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AbstrAct

contamination of food by Listeria monocytogenes (L.m) frequently occurs in food processing en-
vironments, where cells persist due to their ability to attach to surfaces. L.m is able to attach and 
colonize environmental surfaces by producing a three-dimensional matrix of extracellular poly-
meric substances (EPs) called biofilm; such structures are dynamic systems. Once established, 
biofilms can serve as a source of product contamination. Moreover, L.m in the biofilm state shows 
a reduced susceptibility to antimicrobial agents. the present review focuses on L.m biofilms in 
food processing environments. In addition, some aspects of biofilm control and eradication are 
highlighted.
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INtrODUctION

Listeria monocytogenes is a ubiquitous facul-
tative intracellular bacterium that is potentially 
pathogenic to humans (FArbEr and PEtErKIN, 
1991). this pathogen is frequently isolated from 
a variety of food products and also from soil, veg-
etation, fecal matter, sewage, water, and animal 
feed (DONNELY, 2001; MOLtZ and MArtIN, 2005; 
tOMPKIN, 2002). Meat, poultry, dairy, vegetables, 
and ready to eat (rtE) products have all been 
implicated as vehicles of listeriosis (cONtEr et 
al., 2009a; EFsA, 2007; tEIXEIrA et al., 2007). 
In fact, ingestion of food contaminated with L.m 
is the primary route of transmission to humans 
(DUssUrGEt, 2008).

Although the incidence of listeriosis is low, it 
remains a public health concern because of its 
high mortality rate (20-30%) (sUtHErLAND et al., 
2004). L.m strains show heterogeneous levels of 
virulence (LIU et al., 2007) that are regulated by 
the presence of pathogen-specific genetic factors, 
which affect the outcome of human and animal 
infection (cONtEr et al., 2009a; tHEVENOt et 
al., 2006). Additional factors, however, may con-
tribute to the pathogenesis potential (cHAttEr-
JEE et al., 2006). L.m is able to colonize surfac-
es, and particular subtypes may persist in food 
production plants for several years (PIEttE and 
IDZIAK, 1991). One reason for this persistence 
may be the ability of L.m to form biofilms (scH-
LEcH et al., 1983). biofilms are assemblages of 
microorganisms that adhere to each other and/
or to a surface and are embedded in a matrix of 
exopolymers (MOrrIs and MONIEr, 2003). Par-
ticularly, biofilms allow microorganisms to per-
sist in the environment and resist desiccation, 
UV light, and treatment with antimicrobial and 
sanitizing agents (DI bONAVENtUrA et al., 2008). 

bIOFILM FOrMAtION

the term “biofilm” was created to describe the 
sessile form of microbial life, characterized by 
adhesion of microorganisms to biotic or abiot-
ic surfaces, with consequent extracellular pro-
duction of polymeric substances (MUsK et al., 
2005). It is now generally accepted that bacte-
ria grow preferentially as biofilms (HALL-stOOD-
LEY and stOODLEY, 2005). In fact, in nature 
and food systems, microorganisms are attract-
ed to solid surfaces. Initially, microorganisms 
are simply deposited; later, they get attached, 
grow, and actively multiply to form a colony of 
cells (ALLIsON and sUtHErLAND, 1987). this 
mass of cells then becomes large enough to en-
trap organic and inorganic debris and other 
microorganisms, leading to the formation of a 
microbial biofilm. In food processing environ-
ments, these biofilms may be a few microme-
ters or several millimeters thick and contain 90-
97% water (stOODLEY et al., 2002). biofilm de-

velopment can occur on almost any surface in 
any environment in which viable microorgan-
isms are present. biofilm formation is a dynam-
ic process and involves a series of steps. Initial 
attachment is via weak electrostatic and van der 
Waals’ forces and occurs rapidly; but, within a 
short time, film growth begins with physical at-
tachment of the cells to the surface by complex 
polysaccharides (OLIVEIrA et al., 2010). In par-
ticular, the first step of biofilm formation is con-
ditioning of the surfaces (HOOD and ZOttOLA, 
1997). this conditioning film favors biofilm for-
mation and alters the physicochemical proper-
ties of the surface (e.g., changes in hydropho-
bicity and electrostatic charges) (DIcKsON and 
KOOMArAIE, 1989). the second step of biofilm 
formation is the attachment of microorganisms 
to the conditioned surface. During this stage, 
bacteria can easily be removed. the irreversible 
attachment of cells happens in the third step, 
and the removal of cells requires much stronger 
forces. During this period, the attached cells also 
produce additional extracellular polymeric sub-
stances (EPs) that help anchor the cells to the 
surface (cOstErtON et al., 1995). Multilayers of 
bacterial cells entrapped within the EPs-contain-
ing matrices develop within the biofilm. besides 
EPs and microbial cells, biofilms are composed 
of proteins, nucleic acids, and lipids, which pro-
vide mechanical stability, surface adhesion, and 
scaffold formation for the three-dimensional ar-
chitecture that interconnects and immobilizes 
biofilm cells (FLEMMING and WINGENDE, 2010). 
However, diverse polymers are used by different 
species or strains of the same species. the iden-
tification of these matrix components may pro-
vide clues for the identification and application 
of matrix-degrading enzymes that prevent for-
mation and/or activate biofilm dispersion (KA-
rAtAN and WAtNIcK, 2009; LANDINI, 2009). Mi-
croorganisms within the biofilm grow in the ma-
trix-enclosed microcolonies interspersed within 
highly permeable water channels (cOstErtON et 
al., 1994). At some point after film formation, the 
attached bacteria or pieces of film are released 
in order to allow the cells to survive and colonize 
new niches. this release leads to contamination 
of the product stream. the vegetative cells may 
reattach in downstream parts of the plant and 
initiate biofilm formation, completing the cycle. 
When planktonic cells attach to a surface, there 
may be a lag before growth commences as they 
adapt to the sessile state. the cells released from 
the film may behave like biofilm cells when they 
reattach, showing no lag and growing more rap-
idly than primary cells (rAsMUssEN et al., 2005). 
the drivers for biofilm formation are the follow-
ing: defence against harmful conditions; coloni-
zation of a favorable niche; utilization of poten-
tial benefits of the community; protection from 
the bulk phase environment, where there may 
be toxins, antibiotics, detergents, or sanitizers; 
the possibility of organization through inter-cell 
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signalling; and transfer of genetic information, 
including resistance genes (JEFFErsON, 2004).

bIOFILMs IN tHE FOOD ENVIrONMENt

Microbial adhesion and biofilms are of great 
importance for the food industry and occur on a 
variety of food contact surfaces (OLIVEIrA et al., 
2007). biofilms continue to pose concerns to food 
manufacturers as they are one of the major rea-
sons for limiting the shelf life and favoring path-
ogen contamination of food products. Moreover, 
biofilms form a reservoir of contamination that 
persists where manufacturing plant cleaning is 
ineffective (sENcZEK et al., 2000). Depending on 
the specific systems investigated and the nature 
of the microorganism, biofilms can display a wide 
range of phenotypes. L.m biofilms, grown un-
der static conditions, generally consist of a ho-
mogeneous layer of cells and/or microcolonies, 
with biofilm cells displaying morphology similar 
to that of planktonic cells. In contrast, L.m bi-
ofilms grown under continuous flow conditions 
consist of spherically shaped microcolonies that 
are surrounded by a network of knitted chains 
composed of elongated cells (rIEU et al., 2008).

studies have shown the capacity of L.m to per-
sist in the environment for years. biofilms form 
not only on processing environment surfaces 
but also on food itself, which offers the potential 
for cross-contamination and post-process con-
tamination (KUMAr and ANAND, 1998). Moreo-
ver, environmental surfaces such as floors and 
walls may also be indirect sources of contamina-
tion, e.g., transference to food products by vec-
tors such as air, people, and cleaning systems 
(GIbsON et al., 1999). In food systems, improp-
erly cleaned and sanitized equipment and air-
borne microbiota are usually considered impor-
tant niches of contamination (Fig. 1) (sIMÕEs 
and VIEIrA, 2009). Other common sources in-
volved in biofilm accumulation include floors, 
waste water pipes, bends in pipes, rubber seals, 
conveyor belts, stainless steel surfaces, glass-
es, etc. buna-N and teflon seals have also been 
implicated as important sites for biofilm forma-
tion (FrANK and KOFFI, 1990; rODAs-sUArEZ 
et al., 2006). HErALD and ZOttOLA (1988) ob-
served that L.m can attach to stainless steel via 
produced attachment fibrils. In meat and dairy 
processing industries, the presence of L.m has 
been found on equipment and utensil surfaces 
(LÓPEZ et al., 2008).

Importantly, bacterial biofilms have been con-
sistently described as being more resistant to 
biocides than planktonic cells (GILbErt et al., 
2002; scENHIr, 2009). the reasons for this de-
crease in susceptibility or “tolerance” is a bio-
film-associated phenotype (AsHbY et al., 1994; 
brOWN and GILbErt, 1993; DAs et al., 1998), 
which includes decreased metabolism, quies-
cence, reduced penetration due to the extracel-

lular polymeric matrix (PAN et al., 2006), and 
enzymatic biocide inactivation (scENHIr, 2009). 

