. Dietary carotenoids play im-
portant biological functions in human 
and animal nutrition mainly due to their 
antioxidative potential. b-carotene and 
other carotenoids with a b-ionone ring 
have provitamin A activity and a defi-
ciency causes xerophthalmia, blindness 
and premature death (MAynE, 1996). 
Lutein and zeaxanthin prevent macular 
degeneration and age-related eye diseas-
es, whereas lycopene protects against 
chronic diseases, certain types of can-
cers and cardiovascular diseases and 
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enhances the immune system (GioVAn-
nucci, 2002; GArciA et al., 2003; oMo-
ni and ALuco, 2005; rAo, 2006).

the characteristic red colour of ripe 
tomato fruit and tomato products is 
due to the synthesis and accumulation 
of high concentrations of lycopene dur-
ing ripening. Among other physiological 
events, chloroplasts are changed into 
chromoplasts (cooKson et al., 2003). 
thus, fresh ripe red tomatoes are the 
major source of lycopene in the human 
diet (ALEXAnDEr and GriErson, 2002); 
they also contain minor amounts of a- 
and b-carotene, and lutein. in addition, 
tomatoes are a good source of vitamin c, 
a-tocopherol, flavonoids, phenols, sug-
ars, inorganic ions and organic acids 
(LonG et al., 2006).

the carotenoid biosynthetic pathway 
has been elucidated and there has been 
progress in gene cloning. thus, stable 
transgenic plants with improved nutri-
tional traits due to an enhanced syn-
thesis of high value carotenoids such as 
lycopene and b-carotene have been ob-
tained (rÖMEr et al., 2000; FrAsEr and 
brAMLEy, 2004; DAVuLuri et al., 2005; 
EnFissi et al., 2005; botELLA-PAVÍA and 
roDriGuEZ-concEPciÓn, 2006). At the 
same time, tomato cultivars (cvs) with 
enhanced synthesis and accumulation 
of high value carotenoids has been the 
result of conventional plant breeding. As 
such, several high-pigment tomato hy-
brids having the characteristic of pro-
ducing tomato fruit with a high caro-
tenoid content, in particular lycopene, 
are commercially available (LEVin et al., 
2004; bino et al., 2005; GioVAnnoni, 
2006; scHAuEr et al., 2006). the culti-
vation of these high-pigment tomato hy-
brids is important not only when ripe red 
fruit is eaten raw but also when the to-
matoes are processed because the high 
lycopene content compensates the loss 
due to processing. it is well known that 
processing and the storage of tomato 
products cause lycopene degradation 
and, consequently, the loss of its biolog-

ical activity (sHi and LE MAGuEr, 2000). 
the aim is to put tomato fruit and/or to-
mato products on the market that have 
high carotenoid levels (in particular lyc-
opene, b-carotene and lutein) in order 
to protect against long-term diseases. in 
addition, these high-pigment hybrids are 
a good source for innovative technologies 
such as the preparation of a tomato ma-
trix enriched with lycopene or other car-
otenoids that is suitable for the extrac-
tion of these natural compounds by su-
percritical co2 (VAsAPoLLo et al., 2004; 
DiAZ-rEinoso et al., 2006).

the commercial demand for caroten-
oids from natural sources has increased 
markedly due to their widespread indus-
trial use for nutrient supplementation, 
pharmaceutical purposes, food additives 
and animal feeds (sAnDMAnn, 2001; 
FrAsEr and brAMLEy, 2004). it is also 
well established that the use of chemo-
preventive natural products is important 
for human health (rAo, 2006).

this study reports biochemical data 
regarding the level of the most important 
carotenoids (lycopene, lutein and b-car-
otene) in two tomato cvs (cv Kalvert and 
cv Hly18) sold as high-pigment tomato 
hybrids which are supposed to produce 
plants with fruit having a higher content 
of lycopene and in two typical industrial 
cvs (cv Donald and cv incas). the carote-
noid content was determined by measur-
ing the content over a time course dur-
ing tomato ripening stages correspond-
ing to the green, green-orange, orange-
red and red colours. Moreover, at the dif-
ferent stages of ripening, a freeze-dried 
tomato matrix was prepared that was 
suitable for extracting natural caroten-
oids by supercritical co2.

MAtEriALs AnD MEtHoDs

tomato cultivation

seeds of two different cvs of high-pig-
ment tomato hybrids (Kalvert and Hly 18, 
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gifts from Esasem spa, casaleone (Vr) - 
italy and cois ’94, belpasso (ct), italy, 
respectively) and two traditional cvs (Don-
ald and incas) were germinated in alve-
olar boxes. one-month-old tomato seed-
lings were transplanted in an open field 
in the province of Lecce (southern italy) 
and grown to maturity during the 2006 
season. standard agronomical practices 
were used for plant nutrition and path-
ogen prevention. briefly the field was 
ploughed (30-40 cm) and 1,000 kg/ha 
of a basic organomineral fertiliser (Fertil 
agreste start - scam) was spread. Post-
transplant nitric nutrition with ammoni-
um nitrate (fertilizer Leon - Hydro Agri, 
Milan, italy) 600 kg/ha was given when 
required. the fungicide propamocarb hy-
drochloride, the insecticide confidor su-
pra (bayer, Leverkusen, Germany) and 
metallic copper were used for pest control.

Healthy tomatoes uniform in size and 
colour were harvested and collected at 
the four ripening stages corresponding 
to the green, green-orange, orange-red 
and red fruit colour. the fruit was steri-
lized with sodium hypochlorite, washed 
with several changes of distilled water, 
photographed and processed.

Preparation 
of fresh tomato fruit homogenate

Approximately 1 kg (5 replicates) of 
uniform randomly harvested tomatoes 
of each cv at each stage of ripening were 
cut into small pieces and then homoge-
nized in a Waring blender for 2 min. Al-
iquots of the homogeneous suspension 
were used for carotenoid analyses.

carotenoid analyses 
on fresh tomato fruit homogenate

carotenoid content was determined 
on triplicate aliquots of the homoge-
neous suspension (0.5 g) by the meth-
od of sADLEr et al. (1990) modified by 
PErKins-VEAZiE et al. (2001). carote-
noids were extracted with 0.05% (w/v) 

butylated hydroxytoluene (bHt) in ac-
etone and 95% ethanol (1:1 v/v). Lyco-
pene, b-carotene and lutein were sepa-
rated by partitioning in hexane and di-
rectly assayed. A Dionex HPLc (Dion-
ex s.r.l., Milan, italy) with an AD 25 uV-
Vis detector was used, the separation 
was performed at 31°c on an Acclaim 
HPLc column c18 (5 µm, 250x4.6 mm) 
by using a linear gradient of acetonitrile 
(A), hexane (b) and methanol (c): 0Ò35 
min A:b:c 70:7:23Ò70:4:26 v/v/v, at a 
flow rate of 1.5 mL/min. standard solu-
tions of lycopene, b-carotene and lutein 
(sigma-Aldrich, Milan) were prepared by 
dissolving 1 mg of powder in a suitable 
amount of hexane. the concentration of 
standard solutions was calculated using 
the molar extinction coefficient 17.2x104 
for lycopene, 13.9x104 for b-carotene and 
14.3x104 for lutein in hexane. Peaks were 
detected at 503 nm.

Freeze-dried matter preparation

For each cv at each stage of ripening 
100 g triplicate aliquots of the homoge-
nated suspension were centrifuged at 
27,000 g for 10 min by using a J2-21 
beckman centrifuge (beckman coulter 
s.p.a., cassina De’ Pecchi (Mi), italy) to 
remove water-soluble substances (aver-
age mass loss due to centrifugation was 
approximately 80%). the pellet, essen-
tially tomato cell clumps, was lyophi-
lized by using a christ ALPHA 2-4 Lsc 
freeze-dryer (Martin christ GmbH, os-
terode, Germany) for 24 h (average mass 
loss due to lyophilisation was approxi-
mately 85%). the freeze-dried matter (f-
d.m.) was ground at 500 µm by using a 
laboratory mill (retsch italia s.r.l., torre 
boldone (bG) italy) to obtain a homoge-
neous powder.

carotenoid analyses 
on freeze-dried matter

triplicate aliquots of f-d.m. (50 mg) 
were used to extract lycopene, b-caro-
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tene and lutein by the method of sADLEr 
et al. (1990) modified by PErKins-VEA-
ZiE et al. (2001). the extracted carote-
noids were separated and quantified by 
using HPLc in the same way as for the 
carotenoid determination on fresh toma-
to fruit homogenate.

Micro- and macro-element 
determination on freeze-dried matter

For metallic element assays, f-d.m. al-
iquots (3 g) were dissolved in an acid so-
lution (7 mL of 70% Hno3 and 1 mL of 
30% H2o2) in a microwave mineraliza-
tor. the assay was conducted by using 
inductively coupled plasma atomic emis-
sion spectroscopy (Varian Liberty 110, 
Varian inc., Palo Alto, usA). calibration 
of the spectrometer was conducted by 
using a dilution of the standard solution 
of the metal being examined.

statistical analysis

results are presented as the mean val-
ue ± standard deviation of five independ-
ent replicated experiments.

rEsuLts AnD concLusions

the amount of carotenoids including 
lycopene, b-carotene and lutein in dif-
ferent cvs of tomato fruits harvested at 
the ripening stages corresponding to the 
green, green-orange, orange-red and red 
fruit colours are reported in table 1 as 
mg/kg fresh weight (f.w.) of tomato fruit 
homogenates and as mg/kg freeze-dried 
matter (f-d.m.) in table 2. in all of the 
cvs investigated, the amount of lutein 
decreased markedly during the tomato 
ripening stages as well as on the f-d.m. 
basis. At the green stage, lutein was the 
major carotenoid; there was much more 
lutein in the high-pigment cvs (Kalvert 
and Hly 18) than in the traditional ones 
(Donald and incas). cv Hly 18 had the 
most lutein (14.6 mg/kg f.w., 199 mg/

kg f-d.m.) followed by cv Kalvert (8.4 
mg/kg f.w., 188 mg/kg f-d.m.), cv incas 
(5.6 mg/kg f.w., 114 mg/kg f-d.m.) and 
cv Donald (3.2 mg/kg f.w., 86 mg/kg f-
d.m.). the fact that lutein was the ma-
jor carotenoid at the green tomato stage 
shows that this typical chloroplast pig-
ment is closely linked to the photosyn-
thetic membranes as part of the light-
harvesting complex (niyoGi et al., 1997; 
PAuLsEn et al., 1999). the sharp de-
crease of lutein during tomato ripening, 
in particular from the green to the green-
orange stage, seems to be due to the pro-
gressive loss of functionality of the pho-
tosynthetic machinery during the transi-
tion from chloroplasts to chromoplasts. 
this indicates that, at the early stag-
es of tomato ripening there was a sharp 
decrease in the activity of the lycopene 
e-cyclase (LcyE) and lycopene b-cycla-
se (Lcyb)  enzymes that are involved in 
cycling of lycopene to a-carotene. by the 
action of b-ring hydroxylase (cHyb) and 
e-ring hydroxylase (cHyE) a-carotene is 
converted into lutein (Fig. 1). Lycopene 
e- and b-cyclase activities decrease and 
then disappear during tomato ripening 
(PEcKEr et al., 1996; ronEn et al., 1999). 
the presence of lutein in young red pep-
per and orange fruit cvs has also been 
demonstrated; it then disappears during 
ripening (HornEro-MÉnDEZ et al., 2000; 
roDriGo et al., 2003, 2004).

At the green stage, the lowest amount 
of b-carotene was detected in cv Don-
ald (0.6 mg/kg f.w.; 17 mg/kg f-d.m.) 
followed by cv incas (1.0 mg/kg f.w.; 
21 mg/kg f-d.m.) whereas the highest 
amount of b-carotene was detected in 
cv Kalvert (8.3 mg/kg f.w.; 185 mg/kg 
f-d.m.) followed by cv Hly 18 (10.4 mg/
kg f.w.; 167 mg/kg f-d.m.). thus, the 
amount of b-carotene was much higher 
in the high-pigment tomato hybrids than 
in the traditional cvs. this also suggests 
that cycling of lycopene to b-carotene by 
the action of Lcyb is more active in high-
pigment hybrids than in the traditional 
cvs. the amount of b-carotene, on a f.w. 
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table 1 - Lycopene, b-carotene and lutein in fruit of different tomato cvs harvested at different stag-
es of ripening (season 2006). the determinations were made by HPLc. Data are the means ± standard 
deviation of three replicates.

	 Stage	of	ripening

Carotenoids	 Green	 Green-orange	 Orange-red	 Red

	 mg/kg	f.w.	 %	 mg/kg	f.w.	 %	 mg/kg	f.w.	 %	 mg/kg	f.w.	 %

Cv Donald
lycopene	 0.2±0.01	 5.0	 4.9±0.2	 66.2	 50.0±4.0	 95.0	 95.0±11.0	 96.3
b-carotene	 0.6±0.01	 15.0	 2.1±0.3	 28.4	 2.3±0.1	 4.4	 3.4±0.2	 3.4
lutein	 3.2±0.3	 80.0	 0.4±0.0	 5.4	 0.3±0.1	 0.6	 0.3±0.0	 0.3
Total	 4.0±0.32	 	 7.4±0.5	 	 52.6±4.2	 	 98.7±11.2

Cv Incas
lycopene	 0.2±0.01	 2.9	 8.0±0.6	 74.8	 51.0±2.0	 93.4	 93.0±5.0	 97.2
b-carotene	 1.0±0.02	 14.7	 1.4±0.1	 13.1	 2.4±0.2	 4.4	 2.3±0.4	 2.4
lutein	 5.6±0.6	 82.4	 1.3±0.2	 12.1	 1.2±0.0	 2.2	 0.4±0.0	 0.4
Total	 6.8±0.63	 	 10.7±0.9	 	 54.6±2.2	 	 95.7±5.4

Cv Kalvert
lycopene	 0.4±0.01	 2.3	 28.0±2	 77.1	 58.0±4.0	 92.2	 202.0±8.0	 97.9
b-carotene	 8.3±0.7	 48.6	 5.8±0.5	 16.0	 3.2±0.4	 5.1	 3.6±0.2	 1.8
lutein	 8.4±0.6	 49.1	 2.5±0.4	 6.9	 1.7±0.2	 2.7	 0.7±0.0	 0.3
Total	 17.1±1.31	 	 36.3±2.9	 	 62.9±4.6	 	 206.3±8.2

Cv Hly18
lycopene	 0.4±0.01	 1.6	 61.0±4	 89.2	 122.0±9.0	 95.5	 195.0±12.0	 97.4
b-carotene	 10.4±0.4	 41.0	 5.2±0.4	 7.6	 3.9±0.5	 3.0	 3.4±0.2	 1.7
lutein	 14.6±3	 57.4	 2.2±0.1	 3.2	 1.8±0.1	 1.4	 1.8±0.1	 0.9
Total	 25.4±3.41	 	 68.4±4.5	 	 127.7±9.6	  200.2±12.3

basis, increased markedly between the 
green stage and the red stage of toma-
to ripening in both cv Donald and incas 
by 5.6- and 2.3-fold respectively where-
as, calculated on f-d.m. basis, it was 8.8 
and 5.6-fold, respectively. on the contra-
ry, it decreased in both cv Kalvert and 
cv Hly 18 by 57 and 67%, respective-
ly, calculated on f.w. basis. When cal-
culated on f-d.m, this decrease was ap-
proximately 18.4 and 12.5% in Kalvert 
and Hly18 cv, respectively. However, at 
the red stage, the amount of b-carotene 
was very similar in cv Donald (3.4 mg/
kg f.w., 150 mg/kg f-d.m.), cv Kalvert 
(3.6 mg/kg f.w.; 151 mg/kg f-d.m.), cv 
Hly 18 (3.4 mg/kg f.w.; 146 mg/kg f-

d.m.) with the exception of cv incas (2.3 
mg/kg f.w.; 118 mg/kg f-d.m.) in which 
it was approximately 21 and 33% lower 
than the other cvs on a f.w. and f-d.m. 
basis, respectively. therefore, although 
the traditional tomato cvs had a much 
lower level of b-carotene than the high-
pigment ones, at the green stage, dur-
ing ripening, the differential activity of 
Lcyb resulted in an equal amount of b-
carotene in cv Donald, Kalvert and Hly 
18, at the red stage.

it is important to consider the ratio of 
lutein to b-carotene since they are syn-
thesised starting from the cycling of lyc-
opene through two different branches of 
the same pathway (botELLA-PAVÍA and 
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table 2 - Lycopene, b-carotene and lutein in the lyophilised matrices obtained from fruit of different 
tomato cvs harvested at different stages of ripening (season 2006). the determinations were made by 
HPLc. Data are the means ± standard deviation of three replicates.

	 Stage	of	ripening

Carotenoids	 Green	 Green-orange	 Orange-red	 Red

	 mg/kg	f-d.m.	 %	 mg/kg	f-d.m.	 %	 mg/kg	f-d.m.	 %	 mg/kg	f-d.m.	 %

Cv Donald
lycopene	 5±0.4	 4.6	 120±12	 61.9	 1517±96	 93.9	 4209±283	 96.2
b-carotene	 17±2	 15.7	 52±4	 26.8	 79±7	 4.9	 150±7	 3.4
lutein	 86±9	 79.7	 22±1	 11.3	 19±2	 1.2	 15±1	 0.4
Total	 108±11.4	 	 194±17	 	 1615±105	 	 4374±291

Cv Incas
lycopene	 5±0.6	 3.6	 372±31	 76.7	 2160±38	 93.4	 4546±286	 97.0
b-carotene	 21±1	 15.0	 54±4	 11.1	 103±14	 4.5	 118±13	 2.5
lutein	 114±9	 81.4	 59±8	 12.2	 49±3	 2.1	 22±1	 0.5
Total	 140±10.6	 	 485±43	 	 2312±55	 	 4686±300

Cv Kalvert
lycopene	 9±0.7	 2.4	 895±53	 78.5	 2055±183	 89.9	 8398±321	 97.9
b-carotene	 185±10	 48.4	 184±16	 16.1	 172±9	 7.5	 151±10	 1.8
lutein	 188±15	 49.2	 62±6	 5.4	 60±4	 2.6	 30±1	 0.3
Total	 382±25.7	 	 1141±75	 	 2287±196	 	 8579±332

Cv Hly18
lycopene	 8±0.7	 2.1	 2207±157	 91.0	 5056±417	 95.8	 8083±220	 97.5
b-carotene	 167±9	 44.7	 154±13	 6.3	 154±12	 2.9	 146±4	 1.7
lutein	 199±19	 53.2	 65±4	 2.7	 67±2	 1.3	 65±2	 0.8
Total	 374±28.7	 	 2426±174	 	 5277±431	 	 8294±226

roDriGuEZ-concEPciÓn, 2006; KiM 
and DELLAPEnnA, 2006; Li et al., 2006). 
At the green stage the lutein/b-carotene 
ratio, evaluated on a f-d.m. basis, was 
approximately 5.1, 5.4, 1.0 and 1.2 for 
the cv Donald, incas, Kalvert and Hly 
18, respectively (table 2). During toma-
to ripening, this ratio decreased mark-
edly in the cv Donald (from 5.1 at the 
green stage to 0.1 at red stage) and in-
cas (from 5.4 at the green stage to 0.19 
at the red stage) and to a lesser degree, 
in the cv Kalvert (from 1.0 at the green 
stage to 0.20 at the red stage) and Hly 
18 (from 1.2 at the green stage to 0.45 
at the red stage). A similar pattern was 
observed when the lutein/b-carotene ra-

tio was calculated on a f.w. basis (table 
1). At the green stage, the biosynthesis 
of lutein prevailed markedly over that 
of b-carotene in cvs Donald and incas 
and much less in cv Hly 18; it remained 
the same in cv Kalvert. on the contra-
ry, starting from the green-orange stage 
of ripening, the biosynthesis of b-caro-
tene prevailed over that of lutein which 
reached the lowest level at the red stage 
in all the cvs. this result indicates that 
a differential gene expression operates at 
the level of lycopene cycling which leads 
to the synthesis of b-carotene and lutein 
by the two branches of the same path-
way. it has been demonstrated that the 
accumulation of b-carotene in fruit of a 
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Fig. 1 - simplified carotenoid 
biosynthetic pathway in 
plants. iPP, isopentenyl 
diphosphate; DMAPP 
dimethylallyl diphosphate; 
GGPP, geranylgeranyl 
diphosphate; AbA, abscisic 
acid. Enzymes indicated are: 
GGDs, GGPP synthase; Psy, 
phytoene synthase; PDs, 
phytoene desaturase; Z-iso 
15-cis zetacarotene isomerase; 
ZDs, zetacarotene desaturase; 
crtiso, carotene isomerase; 
Lcyb, lycopene b-cyclase; LcyE, 
lycopene e-cyclase; cHyb, 
carotenoid b-ring hydroxylase; 
cHyE, carotenoid e-ring 
hydroxylase (Modified from: 
HArJEs et al., 2008).