In nature, biofilms may be composed of a sin-
gle species or represent a consortium of numer-
ous species. several types of microorganisms 
(spoilage or pathogenic) are capable of partici-
pating in adhesion processes and biofilm forma-
tion. Mixed species biofilm formation of several 
Staphylococcus aureus strains with L.m has been 
demonstrated (rIEU et al., 2008). In addition, 
some researchers have found that L.m grows 
preferably as a biofilm as part of a consortium 
of bacterial species (JEONG and FrANK, 1994a-
b; KALMOKOFF et al., 2001). Other reports ex-
amining longer-term biofilm formation have no-
ticed that L.m is a poor organism for cell attach-
ment and biofilm formation, and this has led to 
suggestions that L.m may use a primary coloniz-
ing bacterium of a different bacterial species to 
form a biofilm consortium on a surface (MOLtZ 
and MArtIN, 2005). cArPENtIEr and cHAssA-
ING (2004) and tOMPKIN (2002) showed that the 
‘‘house flora’’ of food processing premises has a 
strong effect on the likelihood of finding L.m on 
inert surfaces. A study on mixed biofilm forma-
tion of L.m in combination with various second-
ary species showed that mixed species biofilms 
were established, and depending on the specific 
combination, they showed increased, reduced, 
or no effect on the number of L.m cells in the bi-
ofilm (cArPENtIEr and cHAssAING, 2004). Fur-
thermore, an elaborate study on the formation of 
mixed species biofilms of L.m and Lactobacillus 
plantarum showed that mixed species biofilms 
have the capacity to be more resistant against 
disinfectant treatments than a single species 
biofilm or planktonic cells (VAN DEr VEEN and 
AbEE, 2010). Another interesting study on the 
adherence of L.m to preformed Lactococcus lac-
tis biofilms with different architectures, matri-
ces, and cell surface properties showed that L.m 
biofilm formation can be influenced by resident 
biofilms (HAbIMANA et al., 2009). the impact of 
secondary species on L.m settlement, biofilm for-

Fig. 1 - Example of possible niches of L. monocytogenes in a 
battering and breading machine.
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mation, and persistence in food processing envi-
ronments remains to be characterized.

bacterial attachment to surfaces is influenced 
by the physicochemical properties of both the sur-
face and microorganism, such as temperature and 
hydrophobicity (GOrsKY et al., 2003; HOOD and 
ZOttOLA, 1997). It has been suggested that flag-
ellation and motility play a role at the cell level in 
several stages of biofilm formation (MOENs and 
VANDErLEYDEN, 1996). Motility has been shown 
to facilitate attachment to both biotic and abiot-
ic surfaces (bUtLEr et al., 1979), since flagella, 
in addition to being the locomotive organelles of 
bacterial motility, have also been reported to serve 
as adhesive structures (MOENs and VANDErLEY-
DEN, 1996). With regard to food surfaces, many 
studies have shown the attachment of L.m to 
meat and poultry surfaces (cHUNG et al., 1989; 
DIcKsON and KOOHMArAIE, 1989; tH ̇ENEVOt et 
al., 2006). However, these studies did not clear-
ly reflect the formation of biofilms with regard 
to these surfaces.

LISTERIA MONOCYTOGENES AND bIOFILM

L.m can adhere rapidly and firmly to inert 
surfaces commonly found in the food process-
ing industry. this bacterium has been found to 
form biofilms on surfaces such as plastic, poly-
propylene, rubber, stainless steel, and glass 
and on the interface between two different ma-
terials (e.g., plastic and stainless steel) (cHAE 
et al., 2006; HOOD and ZOttOLA, 1997; MOLtZ 
and MArtIN, 2005; sIMÕEs et al., 2010). Liste-
ria sources in processing plants include convey-
or belts, cutters, slicers, bringing and packaging 
machines, coolers, freezers, floors, and drains 
(D’OrIO et al., 2007; EKLUND et al., 1995; MIEt-
tINEN et al., 2001). 

the mechanisms by which L.m survives under 
harsh physical and chemical stress conditions 
are, at least in part, due to its ability to form bi-
ofilms on surfaces within the food processing 
environment (cHAE et al., 2006; HOLAH et al., 
2004). several researchers have reported that 
L.m is not capable of forming thick biofilms made 
up of several layers (9 to 12 Log cFU/cm2), but 
rather it adheres to surfaces at levels ranging 
from 4 to 6 Log cFU/cm2 (GrAM et al., 2007). 

the ability of L.m to produce biofilm signifi-
cantly differs according to the growth tempera-
ture and growth surface. For example, L.m has 
the capacity to adhere rapidly to stainless steel 
surfaces, and this risk is aggravated consider-
ing that this bacterium is able to reach an irre-
versible stage in a few hours (OH and MArsHALL, 
1996). the ability to form biofilms at 4°, 12° and 
22°c is significantly more pronounced on glass 
than on polystyrene and stainless steel. Further-
more, at 37°c, both stainless steel and glass al-
low comparable amounts of biofilm formation, 
significantly higher than on polystyrene (Figs. 2 

and 3) (DI bONAVENtUrA et al., 2008). the abil-
ity of L.m to colonize a surface at low tempera-
tures, used in the food industry to process and 
store a significant amount of foodstuffs, added 
to the recent finding that L.m cells in biofilms 
can survive storage at 4° or 10°c for at least 5 
days (sMItH et al., 2004), increases the propen-
sity for cross-contamination to foodstuffs. 

recent studies have shown significant differ-
ences in biofilm formation on polyvinyl chloride 
(PVc) (bOrUcKY et al., 2003; DJOrDJEVIc et al., 
2002) or stainless steel (FOLsOM and FrANK, 
2006) between different lineages, although the 
findings were contradictory (cHAE et al., 2006; 
DJOrDJEVIc et al., 2002). DI bONAVENtUrA et 
al. (2008) did not find any relationship between 
phylogeny and the ability to form a biofilm on 
different surfaces at different temperatures. Fur-
thermore, no differences among environmen-
tal and food strains were observed in the exper-
iment. At the same time, differences in biofilm 
production have been shown (KALMOKOFF et al., 
2001; PALMEr et al., 2007): serotype 1/2c forms 
a higher average amount of biofilm than sero-
type 1/2a on stainless steel and serotypes 1/2a 
and 4b on glass, at 37°c.

Food contact surfaces have different physi-
cochemical characteristics: hydrophilic (glass, 
stainless steel) and hydrophobic (polystyrene). 
some studies have failed to find a correlation be-
tween hydrophobicity and surface attachment. 
Particularly, cHAE et al. (2006) recently found 
that attachment on glass is independent of hy-
drophobicity level. Other authors (DI bONAVEN-
tUrA et al., 2008) suggested that the hydropho-
bicity level is correlated with biofilm formation 
on glass. these conflicting results are probably 
due to the fact that hydrophobicity can differ be-
tween serotypes or strains, and it can change 
with variation in growth conditions (GIOVANN-
AccI et al., 2000).

the cell surface is generally considered a sig-
nificant factor in bacterial attachment to surfac-
es. Many studies suggest that microbial cell sur-
face charge and hydrophobicity play an impor-
tant role in the initial steps of microbial adhe-
sion. cHAE et al. (2006) demonstrated that high 
levels of extracellular carbohydrates produced 
by L.m increase their ability to form biofilms, 
indicating the importance of this characteristic 
for the biofilm forming ability of a given strain. 

bacterial attachment to surfaces is influenced 
not only by cell surface and hydrophobicity but 
also by the presence of particular surface ap-
pendages such as flagella and fimbriae. Very 
little is known about the relationship between 
motility and biofilm formation and, in any case, 
only swimming motility has been considered. 
recent findings suggest that Gram-positive or-
ganisms, including L.m, have evolved multiple 
molecular strategies for the formation of pili on 
microbial surfaces (HUNG and scHNEEWIND, 
2004). Furthermore, DONs et al. (2004) showed 
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Fig. 2 - scanning Electron Microscopy (sEM) images of biofilm formed by L. monocytogenes on stainless steel at different 
temperatures.

Fig. 3 - scanning Electron Microscopy (sEM) images of biofilm formed by L. monocytogenes on polystyrene at different tem-
peratures.

that motility by swarming is critical in host-cell 
invasion and virulence of L.m. In an attempt to 
individuate a relationship between L.m flagel-
lum-mediated motility (swimming) and biofilm 
formation, it has been shown that temperature 
strongly influences flagellum production in Lis-
teria spp. (DJOrDJEVIc et al., 2002). On the con-
trary, motility did not show a positive correla-
tion with biofilm-forming ability, regardless of 

the substratum (DJOrDJEVIc et al., 2002). On 
the whole, functionally active flagella (motility) 
are probably not required for biofilm formation 
in L.m, and changes in surface structures oth-
er than flagella contribute to bacterial attach-
ment to a solid surface. 

At both 4° and 12°c, L.m produces a rudi-
mentary biofilm consisting only of sparse clus-
ters of cells and minimal amounts of EPs, re-
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gardless of the substratum. On the contrary, at 
22° and 37°c, the biofilm formed is more com-
plex in terms of cell number and EPs produced. 
Although only on glass it appeared as a com-
plex three-dimensional architecture, consisting 
of dense cell aggregates held together by extra-
cellular matrix and surrounded by void areas, 
probably representing water channels for nutri-
ent circulation and facilitation of waste remov-
al in the biofilm (cOstErtON et al., 1995). the 
relevant amount of EPs that can be observed in 
biofilms formed on glass raises a relevant hygi-
enic/sanitary issue, since the chlorine resist-
ance of L.m strains may be closely associated 
with the amount of EPs produced by the bio-
film cells (FOLsOM et al., 2006). 

the time available for biofilm formation de-
pends on the frequency of cleaning regimes. 
Product contact surfaces are typically cleaned 
several times per day, while environmental sur-
faces such as walls are cleaned once per week. 
therefore, there is more time for biofilm forma-
tion on environmental surfaces. GIbsON et al. 
(1999) found that although attachment to a va-
riety of surfaces in the food processing environ-
ment readily occurred, extensive surface colo-
nization and biofilm formation only occurred on 
environmental surfaces. Finally, routine clean-
ing in place (cIP) cycles in food plants may not 
remove all cells, and the remaining biofilm cells 
may allow more rapid plant recolonization by 
a seeding process or by providing a surface to 
which new cells may readily adhere (MAsHALL, 
1994). the situation is exacerbated if fouling has 
occurred, and it is not removed during cIP (HIN-
tON et al., 2002).

bIOFILM AND sANItIZING AGENts

the elimination of biofilms is a very difficult 
task because many factors affect detachment. 
sanitation, i.e., cleaning and disinfection, is car-
ried out in food processing plants in order to pro-
duce safe products with an acceptable shelf life 
and quality. An effective sanitation program is 
the major method to control surface contamina-
tion. When L.m is in the biofilm state, it exhibits 
an increased tolerance to disinfectants than their 
free living counterparts; and thick complex bio-
films are more difficult to remove than adhered 
single bacterial cells (KLAEbOE et al., 2006). the 
recalcitrance of biofilms towards biocide treat-
ment is not in dispute, and the existence of re-
sistance phenotypes induced by various nutri-
ent limitations has been postulated to explain 
this observation (brOWN and GILbErt, 1993). 

sINDE and cErbALLO (2000) found that san-
itizers alter the surface properties of materials, 
and this alteration is directly related to the de-
gree of attachment. thus, sanitizers have dif-
ferent effects on bacterial adhesion depending 
on food contact materials. In particular, qua-

ternary ammonium compounds were more ef-
fective against L.m attachment on stainless 
steel and rubber than on polytetrafluorethyl-
ene (PtFE), for which the effect was very simi-
lar. In some studies, it has been reported that 
L.m attached to food contact surfaces exhibit-
ed a reduced susceptibility to conventional san-
itizers like acid anionic sanitizers and quarter-
nary ammonium compounds (FrANK and KOF-
FI, 1990). A reasonable explanation for the re-
duced efficacy of such agents against biofilms 
is incomplete biofilm penetration by such reac-
tive biocides (HUANG et al., 1995) and the wide 
variation of environmental conditions that exist 
on food contact surfaces. 

Antimicrobial agents are far more effective 
against actively growing cells, i.e., the best dis-
infectants for planktonic cells are not necessarily 
the most suitable ones for biofilm cells (HOLAH et 
al., 1990). caustic chlorine washes can be very 
effective in removing well-established biofilms by 
breaking down the polysaccharide matrix, rath-
er than inactivating the microorganisms, prob-
ably because high pH favors ion-promoted de-
tachment (cOstErtON et al., 1995). PAN et al. 
(2010) demonstrated that biofilm cells show a 
reduced susceptibility to a sanitizer. this resist-
ance to a sanitizer was greater on a teflon sub-
strate than on a stainless steel substrate. similar 
results were observed by KrYsINsKI et al. (1992), 
who found that the resistance of L.m biofilms on 
stainless steel was lower than that on polyester 
or polyester/polyurethane. In addition, brEM-
Er et al. (2002) reported that there was a signif-
icant difference in the effectiveness of sanitizers 
against cells attached to stainless steel surfaces 
than to conveyer belt surfaces (PVc/polyester). 

the hydrodynamic conditions under which 
biofilms grow also have a significant effect on 
structure (stEWArD and cOstErtON, 2001). 
thus, LIU and tAY (2001) found that at relative-
ly high shear stress, as might be found in a food 
production plant, the biofilm was denser than 
at lower shear. therefore, shear stress during 
biofilm development may profoundly affect the 
results of disinfection trials and the success of 
cleaning procedures. 

Physical surface phenomena such as in-
creased nutrient concentration at the surface are 
also often quoted as improving the tolerance to 
antimicrobial stress of biofilm bacteria. A recent 
work showed that micro- and nano-emulsions 
may be effective anti-biofilm agents, although 
L.m films appeared to be resistant (tAKEUcHI 
et al., 2000). the widespread use of antimicro-
bial agents such as sanitizers or disinfectants 
in food processing or equipment cleaning and 
their effect on antimicrobial resistance is being 
investigated (cONtEr et al., 2009b; sPLENDIANI 
et al., 2006). 

Genetic factors such as the mobility of anti-
biotic resistance genes found on plasmids and 
transposons can increase the transfer of anti-
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biotic resistance between bacteria (sOMErs and 
WONG, 2004). the ability of bacteria to adapt to 
adverse environmental conditions is an impor-
tant factor in the development of resistance. this 
is because exposure of the organism to a sub-
lethal level of an antimicrobial agent can lead 
to adaptation and development of resistance to 
higher levels of the antimicrobial agent or even 
cross-resistance to other agents. Although sever-
al authors report interactions between the bac-
terial biofilm physiological state and resistance 
to antibiotics or biocides, very little informa-
tion is available on the cross resistance of ses-
sile bacteria to antibiotics and biocides (scEN-
HIr, 2009). the emergence of resistant bacte-
ria to conventional antimicrobial agents clear-
ly shows that new biofilm control strategies are 
required (sIMÕEs and VIEIrA, 2009).

sOLUtIONs: cONtrOL 
AND rEMOVAL OF bIOFILMs

the evaluation of biofilm sanitation proce-
dures should be part of the Hazard Analysis 
and critical control Points (HAccP) develop-
ment plan in order to control those biofilms 
prevalent in processing areas (sENcZEcK et al., 
2000). there are several steps in normal clean-
ing/sanitation procedures, including cleaning, 
rinsing, and sanitizing, in that order (GIbsON et 
al., 1999). the purpose of cleaning is to remove 
residual materials that may interfere with the 
sanitation procedure, because the presence of 
organic material on the biofilms significantly re-
duces the log kill. this reinforces the importance 
of adequate cleaning before the use of sanitizers 
(KrYsINsKY et al., 1992).

biofilms in the food industry can be eliminated 
by adopting different strategies such as physical, 
chemical, and biological methods. the use of en-
zyme-based detergents as bio-cleaners can serve 
as a viable option to overcome biofilm problems 
in the food industry. Due to EPs heterogeneity, 
a mixture of enzymes may be necessary for suf-
ficient biofilm degradation. However, the use of 
enzymes in biofilm control is still limited due to 
the low prices of chemicals used today compared 
to the costs of enzymes. As a matter of fact, the 
technology and production of these enzymes and 
enzyme-based detergents are mostly patent-pro-
tected. Moreover, the low commercial accessibil-
ity of different enzyme activities limits their cur-
rent usage. Enzymes and detergents have also 
been used as synergists to improve disinfectant 
efficacy (JOHANsEN et al., 1997). 

An interesting study on the control of L.m in a 
biofilm by competitive exclusive microorganisms 
indicated that L.m in biofilms can be strongly 
inhibited (> 5 Log cFU of L.m/cm2) by metabo-
lites of Enterococcus durans and Lactococcus lac-
tis subsp. lactis. these two strains were isolat-
ed and screened from biofilms obtained from the 

floor drains of food processing plants that were 
free of L.m according to records. Enterococcus 
durans and Lactococcus lactis, subsp. lactis are 
beneficial organisms and can be used as start-
er cultures for food fermentation, and they have 
great potential for controlling L.m biofilms in food 
processing environments (ZHANG et al., 2007). 

studies have shown that some detergents are 
bactericidal, and some disinfectants may even 
depolymerize EPs, thus enabling biofilm detach-
ment from surfaces, e.g., oxidants such as chlo-
rine and hydrogen peroxide (JUVEN and PIErsON, 
1996). Monolaurin (glycerol monolaurate) was 
also found to be lethal to L.m at low concentra-
tions. In addition, a synergistic interaction be-
tween monolaurin and organic acids like ace-
tic acid also caused a pronounced inhibition of 
L.m (NIKOLAEV and PLAKUNOV, 2007). More re-
cently, several authors (GUErrIErI et al., 2009; 
sOrUM and L’AbEE-LUND, 2002) demonstrated 
that bacteriocin producers showed the best an-
tilisterial potential. 

Microbial molecules, commonly used as bio-
preservatives, such as nisin, lauricidin, reuter-
in, and pediocin, have been well documented for 
their biofilm control potential against microor-
ganisms commonly found in dairy processing 
facilities, including L.m (MAHDAVI et al., 2007; 
ZHANG et al., 2007). bacteriocin application has 
also been tested on food packaging materials 
for the biocontrol of L.m on meats (MING et al., 
1997). the antagonistic effect was made more 
effective by decreasing the pH due to lactic acid 
production in the Lb. plantarum biofilm; the out-
come was confirmed by the considerable activi-
ty in the Lb. plantarum biofilm and suspension. 
comparing the antilisterial activity of lactic acid 
bacteria (LAb) biofilms against both plankton-
ic and adherent cells, the L.m adherent cells 
showed a higher resistance. this finding can be 
explained by the greater resistances that micro-
organisms display to exogenous agents in bio-
films (sAFDAr and ArMstrONG, 2003). 

the use of bacteriophages to control biofilms 
may provide a natural, highly specific, nontox-
ic, and feasible approach for controlling sever-
al microorganisms involved in biofilm formation 
(KUDVA et al., 1999). A bacteriophage (L.m phage 
Atcc 23074-b1) was used successfully in L.m 
biofilm inactivation (HIbMA et al., 1997). LU and 
cOLLINs (2007) engineered a bacteriophage to 
express a biofilm-degrading enzyme. this en-
zymatic phage had the ability to attack bacte-
rial cells in the biofilm and the biofilm matrix, 
substantially reducing the biofilm cell counts 
(more than 99.9% removal). the technology for 
this process has not yet been successfully de-
veloped, and relatively little information is avail-
able regarding the action of bacteriophages on 
biofilms (stOODLEY et al., 2002). 