δ-tomato mutant is due to a differential 
gene expression (cunninGHAM et al., 
1996; ronEn et al., 1999, 2000). An in-
dependent regulation of the two branch-
es of the carotenoid cycling pathway has 
recently been confirmed (KiM and DEL-
LAPEnnA, 2006; HArJEs et al., 2008).

in all of the tomato cvs investigated, 
the amount of lycopene in fresh tomato 
fruit calculated as mg/kg f.w. (table 1) 
and as mg/kg f-d.m. (table 2), increased 
dramatically from the green to the red 
stage of ripening. this increase was 475-
, 465-, 505- and 488-fold, when referred 
to f.w., and 842-, 909-, 933- and 1,010-
fold, when referred to f-d.m., for the cv 
Donald, incas, Kalvert and Hly 18, re-

spectively. An approximate 500-fold in-
crease occurs in the synthesis and ac-
cumulation of lycopene during tomato 
ripening, when evaluated on a f.w. basis 
(FrAsEr et al., 1994). the results of this 
study confirm previous results on tradi-
tional tomato cvs and show that similar 
results are found with high-pigment to-
mato hybrids. in addition, there was an 
accumulation of lycopene during toma-
to ripening, referred to f-d.m. (table 2), 
of approximately 842- and 1,010-fold in 
all of the cvs. the values calculated on 
f-d.m. are extremely important in view 
of the industrial uses of these lycopene-
enriched matrices as well as in other 
carotenoids or mixtures of them. these 
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matrices, appropriately processed, can 
be directly used for different industrial 
preparations, as well as for the extrac-
tion of biologically active natural com-
pounds by using innovative technolo-
gies such as supercritical carbon dioxide 
(co2) (VAsAPoLLo et al., 2004). co2 is an 
ideal solvent for extracting natural bio-
active molecules because it is non-tox-
ic, non-explosive, readily available, eas-
ily removable from the products and en-
vironmentally compatible. in addition, 
it can be used at low-to-moderate oper-
ating temperature and pressure (VAsA-
PoLLo et al., 2004; DÍAZ-rEinoso et al., 
2006; VÁGi et al., 2007).

Lycopene was the lowest carotenoid 
determined at the green stage, in all cvs, 
even though the amount was higher in 
cvs Kalvert (0.4 mg/kg f.w.; 9 mg/kg f-
d.m.) and Hly 18 (0.4 mg/kg f.w.; 8 mg/
kg f-d.m.) than in the traditional cvs Don-
ald (0.2 mg/kg f.w.; 5 mg/kg f-d.m.) and 
incas (0.2 mg/kg f.w.; 5 mg/kg f-d.m.). 
the accumulation of lycopene was very 
evident when the tomatoes passed from 
the green stage to the green-orange stage, 
commonly referred to as the “breaker” 
stage. the lycopene content increased 
24-, 74-, 99-, and 276-fold in cv Donald, 
incas, Kalvert and Hly 18, respectively, 
between these two ripening stages.

At the red stage, cv Kalvert had the 
highest lycopene content (202 mg/kg 
f.w., 8,398 mg/kg f-d.m.) followed by cv 
Hly 18 (195 mg/kg f.w., 8,083 mg/kg f-
d.m.), cv Donald (95 mg/kg f.w., 4,209 
mg/kg f-d.m.) and cv incas (93 mg/kg 
f.w., 4,546 mg/kg f-d.m.). thus, the to-
mato fruit of cv Kalvert and cv Hly 18 ac-
cumulated twice as much lycopene, cal-
culated on a f.w. and a f-d.m. basis, than 
cv Donald and cv incas. the capability 
of cvs Kalvert and Hly 18 to accumulate 
more lycopene in tomato fruit chromo-
plasts with respect to cvs Donald and in-
cas is probably the net result of an in-
creased biosynthesis and sequestration 
of the end products. With regard to this, 
it has been demonstrated that, after the 

genes for phytoene synthase (Psy) and 
phytoene desaturase (PDs) were cloned, 
the mrnA levels for these two genes in-
creased significantly during the “break-
er” stage (PEcKEr et al., 1992; GiuLiAno 
et al., 1993; FrAsEr et al., 1994). A sim-
ilar increase was found for the mrnAs 
of geranylgeranyl diphosphate synthase 
(GGDPsynthase), Psy and PDs during 
the ripening of bell pepper (cAMArA et 
al., 1995). carotenoid accumulation, 
however, does not depend solely on the 
increase of its biosynthesis but also on 
the control of other metabolic processes. 
Previous studies have reported that the 
sequestration of carotenoid end products 
plays an important role in carotenoid ac-
cumulation (DuruErE et al., 1994, VisH-
nEVEtsKy et al., 1999). this is supported 
by the fact that plastoglobules, present 
in chromoplasts, have recently been rec-
ognised as being the main storage and 
remodelling site for carotenoids (ViDi et 
al., 2006; yttErbErG et al., 2006; Aus-
tin ii et al., 2006; brÉHÉLin, 2007). it 
has recently been reported that the or 
gene encodes a plastid membrane pro-
tein (Lu et al., 2006) which might be in-
volved in the sequestration of caroten-
oids (Li et al., 2006). Lycopene accumu-
lation during tomato ripening also de-
pends on the progressive reduction of 
lycopene cycling (ronEn et al., 1999; 
brAMLEy, 2002). the current data, ex-
pressed on a f.w. and f-d.m. basis, con-
firm that the percentages of b-carotene 
plus lutein decreased sharply during to-
mato fruit ripening from a value higher 
than 95% at the green stage to a value 
of less than 3.8% at the red stage.

At all stages of ripening, the total 
amounts of carotenoids including lyco-
pene, b-carotene and lutein were much 
higher in cvs Kalvert and Hly 18 than 
cvs incas and Donald when calculated 
on f.w. and f-d.m. basis (tables 1 and 2). 
this confirms that in the selected high-
pigment tomato hybrids the metabolic 
pathway of carotenoids is over-expressed 
and controlled at all stages of ripening. it 
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has been well documented that the high 
pigment (hp) locus in tomato also affects 
the total amount of carotenoids (LEVin 
et al., 2004; bino et al., 2005).

At the red stage in all of the toma-
to cvs investigated lycopene accounted 
for more than 96.2% of all the caroten-
oids, evaluated as f.w. and f-d.m. How-
ever, there was twice as much lycopene 
in the high-pigment tomato hybrids (cv 
Kalvert and cv Hly 18) compared to the 
traditional cvs (Donald and incas). thus, 
the f-d.m. of the red stage lycopene-en-
riched tomato can be directly used by the 
industries or processed by supercritical 
co2 to extract lycopene. the prepared 
f-d.m. of cv Donald, Kalvert and Hly 18 
contained very low amounts of micro- 
and macro-elements (table 3). Prelimi-
nary experiments have shown that this 
f-d.m. can be efficiently used to extract 
a natural lycopene-rich product in an 
oleoresin form. the lycopene recovery 
was more than 80% efficient and could 
be improved by further optimization of 
the process. twice as much lycopene has 
been extracted by supercritical co2 us-
ing f-d.m. prepared from high-pigment 
hybrids (LEnucci et al., 2008). this nat-
ural, concentrated lycopene-rich product 
can be used for different pharmaceuti-
cal health-promoting mixtures. the ben-
eficial effects of lycopene in preventing 
chronic diseases have been well docu-
mented (rAo, 2006). At the green stage, 
lutein plus b-carotene, evaluated as f.w. 

and f-d.m., made up more than 95.0% of 
all the carotenoids in all the cvs. Even in 
this case, preliminary experiments have 
shown that the f-d.m. extracted with su-
percritical co2 produces mixtures that 
are essentially composed of lutein and 
b-carotene (data not shown). the role of 
lutein in protecting against macular de-
generation (soMMErburG et al., 1998; 
JoHnson et al., 2000) has been well-doc-
umented as has the synergistic effect of 
a mixture of carotenoids in preventing 
chronic diseases (rAo, 2006).

Abbreviations

bHt, butylated hydroxytoluene; 
cHyb, carotenoid b-ring hydroxylase; 
cHyE, carotenoid e-ring hydroxylase; 
cv, cultivar; f-d.m., freeze-dried matter; 
Lcyb, lycopene b-cyclase; LcyE, lyco-
pene e-cyclase; PDs, phytoene desatu-
rase; Psy, phytoene synthase.
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table 3 - Micro- and macro-elements, expressed as mg/kg freeze-dried matter (f-d.m.), in the lyophilised 
matrices obtained from fully ripe (red stage) fruit of one traditional (Donald) and two high-pigment (Ka-
lvert and Hly18) tomato cvs. Data are the means ± standard deviation of three independent replicates.

Cultivar	 Micro-elements	 Macro-elements

	 As	 Cd	 Co	 Cr	 Cu	 Fe	 Mn	 Ni	 Pb	 Se	 V	 Zn	 Ca	 K	 Mg	 Na

Donald	 <20	 0.13	 1.09	 0.07	 10.0	 30.6	 7.94	 2.19	 0.65	 <10	 <0.5	 17.2	 1.35	 31.6	 1.11	 0.77
Kalvert	 <20	 0.11	 <0.50	 0.12	 10.1	 23.2	 8.48	 1.43	 <0.50	 <10	 <0.5	 17.4	 1.35	 36.7	 1.35	 0.94
Hly	18	 <20	 0.09	 <0.50	 0.47	 9.7	 20.0	 0.99	 1.40	 0.50	 <10	 <0.5	 15.5	 1.20	 31.7	 1.10	 0.29
Standard	deviation	 ---	 ±0.01	 ±0.04	 ±0.01	 ±0.4	 ±0.3	 ±0.04	 ±0.02	 ±0.05	 ±5	 ---	 ±0.4	 ±0.05	 ±0.1	 ±0.04	 ±0.04
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AbstrAct

Production of functional food sup-
plemented with probiotic bifidobacte-
ria is of growing interest because of the 
health-promoting effects in humans. In 
this study a novel probiotic product was 
prepared: cereal flakes enriched with 
inulin and a lyophilized probiotic cul-
ture of Bifidobacterium animalis sub-
sp. lactis bb-12, intended to be used 
as an infant formula. the influence of 
this food matrix on probiotic proper-
ties of B. animalis subsp. lactis bb-12 

rIAssunto

La produzione di cibi funzionali sup-
plementati con bifidobatteri probiotici è 
in aumento grazie ai loro effetti benefi-
ci per la salute umana. In questo lavo-
ro è stato sviluppato un nuovo prodot-
to probiotico: fiocchi di cereali arricchi-
ti con inulina e con una coltura liofiliz-
zata di Bifidobacterium animalis sub-
sp. lactis bb-12. È stata studiata l’in-
fluenza della matrice di questo cibo sul-
le proprietà probiotiche di B. animalis 
subsp. lactis bb-12. La tolleranza del 

- Key words: adhesion, Bifidobacterium, bile salt hydrolase (BsH) activity, competitive exclusion, 
gastrointestinal tract, immunomodulation -
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was examined. the tolerance to simu-
lated gastric and small intestinal juices 
was much higher when the B. anima-
lis subsp. lactis bb-12 probiotic culture 
was applied in combination with cere-
al flakes, inulin and skim milk with re-
spect to the use of the pure lyophilized 
probiotic culture. bile salt resistance 
and bile salt hydrolase activity (bsH) 
of B. animalis subsp. lactis bb-12 was 
also monitored in vitro. Furthermore, 
the influence of cereal flakes and in-
ulin on the functional probiotic prop-
erties of B. animalis subsp. lactis bb-
12 was examined in vivo in swiss albi-
no mice. the higher viable cell count of 
lactic acid bacteria and lower viable cell 
count of enterobacteria and sulphite-
reducing clostridia in the large intes-
tine of mice were observed after feeding 
the mice with the novel probiotic prod-
uct compared to results obtained when 
mice were fed probiotic alone. the in-
duction of serum IgA, IgG and IgM an-
tibody production in swiss albino mice 
by B. animalis subsp. lactis bb-12 was 
not influenced by the addition of cere-
al and inulin.

succo gastrico e del succo dell’intesti-
no tenue simulati era molto più eleva-
ta dopo l’aggiunta di B. animalis subsp. 
lactis bb-12 assieme con i fiocchi ce-
reali, inulina ed latte, di quanto lo era 
con la sola coltura probiotica liofilizza-
ta. È stata valutata la resistenza in vi-
tro ai sali biliari e all’attività di idroli-
si dei sali biliari di B. animalis subsp. 
lactis bb-12. È stata esaminata inoltre, 
l’influenza di fiocchi cereali ed inulina 
sulle proprietà probiotiche funzionali 
di B. animalis subsp. lactis bb-12 tra-
mite degli esperimenti in vivo sui topi 
albino svizzeri. È stata osservata una 
migliore capacità di adesione di batteri 
lattici e la riduzione degli enterobatte-
ri e dei clostridi solfito riduttori nell’in-
testino crasso dei topi, dopo che sono 
stati nutriti con il nuovo prodotto pro-
biotico rispetto all’adesione e all’attivi-
tà antibatterica della sola coltura pro-
biotica. L’attività immunomodulante di 
B. animalis subsp. lactis bb-12, saggia-
ta per la produzione sierica di anticor-
pi IgA, IgG e IgM nei topi albino svizze-
ri, non è stata influenzata dall’aggiun-
ta di cereali ed inulina.

IntroductIon

the most common food matrices for 
probiotic bacteria are different kinds of 
fermented milk products, especially yo-
ghurts (GueIMonde, 2005; teMMer-
MAn, 2003). In the past few years many 
probiotic foods have become available 
on the market. Probiotics can be found 
in non-fermented milk, in fruit and ber-
ry juices and in cereal-based products. 
However, relatively little information is 
available on the stability and function-
ality of probiotics in non-fermented food 
matrices, while the stability of probiot-
ics in fermented dairy products has been 

widely studied (KAILAsAPAtHy and ryb-
KA, 1997; KrAsAeKooPt et al., 2003).

bifidobacteria are Gram-positive, 
anaerobic, non-motile, non-sporeform-
ing organisms that are mainly present 
in the gut and constitute a major part 
of the natural microflora of the hu-
man intestine. When present in suf-
ficient numbers, bifidobacteria create 
a healthy equilibrium between benefi-
cial and harmful microorganisms in the 
human gut (sHAH and LAnKAPutHrA, 
2002). In order to be active in the gas-
trointestinal tract (GIt) and to positively 
influence the intestinal microflora, these 
bacteria should be resistant to the de-
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fence mechanisms of the host (Jonson 
and conWAy, 1992). due to the rigorous 
conditions present in the GIt, the sur-
vival of probiotic bacteria, in sufficient 
numbers during transit through the hu-
man GIt remains a major challenge for 
effective delivery of these beneficial bac-
teria. survival of probiotics during the 
processing and storage of functional food 
products is of concern for the develop-
ment of products with a guaranteed con-
tent of viable bacterial cells (AnAL and 
sInGH, 2007). the colonization of the in-
testine by exogenous probiotics is influ-
enced by many factors including inocu-
lum size, physiological state of the bac-
teria, buffering capacity of the delivery 
food and the capacity of the microorgan-
isms to resist the acid and bile concen-
trations encountered in the upper seg-
ments of the GIt (conWAy et al., 1987). 
Probiotics must be resistant to the en-
zymes of the intestine, e.g. lysosyme and 
the toxic metabolites produced during 
digestion (HoIer, 1992). Bifidobacteri-
um strains vary greatly in their sensi-
tivity to the harsh acidic environment 
of the stomach and some foods (cHAr-
terIs et al., 1998; trueLstruP et al., 
2002). the success of functional foods 
containing bifidobacteria depends on the 
viability of bifidobacteria in the product 
during storage as well as on the resist-
ance of these bacteria to the conditions 
present in the GIt. PÉreZ-conesA et 
al. (2006) have shown that the com-
position of the fecal microbiota in rats 
and human infants changed after feed-
ing with follow-up formula supplement-
ed with Bifidobacterium spp. these re-
sults have demonstrated that bifido-
bacteria make up a significant portion 
of the anaerobe group in faecal matter. 
Moreover, su et al. (2007) have shown 
that fructo-oligosaccharide, inulin and 
soybean oligosaccharide enhanced the 
survival and prolonged the retention of 
Lactobacillus acidophilus L10, Bifidobac-
terium lactis b94 and Lactobacillus casei 
L26 in vivo in the GIt of mice.

the objective of this study was to eval-
uate probiotic properties of the strain B. 
animalis subsp. lactis bb-12, in wheat 
grits cereal flakes enriched with inulin, 
intended to be used as an infant formu-
la. survival in the novel probiotic prod-
uct during storage at two different tem-
peratures, capacity to deconjugate bile 
salts, as well as survive in simulated 
GIt conditions, of this probiotic strain, 
were investigated in vitro. Furthermore, 
the functional properties of B. animalis 
subsp. lactis bb-12 in the novel probi-
otic product, intended to be used as an 
infant formula, were examined in vivo, 
namely the survival and adhesion abili-
ty in the GIt of mice, the effect on the in-
testinal and faecal microflora and chang-
es in the immune system.

MAterIALs And MetHods

Preparation of the novel 
probiotic product with 
B. animalis subsp. lactis BB-12

the commercial strain B. animalis 
subsp. lactis bb-12 used in this study 
is available as Probio-tec bb-12 Powder 
(chr. Hansen A/s, denmark). the inu-
lin is commercially available as raftilose 

synergy 1 (remy Industries n.v., bel-
gium). the novel probiotic product was 
prepared by mixing dehydrated wheat 
grits cereal flakes (Podravka, croatia) 
with 0.25% (w/w) of a lyophilized culture 
of B. animalis subsp. lactis bb-12 and 
2% (w/w) inulin in a laboratory mixer 
type M5r MK (Lödige, Germany) at 290 
rpm/min for 5 min. For mouse feeding 
experiments, 20 g of probiotic product 
were dissolved in 200 mL of skim milk.

enumeration 
of B. animalis subsp. lactis bb-12

survival of B. animalis subsp. lactis 
bb-12 in the novel probiotic product 
during 12 months of storage at 6° and 
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22°c, was determined by the Mrs agar 
plate method. the plates were incubat-
ed anaerobically for 24 h at 37°c.

the survival of B. animalis subsp. 
lactis bb-12 in simulated gastric 
and small intestinal juices

the simulated gastric and small in-
testinal juices were prepared according 
to Kos et al. (2000). simulated gastric 
juice was prepared by suspending pep-
sin (3 g/L) in a sterile sodium chloride 
solution (0.5%) and the pH was adjust-
ed to 2.5 with concentrated Hcl. Pepsin 
(from porcine stomach mucosa) was ob-
tained from sigma chemical co (st. Lou-
is, Mo, usA). simulated small intestinal 
juice was prepared by suspending pan-
creatin (1 g/L) and bile salts (1.5 g/L 
oxgall) in a sterile sodium chloride so-
lution (0.5%) and the pH was adjusted 
to 8.0 with 0.1 mol/L naoH. Pancreatin 
(from hog pancreas, 165 u/mg) was ob-
tained from Fluka biochemica (buchs, 
switzerland). oxgall (dehydrated fresh 
bile) was obtained from difco Laborato-
ries (sparks, Md, usA).