More recently, the use of chlorine dioxide (cD) 
as a decontamination agent has demonstrated 
its high effectiveness against a wide variety of 



210  Ital. J. Food Sci., vol. 24 - 2012

microorganisms. It is a strong oxidizing agent 
with several advantages, such as the formation 
of low toxic disinfection by-products, effective-
ness at low concentrations, low reaction time, 
ease of generation, and effectiveness over a broad 
range of pH values (cHANG et al., 2000). the effi-
cacy of cD gas to disinfect biofilms has not been 
studied in detail. A recent study demonstrated 
that low levels of gaseous cD (0.3 mg/L) and 
aqueous cD (7 mg/L) have equivalent inactiva-
tion of L.m cells in a biofilm matrix compared to 
conventional sodium hypochlorite treatment (50 
mg/L). Additional research is needed to estab-
lish the cD levels and treatment times required 
for complete inactivation of biofilm cells. the 
potential use of cD to inactivate biofilms from 
food processing equipment surfaces should be 
further explored. 

the discovery that many bacteria use quo-
rum sensing to form biofilms makes it an at-
tractive target for their control (POYArt-sALM-
ErON et al., 1990). It is conceivable that quo-
rum sensing inhibition may represent a natu-
ral, widespread, antimicrobial strategy with sig-
nificant impact on biofilm formation. A good un-
derstanding of the cell-cell signaling phenomena 
of bacteria such as L.m can be used to control 
the biofilm formation process by the identifica-
tion of products that can act as quorum sensing 
antagonists (sHArMA and ANAND, 2002; sINDE 
and cErbALLO, 2000). this property can lead 
to the development of new and efficient natural 
products for biofilm control. 

the literature demonstrates that there is no 
unique strategy with absolute biofilm control 
efficiency. Nevertheless, the importance of ad-
equate cleaning and disinfection procedures, 
in order to avoid L.m becoming established in 
processing environments and thus posing a 
product contamination threat, is widely accept-
ed. Furthermore, continuous environmental 
monitoring schemes for L.m are of major impor-
tance to identify potential contamination sources 
and as an early warning system for food business 
operators, especially in food processing plants 
with low L.m prevalence in their food products.

cONcLUsIONs AND FUtUrE DIrEctIONs

Pathogenic microorganisms in biofilms are the 
major source of food contaminations and clinical 
infections. Preferably, preventing biofilm forma-
tion would be a more logical option than treating 
it. Nutrient and water limitation, equipment de-
sign, and temperature control are important in 
biofilm control. In addition, the choice of materi-
al herein is crucial in terms of biofilm formation. 
the hygienic properties of the material can be 
altered by specific modifications to render it in-
trinsically antibacterial and/or less susceptible 
to attachment (VAN HOUDt and MIcHIELs, 2010). 
the deposition of antifouling layers on stainless 

steel can influence their hygienic status, as dem-
onstrated by the 81-96% decrease in L.m attach-
ment and biofilm formation on polyethylene gly-
col-modified stainless steel. the modified surface 
properties were obtained by plasma-enhanced 
cross-linking of polyethylene glycol on stainless 
steel (DONG and ZHANG, 2005).

biofilm detectors have been developed to mon-
itor surface colonization by bacteria and allow 
the control of biofilms in the early stages of de-
velopment (PErEIrA et al., 2008). Many authors 
have suggested that L.m may be inhibited by 
some bacteriocin-producing LAb (sAbIA et al., 
2002; tYOPPONEN et al., 2003). Newer strategies 
devised for the bio-control of Listeria in plank-
tonic form or in biofilms could include the ad-
sorption of bioactive compounds, such as bac-
teriocins, onto food-contact surfaces (GUErrIErI 
et al., 2009). several attempts have been made 
to avoid biofilm formation by incorporating anti-
microbial products into surface materials, coat-
ing surfaces with antimicrobials (GOttENbOs et 
al., 2001), and/or modifying the surface physic-
ochemical properties (rODrIGUEZ et al., 2007).

biosurfactants are compounds with surface-
active properties, which are produced by mi-
croorganisms. their use has been suggested as 
an alternative to synthetic products. their ma-
jor advantages over synthetic detergents are 
their low toxicity and highly biodegradable na-
ture. biosurfactants may also show antimicro-
bial and anti-adhesive activities. biosurfactants 
have been mentioned as promising multipur-
pose ingredients, which simultaneously exhibit 
emulsifier, anti-adhesive, and antimicrobial ac-
tivities, and they are consequently suitable for 
many food applications (NItscHKE and PAstOrE 
et al., 2002; NItscHKE and cOstA, 2007). there-
fore, these compounds of microbial origin could 
be used as detergent formulations to clean sur-
faces that come in contact with food and prevent 
food contamination (FrEIrE et al., 2009). thus, 
biosurfactants could be utilized in the develop-
ment of new strategies to retard L.m surface col-
onization and biofilm formation (NItscHKE et al., 
2009; ArAUJO et al., 2011). 

Plant-derived compounds have gained wide-
spread interest in the search to identify alterna-
tives for microbial control (EssAWI and srOUr, 
2000). It has been postulated that surface pre-
treatment with plant extracts produces an un-
favorable film that promotes microorganism de-
tachment (sANDAsI et al., 2010). 

to date, rational equipment design that mini-
mizes laminar product flow, reduces static prod-
uct, and facilitates cleaning and cIP process-
es can result in reduced bacterial attachment 
to processing equipment. the next step is the 
choice of materials modified by a set of coat-
ings and surface modifications in order to re-
duce surface adhesion and biofilm formation 
(sZE, 1981; MANDrAccI and rIccIArDI, 2007). 
the increased biofilm resistance to convention-
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al treatments enhances the need to develop new 
control strategies (sHArMA and ANAND, 2002). 
research on microbial biofilms is proceeding on 
many fronts, with particular emphasis on eluci-
dation of the genes specifically expressed by bi-
ofilm-associated organisms, evaluation of vari-
ous control strategies (including medical devic-
es treated with antimicrobial agents and anti-
microbial locks) for either preventing or reme-
diating biofilm colonization of medical devices, 
and development of new methods for assessing 
the efficacy of these treatments. 

the majority of bacteria are able to form bio-
films displaying a large diversity in architecture, 
phenotypes, and matrix components. Novel in-
sights include factors contributing to phenotypic 
heterogeneity within biofilms, such as the iden-
tification and characterization of a range of ma-
trix building blocks. to date, the prevention and 
control of L.m biofilms in food processing environ-
ments should be based on integrated efforts. the 
food industry should develop cleaning plans and 
disinfection programs and monitor their efficacy. 
In addition, the process equipment should be de-
signed with high standards of hygiene in mind. 
Finally, a better understanding of how L.m at-
taches, grows, and detaches is urgently needed, 
and much effort should be invested in research 
on novel biofilm prevention and control strategies. 
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AbstrAct

Environmental samples, raw materials and fermented sausages produced in sardinia (Italy) 
were analysed in order to investigate the prevalence and enumeration of L. monocytogenes. Iso-
lates were identified by single Pcr and characterised by multiplex Pcr-based serogrouping. the 
contamination routes of L. monocytogenes in the plants were traced using PFGE. In addition, a 
quantitative assessment of the in vitro biofilm formation was carried out. Fermented sausages 
seem to be regularly contaminated with L. monocytogenes: results showed the ability of the path-
ogen to overcome the hurdles of the manufacturing process and adapt to the processing plant en-
vironments, forming biofilms.
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INtrODUctION

Listeria monocytogenes is a ubiquitous organ-
ism, widely distributed in the environment. the 
principal reservoirs are soil, forage and water 
(EFsA, 2011). Other reservoirs include healthy 
humans and animals (ILsI, 2005) or infected 
domestic and wild animals (EFsA, 2011). L. 
monocytogenes has been isolated throughout 
the pork processing industry (NEsbAKKEN et 
al., 1996), with an increase of contamination 
along the production line (cHAssEIGNAUX et al., 
2002). One of the most recent listeriosis out-
breaks (canada 2008) was linked to the con-
sumption of ready to eat (rtE) pork meat prod-
ucts, causing 22 deaths and 57 confirmed cases 
(PHAc, 2009). Fermented rtE pork meat prod-
ucts, such as dry and semi-dry sausages have 
rarely been implicated in food poisoning. Nev-
ertheless, in the manufacturing of traditional 
fermented products, an empirical application 
of hurdle technologies often occurs and these 
products are regularly contaminated with L. 
monocytogenes. this fact may present a major 
public health concern if the pathogen is able 
to multiply and reach high levels of contamina-
tion (tHEVENOt et al., 20061). Previous surveys 
carried out on traditional fermented products 
at the end of ripening showed a prevalence of 
10% in France (tHEVENOt et al., 2005), 10.6% 
in chile (cOrDANO and rOcOUrt, 2001) and 
15.2% in Italy (DE cEsArE et al., 2007). In a 
former study, L. monocytogenes was found in 
40% of “Salsiccia Sarda” at the end of ripening 

(MELONI et al., 2009) with contamination levels 
always lower than 100 cFU/g. “Salsiccia Sarda” 
is the primary meat product (37% of consump-
tion) of the meat supply chain in the sardinia 
region (Italy) and is included on the national list 
of traditional food products. It is one of the typ-
ical Italian semi-dry sausages (aw ranging from 
0.90 to 0.95), naturally fermented (GrEcO et al., 
2005) and marketed locally and regionally in It-
aly (cOMI et al., 2005). the main composition 
and characteristics of “Salsiccia Sarda” include: 
minced lean pork (87%); pork back fat (8%); 
salt (3%); a mixture of sugars and additives 
(0.8%); garlic (0.15%); ground pepper (0.25%); 
and a mixture of whole pepper, nutmeg, cloves 
and pimento (0.8%). the mixture, refrigerated 
overnight, is stuffed into natural pork casings. 
After they are first warmed up at 20°-22°c for 
4-6 h, the products are dried for six days in a 
fermentation chamber. On the first day of dry-
ing, the products are stored at 20°-22°c and 
60% relative humidity. Over the next five days 
of drying the temperature is gradually reduced 
to 15°c and the relative humidity is gradual-
ly increased to 70%. ripening is then carried 
out for 15 days in store-rooms at 15°c and 70-
75% relative humidity. the final products are 
cylindrical (about 30 mm Ø), about 40-45 cm 
long, shaped like horseshoes, and about half a 

kg each in weight. the normal pH of “Salsiccia 
Sarda” at the end of ripening is 5.28 (GrEcO et 
al., 2005). L. monocytogenes may survive during 
the processing of the fermented meat products 
due to its high tolerance to low pH conditions 
and high salt concentrations (FArbEr and PE-
tErKIN, 1991) and if the standard hurdle tech-
nologies are ineffective. the main hurdles used 
during the processing of dry fermented prod-
ucts are nitrite and salt content, the decrease 
in redox potential and water activity (aw) that 
inhibit many aerobic bacteria in the early stag-
es of production (Pseudomonas spp. and other 
Gram-negative bacteria), and selecting the lac-
tic acid bacteria (LAb) which cause the pH to 
decrease (bArbUtI and PArOLArI, 2002). these 
hurdles, with the coagulase negative Staphylo-
cocci development and the length of the ripen-
ing period, are essential for the microbial safe-
ty and stability of quick-ripened fermented sau-
sages, which are not greatly dried. Pork meat 
used for the manufacturing of sausages may 
be contaminated from a wide variety of sourc-
es and L. monocytogenes once introduced in 
the processing plants can persist over time in 
the environment, contaminating food process-
ing machines (LOPEZ et al., 2008). L. monocy-
togenes forms assemblages of surface-associat-
ed microbial cells that are enclosed in hydrated 
extracellular polymeric substances and grow in 
biofilms on surfaces in contact or not with the 
food (GANDHI and cHIKINDAs, 2007), such as 
floor drains, storage tanks, hand trucks, con-
veyor belts and other food contact materials 

(MAFU et al., 1990). the presence of the path-
ogen on surfaces in contact and without con-
tact with food increases the food safety risk (KIM 
and FrANK, 1995). thus, L. monocytogenes may 
become an important source of secondary con-
tamination of food products, and without suit-
able sanitisation procedures, cross-contamina-
tion of the meat products may occur (sAMELIs 
and MEtAXOPOULOs, 1999). the main objec-
tive of the present study was to evaluate the oc-
currence of L. monocytogenes in the fermented 
sausage production of the sardinia region (It-
aly). Isolates were identified by single Pcr and 
further characterised by multiplex Pcr-based 
serogrouping. the contamination routes of L. 
monocytogenes in the plants were traced us-
ing PFGE. In addition, a quantitative assess-
ment of the in vitro biofilm formation was car-
ried out in order to investigate the potential for 
persistence. 