Lyophilized culture of B. animalis 
subsp. lactis bb-12 (0.005 g) was ex-
posed to simulated gastric juice (50 mL). 
In parallel, probiotic product (2 g) and 
milk powder (2.8% milk fat; 2 g) (du-
kat, croatia) were also exposed to sim-
ulated gastric juice (50 mL). After ex-
posure to simulated gastric juice (pH = 
2.5, incubation time 2 h) the contents 
were transferred to simulated small 
intestinal juice (pH = 8.0, incubation 
time 4 h). the changes in the total vi-
able count were monitored during the 
treatment with gastric (2 h) and small 
intestinal juice (4 h), respectively, by the 
pour plate method on Mrs agar. sam-
ples were taken every hour during the 
treatment with gastric juice and every 2 
hours during treatment with small in-
testinal juice. the viable cell count was 
determined after 24 h of anaerobic in-
cubation at 37°c. the results (log cFu/

mL) are expressed as the mean of 3 rep-
licates on Mrs agar.

screening of bile salt 
deconjugation activity

to determine the bile salt hydrola-
se activity the strain B. animalis sub-
sp. lactis bb-12 was maintained in Mrs 
broth (bio Life, Milan, Italy) at 37°c, un-
der anaerobic conditions (Anaerocult A 
system, Merck, darmstadt, Germany).

the ability of B. animalis subsp. lac-
tis bb-12 to deconjugate bile salts was 
determined according to tArAnto et al. 
(1995). bile salt plates were prepared 
by adding 5 mg/mL sodium salt of tau-
rodeoxycholic acid (Fluka biochemica, 
buchs, switzerland) to Mrs agar (biolife, 
Milan, Italy). one mL of the overnight B. 
animalis subsp. lactis bb-12 culture was 
spread on Mrs agar and incubated for 
48 h. In the presence of precipitated bile 
acids the colonies turn white, and this 
was considered a positive result.

Quantitative determination 
of bile salt hydrolase (bsH) activity

bsH activity was determined by quan-
tifying the amount of cholic acid released 
from the conjugated bile salt as indicat-
ed by WALKer and GILLILAnd (1993), 
with minor modifications by ŠuŠKoVIĆ 
et al. (2000). samples (3 mL) were taken 
every 2 h for the first 8 h and after 24 h 
of incubation in Mrs broth with sodium 
salt 2 mg/mL taurocholic acid. samples 
were mixed with 4 M naoH (0.6 mL) and 
ethyl acetate (3.6 mL) and left for 15 min 
at room temperature in order to separate 
the phases. Aliquots of 2 mL of the upper 
ethyl acetate layers were transferred to 
clean tubes and evaporated until dryness 
at 60°c under a flow of nitrogen gas. one 
mL of 0.01 M naoH was added to each 
tube to dissolve the residue. six mL of 8 
M H2so4 were then added to each tube, 
followed by the addition of 1 mL of 1% fur-
furaldehyde. the content in the tubes was 



Ital. J. Food Sci. n. 4, vol. 21 - 2009  477

mixed, heated for 13 min at 65°c in a wa-
ter bath, and cooled at room temperature. 
Five mL of glacial acetic acid were added 
to each tube and mixed. the absorbance 
at 600 nm was measured, against a rea-
gent blank, and compared with a stand-
ard curve to determine the concentration 
of free cholic acid. Growth of B. animalis 
subsp. lactis bb-12 during 24 h of culti-
vation was determined by the plate meth-
od using Mrs agar. the results were ex-
pressed as a percentage of growth inhibi-
tion after 8 h of cultivation (end point of 
exponential growth phase of control cul-
ture) calculated as follows:

Growth inhibition (%) =
= [(log N

c
 – log N

bs
) / log N

c
] x 100

N
c
 viable cell count in the control af-

ter 8 h/viable cell count at the beginning 
of cultivation;

N
bs

 viable cell count in medium with 
bile salt after 8 h/viable cell count at the 
beginning of cultivation.

Animals

Four-month-old female swiss albino 
mice weighing from 22 to 24g were used 
after a month-long quarantine period. 
each experimental group consisted of 4 
mice, housed in a cage, kept in a con-
trolled atmosphere (temperature 22±2°c; 
humidity 55±2%) with a 12 h light/dark 
cycle. Mice had continuous access to wa-
ter and were fed ad libitum with stand-
ard rodent feed (Lab-feed, sydney, Aus-
tralia). All experimental procedures were 
carried out according to the standards 
set in the “Guide for the care and use of 
Laboratory Animal’s of the national re-
search council” (1996).

the influence of novel probiotic 
product on faecal 
and intestinal microflora of mice

Mice were fed orally with 200 µL of 
lyophilized culture of B. animalis subsp. 

lactis bb-12 alone, suspended in sterile 
0.5% saline solution (8x106 cFu/200 
µL) and 200 µL of the novel probiotic 
product suspended in skim milk (8x106 
cFu/200 µL) for 4 consecutive days. the 
control group was fed 200 µL of sterile 
saline solution (0.5%). survival of B. an-
imalis subsp. lactis bb-12 during tran-
sit through the GIt of mice and the in-
fluence of novel probiotic product on 
the faecal microflora of mice were deter-
mined in faecal samples on days 1 and 
8 after the feeding period.

For faecal bacterial count, 1 g of fresh 
faecal sample was collected per mouse 
and resuspended in 1 mL of sterile 0.5% 
saline solution. the suspension was 
plated with an appropriate dilution on 
non-selective medium: peptone yeast 
extract glucose agar (biolife, Milan, It-
aly) and selective media: Mrs agar (bi-
olife, Milan, Italy) for lactic acid bacte-
ria (LAb) count, violet red bile glucose 
agar (biolife, Milan, Italy) for Entero-
bacteriaceae count and sulfite agar (bi-
olife, Milan, Italy) for sulphite-reducing 
clostridia count. Plates were incubat-
ed for 48 h at 37°c, under aerobic con-
ditions, with the exception of Mrs agar 
plates and sulphite agar plates, which 
were incubated anaerobically (Anaero-
cult A system, Merck, darmstadt, Ger-
many). In addition, plates of non-selec-
tive medium were also incubated under 
anaerobic conditions.

the adhesion ability of the exam-
ined probiotic strain and the influence 
of the novel probiotic product on intes-
tinal microflora of mice was determined 
in homogenates of the large intestine of 
swiss albino mice on days 1 and 8 after 
the mice were fed for 4 consecutive days 
with probiotic strain of B. animalis sub-
sp. lactis bb-12 alone, and in combina-
tion with infant cereal flakes and inulin. 
the length (5 cm) of the large intestine 
was gently rinsed with sterile 0.5% sa-
line solution and homogenized using a 
teflon homogenizer (1 g of tissue sam-
ples per mL of sterile 0.5% saline solu-
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tion), and serially diluted before plating 
in non-selective and selective media as 
described in this section.

Immunization

the oral immunization of mice with the 
probiotic bacteria and the novel probiot-
ic product was performed 4 times over a 
period of 4 consecutive days. Mice were 
fed ad libitum as described in the previous 
section. on days 3, 7, 11 and 21, after the 
first immunization, blood samples were 
collected by bleeding the tail vein with 
heparinized capillaries into the tubes; the 
blood was allowed to clot at room temper-
ature for 1 h and then left overnight at 
4°c. blood samples were centrifuged at 
3,000 rpm/min for 20 min. the serum 
samples were kept at -20°c until used.

serum antibody determination
(eLIsA method)

the total antibody sera titres were de-
termined in polystyrene microtitre plates 
(nunc), using the method of roGeLJ et 
al. (1999), with some modifications by 
Frece et al. (2005). Plates were first in-
cubated with antimouse IgA (α-chain 
specific, sigma M-1272; 200 ng/well), or 
antimouse IgG (γ-chain specific, sigma 
M-1397; 200 ng/well), or antimouse IgM 
(µ-chain specific, sigma M-8644; 200 ng/
well) overnight at 4°c. to saturate the re-
maining binding sites, plates were incu-
bated with 200 µL of 3% bovine serum al-
bumin in phosphate-buffered saline (0.01 
M, 0.15 M nacl, pH = 7.2) (Pbs) for 2 h 
at 37°c. After washing four times for 10 
min with 0.05% tween in Pbs (t-Pbs) 
(200 µL/well) the plates were incubated 
for 2 h at 37°c with dilutions of the sera 
(100 µL/well) in t-Pbs. the plates were 
then washed 4 times in 0.05% t-Pbs for 
10 min and incubated in peroxidase-con-
jugated goat antimouse IgA (α-chain spe-
cific, sigma A-4789), or antimouse IgG 
(Fc-specific, sigma A-9309), or antimouse 
IgM (µ-chain specific, sigma A-8786) an-

tibodies diluted 1:10,000 in Pbs (50 µL/
well) for 2 h at 37°c. the plates were then 
washed 4 times with 0.05% t-Pbs for 10 
min (200 µL/well). the total antibody sera 
titres were estimated after the reaction 
with horse-radish peroxidase substrate o-
phenylenediamine (odP) dihydrochloride 
(sigma P-8287) diluted in phosphate-ci-
trate buffer (0.05 M, pH = 5) with 0.03% 
sodium perborate (100 µL/well). After 40 
min the reaction was stopped with 0.2 M 
H2so4 (50 µL/well) and absorption was 
determined at 450 nm with a Microplate 
rider (LKb 5060-006, “GdV”, rome, Italy).

statistical methods

All experiments were carried out in 
triplicate. the results are expressed as 
the mean±s.d. (standard deviation). the 
sAs statistical computer package was 
used to analyze the experimental data 
(sAs Institute, cary, nc, usA). Values 
marked with asterisks are significantly 
different from the control group, accord-
ing to the student’s test (P≤0.05).

resuLts And dIscussIon

the viability and activity of probiot-
ic bacteria during preparation and stor-
age are important prerequisites for their 
industrial application. Probiotics can be 
added to functional products as fresh or 
lyophilized cells. High population levels, 
ranging from 106 to 108 microbial cells 
per mL or per g, should be present in 
probiotic products (sAnders and HuIs 
In’t VeLd, 1999). the initial number of 
B. animalis subsp. lactis bb-12 in cere-
al flakes enriched with 2% inulin, was 
4.45x108 cFu/g (Fig. 1). the viable cell 
count of B. animalis subsp. lactis bb-
12 in this novel probiotic product, dur-
ing 12 months of storage at 6°c was sta-
ble, but when stored at room tempera-
ture, the viable cell count decreased by 
1.5 log units after 2 months of storage, 
and 2 log units after 12 months of stor-
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age. However, at the end of the storage 
period, the number of viable probiot-
ic bacteria was still sufficient to satisfy 
the requirements of the probiotic prod-
uct (sAnders and HuIs In’t VeLd, 1999).

the influence of the applied food ma-
trix on probiotic properties of B. animalis 
subsp. lactis bb-12 was examined. the 
probiotic strain was exposed to simulat-
ed gastrointestinal conditions as pure 

Fig. 1 - Viability of B. 
animalis subsp. lactis 
bb-12 in cereal flakes 

during 12 months of 
storage at: 

 6°c and < room 
temperature (22°c). 

error bars represent 
standard deviations 
of the mean values 

of results from three 
replicates.

Fig. 2 - cumulative effect of: a) – simulated gastric juice (pH = 2.5, incubation time 2 h) and b) – small 
intestinal juice (pH = 8.0, incubation time 4 h) on survival of B. animalis subsp. lactis bb-12; = pure 
lyophilized culture of B. animalis subsp. lactis bb-12 (control);< B. animalis subsp. lactis bb-12 in ce-
real flakes enriched with inulin (2 g) + skim milk powder (2 g). error bars represent standard devia-
tions of the mean values of results from three replicates.
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culture and incorporated in the novel 
probiotic product. the survival of probi-
otic culture was first investigated in sim-
ulated gastric juice (pH=2.5, residence 
time 2 h) (Fig. 2A). After 1 h of exposure 
to simulated gastric juice, the survival of 
B. animalis subsp. lactis bb-12 was 88% 
and after 2 h of exposure the viable cell 
count decreased 14% with respect to the 
initial viable cell count. In contrast, the 
number of viable B. animalis subsp. lac-
tis bb-12 cells applied in the novel pro-
biotic product, increased 9% after 1 h of 
exposure to simulated gastric juice, and 
decreased 1% after 2 h of exposure. the 
increase in the viable cell count of B. an-
imalis subsp. lactis bb-12 in the novel 
probiotic product compared to the pure 
lyophilized culture of B. animalis subsp. 
lactis bb-12, in simulated gastric juice, 
can be explained by a symbiotic effect of 
probiotic bacteria and the food matrix, 
composed of cereal flakes, skim milk 
and prebiotic inulin. this effect could 
be attributed to the prebiotic activity of 
inulin. some authors have recently re-
ported that this prebiotic substrate can 
stimulate the bifidobacterial growth in 
the intestine of healthy volunteers (Pe-
reZ-conesA et al., 2006; su et al., 2007; 
bouHnIK et al., 2007). the protective ca-
pacity of skim milk could be due to its 
function as a buffering agent and as an 
inhibitor of digestive protease activity in 
vivo (Kos et al., 2000; LÖnnerdAL, 2003; 
doLeyres and LAcroIX, 2005).

After 2 h of exposure to the simulat-
ed gastric juice, the survival of B. anima-
lis subsp. lactis bb-12 was continuous-
ly examined in the simulated small in-
testinal juice (pH = 8.0, residence time 
4 h). the conditions in the duodenum, 
where bile salts and pancreatic juices 
are secreted, have an even stronger in-
hibitory effect on the viability of bacte-
ria. According to sanders and Huis in’t 
Veld (1999) the survival of probiotics dur-
ing gastrointestinal transit is estimated 
to be 10-40%. the majority of Lactoba-
cillus and bifidobacterium strains are 

resistant to the simulated pancreatic 
juice, but have lower tolerances to the 
bile salts (cHArterIs et al., 1998). Ac-
cording to the general probiotic require-
ments, to be effective, probiotic bacteria 
should be resistant to 0.15-0.3% oxgall 
(ŠuŠKoVIĆ, 1996).

during the direct transit from simu-
lated gastric juice (pH = 2.5) to simulat-
ed small intestinal juice (pH = 8.0, 0.15% 
(w/v) oxgall), only 54% of B. animalis sub-
sp. lactis bb-12 cells of pure lyophilized 
culture survived, compared to the 88% 
survival of B. animalis subsp. lactis bb-
12 in the novel probiotic product (Fig. 2A, 
b). the total number of viable cells after 
the transit through simulated gastroin-
testinal juices was approximately 4x105 
cFu/mL. this number of viable probiot-
ic cells is sufficient to exert probiotic ef-
fect in vivo (sAnders and HuIs In’t VeLd, 
1999; cHArterIs et al., 1998). the re-
sults suggest that cereal flakes, inulin 
and skim milk act as a protective food ma-
trix for B. animalis subsp. lactis bb-12.

the main barrier that prevents LAb 
from colonizing the GIt is the high bile 
salt concentration. Hence, tolerance to 
the bile salts is a prerequisite for colo-
nization and metabolic activity of bifi-
dobacteria in the small intestine of the 
host. bile salt hydrolase (bsH) plays an 
important role in bile salt resistance be-
cause deconjugated cholic acid precipi-
tates under acidic conditions (ŠuŠKoVIĆ 
et al., 2000). the World Health organi-
zation (WHo) has stated that the decon-
jugation of bile salts is one of the major 
activities of intestinal microbiota that 
is used to consider them as probiot-
ic microorganisms (FAo/WHo, 2002). 
therefore, B. animalis subsp. lactis bb-
12 was screened for bsH on Mrs agar 
plates supplemented with 0.5% (w/v) 
tdcA (sodium salt of taurodeoxycholic 
acid). there was no inhibition of bacteri-
al growth compared to the control plates 
which had no tdcA added. the bacterial 
colonies of b. animalis subsp. lactis bb-
12 became white because of the decon-
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jugated deoxycholic acid precipitated as 
a consequence of the bacterial bile salt 
hydrolase activity (data not shown).

Previous studies have shown that the 
bile tolerance of bifidobacteria depended 
on the strain and bile, the resistance lev-
els varies as bile concentrations ranged 
from 0.125 to 2.0% (MArGoLLes et al., 
2003; LIAn et al., 2003). some studies (no-
rIeGA et al., 2006; VInderoLA and reIn-
HeIMer, 2003) have indicated that most 
of the examined bifidobacteria strains 
were not able to deconjugate primary bile 
salts, while other authors have report-
ed bsH activity of bifidobacterial strains 
against the primary bile salts GcA (so-
dium salt of glycocholic acid) and tcA 
(LIonG and sHAH, 2005). In this per-
spective, the level of bsH activity of B. 
animalis subsp. lactis bb-12 was exam-
ined by growing the bacterial cells in Mrs 
broth supplemented with 0.2% (w/v) tcA 
(sodium salt of taurocholic acid). As re-
ported in Fig. 3, the growth inhibition of 
B. animalis subsp. lactis bb-12 after 8 
h of incubation was 81%. this indicates 
that there is a higher toxicity of the prima-
ry bile salt tcA than the secondary salt 
tdcA (sodium salt of taurodeoxychol-
ic acid) to B. animalis subsp. lactis bb-
12 since the probiotic strain grew well in 

medium supplemented with 0.5% (w/v) 
tdcA (data not shown). More free chol-
ic acid was produced during the station-
ary phase than in the exponential phase 
of growth in the presence of taurocholic 
acid. About 30% of taurocholate added to 
the growth medium was deconjugated af-
ter 24 h of incubation (Fig. 3).

Modulation of the composition and 
metabolic activity of the intestinal mi-
croflora are considered the major health 
benefits of probiotics. According to the 
literature (LIeVIn et al., 2000; sHu et al., 
2000; bIbILonI et al., 2001) bifidobacte-
ria can colonize the intestinal tract and 
protect the host against pathogen infec-
tion. In this study the mouse was used 
as the animal model to study interac-
tions between the gut microbes and the 
host. survival of B. animalis subsp. lactis 
bb-12 during transit through the GIt of 
mice was determined in the faeces. the 
viable cell counts of LAb, determined in 
faecal samples of mice fed with the pro-
biotic strain B. animalis subsp. lactis bb-
12, were higher than in the control group 
of mice, and were the highest when mice 
were fed with the novel probiotic prod-
uct (Fig. 4). In contrast, there was a sig-
nificant decline in the viable cell count 
of enterobacteria and sulphite-reducing 

Fig. 3 - bile salt 
hydrolase activity of B. 
animalis subsp. lactis 
bb-12 during 24 h of 
cultivation in: = Mrs-
broth (control), < Mrs – 
broth supplemented with 
2 mg/mL tcA (sodium 
salt of taurocholic 
acid) and 5 cholic acid 
concentration. error 
bars represent standard 
deviations of the mean 
values of results from 
three replicates.
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clostridia in faeces after the mice were 
fed with the probiotic strain B. animalis 
subsp. lactis bb-12 alone or in the novel 
probiotic product. these results demon-
strate that B. animalis subsp. lactis bb-
12 can interact and compete with oth-
er microorganisms within the gut envi-
ronment and has a better effect on fae-
cal microflora when applied in combina-
tion with inulin and cereal flakes.

to determine the ability of B. anima-
lis subsp. lactis bb-12 to inhibit path-
ogens, and its influence on intestinal 
microflora, changes were observed in 
the composition of intestinal microflora 
when the mice were fed pure culture of 
B. animalis subsp. lactis bb-12 or with 
the novel probiotic product (Fig. 5). the 
number of enterobacteria and sulphite-
reducing clostridia in the large intestine 
of mice was reduced when the probiotic 
strain was administered. Furthermore, 
the viable cell count of LAb increased 
in the large intestine even 8 days after 
B. animalis subsp. lactis bb-12 was ad-
ministered, while the viable cell count 

Fig. 4. bacterial cell counts in faeces of mice on day 1 after feeding with B. animalis subsp. lactis bb-
12 alone and in combination with cereal flakes and inulin: A – total lactic acid bacteria on Mrs Agar 
(anaerobically); total aerobic (b) and anaerobic bacteria (c) on peptone yeast extract glucose agar; d – 
Enterobacteriaceae on violet red bile glucose agar; e – sulfite-reducing clostridia on sulfite agar. error 
bars represent standard deviations of the mean values of results from three replicates.

of enterobacteria and sulphite-reduc-
ing clostridia decreased. these results 
could be due to the antibacterial ac-
tivity of B. animalis subsp. lactis bb-
12 that was also shown by in vitro ex-
periments against different Gram-posi-
tive and Gram-negative microorganisms 
(data not shown). better results were 
observed when B. animalis subsp. lactis 
bb-12 was applied in the novel probiotic 
product. this result could be due to the 
prebiotic effect of the inulin, on auto-
chthonous LAb in the mouse intestine. 
Inulin probably selectively influenced 
the growth of LAb in the intestine and 
these bacteria could inhibit the entero-
bacteria by competitive exclusion in the 
mouse large intestine (Fig. 5).

some possible competitive exclusion 
mechanisms of probiotic action include 
the direct attack of probiotic cells by pro-
ducing antibacterial substances, com-
petition for nutrients and receptors on 
the gut enterocytes and immune stim-
ulation of the non-specific immune sys-
tem (Frece et al., 2005). therefore, the 

control

B. lactis bb-12

cereal flakes + 
B. lactis bb-12

lo
g 

C
FU

/g
 fe

ca
l m

at
te

r

bacterial strains on selective growth media



Ital. J. Food Sci. n. 4, vol. 21 - 2009  483

Fig. 5 - bacterial cell counts in large intestine of mice on day 1 (a) and day 8 (b) after feeding with B. 
animalis subsp. lactis bb-12 alone and in combination with cereal flakes and inulin: A – total LAb on 
Mrs Agar (anaerobically); total aerobic (b) and anaerobic bacteria (c) on peptone yeast extract glucose 
agar; d – Enterobacteriaceae on violet red bile glucose agar; e – sulfite-reducing clostridia on sulfite 
agar. Values marked with asterisks are significantly different from the control group, according to the 
student’s test (P≤0.05). error bars represent standard deviations of the mean values of results from 
three replicates.

immunomodulating capacity of B. ani-
malis subsp. lactis bb-12 was examined 
by considering an induction of antibody 
production in swiss albino mice by this 
strain. oral immunization of mice with 

viable cells of B. animalis subsp. lactis 
bb-12 alone and in the novel probiotic 
product stimulated the humoral immune 
response (Fig. 6).

the levels of serum IgA, IgG and IgM 
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Fig. 6 - determination of 
IgA (a), IgG (b) and IgM 

(c) antibodies in sera 
diluted 1:100 after oral 

immunization of mice 
with viable cells of B. 
animalis subsp. lactis 

bb-12 (b), and with 
viable cells of B. animalis 

subsp. lactis bb-12 in 
cereal flakes enriched 

with inulin (bP) by eLIsA 
method. control (c). 
error bars represent 
standard deviations 
of the mean values 

of results from three 
replicates.
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antibodies in all the groups of mice were 
significantly higher compared to the con-
trol groups. the cereal flakes enriched 
with inulin did not influence the immu-
nomodulating capacity of the probiot-
ic strain B. animalis subsp. lactis bb-12 
(Fig. 6). these results are in agreement 
with those reported by FuKusHIMA et al. 
(1999) who demonstrated that mice fed 
with bifidobacteria had significantly high-
er levels of total feacal IgA compared to 
those of the control group. In contrast, 
Frece et al. (2009) showed that inulin 
positively influenced the imunomodulat-
ing capacity of the probiotic strain by in-
creasing the levels of faecal and total se-
rum IgA antibodies in mice. However, fur-
ther investigations based on human in 
vivo trials will be carried out to determine 
the influence of food matrix on the pro-
biotic activity of B. animalis subsp. lac-
tis bb-12 in the novel probiotic product.

concLusIons

the results of this study suggest that 
the cereal flakes enriched with inulin 
positively influenced the functionality of 
B. animalis subsp. lactis bb-12. When 
this probiotic strain was applied in the 
novel probiotic product, the viable cell 
count of LAb was higher and the number 
of enterobacteria and sulphite-reducing 
clostridia was lower in the faecal and in-
testinal microflora of mice compared to 
the results obtained with pure lyophi-
lized probiotic culture. Lyophilized pro-
biotic cells remained viable (above 106 
cFu/g of probiotic product) during 12 
months of storage at 6° and 22°c in the 
novel probiotic product. cereal flakes, 
skim milk and inulin play a protective 
role and foster the survival of probiot-
ic strain as was shown under simulat-
ed gastrointestinal conditions. the con-
firmed bsH activity of B. animalis subsp. 
lactis bb-12 could be a protective mech-
anism against the toxicity of bile salts in 
the human GIt.
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AbstrAct

the influence of frozen storage con-
ditions (temperature and relative hu-
midity) on water vapor permeability 
coefficients (WVPc), mechanical prop-
erties, color, transparency, thickness 
and moisture content of chitosan films 
were evaluated after 20 and 40 days of 
storage. chitosan films (2% w/v) were 
prepared by casting using 25% glyc-
erol (v/g chitosan) as plasticizer and 
0.2% tween 80 (v/v) as emulsifier. the 
films were stored in freezers at -20°c 

riAssunto

L’influenza delle condizioni di conser-
vazione a temperature di surgelazione 
(temperatura e umidità relativa) sui coef-
ficienti di permeabilità del vapor acqueo 
(WVPc), le proprietà meccaniche, il co-
lore, la trasparenza, la durezza e l’umi-
dità dei film di chitosano sono state va-
lutate dopo 20 e 40 giorni di conserva-
zione. i film di chitosano (2% p/v) sono 
stati preparati per colata usando 25% di 
glicerolo (v/g chitosano) come plasticiz-
zante e 0,2% tween 80 (v/v) come emul-

- Key words: chitosan, edible film, mechanical properties, subzero temperature, 
water vapor permeability -
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and 82% relative humidity or at -50°c 
and 62% relative humidity. WVPc 
values decreased gradually from 2.4 
to 1.5×10-5 g•cm-1•day-1•kPa-1 for the 
films stored at -20°c, however, WVPc 
of the films at -50°c declined from 8.2 
to 4.1×10-5 g•cm-1•day-1•kPa-1 in about 
34 days then increased to 18.5×10-5 
g•cm-1•day-1•kPa-1. tensile strength 
decreased after 20 days and then in-
creased sharply after 40 days. Elonga-
tion (50.3-23.2%) decreased with stor-
age time. no significant differences oc-
curred between tensile strength and 
elongation values of the films stored 
at -20° and -50°c during the same 
test period (P<0.05). Elastic modulus 
evolution was similar to the changes 
observed in tensile strength change. 
the films became more yellowish as 
the temperature decreased and stor-
age time increased. there were no dif-
ferences in the color between films 
kept at -20° and -50°c (P<0.05). the 
transparency of the films kept at -50°c 
was about six times greater than that 
of the control and films kept at -20°c 
up to 40 days.

sionante. i film sono conservati in free-
zers a -20°c e 82% di umidità relativa o 
a 50°c e 62% di umidità relativa. i valo-
ri di WVPc sono diminuiti gradualmen-
te da 2,4 a 1,5x10-5 g•cm-1•day-1•kPa-1 
per i film conservati a -20°c, mentre, il 
WVPc dei film a -50°c è diminuito da 
8,2 a 4,1x10-5 g•cm-1•day-1•kPa-1 in cir-
ca 34 giorni poi aumentato a 18,5x10-5 
g•cm-1•day-1•kPa-1. La forza tensile è di-
minuita dopo 20 giorni e poi aumentata 
bruscamente dopo 40 giorni. L’allunga-
mento del film (50,3-23,2%) è diminui-
to con il tempo di conservazione. non ci 
sono differenze significative tra la for-
za tensile e i valori di allungamento dei 
film conservati a -20° e -50°c durante lo 
stesso periodo di test (P<0,05). La valu-
tazione del modulo elastico è stata simi-
le ai cambiamenti osservati nel cambia-
mento della forza tensile. i film diventa-
no più gialli con il diminuire della tempe-
ratura e l’aumento del tempo di conser-
vazione. non c’erano differenze nel co-
lore tra i film mantenuti a -20° e -50°c 
(P<0,05). La trasparenza dei film mante-
nuti a -50°c era circa sei volte più gran-
de di quella del controllo e dei film man-
tenuti a -20°c fino a 40 giorni.

introDuction

chitosan is an edible, biodegradable 
polymer derived from chitin, which is the 
major organic skeletal substance in the 
exoskeleton of arthropods, including in-
sects, crustaceans, and some fungi (but-
LEr et al., 1996; cAnEr et al., 1998). chi-
tosan is composed of n-acetyl-D-glucos-
amine units with β(1-4) glycosidic bonds 
and could be an ideal food preservative 
coating due to its good film-forming and 
mechanical properties. it is also non-
toxic, biodegradable, and has antimi-
crobial action (no et al., 2007). the low 
cost and the multiple physical proper-

ties of chitosan are the major factors 
motivating studies on how it can be used 
to improve fresh and processed meat, 
sea food, poultry, and fruit and vegeta-
bles (LAZAriDou and biLiADEris, 2002; 
KiLinccEKEr et al., 2009).

All of the physical properties of films 
and coatings depend on the film formu-
lation and forming procedure as well 
as the products to which it is applied 
and storage conditions (relative humid-
ity and temperature). A considerable 
number of papers have been devoted to 
the study of development and prepara-
tion, preservative mechanisms and film 
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physical properties of the coating and 
films kept at room temperature (but-
LEr et al., 1996; osÉs et al., 2005; no 
et al., 2007). it is well known that tem-
perature is an important variable affect-
ing the physical and mechanical prop-
erties of films and coatings. the coat-
ing and film properties also generally 
vary over the same storage time due to 
the intrinsic instability of their raw ma-
terials (osÉs et al., 2005). in addition, 
at higher relative humidity (rH) condi-
tions, physical strength decreases and 
oxygen permeability increases sub-
stantially. changes in the temperature 
and relative humidity could affect film 
functionality on foods. therefore, a high 
degree of stability of film properties over 
a long period storage is generally de-
sired. However, there is limited infor-
mation about the effect of storage con-
ditions (especially a subzero tempera-
ture environment) on the physicochem-
ical properties of the coating and films.

several researchers have investigat-
ed the effects of storage conditions on 
water vapor permeability, mechani-
cal properties, color, etc. at above-ze-
ro temperature. butLEr et al. (1996) 
stated that no significant differences 
were found in the mechanical proper-
ties of chitosan films plasticized with 
glycerol after 9 weeks of storage at 
23°c and 50% rH. in addition, there 
were no significant deviations in the 
tensile strength of chitosan films plas-
ticized with polyethyleneglycol after a 
12-week storage period at 23°c and 
50% rH (cAnEr et al., 1998). During a 
16-week storage time, the mechanical 
and water barrier properties of glutenin 
films plasticized with glycerol changed 
markedly, while those of films plasti-
cized with sorbitol or triethanolamine 
remained stable at 23°c and 50% rH 
(HErnÁnDEZ et al., 2004). Whey pro-
tein isolate films plasticized with sorbi-
tol became harder and less flexible dur-
ing a 6-month storage period at room 
temperature and 50 or 75% rH, while 

storage time did not influence the ap-
pearance or mechanical properties of 
films plasticized with glycerol (osÉs et 
al., 2005). the effect of low tempera-
ture on the properties of coating and 
films has been reported by a few au-
thors. KAMPEr and FEnnEMA (1984) 
stated that a bilayer film consisting of 
stearic and palmitic acids and hydroxy-
propyl methylcellulose had water vapor 
permeability values of 5.73×10-7g g•cm-

1•day-1•kPa-1 at 25°c and 1.15×10-5 
g•cm-1•day-1•kPa-11 at -19°c. this group 
also noted that the stearic acid-pal-
mitic acid emulsion film, at -20°c, es-
sentially stopped the transfer of mois-
ture during the 70-day storage period 
(KAMPEr and FEnnEMA, 1985). An ed-
ible film of lipids and cellulose ethers 
displayed good resistance to fracture 
at low temperatures, and the water va-
por transmission values measured at 
25°c showed only a slight increase af-
ter 3 and 9 weeks of storage at -40°c, 
compared to no low-temperature stor-
age (KEstEr and FEnnEMA, 1989).

Although published studies indicate 
that the chitosan coatings can prolong 
the storage life of long-term frozen straw-
berries (HAn et al., 2004), skinless pink 
salmon fillets (sAtHiVEL, 2005; sAtHiV-
EL et al., 2007) and Atlantic cod and her-
ring (JEon et al., 2002), to date it is still 
not clear what influence the subfreezing 
conditions have on the physical proper-
ties of the chitosan coatings. therefore, 
a more complete understanding of the 
influence that subzero temperature en-
vironments have on the film properties 
should help food scientists to further de-
sign and optimize film and coating for-
mulations as well as film application sys-
tems suitable for frozen foods.

the objective of this work was to inves-
tigate the effects of subzero temperature 
conditions on the physical properties of 
chitosan coating including the mechan-
ical properties, water vapor permeabili-
ty, opacity, color parameters, film thick-
ness and moisture content.
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MAtEriALs AnD MEtHoDs

Materials

shrimp chitosan with a molecular 
weight of 1.5×105~1.7×105 (90% deacet-
ylation, viscosity of 200 cps, food-grade, 
water-soluble, odorless, and taste-
less powder, moisture content ≤10% as 
stated by the manufacturer) was pur-
chased from nantong Xincheng biolog-
ical lndustrial co. Ltd., nantong, chi-
na. the chemicals used in this study 
were glycerol, tween 80, glacial acetic 
acid and anhydrous calcium chloride 
(sinopharm chemical reagent co. Ltd., 
shanghai, china), potassium bromide 
(shanghai Jufeng chemical technology 
co. Ltd., shanghai, china), and naoH 
(shanghai Feida co. Ltd., shanghai, 
china).

Film preparation

to prepare 2% (w/v) chitosan solu-
tion, 20 g chitosan were dispersed in 980 
g distilled water and stirred for 10 min, 
and 20 g glacial acetic acid (at 4°c) were 
added to the mixture. After stirring over-
night at room temperature, 25% glycer-
ol (based on the weight of chitosan) and 
0.2% tween 80 (v/v) were added to the 
mixture which was then homogenized 
(sEnco s312, shanghai sEnco tech-
nology co. Ltd, china) at 1,000 rpm for 
10 min. to guarantee the stability of the 
emulsions, the pH was adjusted to 5.6 
with 1.0 mol/L naoH (VArGAs et al., 
2006). Finally, the solution was strained 
through 8 layers of cheesecloth and de-
gassed under vacuum of 100 mmHg at 
room temperature. chitosan film solu-
tions were stored under refrigeration 
(4°c) for 1-2 days.

Film-forming solutions (ca. 200 g) were 
cast over level glass plates (280×280 
mm). the castings were placed in a fume 
hood, which was maintained at 50 ± 
5% rH and 23 ± 2°c for approximately 
50 h. After drying the films were peeled 

from plates and cut into pieces for prop-
erty analysis. Film sheets (27×80 mm) 
were used for the mechanical analysis, 
12×44 mm sheets were used for trans-
parency tests and moisture determina-
tion, 50×50 mm sheets for color evalua-
tion, and 106×106 mm sheets for water 
vapor permeability tests.

Frozen storage

Prior to testing or frozen storage trials, 
all of the cut film pieces were conditioned 
at 25°c and 50% rH for 48 h in a con-
trolled temperature-humidity chamber 
(binder, im Mittleren Ösch 5 D-78532 
tuttlingen, Germany). the conditioned 
film specimens (except those for WVPc) 
were put into unsealed plastic bags and 
then stored in two freezers one at -20°c 
and the other at -50°c for 40 days. At 
0, 20 and 40 days of storage, film sam-
ples from each treatment were removed 
from the freezer and the properties were 
analyzed immediately.

Film thickness determination

the film thickness was determined 
using a manual digital micrometer 
(500-196-20, Mitutoyo, Japan) with a 
resolution of 0.01mm and an accura-
cy of 0.02 mm. the measurements were 
taken at 10 randomly chosen positions 
of each specimen and the mean values 
were used to estimate the cross-section-
al area of the sample. ten film samples 
per treatment were analyzed.

Moisture determination analysis

Film samples were sampled at various 
time intervals, weighed (±0.0001 g) in 
aluminum dishes, then dried in an oven 
at 105°c until constant weight (for ca. 
24 h). Moisture content was determined 
as percentage of initial film weight lost 
during drying and results are reported 
on wet basis. Determinations were per-
formed on three film specimens stored 
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at each condition, the average and stan-
dard deviation are reported.

Film transparency analysis

the transparency of the chitosan film 
was measured using a spectrophotomet-
ric test cell (uV 1601, model cPs-240, 
shimadzu, Kyoto, Japan) according to 
the method of cHoi and HAn (2002). the 
rectangular film piece (12×44 mm) was 
placed on the test cell, using an empty 
test cell as the reference. the film trans-
parency was determined by the equa-
tion: transparency = A600/∆X, where, 
A600 is the value of absorbance at 600 
nm, and ∆X is the average film thick-
ness in mm.

Mechanical properties test

to obtain a broad understanding of 
the changes in mechanical characteris-
tics of chitosan films under subzero tem-
perature conditions, the puncture and 
tensile tests were performed using a tex-
ture analyzer tA-Xt plus texture Ana-
lyzer (stable Micro systems Ltd., surrey, 
England, uK).

tensile tests: tensile strength (ts) at 
breaking and percentage of elongation 
(%E) at break were performed accord-
ing to the AstM (1996) D882-91 method. 
the frozen film strips (27×80 mm) were 
taken from the freezers and immediate-
ly mounted between the grips of the tex-
ture analyzer. the initial grip separation 
and the cross-head speed were set at 50 
mm and 1.0 mm/s, respectively.

Puncture test: A 90 mm-diameter disk 
film was fixed on a plate with a hole of 
10 mm diameter using a tape. A cylin-
drical probe of 1.0 mm diameter was 
moved downward perpendicular to the 
film surface at a speed of 0.8 mm/s un-
til the probe penetrated through the film.

the tensile strength (MPa) for the ten-
sile and puncture test was calculated by 
dividing the maximum force by the film 
cross-section area and by dividing the 

force at break by the probe cross-sec-
tion, respectively. Maximum breaking 
force (n), percent elongation at break (de-
formation divided by initial probe length 
and multiplying by 100%), elastic modu-
lus (slope of force–deformation curve, n/
mm), breaking factor (maximum break-
ing force/film thickness, n/mm) and de-
formation at break (extension at the mo-
ment of rupture, mm) were obtained from 
force vs. deformation curves. ten repli-
cates were made per treatment.

color measurement

Film color was determined using a 
color Difference Meter (Wsc-s, shang-
hai Precise scientific Apparatus, shang-
hai, china). ciE-Lab coordinates were 
obtained from the reflection spectra of 
the samples using a D65 illuminant 
and the observer at 10◦. color parame-
ters range from L = 0 (black) to L = 100 
(white); -a (greenness) to +a (redness), 
and -b (blueness) to +b (yellowness). 
Measurements were performed by plac-
ing the film sample over the standard. 
samples were analyzed in triplicate, re-
cording four measurements per sample.

total color differences (ΔE) were also 
calculated by the following equation:

  (1)

where: ΔL = L – L 0, Δa = a – a 0, Δb = b – 
b 0, with L 0, a 0, b 0 bing the color parameter 
values of the standard and L, a,b, the 
color parameter values of the sample.