MAtErIALs AND MEtHODs

sampling

A total of 170 samples from environments, raw 
materials and final products from two large (A 
and D > 300 tons of “Salsiccia Sarda” per year) 
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and two small (B and C from 50 to 100 tons of 
“Salsiccia Sarda” per year) processing plants, lo-
cated in different provinces of Sardinia (Italy), 
were sampled in order to investigate the preva-
lence, ecology and genetic profile of L. monocy-
togenes. All of the processing plants were repre-
sentative of the regional fermented sausage pro-
duction and some characteristics are summa-
rised in Table 1. Three of the processing plants 
(A, B, D) were only sampled once (S1). In order 
to evaluate the role of swine carcasses as a pos-
sible source of plant contamination and the per-
sistence of L. monocytogenes-adapted strains, in 
plant C (randomly chosen) sampling was repeat-
ed within three months (S2). Details on samples 
collected from each plant are provided in Ta-
ble 2. A total of 132 environmental samples were 
collected: 96 swabbed surfaces without contact 
with meat (SWCM) and 36 surfaces in contact 
with meat (SCM). SWCM and SCM were sam-
pled during the production stages by swabbing 
with 10 cm by 10 cm sterile gauze pads rehy-
drated with 10 mL of neutralising buffer (Solar-
cult sampling kit, Biogenetics, Padova, Italy) and 
using a sterile template to delineate the swabbed 
area of 100 cm2. Sampling locations were cho-
sen in order to represent those most likely to 
present L. monocytogenes contamination. Sam-
pling sites for SWCM included walls and floor 
drains of the ground meat store-rooms, drying 
and ripening rooms, processing and packaging/
shipment rooms. Regarding SCM, the sampling 
sites included work tables, sausage trolleys, 
hooks, mincing, mixing and stuffing machines. 
A total of 16 samples from ground meat and 10 
from fermented sausages at the end of ripen-
ing were collected. Only during the repeat sam-
pling (S2) in plant C12 samples from swine car-
casses were collected: 6 of raw pork meat with 
and without rind and 6 swab samples of verte-
bral canal between the first thoracic vertebra 
and the seventh lumbar vertebra, in correspond-
ence with the bone saw surface of the swine car-
casses. The carcasses were stored at +4°C and 
were sampled before their entry in the process-
ing line. Samples were collected by swabbing as 
previously described. All of the items were asep-
tically sampled, placed in sterile bags (kept in ice 
boxes at +3°C) during transport and were imme-
diately analysed upon arrival at the laboratory. 

Detection and enumeration 
of L. monocytogenes

Detection and enumeration of L. monocy-
togenes was carried out using the ISO 11290-
1:1996 and 11290-2:1998 protocols, respec-
tively. Samples of raw pork meat, ground meat, 
fermented sausages and swabbed samples were 
homogenised 1/10 with Fraser broth base (Bi-
olife, Milan, Italy) in a Stomacher Lab Blender 
400 (Seward Medical, London, UK) for 2 min. 
The homogenates were incubated at 20°C for 1 
h, in order to resuscitate stressed microorgan-
isms. For the enumeration of L. monocytogenes, 
1 ml of each inoculum was distributed over the 
surface of three Aloa (Biolife) 90 mm plates us-
ing a sterile spreader. The plates were incubat-
ed at 37°C for 48 h. For detection of L. mono-
cytogenes, the homogenates were supplement-
ed by Fraser half-selective supplement (Biolife) 
and incubated at 30°C for 24 h. Afterwards, 0.1 
mL of the primary enrichment was inoculated in 
10 mL of Fraser broth supplemented (Biolife) by 
Fraser selective supplement (Biolife) and incu-
bated at 37°C for 48 h. Cultures were streaked 
onto Oxford (Oxoid, Milan, Italy) and Aloa (Bi-
olife) plates and incubated at 30° and 37°C for 
48 h, respectively. From each plate of the pri-
mary and secondary enrichment, five colonies 
presumed to be Listeria spp. were streaked on 
Tsyea plates (Biolife) and incubated at 37°C for 
24 h. Colonies were selected for typical appear-
ance on Tsyea and submitted to Gram staining, 
catalase and oxidase tests. Haemolytic activity 
and CAMP tests on sheep blood agar were per-
formed for confirmation of L. monocytogenes. 
Biochemical characterisation of all the isolates 
was performed using the API Listeria identifica-
tion system (bioMérieux, Marcy l’Etoile, France).

Molecular identification and characterisation

Single PCR-based identification

The phenotypic identification of L. monocy-
togenes isolates was confirmed by a single PCR-
based method (sPCR) aimed at prfA gene frag-
ment detection. L. monocytogenes isolates were 
grown on BHI (Oxoid) at 37°C for 16-18 h. The 
cells were pelleted by centrifugation of 1 mL at 

Table 1 - Some characteristics of the four Sardinian processing plants.

Plants	 Tons/year	 Processing	line	 Origin	of	the	 Characteristics	of	 Ripening	period
	 	 complexity	 groundmeat	 the	ground	meat	 (fermented	sausages)

A	 300-500	 +++	 Domestic	 Fresh	 15	days
B	 50-100	 ++	 Domestic	 Fresh	 15	days
C	 50-100	 ++	 Domestic	 Fresh	 15	days
D	 >500	 ++++	 Domestic	/European	 Fresh	 7-15	days

Processing	line	complexity:	++	(simple	equipment);	+++	(more	equipment,	more	complex);	++++	(a	lot	of	equipment,	with	a	complex	design).
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12,000 rpm for 5 min at 4°c and washed twice 
in phosphate-buffered saline (Pbs). DNA was ex-
tracted by suspending the pellet in 1 mL of Pbs, 
which was boiled for 5 min and centrifuged at 
10,000 rpm. the supernatant was quantified 
with a UV-1700 Pharmaspec spectrophotome-
ter (shimadzu, Kyoto, Japan) at OD260 and then 
stored at -20°c until use. Heterologous DNA of 
S. xylosus Atcc 29971 was used as a negative 
control and DNA of L. monocytogenes reference 
strain Atcc 19115 was used as a positive con-
trol. the sPcr was carried out with the primer set 
Lip1 and Lip2 (D’AGOstINO et al., 2004; JOFré et 
al., 2005) which produces a fragment of 274bp (sI-
MON et al., 1996). All amplification reactions were 
performed in a final volume of 50 µL containing 
5 µL of DNA, 5 µL of 10X Pcr buffer (Invitrogen, 
carlsbad, UsA), 2.5 mM of Mgcl2, 0.3 mM each 
of dNtP, 0.3 mM each of primer and 1U of Plat-
inum taq DNA polymerase (Invitrogen). All am-
plification reactions were performed in a Gene-
Amp 2700 thermal cycler (Applied biosystems, 
Foster city, cA, UsA) programmed as follows: de-
naturation at 94°c for 2 min, annealing at 55°c 
for 30 sec and elongation at 74°c for 1 min, fol-
lowed by a final extension period at 74°c for 5 
min. the amplified fragments were separated by 
1.5% agarose gel electrophoresis (roche diagnos-
tics, Milan, Italy) in 1X tris-acetate EDtA (tAE, 
Invitrogen) and stained with ethidium bromide 
(0.1 mg/mL) for 20 min. the gels were observed 
and digitalised by the Gel-Doc UV trans-illumi-
nator (bio-rad, Hercules, cA, UsA).

Multiplex PCR-based serogrouping

Multiplex Pcr-based serogrouping was 
carried out using the target genes lmo0737, 
lmo1118, ORF2819, ORF2110 and prs (DOUMItH 
et al., 2004). the multiplex Pcr products were 
resolved by electrophoresis on 1.5% agarose gel 
in 1X tAE (Invitrogen) and stained with ethidium 
bromide (0.1 mg/mL) for 20 min. the gel imag-
es were visualised and captured using the Gel-
Doc UV trans-illuminator (bio-rad).

DNA macrorestriction and pulsed-field
gel electrophoresis (PFGE)

Isolates were submitted to DNA macrorestric-
tion with ApaI and AscI (New England biolabs, 
beverly, MA, UsA). the separation of the re-
striction fragments was carried out by PFGE in 
a cHEF Mapper XA system (bio-rad) using the 
PFGE-PulseNet protocol (GrAVEs and sWAMI-
NAtHAN, 2001). Gel images were visualised and 
captured using the Gel-Doc UV trans-illumina-
tor (bio-rad). the banding patterns for each en-
zyme were assigned through visual analysis of 
the restriction profiles. Isolates were designated 
genetically indistinguishable (same pulsotype) 
when their restriction patterns had the same 
number of bands and the corresponding bands 

were the same apparent size (tENOVEr et al., 
1995; GrAVEs et al., 2005). AscI and ApaI mac-
rorestriction patterns were analysed using bi-
oNumerics software (Applied Maths, sint-Mar-
tens-Platen, belgium). the similarity between 
restriction patterns, based on bands position, 
was expressed as a Dice coefficient correlation. 
the position tolerance was optimal when set at 
1.0 and 2.0% for AscI and ApaI, respectively. 
clustering and construction of dendrograms 
were performed by the Unweighted Pair Group 
Method using arithmetic averages (UPGMA) 
combining both AscI and ApaI macrorestriction 
patterns into one unique PFGE profile.

Quantitative assessment 
of in vitro biofilm formation

Isolates were tested for their ability to attach 
to abiotic surfaces forming biofilm. the quanti-
tative assessment of the in vitro biofilm formation 
was carried out on sterile 96-well polystyrene 
microtiter plates using the method described 
by stEPANOVIc et al. (2004), with some modifi-
cations. Isolates were grown for 24 h in 2 mL of 
bHI broth. All the wells of a polystyrene micro-
titer plate were filled with 230 µL of bHI broth. 
Afterwards, 21 wells per strain were filled with 
20 µL of culture. Each plate included 12 wells of 
bHI broth without inoculum, as a negative con-
trol. Microtiter plates were incubated at 30° for 
24 h. At the end of the incubation the content of 
the wells was removed and the microtiter plate 
washed three times with 300 mL of sterile, dis-
tilled water in order to remove loosely attached 
bacteria. the remaining attached bacteria were 
fixed with 250 µL of methanol per well, and af-
ter 15 min the wells were emptied and air-dried. 
Each well was stained with 250 µL of crystal vio-
let for 5 min. After staining, the microtiter plates 
were washed under running tap water, then air-
dried and the dye bound to the adherent cells 
was solubilised with 250 µL of 33% (v/v) glacial 
acetic acid per well. the microtiter plates were 
read spectrophotometrically (OD620) using a sun-
rise rc absorbance reader (tecan, Maennedorf, 
switzerland). the strains were divided into four 
categories: no biofilm producers (NP, OD=<0.5), 
weak producers (WP, OD= ≥0.5<1.0), moderate 
producers (MP, OD= ≥1.0<1.5) and strong pro-
ducers (sP, OD= ≥1.5).

rEsULts

Detection and enumeration 
of L. monocytogenes 

the results (table 2) showed the presence of 
L. monocytogenes in all of the fermented sau-
sage processing plants (overall prevalence in 
the environments: 15%). None of the samples 
from pork carcasses was positive for L. mono-
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cytogenes. the occurrence was 37% in ground 
meat and 80% in the fermented sausages. these 
products did show detectable levels always be-
low 10 cFU/g, complying with the food safety 
criteria provided for rtE foods able to support 
the growth of L. monocytogenes (EFsA, 2005). 
According to tHEVENOt et al. (20062), several 
factors, such as the manufacturing process, the 
use of spices with antioxidative or antimicrobial 
properties, and the growth of the natural com-
petitive microflora should significantly reduce 
the count of L. monocytogenes in fermented sau-
sages. Altogether, 170 strains of Listeria spp. 

were isolated: 39% were L. welshimeri, 23% L. 
monocytogenes, 21% L. innocua, 10% L. grayi, 
4% L. ivanovii, and 3% L. seeligeri. A subset of 
20 L. monocytogenes isolates was selected and 
primarily identified by single Pcr. From each 
processing plant, L. monocytogenes strains were 
selected in order to include almost 50% of each 
category of positive samples. Isolates were fur-
ther characterised by multiplex Pcr-based se-
rogrouping, PFGE and in vitro biofilm forma-
tion. A summary of the phenotypic and geno-
typic characteristics of the 20 L. monocytogenes 
isolates is reported in table 3.

table 3 - Distribution of 20 Listeria monocytogenes isolates in the four processing plants, in relation to serotype, pulsotype, 
PFGE profile and in vitro biofilm production.

Plant	and	source	of	contamination	 Strain	code	 Serotype	 Pulsotypes	 PFGE	profile	 Biofilm	production

	 	 	 	 AscI	 ApaI

A	 Ground	meat	store	room:	floor	drains	 A1	 4b	 I	 I	 9	 NP
	 Ground	meat	 A2	 4b	 II	 II	 11	 MP
	 Fermented	Sausage	 A3	 1/2b	 III	 III	 13	 NP

B	 Ground	meat	store	room:	floor	drains	 B1	 1/2b	 IV	 IV	 4	 MP
	 Ground	meat	store	room:	floor	drains	 B2	 1/2b	 IV	 IV	 4	 NP
	 Ground	meat	 B3	 1/2b	 V	 V	 2	 WP
	 Drying	room:	floor	drains	 B4	 1/2b	 V	 V	 2	 WP
	 Drying	room:	floor	drains	 B5	 1/2b	 VI	 VI	 7	 NP
	 Ripening	room:	hooks	 B6	 1/2b	 VII	 VII	 1	 WP
	 Ripening	room:	hooks	 B7	 1/2b	 VII	 VII	 1	 WP

C	 Drying	room:	floor	drains	 C1	 1/2b	 VIII	 VIII	 12	 NP
	 Ground	meat	 C2	 1/2b	 IX	 IX	 5	 WP
	 Fermented	sausage	 C3	 1/2b	 IX	 IX	 5	 NP
	 Shipment	room:	floor	drains	 C4	 1/2b	 X	 X	 8	 WP
	 Ripening	room:	floor	drains	 C5	 1/2b	 X	 X	 8	 NP
	 Ripening	room:	floor	drains		 C5bis	 1/2b	 X	 X	 8	 MP

D	 Fermented	sausage	 D1	 1/2a	 XI	 XI	 6	 WP
	 Fermented	sausage	 D2	 1/2a	 XII	 XII	 3	 WP
	 Processing	room:	work	tables	 D3	 1/2a	 XIII	 XIII	 10	 WP
	 Processing	room:	floor	drains	 D4	 1/2a	 XIV	 n.t.*	 n.t.*	 NP

*n.t.:	not	typeable;	NP:	no	biofilm	producers;	WP:	weak	producers;	MP:	moderate	producer.

table 2 - Listeria monocytogenes in environments, raw materials and final products of four fermented sausage processing plants.

Plants	 	 SCM***	 SWCM****	 Pork	carcasses	 Ground	meat	 Fermented	sausages

	 	 Positive/Total	 %	 Positive/Total	 %	 Positive/Total	 %	 Positive/Total	 %	 Positive/Total	 %

A	 S1	 0/6	 -	 2/18	 11.11	 -	 -	 2/4	 50	 2/2	 100
B	 S1	 2/6	 33.33	 4/18	 22.22	 -	 -	 2/4	 50	 0/2	 -
C	 S1*	 0/10	 -	 6/18	 33.33	 -	 -	 2/4	 50	 2/2	 100
	 S2**	 0/8	 -	 2/20	 10	 0/12	 -	 -	 -	 -	 -
D	 S1	 2/6	 33	 2/22	 9	 -	 -	 0/4	 -	 4/4	 100

Grand	 	 4/36	 11.11	 16/96	 16.66	 0/12	 -	 6/16	 37.50	 8/10	 80
total

*S1:	first	sampling;	**S2:	repeated	sampling;	***SCM:	Surfaces	in	contact	with	meat;	****SWCM:	Surfaces	without	contact	with	meat.
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Fig. 1 - UPGMA clustering of the 19 Listeria monocytogenes 
PFGE profiles.

table 4 - clustering of 18 Listeria monocytogenes strains.

Cluster	 Overall	similarity	 PFGE	profile	 N°	of	isolates	 Serotype	 Source	of	contamination	in	the	plants

	 	 1	 2	 1/2b	 Hooks	in	the	ripening	room
	 	 2	 2	 1/2b	 Ground	meat	and	floor	drains	in	the	drying	room
A	 	 3	 1	 1/2a	 Fermented	sausage
	 73.3%	 4	 2	 1/2b	 Floor	drains	in	the	store	room
	 	 5	 2	 1/2b	 Ground	meat	and	Fermented	sausage

	 	 6	 1	 1/2a	 Fermented	sausage
	 	 7	 1	 1/2b	 Floor	drains	in	the	drying	room
B	 	 8	 3	 1/2b
	 77.3%	 	 	 	 Floor	drains	in	the	shipping	room	(1)	and	ripening	room	(2)
	 	 9	 1	 4b	 Floor	drains	in	the	store	room

	 	 10	 1	 1/2a	 Work	tables	in	the	processing	room
C	 	 11	 1	 4b	 Ground	meat
	 74.4%	 12	 1	 1/2b	 Floor	drains	in	the	drying	room

Molecular identification and characterisation

Single PCR-based identification

the amplification product of 274bp was found 
in all the strains phenotypically identified as L. 
monocytogenes. the amplification products al-
ways exhibited the same electrophoretic pattern. 
these results confirm that the prfA gene is a re-
liable target gene for identification of the patho-
gen (VAZQUEZ-bOLAND et al., 2001).

Multiplex PCR-based serogrouping

the prevalent serotype was 1/2b (70%), fol-
lowed by 1/2a (20%) and 4b (10%). No specif-
ic serotype was recovered during the process-
ing and ripening of the sausages (tHEVENOt et 
al., 2005).

DNA macrorestriction and pulsed-field 
gel electrophoresis (PFGE)

A high heterogeneity of pulsotypes (14 with 
AscI and 13 with ApaI) occurred within the 
plants (table 3). restriction patterns were com-
bined in 13 PFGE profiles appearing to be plant-
specific. One strain from plant D was typeable 
only with AscI (pulsotype XIV) and consequent-
ly was not assigned to any PFGE profile. With-
in each processing plant, particularly in the two 
large ones (A and D), a high heterogeneity distri-
bution of PFGE profiles was observed. the pres-
ence of PFGE profile five both in ground meat 
and in the fermented sausages, may evidence 
the ability of specific strains of L. monocytogenes 
to survive during “Salsiccia Sarda” fermenta-
tion. Furthermore, the recovery of PFGE profile 
eight in floor drains from different rooms in both 
samplings (s1 and s2) showed the ability of the 
pathogen to adapt and persist in the different 
processing environments of plant c. the PFGE 
profiles were allotted into three major PFGE clus-

ters (similarity ≥ 70%) labelled A-b-c (table 4 
and Fig. 1). cluster A included 9 isolates of se-
rotype 1/2b (8) and 1/2a (1) from three process-
ing plants (b-c-D). cluster b included 6 isolates 
belonging to different serotypes: 1/2a (1), 1/2b 
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Fig. 2 - biofilm production of the Listeria monocytogenes 
strains.
the quantitative assessment of the in vitro biofilm formation 
was evaluated spectrophotometrically (OD620). the strains 
were divided up into four categories: no biofilm producers 
(NP= OD <0.5), weak producers (WP= OD ≥0.5<1.0), mod-
erate producers (MP= OD ≥1.0<1.5) and strong producers  
(sP= OD ≥1.5). Altogether, 60% of the strains were able to 
attach to abiotic surfaces forming biofilm, showing  weak 
or moderate ability in biofilm formation.