Water vapor permeability analysis

Water vapor permeability (WVP) of the 
film specimens was determined accord-
ing to a modified AstM method (AstM, 
1983; KAMPEr and FEnnEMA, 1984). 
the circular opening of a permeation 
cell had an internal diameter of 8.42 cm, 
an external diameter of 9.22 cm and a 
depth of 1.26 cm with an exposed area 
of 55.68 cm2. the film was cut circu-
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larly with a 10.6 cm diameter and then 
sealed over the opening cell containing 
anhydrous calcium chloride (0% rH, 0 
Pa water vapor partial pressure) using 
vacuum grease and two rubber o-rings. 
the film-covered cells were weighed with 
their contents and placed in three glass 
laboratory desiccators. one desiccator 
containing a saturated solution of po-
tassium bromide was put in a tempera-
ture and rH controlled chamber (bind-
er, im Mittleren Ösch 5 D-78532 tut-
tlingen, Germany) providing a rH of 
83% at 25°c (ca. 2632 Pa vapor par-
tial pressure). Another one whose bot-
tom was covered with a layer of ice was 
kept in a freezer (sanyo MDF-135, san-
yo Electric co. Ltd., Japan) maintain-
ing a rH of 82.3% at -20°c (ca. 103 Pa 
vapor partial pressure). the last one 
whose bottom was covered with a lay-
er of ice was placed in another freez-
er (rEVco uLt1386-3-V35, Kendro 
Laboratory Products, nc, usA) afford-
ing a rH of 62% at -50°c (ca. 4 Pa va-
por partial pressure). the water vapor 
transferred through the films at differ-
ent time intervals was determined from 
the weight gain of the cells. cell weight, 
to the nearest 0.0001 g, was recorded at 
various times. All tests were conduct-
ed four times. the water vapor trans-
mission rate (WVtr) and water vapor 
permeability coefficient (WVPc) were 
calculated according to KAMPEr and 
FEnnEMA (1984). the equations were 
as follows:

 WVtr=∆W/(A·∆t) (2)

 WVPc=(∆W·∆X)/[A·∆t·(P2-P1)]  (3)

Where, ∆W is the weight of water ab-
sorbed in the cell (g), ∆t is the time for 
weight change (day), A is the area of film 
(cm2), 1P  is the partial pressure inside 
the cell (kPa), 2P  the water vapor par-
tial pressure at the film outer surface in 
the system (kPa), and ∆X is the average 
film thickness in cm.

statistical analysis

the data were analyzed using AnoVA 
(P<0.05). Mean differences were estab-
lished by the Duncan’s multiple range 
test. the data were analyzed using sAs 
8.0 statistical data analytical software.

rEsuLts AnD Discussion

Water vapor permeability

Water vapor permeability (WVP) is a 
rather crucial issue because most nat-
ural biopolymers are very prone to plas-
ticization of water which can modify the 
characteristics of the polymer matrix. 
the amount of water vapor that per-
meates per unit of area and time un-
der specified temperature and humidity 
conditions is quantified by the water va-
por permeability coefficient (WVPc). the 
effects of storage temperature and time 
on the mean WVPc of chitosan films are 
shown in Fig.1. During 40 days of storage, 
WVPc values decreased gradually from 
1.6 to 0.3×10-5 g•cm-1•day-1•kPa-1 for the 
films at 25°c and from 2.4 to 1.5×10-5 
g•cm-1•day-1•kPa-1 for the films stored at 
-20°c, respectively. For the films stored 
at -50°c, the WVPc values decreased 
rapidly from 8.2 to 5.8×10-5 g•cm-1•day-

1•kPa-1 in about 6 days, decreased slow-
ly from the sixth to the thirty-fourth day, 
and then increased from 4.1 to 18.5×10-

5 g•cm-1•day-1•kPa-1. WVPc values for 
the chitosan films prepared in the pres-
ent work are of the same order of magni-
tude as those of WonG et al. (1992) (chito-
san 2%, 3.2-4.1×10-5 g•cm-1•day-1•kPa-1), 
cAnEr et al. (1998) (chitosan 3%, 5.4-
13.2×10-5 g•cm-1•day-1•kPa-1) and GAr-
cÍA et al. (2004) (chitosan 2%, 6.3×10-5 
g•cm-1•day-1•kPa-1). the higher WVPc val-
ues of the forty day samples can not be 
explained due to the limited data. butLEr 
et al. (1996) found that WVPc of chitosan 
films that contained 0.50 mL/g glycerol 
decreased during storage (23°c and 50% 
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Fig. 1 - Effects of storage temperature and time on water vapor permeability of chitosan film. Data are 
presented as mean ± sD (n=4).

rH), while there were no changes in the 
films prepared with 0.25 mL/g glycerol. 
cAnEr et al. (1998) also observed that 
WVPc values of chitosan films made with 
acetic, formic, lactic, propionic acid and 
polyethylene glycol were independent on 
storage time at 22°c and 40-60% rH. 
no changes in water barrier properties of 
round scad (Decapterus maruadsi) pro-
tein-based film were observed through-
out 4-weeks of storage at 54% rH and 
28°-30°c (P>0.05) (ArtHArn et al., 2009).
these results confirmed that water vapor 
permeability of edible films is mainly in-
fluenced by chemical and structural fac-
tors, such as the composition and geom-
etry of the films, and experimental con-
ditions that can reduce molecular mobil-
ity (YosHiDA et al., 2003). As seen from 
the results, the storage temperature had 
a negative effect on the water vapor bar-
rier property of the chitosan film, which 
may be dependent on and associated 
with the level of hydration around the po-

lar groups and on the occurrence of low 
temperature fracturing in the film (noGu-
cHi, 1981; KAMPEr and FEnnEMA, 1984).

At almost the same relative humidity, 
as the temperature decreased from 25° 
to -20°c, the WVPc values of the chito-
san films increased approximately 1.5-
5.2 times during storage. When the tem-
perature was lowered to -50°c, WVPc 
values were 4.9-64 and 2.5-12.4 times 
higher than those of the films at 25° and 
at -20°c, respectively. similarly, KAM-
PEr and FEnnEMA (1984) stated that the 
WVPc value of the c18-c16 E-Film in-
creased as the temperature was raised 
above or lowered below 25°c. LAbuZA 
and contrErAs-MEDELLin (1981) ob-
served that polyethylene packaging films 
are less permeable to water vapor at 35° 
than at -30°c. this increased permeabil-
ity of the film at low temperatures may 
be due to increased hydration around 
polar groups in the films and from the 
occurrence of low temperature fractur-



494  Ital. J. Food Sci. n. 4, vol. 21 - 2009

ing in the film (noGucHi, 1981; KAMPEr 
and FEnnEMA, 1984). such an increase 
in permeation rates as a function of time 
is usually a sign of film deterioration.

Mechanical properties

the effects of storage temperature and 
time on the mechanical properties are 
compared in table 1. it can be observed 
that the mean ts value of chitosan film 
prior to storage was ca. 21.2 MPa. While 
the values of the present results were 
higher than those obtained in previ-
ous research, the differences may be as-
cribed to chitosan composition and sup-
pliers, plasticizer type and content, and 
film preparation method (butLEr et al., 
1996 (14.6-18.7MPa); cAnEr et al., 1998 
(19.6MPa); GArcÍA et al., 2004 (10MPa). 
the mean ts of frozen chitosan films de-
creased from 21.2 to 11.9-18.3 MPa after 
20 days of storage, then increased signif-
icantly to 49.2-53.5 MPa after 40 days. 
the changes in ts may be associated with 
a change in density and reversibility of in-
termolecular interactions that occurred in 
the edible films from the chitosan network 
that was formed (bourtooM et al., 2006). 
there were no significant differences in 
ts values between the temperatures of 
-20° and -50°c. in addition, elongation 

at break of these films decreased from 
50.3% before storage to 23.2-40.1% af-
ter 40 days. no significant differences oc-
curred in elongation values of the films 
stored at -20° and -50°c during the same 
test period. Elastic modulus evolution be-
haved similar to ts evolution for all films 
treated. With regard to puncture tests, 
the elastic modulus showed the same 
trend as in the tensile test. butLEr et al. 
(1996) noted that the ts of films with 0.25 
mL/g glycerol showed a slight increase 
during the fourth and eighth weeks of 
storage but fell again in the twelfth week, 
and no significant change occurred in 
elongation as a function of time. Howev-
er, the films with 0.5 mL/g glycerol indi-
cated a reduction in mean elongation as 
storage time increased, and no significant 
change in mean ts was observed over 12 
weeks of storage at 23°c and 50% rH. 
cAnEr et al. (1998) stated that WVPc and 
ts of chitosan films with different acids 
were not dependent on time, but elonga-
tion (14-70%) decreased linearly with time 
during 9 weeks of storage. these different 
conclusions may be associated with chito-
san composition, film-making conditions, 
storage temperature and humidity, etc.

 the mechanical properties of films de-
pend on the polymer architecture, aver-
age molecular weight and molecular ar-

table 1- changes in mechanical properties of chitosan films stored for 40 days at -20° and -50°c*.

	 Tensile	properties	 Puncture	properties

Treatments	 Tensile	strength	 Elongation	at	break	 Elastic	modulus	 Deformation	 Elastic	modulus
	 (TS)(MPa)	 (%)	 (N/mm)	 (mm)	 (N/mm)
	
Initial		 21.2±7.2b	 50.3±4.9a	 2.43±0.69b	 4.72±0.19a	 4.36±0.03b

After	20	days
-20°C	storage	 18.3±3.6bc	 23.2±3.7c	 2.08±0.36b	 3.35±0.52bc	 3.02±0.99c

-50°C	storage	 11.9±8.7c	 35.6±2.6bc	 0.47±0.39c	 3.28±0.18c	 3.11±1.01bc

After	40	days
-20°C	storage	 49.2±5.5a	 40.1±1.8b	 5.63±0.14a	 3.76±0.44bc	 7.89±0.22a

-50°C	storage	 53.5±9.2a	 36.5±3.6bc	 5.96±1.23a	 4.08±0.71b	 7.45±0.94a

*Data	are	presented	as	mean	±	SD	(n=10).
Values	within	a	column	followed	by	the	same	letter	are	not	significantly	different	(P<0.05).
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rangement which is related to tempera-
ture, moisture, crystallinity, molecular 
weight, water diffusion, etc. therefore, 
it is necessary to assess the mechani-
cal performance and stability of biopoly-
mers under subzero temperature condi-
tions. the brittle characteristic of chito-
san film may be responsible for an in-
crement in tensile strength and tensile 
modulus of the films. compared with 
the conditions at 25°c, the subzero tem-
perature conditions decreased the de-
gree of molecular mobility and caused 
cryo-concentrated effects that increased 
the chitosan concentration. on the oth-
er hand, water plasticization of chitosan 
film leads to increased intermolecular 
distance, reduced local viscosity and in-
creased back-bone chain segmental mo-
bility. these phenomena that occurred 
at subzero temperatures may be respon-
sible for the property evolution of fro-
zen chitosan films mentioned above. the 
reasons need to be investigated through 
structural and thermal property analysis.

color, transparency, 
thickness and moisture content

color attributes are of prime impor-
tance because they directly affect con-
sumer acceptability. the effects of stor-

age temperature and time on L, a and b 
values of chitosan films were compared 
(table 2). in relation to the control, the 
frozen films became darker as shown 
by the decreases in L values. the a val-
ues increased within the first 20 days 
and then no changes were observed in 
the control after 40 days (P<0.05). the b 
values increased were noted in all of the 
frozen films. these results indicate that 
the films became more yellowish as the 
temperature decreased and storage time 
increased. on day 20, there were no sig-
nificant fluctuations in the total color dif-
ference (ΔE) between the control and the 
films stored at -20°c. However, by day 
60 the ΔE values decreased significantly. 
the changes in color could be ascribed to 
non-enzymatic browning reactions. the 
increase in free amino groups in chito-
san may cause increased browning as 
shown by the increased yellowness of the 
film. on the other hand, glycerol in chi-
tosan may be oxidized, to produce vari-
ous products such as aldehydes which 
can react with amino group through the 
Maillard reaction. soLoMon et al. (1995) 
reported that aldehydes from lipid oxida-
tion might combine with amino acids and 
contribute to the non-enzymatic brown-
ing. During the same storage period, no 
significant differences in color parame-

table 2 - changes in color, transparency, thickness and moisture content of chitosan films stored for 
40 days at -20° and -50°c*.

Treatments	 Color	 Transparency	 Thickness	 Moisture
	 	 	 (mm)	 content	(%)
	 L	 a	 b	 ΔE	 	 	

Initial	 88.91±0.59a	 -2.33±0.09c	 10.98±0.14c	 18.05±1.65ab	 2.42±0.85b	 0.014±0.0083a	 31.26±1.45a

After	20	days
-20°C	storage	 86.71±0.41ab	 -1.08±0.23b	 11.13±1.23b	 18.48±0.18a	 2.89±0.32b	 0.011±0.0010a	 31.81±0.74a

-50°C	storage	 86.04±0.13b	 -0.41±0.07a	 11.95±0.39ab	 17.92±0.45ab	 3.25±0.58b	 0.012±0.0003a	 30.60±0.45a

After	40	days
-20°C	storage	 85.87±0.28b	 -2.36±0.01c	 12.45±0.36a	 16.76±0.19b	 12.86±1.38a	 0.011±0.0004a	 31.94±1.52a

-50°C	storage	 85.59±0.55b	 -1.87±0.11c	 11.84±0.69ab	 16.79±0.63b	 12.10±2.97a	 0.010±0.0008a	 31.68±0.74a

*Data	are	presented	as	mean	±	SD.
Values	within	a	column	followed	by	the	same	letter	are	not	significantly	different	(P<0.05).
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ters, except for the a value, were found 
between -20° and -50°c (P<0.05).

compared to the control, the trans-
parency values of frozen films increased 
slightly (but not significantly, P<0.05) 
during the first 20 days and then rose 
sharply. the transparency of films kept 
at -50°c were about six-times greater 
than that of the control and films kept 
at -20°c up to 60 days. increased trans-
parency values showed an increase in 
opacity, that was probably due to the 
orientation of polymers in the film ma-
trix during storage. the transparency 
values of frozen films at the same test 
point were not affected by the different 
storage temperatures.

the thickness of films varied between 
0.01 and 0.014 mm, and the moisture 
content ranged from 30.6 to 31.94% 
(table 1). As expected, changes in fro-
zen storage conditions did not signifi-
cantly affect film thickness and moisture 
content (P<0.05).

concLusions

this study has shown that the phys-
ical properties of chitosan films can be 
modified by the temperature and rel-
ative humidity used in frozen storage. 
in general, the present data show a de-
crease in WVPc, elongation, L value and 
total color difference and an increase 
in b values and opacity with respect to 
storage time. compared with the con-
trol, the subzero-temperature films had 
a higher water vapor permeability co-
efficient, tensile strength and modu-
lus, and transparency after 40 days of 
storage. During the first 20 days, there 
were no significant differences in tensile 
strength, elastic modulus, L and ΔE val-
ues and transparency between the con-
trols and the films stored at- 20°c. no 
significant deviations were observed in 
tensile strength, elongation, modulus, 
color parameters and transparency be-
tween storage temperature of -20° and 

-50°c. the higher WVPc values of the 
forty-day films stored at -50°c could not 
be explained due to the limited data. in 
order to clearly explain this phenome-
non, further studies of oxygen permea-
bility and microstructure and thermal 
properties of chitosan films at subzero 
temperature are needed.
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AbstrAct

bulgur is precooked whole wheat 
which has a high level of energy nutri-
ents and is a natural source of vitamins 
and minerals. bulgur is generally pro-
duced in small- and medium-sized fac-
tories. some health and safety problems 
arise with respect to the raw material, 
contamination, and production envi-
ronment. Implementation of the qual-
ity and safety management system in 
the production of bulgur is a valuable 
tool for improving the safety and quali-

rIAssunto

Il bulgur è un alimento precotto a 
base di frumento integrale che possie-
de nutrienti ad alto potere energetico 
ed è una fonte naturale di vitamine e 
minerali. Il bulgur è prodotto general-
mente in piccole e medie aziende. Al-
cuni problemi di salute e sicurezza in-
sorgono per quanto riguarda la mate-
ria prima, l’ambiente di produzione e 
la produzione stessa. L’implementa-
zione di un sistema di gestione della 
qualità e della sicurezza nella produ-

- Key words: bulgur, food safety management system, HACCP, ISO 9000, ISO 22000, 
quality management system -
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ty characteristics of bulgur. Hazard as-
sessment is considered as a five-class 
hazard score matrix. Prerequisite pro-
grams, critical control points, critical 
limits, preventive, corrective actions 
and quality control points of bulgur 
processing are discussed.

IntroDuctIon

the hazard analysis critical control 
points (HAccP) system is a systemat-
ic approach used to determine the haz-
ards related to food, identify critical con-
trol points (ccP) and get them under 
control. In the food industry, the HAc-
cP program combined with prerequi-
site programs (PrPs) is currently recog-
nized as the best approach to control 
food safety (ArVAnItoYAnnIs and VAr-
ZAKAs, 2009). In addition, some proc-
esses (documentation and record proc-
esses, internal auditing processes, etc.) 
applied with the Iso 9000-Quality Man-
agement system (QMs) standard can be 
used with the HAccP system. the Iso 
22000-Food safety Management system 
(FsMs) standard is being introduced as a 
way to organize all of these requirements. 
the goal is to use it as a single standard 
throughout the world (Iso, 2005).

bulgur is a cleaned, washed, par-
boiled, debranned, crushed, and sifted 
wheat product. bulgur is an excellent in-
gredient in salads, soups, baked goods, 
stuffings, casseroles, and as a meat sub-
stitute in vegetarian dishes. It is wide-
ly consumed in central Asia, the Middle 
East, north Africa and eastern Europe-
an countries (Yu and KIEs, 1993, cEr-
tEL, 1998).

the ancient method of producing 
bulgur, which is referred to as Arisah 

in the old testament, consists of boil-
ing whole wheat in open vessels until 
it becomes tender. the cooked wheat 
is then spread out in thin layer to dry 
in the sun. the outer bran layers are 
removed by sprinkling with water and 
rubbing by hand. this is followed by 
cracking the grains with a stone or in a 
crude mill (KEnt, 1990). Modern mech-
anized bulgur processing has been de-
veloped on the basis of the ancient steps 
of bulgur-making. the bulgur process-
ing methods are nearly the same in all 
countries around the world. the tech-
nologies used and the properties of the 
raw material affect the quality of the end 
product. there are two kinds of problems 
in bulgur processing, quality and safety 
hazards. Quality hazards include color, 
texture, flavor and size, while safety haz-
ards are toxins, metals, pathogens, etc.

Food safety and quality are affected 
by some problems related to administra-
tion, supplier, production technologies, 
working environment, human resourc-
es, and control activities. All of these 
affect the complete production process 
starting from the raw material to the fi-
nal product. to have a successful op-
eration to obtain products with the de-
sired quality and safety assurance it is 
necessary to understand the critical con-
trol points, the processing factors, and 
their effects on product quality. to date 
no information has been published con-

zione del bulgur è un prezioso stru-
mento per migliorarne la sicurezza e la 
qualità. nella valutazione del rischio la 
matrice è considerata come rischio di 
classe 5. Vengono discussi i prerequi-
siti, i punti critici di controllo, le azio-
ni preventive e correttive e i punti di 
controllo della qualità della lavorazio-
ne del bulgur.
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cerning the safety and quality assur-
ance of bulgur processing. therefore, 
this study was undertaken to investi-
gate the quality and safety assurance of 
bulgur production based on the HAccP 
concept. this study also focused on the 
following; safety hazard analysis, cause 
analysis and hazard assessment, ccPs 
and HAccP plan for “Food safety Man-
agement system” standard, and quality 
hazard analysis, quality control points 
and quality plans for the “Quality Man-
agement system” standard. the integra-
tion of prerequisite programs and quali-
ty processes is also discussed for HAccP 
and quality plans in bulgur processing.

QuALItY 
AnD sAFEtY cHArActErIstIcs 

oF buLGur ProcEssInG

Product characteristics

bulgur is a nutritious, versatile wheat 
product. the nutritive composition of 
wheat and bulgur is shown in table 1. 
the nutritive value of bulgur is similar to 
that of wheat. However, the fat, ash and 
crude fiber levels are slightly lower than 
those of wheat. the cooking process af-
fects the mineral content, and there is a 
70% retention of riboflavin, thiamine and 
niacin levels (HAYtA, 2001; ÖZboY and 
KÖKsEL, 1998; KocA and AnIL, 1996; 
tsE, 2001, 2003).

bulgur processing

bulgur is a pre-cooked wheat product 
that has been cleaned, cooked, dried, 
ground into particles and sifted into dis-
tinct sizes. It has good storage properties 
due to enzyme inactivation during cook-
ing. bulgur has gained importance as a 
substitute for rice in the western coun-
tries. bulgur is generally produced from 
Triticum durum because of its good mill-
ing properties. Foreign grain seeds in the 
raw material could be addressed as the 

first problem in bulgur processing. It is 
still produced using traditional ways. In 
most cases, it is not produced under hy-
gienic conditions and has a lower quali-
ty criteria in color, size, shape and taste.