(4) and 4b (1) from all of the processing plants 
(A-b-c-D). cluster c included three isolates of 
serotype 1/2a, 1/2b, and 4b from plants A-c-D. 
One strain (A3) of serotype 1/2b isolated from 
fermented sausage was an outlier, showing low 
similarity (47%) with the other clusters. 

Quantitative assessment of in vitro 
biofilm formation

More than half (60%) of the strains previ-
ously identified and characterised by molecu-
lar methods were able to attach to abiotic sur-
faces forming biofilm. the results of this experi-
ment are shown in table 3 and Fig. 2. serotypes 
1/2a and 1/2b showed weak OD (OD=≥0.5<1.0) 
or moderate OD (OD=≥1.0<1.5) ability in biofilm 
formation. the microtiter plate assay is a useful 
method to assess the ability of L. monocytogenes 
strains to attach to abiotic surfaces (stEPANOVIc 
et al., 2004).

DIscUssION AND cONcLUsION

In this study, the contamination of four “Sal-
siccia Sarda” processing plants representative 
of sardinian fermented sausage production was 
investigated on samples from surfaces (with 
and without contact with meat), ground meat 
and fermented sausages. Our results show the 
overall presence of L. monocytogenes in envi-
ronmental niches, raw materials and final prod-
ucts. L. monocytogenes was not detected in the 
pork carcasses prior to processing: contamina-
tion of the final products appears to be due to 
strains already present in the processing envi-
ronments (LOPEZ et al., 2005), with all of the fa-
cilities serving as the source of product contam-
ination (cHAssEIGNAUX et al., 2002). In the sar-
dinian processing plants and their products, L. 
monocytogenes serotype 1/2b predominated, fol-
lowed by serotypes 1/2a and 4b. Previous stud-
ies have also reported the presence of these se-
rotypes in meat processing environments (cHAs-
sEIGNAUX et al., 2001; tHEVENOt et al., 20061). 
the recovery of serotypes frequently associat-
ed with epidemic or sporadic cases of listeriosis 

(McLAUcHLIN et al., 2004) is an interesting re-
sult in terms of public health protection. Previ-
ous surveys have shown that lineage I strains of 
serotype 4b belonging to a clonal group (DUP-ID 
1038) linked to several listeriosis outbreaks (DE 
cEsArE et al., 2001) were recently recovered in 
the same meat products (MELONI et al., 2009). It 
must be emphasised that the presence of such 
strains in the processing plants, and as a con-
sequence in fermented sausages, may represent 
a hazard if the pathogen is able to multiply dur-
ing the ripening of the product and reach lev-
els higher than 1,000 cFU/g (rOss et al., 2002; 
tHEVENOt et al., 20061). thirteen different PFGE 
profiles were obtained indicating a great level of 

diversity among the strains collected from the 
sardinian processing plants and their products. 
the high number of PFGE profiles and their het-
erogeneous distribution within the plants is in 
agreement with the results of previous surveys 
carried out in meat processing plants (tHEVENOt 
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et al., 20061). such subtypes appear to be unique 
to each processing plant (FUGEtt et al., 2007). 
these results may be due to the limited number 
of isolates included in this study or to the great 
diversity of the L. monocytogenes strains col-
lected from ground meat, but also to the quan-
tities used by each plant. the large plants ex-
hibited the highest PFGE profile heterogeneity, 
since these plants also used the greatest amount 
of raw meat from several different sources (do-
mestic and European). Numerical analysis of the 
PFGE profiles showed that the isolates includ-
ed in the study could be allotted into three ma-
jor PFGE clusters labelled A-b-c. contrary to 
all expectations, these three genomic divisions 
were not linked with the flagellar antigen type, in 
spite of what was described by several authors 
(cHAssEIGNAUX et al., 2001; AUtIO et al., 2003; 
tHEVENOt et al., 20061). In this study, L. mono-
cytogenes strains were thought to be persistent 
when the same PFGE profile occurred in samples 
collected from the same plant equipment c after 
an interval of three months: such strains were 
found in several floor drains. the persistence of 
the same PFGE profile (eight) is probably due to 
two interacting factors. First of all, the nature 
of the strains themselves, which have a moder-
ate ability to form biofilms and have adapted to 
environments where meat is processed. sever-
al authors have shown that certain L. monocy-
togenes strains were more capable of causing 
persistent contamination of meat processing 
plants than others (AUtIO et al., 2003; tHEVEN-
Ot et al., 20061) probably due to their ability to 
form biofilms. the second factor affecting per-
sistence may be the presence of ineffective clean-
ing and disinfection measures. treatments need 
to reach the contamination site in sufficient 
quantities and duration in order to be effective 
(tHEVENOt et al., 20061). this may not always 
occur with routine cleaning procedures because 
of the complexity of the processing line struc-
ture and because environmental niches, such 
as floor drains can be a site critical for control-
ling contamination of the processing plant en-
vironment and food products (tOMPKIN, 2002). 
Decontaminating floor drains is especially chal-
lenging because, when entrapped in a biofilm, 
L. monocytogenes is afforded unusual protection 
against available disinfectants and treatments 

(ZHAO et al., 2004). L. monocytogenes strains 
can become well established in the floor drains 
and persist as resident microbial flora for up to 
several years. this study has shown the pres-
ence of adapted L. monocytogenes strains able to 
survive during sausage fermentation, overcom-
ing the current hurdles of the “Salsiccia Sarda” 
manufacturing process. Our results highlight-
ed that L. monocytogenes is able to survive in 
meat processing plants by forming biofilms on 
abiotic surfaces. the surface used for the in vit-
ro experiment (polystyrene) approximately mim-
ics the plastic material used in the plants (e.g., 

conveyor belts). Further testing with appropriate 
steel specimens of each plant is needed in order 
to understand better the mechanism of biofilm 
formation in vivo. to decrease the presence of L. 
monocytogenes in the traditional fermented sau-
sages at the end of ripening, food business op-
erators should adhere to accurate application of 
hurdle technologies. Products can also become 
contaminated through contact with work sur-
faces and equipment, even after routine clean-
ing and disinfecting operations (tHEVENOt et al., 
20061). More attention should be focused on re-
specting good manufacturing practices and the 
application of HAccP principles. 
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AbstrAct

two different pork sources (early and heavy-rustic pig breed) were evaluated to manufacture 
semi-ripe salami free of two additives with enhancing properties (Ponceau red and sodium gluta-
mate). two trials were performed using salamis from the above pork sources. the eating quali-
ty and several related ripening properties were determined. Ponceau red colouring improved lean 
colour in early salami, but masked the natural pinkness as a result of nitrous-myoglobin forma-
tion in rustic salami; however, better colour can be reached by using pork from heavy rustic pigs, 
without adding Ponceau red. the resulting flavour of salami was similar with and without sodi-
um glutamate (P≤0.05).
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INtrODUctION

the elimination or reduction of chemical ad-
ditives in food is increasingly demanded by con-
sumers. In the case of pork salami, industri-
al sausage is often manufactured by the rap-
id drying-ripening of pork cuts from early pigs 
(fast-growing breeds that are slaughtered at 4-5 
months). these are poor in muscle pigments 
and so additives with sensory enhancing prop-
erties are added to prevent defects in colour 
and flavour. However, the additives common-
ly used as enhancers in salami, such as car-
mine and sodium glutamate, may be rejected 
by some consumers due to the potential health 
risks associated with their intake. For example, 
sodium glutamate intake may increase appetite 
and the risk of obesity, and has also been relat-
ed with “chinese restaurant syndrome”, char-
acterized by symptoms such as headache, nau-
sea, facial pressure, burning sensation in the 
back of the neck, forearms, and chest, numb-
ness in the back of the neck, tingling, warmth, 
weakness in face, temples, drowsiness, weak-
ness and even asthma, nettle rash, angioedema 
and rhinitis (WILLIAMs and WOEssNEr, 2009). 
carmine colouring intake can cause allergic 
reactions due to the cochineal proteins or car-
minic acid it contains (tAbAr et al., 2003), and 
symptoms include hives, itching and even an-
aphylactic reactions (beaudouin et al., 1995; Di 
cello et al., 1999; cHUNg et al., 2001). rEgU-
LAtION (Ec) No. 1333 (2008) obliges manufac-
turers to mention the health risk of ingesting 
azoic carmine colouring, such as E-124 Pon-
ceau red “1-(4-sulpho-1-napthylazo)-2-nap-
thol- 6,8-disulphonic acid, trisodium salt”; for 
its possible effect on the activity and attention 
of children.

the omission of Ponceau red and sodium 
glutamate would therefore imply a potential nu-
tritional benefit to consumers; however, the lack 
of sensory enhancers may negatively affect sen-
sory properties, especially in the salami proc-
essed by rapid drying, as it has little ripening 
time to develop pinkness and for fats to be ox-
idized. the processing of more pigmented and 
tastier pork may improve the eating quality of 
semi-ripe salami, without the need for increas-
ing the temperature or drying time. the sourc-
es of this type of pork are often two: heavy pigs 
slaughtered at an advanced age and rustic pig 
breeds. the term “rustic” refers to pigs, that of-
ten belong to slow-growing, traditionally reared 
local breeds, that are usually slaughtered at an 
older age, providing carcasses and meat with 
high muscle pigmentation and fattiness (sEr-
rA et al., 2003; EstÉVEZ et al., 2003; FrANcI et 
al., 2005; gALIÁN et al., 2008). Previous stud-
ies (MOrEttI et al., 2004; MADONIA et al., 2007; 
bAÑÓN et al., 2010) have suggested that rustic 
pork improves the colour and flavour of salami, 
compared with commercial pork, although the 

possibility of removing sensory enhancers was 
not considered.