Modern bulgur processing lines are 
slowly replacing these old methods. A 
flow diagram for basic bulgur process-
ing is shown in Fig. 1. the basic sys-
tem for processing bulgur takes place 
in three stages. the first stage involves 
pre-cleaning; foreign materials such as 
weed seeds, non-grain materials, dam-
aged and shriveled kernels, etc. are re-
moved by sieves, washers, and separa-
tors. Washing removes dust and dirty 
materials and centrifuging removes ex-
cess water. In this step the moisture con-
tent of the wheat can be increased up to 
15-17%.

the second stage involves tempering, 
cooking, and drying. tempering is the 
controlled addition of water to the wheat 
in order to soften the endosperm, facil-
itate separation of the bran, and tough-
en the bran. the basic reason for cook-
ing the wheat is to convert the starch 
into a digestible form by gelatinization. 
the cooking process varies from using 
atmospheric cooking (95°c) in small en-
terprises to using pressurized cookers in 
larger facilities. During cooking, temper-
atures below 95°c are preferred in or-
der to minimize the loss of nutritional 
compounds. there should be no white 
spots on the cooked wheat and gelatini-
zation of starch has to be completed by 
the cooking process. the amount of wa-
ter that is added is important. the mois-
ture content must be grater than 40%. 
If the moisture content of the kernel is 
less than 40%, white spots appear in the 
kernel, which are ungelatinized starch. 
If an insufficient amount of water added 
is added, complete gelatinization will not 
be achieved. If too much water is added 
there will be a loss of nutritional com-
pounds, especially vitamin b, that will 
occur during decantation of water. Dry-
ing an important step in bulgur produc-
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tion is carried out by fluidized bed, ro-
tary dryer, sun drying, tower, and tun-
nel dryers (HAYtA, 2001). cooked bulgur 
is usually dried in a tunnel drier with a 
hot air stream at 60°c until a 10-12% 
of moisture content is achieved (YILDIr-
IM, 2004; bAYrAM, 2005; bAYrAM and 
ÖnEr, 2002). Mechanical dryers are 
more sanitary than the traditional sun 
drying method.

the last stage consists of dehulling, 
grinding, polishing, and classification. 
In the dehulling process, bran is re-
moved from the cooked wheat by abra-
sives or stone mills. the grains are than 
ground to produce small particles; the 
use of roller milling equipment has be-
come widespread, but color and shape 
problems sometimes occur. the size and 
shape of bulgur is always important. 
oval and smooth shapes are preferred. 
screening and classification are the next 
steps. color sorting equipment may be 
applied. the color of bulgur should be 

Fig. 1 - Flow diagram of bulgur processing.

light yellow and homogeneous. the pol-
ishing step is not always used since 
bulgur is nutritionally damaged during 
polishing when a cylindrical system is 
used to polish the product to obtain a 
good yellow color.

there could be mold growth if the 
wheat has gotten wet many times or if it 
was wet for an extended time (FAo ⁄WHo, 
2001; GIrAY et al., 2007). A study indicat-
ed that Aspergilus spp., mostly Aspergilus 
flavus, was detected in wet samples. In 
another report low levels Aspergilus fla-
vus and detectable aflatoxin levels were 
found (ÇoKsÖYLEr et al., 1993).

FooD sAFEtY sYstEM 
For tHE buLGur ProcEssInG

Food safety is becoming increasing-
ly important in the food industry. the 
main reason is the susceptibility of food 
products to microbiological, physical, 
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and chemical hazards. For the food in-
dustry, the HAccP program is currently 
recognized as the best approach for food 
safety control (MortIMorE and WAL-
LAcE, 1998; ILsI EuroPE, 2004; coDEX 
ALIMEntArIus coMMIssIon, 2003). Iso 
22000 focuses exclusively on food safe-
ty and tells food producers how to build 
a food safety system.

the HAccP system had been re-
quired in the operational applications 
such as Good Manufacturing Practice 
(GMP), Good Hygienic Practice (GHP), 
and sanitation standard operating Pro-
cedures (ssoP) before the Iso 22000-
FsMs standard was published. the 
Iso 22000-FsMs standard has includ-
ed and organized the definition and con-
tents of these applications. the prereq-
uisite programs, in this study, are clas-
sified as strategic, operational and sup-
portive programs (table 2). Iso 22000-
FsMs and Iso 9000-QMs have the same 
framework properties. the standards 
have been built on customer focus, con-

table 1 - nutrient composition of wheat and bulgur 
(value per 100 g).

	 Wheat	(durum)	 Bulgur

Energy,	kcal	 339.00	 342.00
Water,	g	 10.94	 9.00
Protein,	g	 13.68	 12.29
Fat,	g	 2.47	 1.33
Carbohydrate,	g	 71.13	 75.87
Fiber,	total	dietary,	g	 No	data	 18.30
Ash,	g	 1.78	 1.51
Mineral
Calcium,	mg	 34.00	 35.00
Phosphorus,	mg	 508.00	 300.00
Iron,	mg	 3.52	 2.46
Zinc,	mg	 4.16	 1.93
Vitamin
Thiamin,	mg	 0.419	 0.232
Riboflavin,	mg	 0.121	 0.115
Niacin,	mg	 6.738	 5.114
Pantothenic	acid,	mg	 0.935	 1.045

Source:	Anon,	2005.

tinuous improvement, and process ap-
proach. Fig. 3 shows the properties and 
similarities of the standards. the Iso 
22000-FsMs standard includes HAc-
cP principles with PrPs (Iso, 2005). 
the prerequisite programs and process-
es that are required by both Iso 9000-
QMs and Iso 22000-FsMs are shown in 
table 2. the documentation and record-
keeping processes (QP 3), which are the 
fundamental items in both standards, 
are listed in article number 4. the plan-
ning (QP 4) and internal communication 
(QP 2) are in article number 5. resource 
management process (QP 5) is in article 
number 6. bulgur production (QP 7) and 
purchasing processes (QP 8) are in arti-
cle number 7. Internal audit (QP 9) and 
data analysis processes (QP 10) are in 
article number 8. therefore, these proc-
esses are common to both standards.

In this study, hazard analysis, hazard 
assessment, and HAccP plans are de-
termined according to the Iso 22000-
FsMs standard. the details of all of 
the processes required and prerequi-
site programs are not given. only the 
most important ones which could affect 
bulgur processing are discussed. bulgur 
processing is mostly affected by the (Pr 
1), (Pr 2), and (Pr 3) programs.

Hazard analyses 
and hazard assessment

Hazard analysis begins with identifica-
tion of the food safety hazards associated 
with the raw material, and establishment 
of a priority list that is given in table 
3. First, a complete list of hazards that 
could potentially be of concern is drawn 
up. cause analysis is based on determin-
ing potential hazard sources and classi-
fying the causes (ArVAnItoYAnnIs and 
trAIKou, 2005). the failure mode and 
effect analysis (FMEA) model has been 
applied for the risk assessment of potato 
chip manufacturing (ArVAnItoYAnnIs 
and VArZAKAs, 2007a). the cause and 
effect diagram (also known as Ishikawa, 
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tree diagram and fishbone diagram) 
has been studied in order to show 
the underlying causes of failures in 
strudel manufacturing (ArVAnItoY-
AnnIs and VArZAKAs, 2007b). the 
cause analysis for bulgur processing 
has been summarized in a fish bone 
diagram (Fig. 2) and the results are 
given in table 3. All hazard sourc-
es (not detailed or shown in the fish-
bone diagram) in bulgur processing 
were compiled from regional bulgur 
processors.

next to identify significant haz-
ards, a number of questions report-
ed in table 3 have to be answered for 
each hazard that could be of concern 
at each step in the bulgur production 
process (ILsI, 2004). Hazard analysis 
starts questioning the presence of a 
potential hazard whether in the raw 
material or in the processing steps. 
Questioning determines whether 
the hazard is significant or not. this 
type of questioning has been report-
ed by many authors (HorcHnEr et 
al., 2006; sErrA et al., 1999). the 
results are shown in table 3.

bulgur processing basically con-
sists of cleaning, cooking-drying and 
grinding-sieving steps. one of the 
main hazards comes from the prop-
erties of the raw material. raw mate-
rial may contain pesticides and my-
cotoxins (such as ocratoxin and/or 
aflatoxin). these hazards, as shown 
in table 3, have to be tested and con-
trolled in every batch. the hazard in 
the cooking and drying processes is 
the inefficient control of the survival 
and growth of microorganisms. Met-
al contamination is a hazard during 
grinding and sieving because ma-
chines are used in these processes.

the results obtained from the haz-
ard analysis indicate the magnitude 
of the hazard in a next step, and 
whether it is a ccP or not.

the Iso 22000-Food safety Man-
agement system standard requires t
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Fig. 2 - cause and effect analysis (Fish bone di-
agram).

that all hazards be identified starting 
from the raw materials to the finished 
products in the processing plant (clause 
7.4.2. of Iso 22000-FsMs). In the mean-
time, the possible severity of unfavorable 
health effects and the likelihood of their 
occurrence have to be evaluated (clause 
7.4.3. of Iso 22000-FsMs). After assess-
ing the hazards, control measures have 
to be considered for preventing, eliminat-
ing, or reducing these food safety haz-
ards to an acceptable level (clause 7.4.4. 
of Iso 22000-FsMs) (Iso, 2005).

Hazard assessment following the haz-
ard analysis must be quantified. It has 
been stated that hazard assessment is a 
mixture of probability and severity (Iso, 
2005). In this study, the probability and 
severity of the hazards are considered 
based on a five-class hazard score ma-
trix. this is shown in table 4. the signif-
icant hazards found in the hazard anal-
ysis (table 3) are used to determine the 
hazard assessment. Mycotoxin content 
in bulgur was found to be the 4th most 
important risk class (table 5), while the 
cooking and drying processes were clas-
sified as the 2nd risk class. the packag-
ing process was classified as the 3rd risk 
class.

critical control points 
in the bulgur processing

critical control points include loca-
tion, operation, procedure, or process 
that can be checked and if found, the 
food safety hazard can be removed or 

brought to an acceptable level. critical 
control points of bulgur processing were 
determined. A decision tree was used to 
determine the steps which could be des-
ignated as critical control points (ILsI 
EuroPE, 2004; boLAt, 2002; LEE and 
HAtHAWAY, 1998; sAnDrou and ArVAn-
ItoYAnnIs, 2000a, b; ArVAnItoYAnnIs 
and MAuroPouLos, 2000). critical con-
trol points of bulgur processing are list-
ed in table 5.

After questioning the cooking, dry-
ing, and metal detection steps of bulgur 
processing were found to be in the ccP 
structure. significant hazards with in 
these processes have to be checked by 
special monitoring systems.

critical limits are the minimum and/
or maximum values of the biological, 
chemical, or physical parameters that 
must be monitored at a ccP to prevent, 
or a food safety hazard eliminate, or re-
duce it to an acceptable level. these lim-
its indicate if the identified hazards can 
be brought under control or not. criti-
cal limits may be determined for factors 
such as temperature, time, physical di-
mensions, etc. critical limits for each 
critical control point for bulgur process-
ing were evaluated and are reported in 
table 6. these were taken from the lit-
erature, legal provisions, or from compa-
rable standard procedures (tsE, 2001, 
2003). the identified ccPs have to be 
checked in the HAccP plan as defined in 
clause 7.6.2. of Iso 22000-FsMs.

Implementation 
of HAccP system-HAccP Plan

Ideally, a HAccP study should be car-
ried out as part of product and proc-
ess development, so that potential haz-
ards can be “designed out” at the earli-
est stage possible. In any case, a HAc-
cP study results in a HAccP plan that 
should be correctly implemented to en-
sure that the appropriate control meas-
ures are put in place before products are 
put on the market.
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Fig. 3 - continuous Improvement Models in Iso 22000:2005-Food safety Management system and Iso 
9000:2000-Quality Management system.

the HAccP plan is a document which 
consists of a list of significant hazards, 
critical control points, critical limits for 
each hazard at each ccP, monitoring 
procedures for each hazard at each ccP, 

and corrective actions if critical limits are 
exceeded. some hazards are considered 
to be control points (cPs) because the 
hazards can be controlled by prerequi-
site programs (DErosIEr et al., 2002).
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Monitoring involves a systematic reg-
ularly scheduled observation to make 
sure that ccPs are under control. When 
monitoring results show that criteria are 
not being met, appropriate and immedi-
ate measures should be taken to correct 
the deviations. For example, corrective 
actions may include re-heating or re-
working, increasing the operation tem-
perature, extending operation time, de-
creasing pH, changing monitoring equip-
ment, changing equipment of process 
and maintaining of equipment, extra 
training for employees, revising HAccP 
documents, changing the process flow, 
etc. corrective procedures should be 
continuously improved (ArVAnItoYAn-
nIs and trAIKou, 2005; EFstrAtIADIs 
and ArVAnItoYAnnIs, 2000).

Aflatoxin analysis of the wheat at the 
time of receiving the raw material could 
be done by using rapid test kits for each 
batch. Packaging materials can also be 
tested for each batch. temperatures dur-
ing the cooking, cooling, and drying proc-
esses have to be monitored. Monitoring 
results should be continuously recorded. 
the problems revealed in the raw mate-
rials and in the bulgur processing steps 
should be reprocessed and corrective 
actions must be applied. Metal detec-
tors must be frequently calibrated and 
checked for accuracy (table 6).

Verification is the effort to deter-
mine whether the HAccP plan is val-
id and whether the system is operating 
as planned; the HAccP plan is scientifi-
cally and technically evaluated. All stag-
es in the process should be document-
ed in order to enable retrospective ob-
servation, verification, and validation of 
the HAccP system. Verification should 
be implemented through internal audits 
which involve reviewing the pre-requi-
sites, the hazards and risk assessment, 
critical control points, and critical limits.

the following should be included in 
the HAccP plan according to clause 
7.6.2. of Iso 22000-FsMs: food safe-
ty hazards to be checked at the ccPs, 

control measures, critical limits, moni-
toring procedures, corrective actions to 
be taken if critical limits are exceeded, 
responsibilities, authority, and monitor-
ing records.

QuALItY sYstEM 
For buLGur ProcEssInG

Iso 9000:2000-QMs is quality sys-
tem that focuses on documenting all of 
the quality assurance and improvement 
processes in a company (Iso, 1999). Al-
though the Iso 9000:2000-QMs was 
originally developed for the manufac-
turing sector, it has also been applied 
to many service organizations and has 
been gaining some acceptance in the 
food industry.

the Iso 9000:2000-QMs includes all 
the management, production, distribu-
tion, product design and service activi-
ties. the Iso 9000:2000-QMs standard 
describes a basic set of 8 elements by 
which quality management system can 
be developed and implemented.

As seen in Fig. 3, Iso 9000-QMs 
standard consists of five main parts: 
quality management system, manage-
ment responsibility, resource manage-
ment, product realization, measurement, 
analysis and improvement. the standard 
articles in Deming’s cycle (PDcA) are be-
ing continuously improved. the stand-
ard is worked out by essential process-
es that are classified as strategic, oper-
ational and supportive processes (table 
2). As seen in Fig. 3, these processes cov-
er all of the standard articles as well as 
some procedures along with the manda-
tory processes. In order to hygienically 
produce bulgur, the producers have to 
apply all of the quality processes. the in-
teraction of bulgur production and these 
processes are given in table 7. bulgur 
production is technically affected by 
maintenance (QP 11), production plan-
ning (QP 4), resource management (QP 
5), internal audits (QP 9) and data anal-
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ysis (QP 10). bulgur processing is 
affected little by design and market 
surveying processes. the market is 
usually local and the process is not 
significantly affected. For example, 
the size and color of the bulgur are 
usually determined by market-con-
sumer interaction. there is almost 
no design in small-scale factories.

bulgur processing is not a long-
chain process, but some physi-
cal processes are usually involved. 
Quality parameters of bulgur 
processing in small-scale plants 
are affected by technological and 
administrative applications. Quali-
ty parameters of bulgur processing 
and quality hazards in the process 
are given in table 6.

the key points for a quality 
bulgur processing system include: 
(1) how to avoid the browning re-
action and maintain good product 
appearance; (2) how to avoid degra-
dation and loss of biological activi-
ties in the bulgur to insure a nutri-
tious product; and (3) how to have 
bulgur with a long shelf life (HAY-
tA, 2001; GIAnnou et al., 2003; 
bAYrAM and ÖnEr, 2002). Qual-
ity control points (QcP) are deter-
mined by quality hazards. Quality 
control point involves a procedure 
where a control can be applied and 
a quality hazard (for example, taste, 
appearance, nutrition, color) can be 
prevented, eliminated, or reduced to 
an acceptable level.

receipt of raw materials, cooking, 
drying, peeling, and sieving proc-
esses are analyzed as quality con-
trol points (table 8). other process-
es are determined such as control 
points on quality parameters. For-
eign matter is removed from raw ma-
terials in the sieving process. De-
fects in wheat particles that directly 
affect quality can not be eliminated 
through this process. color is an ir-
reversible quality parameter during t

a
b
le

 7
 -

 t
h

e 
ef

fe
ct

s 
of

 q
u

a
li
ty

 p
ro

ce
ss

es
 a

n
d
 p

re
re

q
u

is
it

e 
p
ro

gr
a
m

s 
on

 b
u

lg
u

r 
p
ro

ce
ss

in
g.

	
IS

O
	9

00
0:

20
00

-Q
M

S	
IS

O
	2

20
00

:2
00

5-
FS

M
S

	
Q

ua
lit

y	
Pr

oc
es

se
s	

(Q
P)

	
Pr

er
eq

ui
sit

e	
Pr

og
ra

m
s	

(P
R)

	
	

	
	

	
	

	
	

	
QP

.1	
QP

.2	
QP

.3	
QP

.4	
QP

.5	
QP

.6	
QP

.8	
QP

.9	
QP

.10
	

QP
.11

	
QP

.12
	

QC
P	

QP
.7	

Bu
lgu

r	P
ro

ce
ss

ing
	

PR
.1	

PR
.2	

PR
.3	

PR
.4	

PR
.5	

PR
.6	

PR
.7	

PR
.8	

PR
.9	

PR
.10

	C
CP

	
	

	
	

	
	

	
	

	
	

	
	

Pr
oc

es
s	

na
m

e/
st

ep


	


	

£
	


	


	

	

	


	

£
	

	
£
	

1	
Ra

w	
M

at
er

ia
l	R

ec
ep

tio
n	

	
r
	

	
	

	
r
	

£
	

£
	

£
	


	

	
£
	

r
	

r
	

	
	

	
r
	

r
	


	

	
	

Cl
ea

ni
ng

	
£
	

	
£
	


	

r
	


	

r
	

	
	

	
	

£
	

r
	

r
	

	
	

	
r
	

r
	


	

£
	

	
Te

m
pe

rin
g	

r
	

	
£
	

£
	

r
	

	
	

	
£
	

	
	

£
	

£
	


	

£
	

£
	

	

	


	


	


	

2	
Co

ok
in

g	
£
	

	

	


	

	
	

	
£
	

r
	

	
1

r
	

£
	

£
	


	

£
	

£
	

	

	


	


	


	

3	
Dr

yin
g	

£
	

	

	


	

	
	

	
£
	

r
	

	
2

	
	

	
	

	
	

	
r
	

	

	

	
4	

Pe
el

in
g	

r
	

	
£
	

	
	

	
	

	
£
	

	
	

	
	

	
	

	
	

	
	


	

	
	

G
rin

di
ng

	a
nd

	p
ol

ish
in

g	
r
	

	

	

	
	

	
	

	
£
	

	
£
	

£
	

	
	

	
£
	

	
	

	

	


	

5	
Si

ev
in

g	
r
	

	

	

	
	

	
	

	
£
	

	
r
	

£
	

£
	


	

£
	

	
	


	


	


	

£
	

	
Pa

ck
ag

in
g	

£
	

r
	


	

	
	


	

r
	

£
	

r
	

	
	

	
	

	
£
	

	
	


	

	

	


	

	
M

et
al

	D
et

ec
tio

n	
r
	

	
£
	

	
	

	
	

	
	

	
3

r
	

£
	

£
	


	

£
	

	
	


	


	


	

£
	

	
St

or
ag

e	

	

£
	

	

	

	
£
	


	

£
	

£
	

	


:	H

ig
h;

	£
:	M

ed
iu

m
;	r

:	L
ow

.



Ital. J. Food Sci. n. 4, vol. 21 - 2009  513

t
a
b
le

 8
 -

 Q
c

P
s 

in
 t

h
e 

p
ro

ce
ss

in
g 

of
 b

u
lg

u
r.

Pr
oc

es
s	

na
m

e/
st

ep
	

Q
ua

lit
y	

H
az

ar
d	

Pr
ev

en
tiv

e	
ac

tio
ns

/c
on

tro
l	m

ea
su

re
s	

Q
C

P	
an

al
ys

is
	(Y

/N
)*

	
	

	
	

	
Q

1.	
Q

2.
	

Q
3.

	
Q

4.
	

Q
C

P	
no

:

R
aw

	M
at

er
ia

l	R
ec

ep
tio

n	
Fo

re
ig

n	
su

bs
ta

nc
es

	a
nd

	g
ra

in
	s

ee
ds

	in
	w

he
at

	
Ef

fe
ct

iv
e	

su
pp

lie
r	a

ss
ur

an
ce

	
Y	

N
	

Y	
N

	
Q

C
P1

	
M

oi
st

ur
e	

co
nt

en
t	o

f	w
he

at
C

le
an

in
g	

Fo
re

ig
n	

co
nt

am
in

an
ts

	in
	w

at
er

	a
nd

	a
ir	

Ai
r	fi

lte
r,	

an
d	

w
at

er
	s

of
te

ni
ng

	
Y	

N
	

N
	

-	
C

P
Te

m
pe

rin
g	

M
oi

st
ur

e	
co

nt
en

t	
	

Ti
m

e	
an

d	
te

m
pe

ra
tu

re
	c

on
tro

l	
Y	

N
	

N
	

-	
C

P
C

oo
ki

ng
	

C
ol

or
	a

nd
	w

hi
te

	s
po

ts
	

Ti
m

e	
an

d	
te

m
pe

ra
tu

re
	c

on
tro

l	
Y	

N
	

Y	
N

	
Q

C
P2

D
ry

in
g	

C
ol

or
	a

nd
	m

oi
st

ur
e	

co
nt

en
t	

Ti
m

e	
an

d	
te

m
pe

ra
tu

re
	c

on
tro

l	
Y	

Y	
-	

-	
Q

C
P3

Pe
el

in
g	

U
np

ee
le

d	
gr

ai
ns

	
	

Ad
ju

st
in

g	
te

m
pe

rin
g	

an
d	

m
illi

ng
	p

ro
ce

ss
	

Y	
Y	

-	
-	

Q
C

P4
G

rin
di

ng
	a

nd
	p

ol
is

hi
ng

	
Am

ou
nt

	o
f	b

ro
ke

n/
un

de
rs

iz
ed

	g
ra

in
s	

Ad
ju

st
in

g	
op

er
at

io
n	

co
nd

iti
on

s	
Y	

N
	

N
	

-	
C

P
Si

ev
in

g	
Am

ou
nt

	o
f	u

nd
er

si
ze

d/
ov

er
si

ze
d	

gr
ai

ns
	

Ad
ju

st
in

g	
op

er
at

io
n	

co
nd

iti
on

s	
Y	

Y	
-	

-	
Q

C
P5

Pa
ck

ag
in

g	
D

ef
ec

tiv
e	

pa
ck

ag
in

g	
Ad

ju
st

in
g	

op
er

at
io

n	
co

nd
iti

on
s	

Y	
N

	
N

	
-	

C
P

St
or

ag
e	

D
ec

re
as

in
g	

of
	th

e	
sh

el
f	l

ife
	

C
on

tro
l	o

f	t
he

	s
to

ra
ge

	c
on

di
tio

ns
	

Y	
N

	
N

	
-	

C
P

*	
Q

C
P	

an
al

ys
is

-Q
ue

st
io

ns
.	Q

1.	
D

o	
on

e	
or

	m
or

e	
ef

fe
ct

iv
e	

pr
ev

en
tiv

e	
m

ea
su

re
s	

ex
is

t?
	N

o:
	n

ot
	Q

C
P;

	M
od

ify
	s

te
p,

	p
ro

ce
ss

	o
r	p

ro
du

ct
,	Y

es
:	G

o	
to

	Q
2.

	Q
2.

	Is
	th

e	
st

ep
	

sp
ec

ifi
ca

lly
	d

es
ig

ne
d	

to
	e

lim
in

at
e	

or
	re

du
ce

	th
e	

lik
el

y	
oc

cu
rre

nc
e	

of
	a

	q
ua

lit
y	

ha
za

rd
	to

	a
n	

ac
ce

pt
ab

le
	le

ve
l?

	N
o:

	G
o	

to
	Q

3.
	Y

es
:	T

hi
s	

st
ep

	is
	Q

C
P.

	Q
3.

	C
ou

ld
	c

on
ta

m
-

in
at

io
n	

w
ith

	id
en

tifi
ed

	h
az

ar
d(

s)
	o

cc
ur

	in
	e

xc
es

s	
of

	a
cc

ep
ta

bl
e	

le
ve

l(s
)	o

r	c
ou

ld
	th

is
	in

cr
ea

se
	to

	u
na

cc
ep

ta
bl

e	
le

ve
ls

?	
N

o:
	n

ot
	Q

C
P.

	Y
es

:	G
o	

to
	Q

4.
	Q

4.
	W

ill	
a	

su
bs

e-
qu

en
t	s

te
p	

el
im

in
at

e	
id

en
tifi

ed
	h

az
ar

d(
s)

	o
r	r

ed
uc

e	
lik

el
y	

oc
cu

rre
nc

e	
to

	a
cc

ep
ta

bl
e	

le
ve

l(s
)?

	N
o:

	T
hi

s	
st

ep
	is

	Q
C

P.
	Y

es
:	n

ot
	Q

C
P.

the cooking and drying processes. 
broken and defective wheat grains 
received with the raw materials 
should not exceed 1% of the total 
and should be analyzed in every 
batch. cooking and drying directly 
affect the final product color. the 
preferred bulgur color is light yel-
low. the critical limits, monitoring 
and corrective actions of the quali-
ty parameters determined through 
the QcPs are given in table 9.

concLusIons

bulgur is one of the most impor-
tant key ingredients in tradition-
al Middle Eastern foods. current-
ly there is a great market demand 
for bulgur. It is usually produced 
in small- to medium-sized com-
panies that are not hygienic and 
have many safety hazards. In this 
work, a safety and quality param-
eter analysis in bulgur production 
has been presented. the incoming 
hazards in every processing stage 
have been described and outlined 
starting from the raw materials to 
the final product. Hazard analysis, 
cause analysis, and hazard assess-
ment for bulgur production have 
the following ccPs; cooking, dry-
ing and metal detection processes. 
raw material reception, cooking, 
drying, peeling, and sieving proc-
esses were determined to be the 
quality control points. the impor-
tance of strategic, operational and 
support processes during bulgur 
production have been emphasized.
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AbstrAct

A study was undertaken to evaluate 
the rate of decline of the residues of di-
cofol and difenoconazole in a Daniela 
tomato variety grown in an experimen-
tal plastic greenhouse. these two pesti-
cides were selected on the basis of pre-
vious excesses of 22 and 25%, respec-
tively, found in tomato samples culti-
vated in 2005 in eastern Morocco. Each 
group of tomatoes was subjected to a 
single chemical treatment when close 
to ripeness; pesticides were applied at 
the doses recommended by the manu-
facturers. Fruit samples were periodi-
cally collected until the end of the pre-
harvest interval (p.i.). residue levels of 
dicofol and difenoconazole were deter-
mined by liquid-liquid extraction (LLE), 
solid phase extraction (sPE) and gas 
chromatography with electron capture 
detection (Gc-EcD). residue levels of 
dicofol ranged from 1.54 to 0.26 mg/kg 
and the levels of difenoconazole ranged 
from 2.00 to 0.28 mg/kg, with median 
values of 0.82 and 0.99 mg/kg, respec-
tively. the residual concentrations af-
ter the p.i. were below the legal limits. 
the difenoconazole value was high in 
the tomato plants of group VI, which 
were also treated with copper sulfate. 
this result indicates that extreme care 
must be taken when spraying doses of 
this fungicide, particularly on tomato 
varieties that are to be used fresh.

rIAssunto

È stato condotto uno studio per la 
valutazione della velocità di riduzione 
dei residui di dicofol e difenoconazolo 
in un pomodoro di varietà Daniela cre-
sciuto in una serra sperimentale di pla-
stica. Questi due pesticidi sono stati se-
lezionati sulla base di precedenti eleva-
ti residui, del 22 e del 25% rispettiva-
mente, trovati in campioni di pomodoro 
coltivati nell’est del Marocco nel 2005. 
ogni gruppo di pomodori veniva sotto-
posto ad un singolo trattamento chimi-
co poco prima della stagionatura; i pe-
sticidi venivano applicati alle dosi rac-
comandate dai produttori. campioni di 
frutto venivano raccolti periodicamen-
te fino al termine della fase di pre-rac-
colta. I livelli dei residui di dicofol e di-
fenoconazolo venivano determinati per 
estrazione liquido-liquido (LLE), estra-
zione in fase solida (sPE) e gascroma-
tografia con rivelatore a cattura di elet-
troni (Gc-EcD). I livelli di residui di di-
cofol variavano da 1,54 a 0,26 mg/kg e 
i livelli di difenoconazolo variavano da 
2,00 a 0,28 mg/kg, con valori medi di 
0,82 e 0,99 mg/kg, rispettivamente. Le 
concentrazioni residue dopo la fase di 
pre-raccolta erano al di sotto dei limiti 
legali. I residui di difenoconazolo era-
no più alti nelle piante di pomodoro ap-
partenenti al gruppo VI, che erano sta-
te trattate anche con solfato di rame. 
Questi risultati indicano che andrebbe 
osservata un’attenzione estrema quan-
do si spruzzano dosi di tali fungicidi, in 
particolare su varietà di pomodori che 
vengono consumate fresche.
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IntroDuctIon

In recent decades the increased de-
mand for food safety has stimulated re-
search regarding the risk associated with 
the consumption of pesticide-contami-
nated foodstuffs. It is well known that the 
level of risk is closely related to the dai-
ly intake of contaminated food and that 
the risk is even higher for certain prod-
ucts that are consumed more frequent-
ly (MAttErn et al., 1991). tomato is a 
basic component of the Mediterranean 
diet and is used almost daily in several 
European countries. tomatoes are con-
sumed raw, home-cooked or processed 
as a canned product, juice or paste. A 
significant oncogenic risk has been as-
sociated with this crop by the national 
Academy of sciences, but only the pos-
sibility of fungicide contamination has 
been considered (PrEcHEur et al., 1992).

In eastern Morocco open field and/or 

greenhouse cultivation is widespread for 
the production of tomatoes to be proc-
essed or consumed as a fresh product. 
chemical protection of processing toma-
toes is commonly carried out with sched-
uled treatments using different kinds of 
pesticides. Dicofol [2,2,2-trichloro-1,1-
bis(4-chlorophenyl)ethanol] and difen-
oconazole {cis-trans-3-chloro-4-[4-me-
thyl-2-(1H-1,2,4-triazol-1-ylmethyl)-
1,3-dioxolan-2-yl]phenyl 4-chlorophe-
nyl ether} are among the most exten-
sively used pesticides in this area. Di-
cofol is a miticide that is very effective 
against red spider mite, while difenoco-
nazole is effective in controlling a range 
of agronomic pests, particularly Alter-
naria solani in tomatoes. the molecular 
structures of dicofol and difenoconazole 
are given in Fig. 1.

the application of pesticides depends 
on the nature of the pest and the path-
ogen. In general, in Moroccan orchards 

Fig. 1 - Molecular structures of dicofol and difenoconazole.
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several pesticide applications are needed 
annually to protect the crop from heavy 
damage. For example, medfly may re-
quire more than 10 applications per year 
(sAsMA, 2002). Despite the heavy appli-
cation of pesticides, Moroccan exporters 
must comply with and fulfil the condi-
tions imposed by Autonomous Establish-
ment for Export control and coordina-
tion (EAccE) in terms of respecting the 
Maximum residue Levels for all export-
ed commodities (sAsMA, 2002). several 
reports have been published in the lit-
erature concerning the detection of resi-
dues of such active ingredients (a.i.) and 
their derivatives in different kinds of veg-
etables, including tomatoes that were 
randomly purchased from local markets 
(MAttErn et al., 1991; AHMED and Is-
MAIL, 1995; DELrIo et al., 1989; rosso 
et al., 2000; stEnsVAnD, 2000). How-
ever, very few studies have been carried 
out on the decline kinetics in tomatoes 
and only products grown in greenhouses 
have been analysed in this way (cAbrAs 
et al., 1985; GIL-GArcIA et al., 1997).

In view of the importance of this crop 
and considering that the maximum res-
idue levels in the European union of the 
aforementioned pesticides were recent-
ly revised (DIrEctIVE 2005/396/cE., 
2005), further study is necessary.

We report here the results of an in-
depth investigation in which the levels 
of pesticide residues in tomatoes pro-
duced in the souss Massa area were 
determined. the residue behaviour of 
two selected active ingredients (a.i.), di-
cofol and difenoconazole, applied in an 
experimental greenhouse to protect to-
matoes grown for processing purposes 
is described.

MEtHoDs AnD MAtErIALs

Monitoring programme 
for all pesticides residues (2006-2007)

the investigation was conducted on 20 

farms in 2006-2007. the sampling was 
carried out in collaboration with the re-
gional office of Agricultural Development 
souss-Massa (orMVAs) and the Associ-
ation of Fruit and Vegetable Producers 
(APEFEL). A survey questionnaire was 
prepared and given to selected farmers. 
the survey included data on operations 
and the approach taken by producers 
to manage pesticides. Visits were made 
to the producers surveyed as well as to 
the packing plants in order to supple-
ment the information concerning pesti-
cide traceability.

In order to investigate the presence, 
frequency and type of pesticides found 
in tomatoes destined for export from 
the area of the souss Valley, a sample 
of 96 growers-exporters from 20 differ-
ent packing houses out of the existing 
21 in the area were randomly selected. 
Each sample corresponded to a grow-
er-exporter. In large packing houses, 5 
growers were selected and 4 were select-
ed in 17 packing houses. the samples 
were collected between 15/12/06 and 
30/04/07 and each sample consisted of 
120 tomatoes. All samples were trans-
ported to the laboratory and stored in a 
cold room at 4°c prior to the study. From 
the sample of 120 tomatoes per grower, 
only a sub-sample of 30 tomatoes was 
chosen for the analysis of pesticide resi-
dues according to the method described 
by DGccrF (1998).

Experimental design used 
to study dicofol and difenoconazole

the investigation was conducted in 
2007-2008 in a plastic greenhouse lo-
cated in Massa (Agadir, Morocco). the 
plastic greenhouse was 500 m2 in area 
and the tomato planting density (variety 
Daniela) was 2 plants/m2. residue lev-
els of dicofol and difenoconazole were de-
termined in tomatoes of commercial size 
(110-130 g) over a seven-week period, 
during which six consecutive treatments 
with dicofol or difenoconazole pesticide 
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were applied to the different plantations 
(treatments I, II, III, IV, V and VI) at inter-
vals of 0, 1, 5, 22 and 22 days between 
each application. samples were collected 
at 0, 4, 8, 12, 16 and 20 days after treat-
ment I (samples I+0, I+4, I+8, I+12, I+16 
and I+20); at 0, 2, 5, 8 and 11 days af-
ter treatment II (samples II+0, II+2, II+5, 
II+8 and II+11); at 0, 4, 8, 12, 16 and 20 
days after treatment III (samples III+0, 
III+4, III+8, III+12, III+16 and III+20); at 
0, 2, 5, 8 and 11 days after treatment 
IV (samples IV+0, IV+2, IV+5, IV+8 and 
IV+11); at 0, 4, 8, 12, 16 and 20 days af-
ter treatment V (samples V+0 V+4, V+8, 
V+12, V+16 and V+20) and at 0, 2, 5, 8, 
11, 14 and 17 days after treatment VI 
(samples VI+0, VI+2, VI+5, VI+8, VI+11, 
VI+14 and VI+17). In all cases, the green-
house samples consisted of 30 pieces of 
tomato taken at random according to 
the method described by the DGccrF 
(1998). the treatments and sampling are 
summarized in table 1.

the daily maximum/minimum temper-
atures in the greenhouse throughout the 
study were 12° and 32°c, respectively, 
and the daily mean relative humidity was 
88%. the irrigation flow was 34 m3/ha.

reagents, standards and samples

All chemicals and solvents were of an-
alytical and chromatographic grade. All 
standards were greater than 99% pure 
and were purchased from Dr. Ehrenstor-
fer, GmbH (AuGsburG, GErMAnY). 
the organic solvents were obtained from 
Panreac (barcelona, spain). Each stand-
ard was dissolved in acetone to obtain 
stock solutions of approximately 200 
mg/L and these were stored in the dark 
at 4°c until further use. the fresh work-
ing standard solutions were obtained by 
dilution with n-hexane. Florisil adsorb-
ent (16-30 mesh) was obtained from sig-
ma-Aldrich (st. Louis, Mo, usA).

Immediately after picking, the green-

table 1 - treatment and sampling details.

Day	 Treatment	 Samples	 Day	 Treatment	 Samples
	 	 collected	 	 	 collected

	 0	 I:	03/03/08)	 I+0	 0	 IV:	09/03/08	 IV+0
	 4	 Dicofol	 I+4	 2	 Difenoconazole	 IV+2
	 8	 	 I+8	 5	 	 IV+5
12	 	 I+12	 8	 	 IV+8
16	 	 I+16	 11	 	 IV+11
20	 	 I+20

	 0	 II:	3/03/08	 II+0	 0	 V:	01/04/08	 V+0
	 2	 Difenoconazole	 II+2	 4	 Dicofol	 V+4
	 5	 	 II+5	 8	 	 V+8
	 8	 	 II+8	 12	 	 V+12
11	 	 II+11	 16	 	 V+16
	 	 	 20	 	 V+20

	 0	 III:	04/03/08	 III+0	 0	 VI:	23/04/08	 VI+0
	 4	 Dicofol	 III+4	 2	 Difenoconazole	 VI+2
	 8	 	 III+8	 5	 and	copper	 VI+5
12	 	 III+12	 8	 sulphate	 VI+8
16	 	 III+16	 11	 	 VI+11
20	 	 III+20	 14	 	 VI+14
---	 ---	 ---	 17	 	 VI+17
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house tomato samples were put into 
polyethylene bags and transported to 
the laboratory, where they were washed 
with tap water, dried with absorbent pa-
per and stored at -20°c in the dark pri-
or to analysis.

Instruments 
and chromatographic conditions

Greenhouse tomato samples were 
ground using a food processor. Analy-
sis of all pesticides was carried out with 
a Hewlett-Packard 6890 gas chromato-
graph (Palo Alto, cA, usA) equipped with 
an EcD Detector, split/splitless injection 
port, and fused silica capillary HP-5 col-
umn (5% diphenyl and 95% dimethyl-
polysiloxane, 25 m × 0.32 mm ID, 0.52 
µm film thickness); and temperature pro-
gramming from 80° to 250°c (15°c/min); 
injector temperature 250°c and detec-
tor temperature 300°c. carrier gas (he-
lium) flow rate, 2.6 mL/min; makeup gas 
(nitrogen) flow rate, 60 mL/min; injec-
tion volume, 1 µL; and splitless time, 0.1 
min. Data were acquired and the equip-
ment was controlled using HP (Palo Alto, 
cA, usA) chem-station software, which 
was run under Microsoft Windows nt 

on an HP compatible personal compu-
ter. the identification of the a.i. peaks 
and the absence of interfering substanc-
es were assessed by comparing the sam-
ple chromatograms with those of a pes-
ticide standard mixture and of an un-
treated sample. the internal standard 
method was used to quantify the resi-
dues by measuring the peak areas vs. 
concentrations.

Liquid-liquid and solid-phase extrac-
tion procedure

the method used to extract the pesti-
cides from tomatoes was adapted from 
cHArLEs and rAYMonD (1991). Each 
50 g of sample was ground using a food 
processor and 150 mL of acetone was 
added. the mixture was homogenised 
for 2 min and then mixed for 2 h. the 
mixture was filtered through glass wool 
and the acetone residues were parti-
tioned using saturated aqueous sodi-
um chloride (30 mL) and dichlorometh-
ane (70 mL) in a separating funnel. the 
extraction was repeated with anoth-
er 70 mL of dichloromethane and the 
combined extracts were dried over an-
hydrous sodium sulfate. the dichlo-

Fig. 2 - Percentage frequency of pesticides found in tomato fruit.
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Fig. 3 - residue levels of dicofol and difenoconazole in tomato samples.

romethane fraction was collected and 
evaporated on a rotatory vacuum evapo-
rator at 40°c and the residues were dis-
solved in an acetone/hexane (1:9) mix-
ture (10 mL). In the clean-up step, 1 mL 
of the extract was passed through a flo-
risil column previously conditioned with 
5 mL of acetone/diethyl ether (6:4) and 
5 mL of diethyl ether. the pesticide res-
idues were eluted with acetone/diethyl 
ether (6:4) (4 mL). samples were ana-
lysed by gas chromatography.

rEsuLts AnD DIscussIon

Performance of the analytical method

the use of combined Gc-EcD with 
liquid-liquid extraction (LLE) and sol-
id phase extraction (sPE) seemed to be 
an excellent way to determine the types 
and levels of pesticides in tomato sam-
ples with high selectivity and sensitivi-
ty. the linear dynamic range, precision 
(as relative standard deviation) and sen-
sitivity (as limit of detection) values are 
reported in table 2.

- Linear range: Individual calibration 
graphs were run with mixtures of all 
the pesticides studied at concentrations 
ranging from 10 to 200 ng mL-1. Each so-
lution was injected five times. the linear 
range, intercept and slope of the curve 
are given in table 2 along with the re-
gression coefficient for each pesticide.

- sensitivity: the theoretical limit of 
detection, defined as the concentration 
of analyte that gives a signal equivalent 
to the blank signal plus three times its 
standard deviation, was calculated for 
each individual pesticide (MILLEr and 
MILLEr, 2004). In this work, the limit 
of detection (LoD) was taken to be the 
amount of analyte that gave a signal 
that was clearly distinguishable from the 
background noise of the instrument. the 
LoDs calculated in this way ranged from 
0.181 to 1.297 ng mL-1 for dicofol and 
difenoconazole, respectively. the limit of 
quantification (LoQ), defined as the con-
centration of analyte that gave a signal 
equivalent to the blank signal plus ten 
times its standard deviation, ranged from 
0.604 to 1.989 ng mL–1 for the pesticides 
studied (MILLEr and MILLEr, 2004).
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- Precision: the precision of the meth-
od for solvent standards, expressed as 
relative standard deviation (rsD), for 
the determination of 100 ng mL–1 of 
each studied pesticide ranged from 2.6 
to 7.2% (n = 5).

Analytes were extracted by LLE, re-
tained in florisil, eluted with acetone/
diethyl ether and injected into the chro-
matographic system for separation and 
quantification of individual pesticides.

untreated samples were fortified by 
the addition of an intermediate pesticide 
mixture solution. samples were allowed 
to equilibrate for 2 h prior to extraction 
and were processed according to the 
procedure described above. the “practi-
cal value of the limit of quantification”, 
expressed in mg/kg, and the mean re-
covery values of each pesticide from to-
mato are reported in table 3 along with 
the corresponding coefficients of varia-
tion. the values of spiking levels at which 
the recovery tests were carried out was 
0.003 ppm.

Analysis of greenhouse 
tomato samples

based on the results of surveys con-
ducted in 2006-2007 in the area around 
souss Massa regarding the greenhouse 
crop, 22 pesticides were identified and 
these included 22 different active ingre-
dients. Dithiocarbamate (27%) was the 
most commonly used pesticide, while or-
ganochlorine pesticides (11%) – includ-
ing organophosphorus (11%), organo-
chlorine (11%), pyrethroids (11%) and 
carbamates (23%) – were among the least 
used chemical class.

the most widely used formulations 
were emulsifier concentrates (Ec) at 
63% and wettable powder (WP) at 37%. 
the most widely used chemical group 
was insecticides at 46%, fungicides at 
50% and acaricides at 4%. the pesti-
cide used is 65.3 kg/hectare of active 
ingredient.t
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table 3 - Limit of quantification, average recovery and coefficient of variation values for the pesticides 
analysed.

Analyte	 LOQs*	 N.	of	samples	 Average	 R.S.D	(%)
	 (mg/kg)	 	 recovery	(%)

Dicofol	 0.007	 20	 81	 4.7
Difenoconazole	 0.003	 15	 85	 6.1
Pyrimicarb	 0.003	 16	 89	 4.5
L.	Cyhalothrin	 0.008	 13	 87	 6.3
Fenzaquin	 0,005	 11	 85	 7.3
Deltamethrin	 0.002	 21	 84	 5.0
Azoxystrobin	 0.003	 12	 89	 6.2
Bifenthrin	 0.003	 10	 95	 3.2
Cypermethrin	 0.003	 15	 88	 2.8
Endosulfan	 0.002	 17	 98	 4.9
Cyprodinil	 0.008	 23	 89	 5.8

*LOQ	was	defined	as	the	minimum	level	at	which	a	pesticide	can	be	quantified	with	acceptable	accuracy	(>80%)	
and	precision	(<10%).

table 4 - Details of pesticides and doses used.

Active	ingredient	 Commercial	 Dose	 Pre-harvest	 MLR	(mg/kg)
	 formulation	 	 interval	(days)

Dicofol	 Kelthan	480g/L	 150	cc/hL	 15	 1
Difenocozole	 Score	250	g/L	 50	cc/hL	 7	 0.5

Data from the 96 tomato samples an-
alysed indicate that some chemicals are 
more persistent than others. the most 
frequently found compounds included 
endosulfan (32%), dicofol (25%), difen-
oconazole (22%), deltamethrin (8%) and 
cypermethrin (6%).

the ranges of residue levels found 
in the tomatoes were: dicofol (0.01 to 
1.06 mg kg–1); difenoconazole (0.08 to 
0.80 mg kg–1); endosulfan (0.01 to 0.40 
mg kg–1); deltamethrin (0.01 to 0.05 mg 
kg–1) and cypermethrin (0.04 to 0.79 mg 
kg–1). If the MrLs of the pesticides es-
tablished by Eu regulations (DIrEc-
tIVE n. 2005/396/cE) are consid-
ered, the values for endosulfan (32%), 
dicofol (25%) and difenoconazole (22%) 
are very high. thus, the persistence 

of dicofol and difenoconazole residues 
in tomato samples must be studied. 
the persistence of endosolfan was dis-
cussed in a previous paper (ZErouALI 
et al., 2006).

Evaluation of the decrease 
in dicofol and difenoconazole residues 
in greenhouse tomato samples

the two pesticides under investigation 
differed in terms of dosage, preharvest 
interval and MrL (table 4). the prehar-
vest times for dicofol and difenoconazole 
are 15 and 7 days, respectively, if they 
are sprayed as pure formulas.

In the case of samples taken after 
treatments, the ‘‘safety period’’ was ex-
tended to 14 days because they were in 
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association with copper sulfate. the lev-
els of dicofol and difenoconazole residues 
determined in all of the tomato samples 
during the study period are given in ta-
ble 5 together with the maximum, min-
imum and mean values.

As expected, the residue values at time 
0 were in proportion to the dosages ap-
plied. the values for dicofol ranged from 
1.54 to 0.26 mg/kg whereas the difen-
oconazole residues ranged from 2.00 to 
0.28 mg/kg.

In the case of dicofol, the maximum 
residual concentrations of 1.30, 1.11 
and 1.54 mg/kg were found after 12 
days of treatment of plants I, III and 
V, respectively. the values decreased 
markedly after 16 days (0.90, 0.78 and 
0.84 mg/kg, respectively). After the p.i. 
(15 days), the residual level was below 
the permitted value in all of the sam-
ples.

Plants treated with pure difenocona-
zole (samples taken after treatments II 
and IV) had residual concentrations of 
1.71 and 1.80 mg/kg, respectively, im-
mediately after treatment, but a marked 
decrease was already detected after 8 
days (0.57 mg/kg).

considering the residue levels after 
the p.i. established by the Eu regula-
tions for the pure a.i., the difenocona-
zole value seems to be very high in the 
tomatoes in planting VI. this could be 
due to the formation of chelates with 
copper ions, which could slow down pes-
ticide degradation. At 17 days the MrL 
was not exceeded.

the results of this study indicate that 
if tomatoes are destined to be sold as a 
fresh product, it would be advisable to 
reduce the dose of the formulate con-
taining difenoconazole. Washing the 
fruit does not guarantee a significant de-

table 5 - Dicofol and difenoconazole residue levels in the tomato samples.

	 Dicofol	 Difenoconazole

	 Samples	 Concentration	 Samples	 Concentration
	 	 (mg	kg–1)	 	 (mg	kg–1)

	 I+0	 0.31	 II+0	 1.71
	 I+4	 0.45	 II+2	 1.03
	 I+8	 0.80	 II+5	 0.61
	 I+12		 1.30	 II+8	 0.50
	 I+16	 0.90	 II+11	 0.28
	 I+20	 0.51	 IV+0	 1.80
	 III+0	 0.60	 IV+2	 0.89
	 III+4	 0.95	 IV+5	 0.78
	 III+8	 1.03	 IV+8	 0.57
	 III+12	 1.11	 IV+11	 0.11
	 III+16	 0.78	 VI+0	 2.00
	 III+20	 0.26	 VI+2		 0.74
	 V+0	 0.78	 VI+5	 1.35
	 V+4	 0.87	 VI+8	 1.51
	 V+8	 1.05	 VI+11	 1.54
	 V+12	 1.54	 VI+14	 1.00
	 V+16	 0.84	 VI+17	 0.49
	 V+20	 0.61	 ------	 -----
	 Maximum	level	 1.54	 	 2.00
	 Minimum	level	 0.26	 	 0.28
	 median	 0.82	 	 0.99
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crease in residue levels (ZErouALI et al., 
2006; VALVErDE et al., 2002). Different 
considerations should be made for the 
product destined for the food industry. 
In fact, the dramatic decrease of pesti-
cide residues, mainly due to peeling and 
cooking, should markedly reduce the 
risk in tomato derivatives (Abou-Ar-
Ab, 1999). unfortunately, little informa-
tion is available about the behaviour of 
defenconazole after tomato processing 
and an in-depth investigation is there-
fore required. Further studies are also 
needed to better assess the behaviour 
of this pesticide after scheduled treat-
ments, considering different varieties 
of tomato that are commonly used as 
fresh food.

concLusIons

- From different samples collected in 
the packing houses of the souss area, it 
appears that the compounds frequent-
ly found are dicofol, difenoconazole, en-
dosulfan, deltamethrin and cypermeth-
rin at levels of 25, 22, 32, 8 and 6%, re-
spectively.

- During the study, residue levels in 
the plantation were between 1.54 and 
0.31 mg/kg for dicofol and between 1.74 
and 0.28 mg/kg for difenoconazole, with 
median values of 0.82 and 0.99 mg/kg, 
respectively.

- the residual concentrations after the 
p.i. were below the legal limits; never-
theless, the value for difenoconazole in 
the samples taken after treatments with 
copper sulfate seemed to be rather high.
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AbstrAct

the present paper deals with the val-
idation of a method to determine the 
moisture content of roasted and cara-
mel colored malts. the data agree with 
those reported in the literature, but 
differ with respect to the tested valida-
tion range.

riAssunto

il presente lavoro consiste nella va-
lidazione di un metodo per la determi-
nazione del contenuto di umidità nei 
malti colorati tostati e di tipo caramel-
lo. i dati concordano con quanto ripor-
tato in letteratura, ma differiscono ri-
spetto agli intervalli riportati per la va-
lidazione del metodo.
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introDuction

colored barley malts are commonly 
used in brewing to add color and partic-
ular flavors to beer (o’shAughnessy, 
2003; coghe et al., 2004a). they are 
produced by subjecting malt to special 
heat treatments after kilning, which fa-
vor the formation of Maillard reaction 
products (coghe et al., 2004b). Moreo-
ver, the addition of these special malts 
can enhance the antioxidant activity 
(WoffenDen et al., 2001) and xanthohu-
mol content (WunDerlich et al., 2005).

in this study, a method for deter-
mining the moisture content of colored 
malts was validated. this method was 
validated in a collaborative trial car-
ried out by the europeAn breWery 
convention (ebc) Analysis commit-
tee in 1996, and is presently included 
in the official Analytica-ebc methods 
of the europeAn breWery conven-
tion (2006a),

caramel and roasted malts were test-
ed in the collaborative trial (bénArD, 
1997a; b), and data are summarized in 
the Analytica-ebc method 5.4 color-
ed Malts: Moisture (europeAn breW-
ery convention, 2006a). this method 
is specific for this kind of malt and dif-
fers from the generic method used for all 
malts, i.e., Analytica-ebc 4.2 (europe-
An breWery convention, 2006b) with 
respect to the validation parameters. the 
generic method tested in a collaborative 
trial, showed the following parameters 
(bénArD 1997a; b): range = 3.8-7.3%; 
r95 = 0.13%, and r95 = 0.6%. the vali-
dation parameters obtained for color-
ed malts were: range = 4.1-7.7%; r95 = 
0.07%, and r95 = 0.32%. by comparing 
these two data sets, it can be seen that 
the moisture in colored malts is similar 
to, or slightly higher than that of the oth-
er kinds of malt.

there is considerable evidence that 
colored malts, due to the high temper-
ature treatments used to develop the 
colored compounds have a lower mois-

ture content. briggs (1988) reported 
that the moisture content of crystal and 
caramel malts ranged from 3 to 7.5%, 
and was ≤2% for chocolate and black-
roasted malts. KunZe (2004) reported 
that the water content in dark malt was 
1.0 to 4.5%, and even less (0.5-4%) in 
freshly kilned malts. sounier (1988) 
reported that the water content in dark 
malts ranged from 1 to 2%. According to 
the “Dictionary of beer & brewing” (rAb-
in and forget, 1998), moisture con-
tent of dark malts is 2-5% after kilning, 
but before roasting. Moreover, the Me-
bAK (2006a; b) method for determin-
ing moisture content in malt (method 
3.1 gerstenmalz) reports reference val-
ues of 3-5% for pale malt and 1-4% for 
dark malt, while in the method specif-
ic for special malts (method 3.2.1 Wass-
er), the reference value for caramel and 
roasted malt is <6%.

the variation in these values suggests 
that the validation reported in the ebc 
method was conducted on a set of sam-
ples that was not representative of roast-
ed and caramel colored malts and there-
fore, the repeatability and reproducibility 
values obtained from this set are proba-
bly not reliable.

in this study the color (visual method) 
and moisture contents in a set of roasted 
and caramel colored malts was analyzed 
to determine the range of values corre-
sponding to this kind of malt. the repeat-
ability of the moisture content measure-
ment was also tested on roasted colored 
malt. Measurements were performed in 
the same laboratory.

MAteriAls AnD MethoDs

the major italian brewers supplied 
samples of the colored and caramel 
malt samples so they are representa-
tive of the raw materials used in beer 
production.

the color of malts was determined by 
the Analytica-ebc method for colored 



Ital. J. Food Sci. n. 4, vol. 21 - 2009  531

malts (europeAn breWery conven-
tion, 2006c), in which there is a visual 
comparison between congress worts and 
glass slide discs.

Moisture content of the colored malts 
was measured by following the Analyt-
ica-ebc method for malts (europeAn 
breWery convention, 2006b).

color and moisture content measure-
ments were carried out at the same time, 
immediately after opening the sealed 
boxes where the samples were stored 
at room temperature for few days be-
fore analyses.

the repeatability factor was tested by 
measuring the moisture content of roast-
ed colored malt 10 times, under the same 
conditions. the distribution was previ-
ously reported to be normal according to 
shapiro-Wilks, and the absence of anom-
alous data was verified by the huber test; 
both tests were related to a 95% confi-
dence level (hAhn and shApiro, 1994; 
unichiM, 2001).

Apparatus: sample divider (vlb, 
berlin, germany); Dlfu type disc mill 
(bhüler, uzwil, switzerland), set to a gap 

of 0.2 mm; aluminum dishes (vlb, ber-
lin, germany); fD115 electrically heat-
ed ventilated oven, capable of main-
taining the temperature within ±0.5°c 
(binder, tuttlingen, germany); Ab204-s 
balance, accuracy  ±0.0005 g (Mettler-
toledo, greifensee, switzerland); pb-
1502-s/fAct balance, accuracy ±0.1 
g (Mettler-toledo, greifensee, switzer-
land); elix 3 system (Millipore, billerica, 
MA, usA); Kongress Mash lb 12 elec-
tronic (lochner, bayreuth, germany); 
3000 comparator (tintometer, Dort-
mund, germany).

results AnD conclusions

in 2007 and 2008, 27 samples of 
caramel and roasted  colored malts 
where analyzed with respect to color 
and moisture content, according to 
the Analytica-ebc methods 4.2, and 
5.6 (europeAn breWery convention, 
2006b; c). the data are reported in ta-
bles 1 and 2.

the moisture content in caramel 

table 1 -  color values for colored malts.

Kind of malt Number of samples  Color (EBC unit)  sd
  
  Average Minimum Maximum

all 27 731 128 1,400 402
roasted 19 963 750 1,400 202
caramel 8 181 128 263 49

sd: standard deviation.

table 2 - Moisture content (%) for colored malts.

Kind of malt Number of samples Average Minimum Maximum sd

all 27 2.2 0.5 4.7 1.4
roasted 19 1.4 0.5 2.9 0.6
caramel 8 3.9 3.2 4.7 0.5

sd: standard deviation.
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malts, which have less color intensi-
ty was higher than in the roasted ones, 
which are more intensely colored. these 
data are in agreement with the litera-
ture data cited above. the heat treat-
ments that are responsible for colored-
molecule development (by means of the 
Maillard reaction), definitely have a dry-
ing effect on the malts.

the results of the repeatability study 
carried out on roasted colored malt show 
that the data distribution is normal, ac-
cording to the shapiro-Wilks test. no 
anomalous data were detected according 
to the huber test. both tests were carried 
out at the 5% confidence level (table 3).

the repeatability limit determined in 
this study lies between that reported in 
Analytica-ebc 4.2 (r95 = 0.13), and that 
reported in the Analytica-ebc 5.4 (r95 
= 0.07) (europeAn breWery conven-
tion, 2006a; b). the standard deviation 
of the repeatability trial (sr) is comparable 
in both methods: σr = 0.046 and 0.025 for 
the validation of Analytica-ebc 4.2 and 
Analytica-ebc 5.4, respectively.

the data obtained in this study are 
in agreement with those already report-
ed in the literature regarding the expect-
ed moisture content values in colored 
malts. these results highlight the need 
to carry out a collaborative trial in or-
der to validate the method used to de-
termine the moisture content in colored 
malts, to confirm the applicability of the 
official method to the samples that are 
commonly available on the market. the 
new validation should be carried out giv-
ing particular attention to the choice and 
management of the colored malt sam-

table 3 - repeatability analysis on roasted color-
ed malt (%) (n=19).

Average value 0.94
Minimum value 0.88
Maximum value 0.98
Standard deviation (sr) 0.033
Repeatability limit (r95) 0.107

ples used for the collaborative trials to 
have new reference values for moisture 
mainly corresponding to the character-
istics of the colored malt samples avail-
able on the market.
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