rustic pig breeds have traditionally been used 
to manufacture local meat specialities; howev-
er, these breeds have gradually disappeared due 
to their low productivity, but there are now new 
opportunities to rear rustic pigs. the EU great-
ly values genetic diversity and has implement-
ed programmes to recover endangered rustic pig 
breeds, which are raised extensively or semi-ex-
tensively in Europe. For example, a recent re-
view (PUgLIEsE, 2010) listed thirty-two local 
pig breeds of several European Mediterranean 
countries: black slavonian in croatia; blanc de 
l’Ouest, Limousin, gascon, bayeaux, basque 
and Nustrale in France; Apulo-calabrese, ca-
sertana, cinta senese, Macchiaiola Maremma-
na, Mora romagnola, Nero dei Liepini, Nero dei 
Monti, Nero siciliano, Dauni Meridionali, Nero 
reatino, Napoletana Fulva, Parmigiana nera, 
Pugliese and sarda in Italy; greek in greece; 
bisara, Malhado de Alcobaça and Alentejano 
in Portugal; Krskopolje in slovenia; and Ibéri-
ca, chato Murciano, celta, Negra canaria, Ne-
gra Mallorquina, gochu Asturcelta and Euskal 
txerria in spain. the sustainability of most of 
these and other rustic breeds will depend on the 
suitable production of meat products with differ-
entiated eating quality and/or nutritional ben-
efits for consumers. the elimination of chemi-
cal additives that represent a potential health 
risk could be a first step. the aim of the present 
study was determine the effects of omitting Pon-
ceau red and sodium glutamate on the quality of 
semi-ripe salami made with pork from commer-
cial or heavy-rustic carcasses. the addition of 
both sensory enhancers in salami is discussed.

MAtErIALs AND MEtHODs

Pigs and raw materials

All the pigs were reared in a two-phase sys-
tem, where pigs were transferred to an on-grow-
ing installation after weaning on the birth farm. 
All farms were situated in Lorca, Murcia, s.E. 
spain. commercial early pigs (from Landrace x 
Large White crossbreed) were reared in an in-
tensive system and were fed ad libitum with a 
standard feed composed (g kg-1) of 462 barley, 
250 wheat, 50 maize, 115 soya flour, 23 biscuit 
flour, 35 dry residues from maize distillation, 32 
pig fat, and 10 cane molasses. the Fatty Acids 
“FA” profile of the feed was (g kg-1): 330 saturat-
ed FA, 310 unsaturated FA, and 360 polyunsat-
urated FA. rustic pigs (from chato Murciano 
breed) were reared in a semi-extensive system 
and were fed ad libitum with a feed composed (g 
kg-1) of 224 barley, 300 wheat, 200 maize, 140 
soya flour, 100 peas, 80 wheat bran, 20 lucerne, 
17 pig fat, and 10 cane molasses. the fatty acid 
(FA) profile of the feed was (g kg-1): 300 saturat-
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ed FA, 400 monounsaturated FA, and 300 pol-
yunsaturated FA. rustic pigs occasionally ate 
figs and carobs from the farm.

All the pigs were slaughtered in an industrial 
abattoir (La comarca, Lorca, Murcia, spain) ac-
cording to EU sanitary regulations. Early pigs 
were slaughtered at 5.5 months and 100 kg live 
weight, providing around 80 kg carcass weight. 
rustic pigs were slaughtered at 18 months old 
and 180 kg live weight, providing around 140 
kg carcase weight. the shoulders were removed 
from the carcasses, boned and skinned to ob-
tain pork and backfat to manufacture salami.

Preparation of dry-cured sausage

three trials were performed in commercial 
and rustic salami. three batches of each ex-
perimental type of salami were manufactured 
in the same process by a local factory (Elabora-
dos cárnicos de Lorca s.L, Murcia, spain). Each 
batch was made using pork from six different 
carcases. table 1 shows the main characteris-
tics of the different pork and salami types. For 
further details, refer to bAÑÓN et al. (2010). Op-
tionally, 10 g kg-1 of sodium glutamate “E-621” 
and 0.25 g kg-1 of Ponceau 4r red (1-(4-sulpho-
1-napthylazo)-2-napthol- 6,8-disulphonic acid, 
trisodium salt) “E-124” were added to the two 
enhanced salami types. both doses correspond 

to the maximum permitted by rEgULAtION 
(Ec) No. 1333 (2008). the additives and spices 
were provided by cargill texturizing solutions 
cultures sAs, La Frete sous Jouarre, France. 
A mix of pediococci and staphylococci cultures 
(ref. cXP, Degussa Ferment´s Aromatization 
sAs, La Frete sous Jouarre, France) was used 
to start the fermentation of salami (see table 1). 
P. pentosaceus culture was used as rapid acidi-
fying lactic acid bacteria, while S. xylosus and S. 
carnosus cultures contribute to lean colour sta-
bilization and flavouring due to their nitrate re-
ductase, protease and lipase activities. the tol-
erance data of staphylococci cultures were 120 
g Nacl l-1, 10°-35°c of temperature and pH<4.5, 
while the tolerance data of pediococci cultures 
were 70 g Nacl l-1, 15°-35°c and pH <3.8.

the meat was minced in an atmospheric minc-
er using a 6 mm plate (Laska gMbH, WW1302, 
Nu-Meat technology, girona, spain). Prior to 
mixing, the total fat and total protein contents 
(g 100 g-1) of minced meat were estimated using 
an optical analyser (NIr Foodscan tM; barcelo-
na, spain) with a precision of 1 g 100 g-1. calcu-
lations were made using prediction models (Arti-
ficial Neural Net; Foss). the lyophilised cultures 
were rehydrated (15 g in 200 mL chlorine-free 
water) for 4 hours and then sown in the mass 
at a rate of 6 x 107 cfu g-1. the meat was then 
mixed with the starter cultures, additives and 
spices in an AMU102 vacuum mixer (Maqui-
naria Vall, Miralcamp, Lleida, spain). the meat 
mass was allowed to marinate in a cold cham-
ber at 2°-4°c for 24 hours to facilitate mixing of 
the ingredients, starter cultures and additives. 
the paste was stuffed on a WF-612 automatic 
line (Albert Handtmann Mahcinefabrik, biber-
ach an der riss, germany), using swine natural 
casing, slightly curved, 40-43 mm calibre and 
300-320 mm in length. the casing was previous-
ly desalted and washed with dechlorinated wa-
ter. the recently stuffed pieces were bathed in 
mould solution of Penicilium chrysogenum (0.8 
g l-1 water) (Ps5.1, cargill) and hung from steel 
racks 1.2 m wide, 1.2 m deep and 2.2 m high. 
the loading density on the trolleys was 19 kg m3. 
the trolleys were placed in an air-drying room 
(sabroe s.A., barcelona, spain) set at 15°±1ºc. 
the rH was gradually reduced: the first day at 
ambient humidity to eliminate water through 
dripping followed by 6 days at 80±5% rH and 
5 days at 70±5% rH. the temperature and rH 
were verified using a P 650 thermohygrometer 
(Dostmann Electronic gmbH, Waldenbergweg, 
germany) with a precision of 0.2°c and 0.5% 
rH. the samples were stored at 4°c for up to 
24 hours prior to analysis.

Physical-chemical analyses

A total of twenty-four sausage units per sa-
lami type were analysed in duplicate. the wa-
ter activity “aw” was measured at 25ºc using 

table 1 - Pork sources (early and rustic pig) and salami 
recipe.

	 Early	Salami	 	 Rustic	Salami

Pork source Landrace	x	 	 Chato
	 Large	white	 	 Murciano

Pork protein/fat ratio 0.69  0.68

Fatty	acid	“FA”	composition	 g	kg-1	 	 g	kg-1

Saturated SFA 347  389
Monounsaturated MUFA 482  438
Polyunsaturated PUFA 140  158

Recipe	 	 g	kg-1

Boned pork shoulder  880
Water  44
Sodium chloride	  22
Black and white pepper  10
Dextrose, lactose and sucrose  20
Dextrin  20
Potassium nitrate  0.25
Sodium nitrite  0.25
Sodium isoascorbate  0.5
Sodium citrate  0.3
Sodium glutamate*  10
Ponceau 4R red*  0.25

Starter	culture	 	 CFU	kg-1

Pediococcus	pentosaceus	  3 107

Staphylococcus	carnosus	  1.5 107

Staphylococcus	xylosus  1.5 107

*Optional.



226  Ital. J. Food Sci., vol. 24 - 2012

a tH200 water activity meter (Novasina Axair 
Ag, Pfäffikon, switzerland) (IsO 21807, 2004). 
the pH was measured with a crison micropH 
2001 pHmeter (crison, barcelona, spain) us-
ing a combined cat nº 52-22 electrode (Ingold, 
Inc. Wilmington, UsA) (IsO 2917, 1999). Lipid 
oxidation was expressed as thiobarbituric acid 
reactive substances (tbArs) (mg malondialde-
hyde kg-1), as determined by bOtsOgLOU et al. 
(1994), using a Unicam UV2 spectrophotometer. 
colour was measured in sausage cuts using a 
crF200/08 chroma Meter II (Minolta Ltd., Mil-
ton Keynes, United Kingdom). results were ex-
pressed as a*, b*, Lightness (L*) (cIELab units), 
chroma (c*) and Hue angle (H*) (sexagesimal 
degrees); c* = (a*2 + b*2)1/2. H* = tg-1 (b*/a*). 
Non-protein nitrogen (NPN) and total nitrogen 
(tN) were determined by Kjeldahl’s method (IsO 
937: 1978), using a Nº 323 digestion-distilla-
tion unit (buchi Labortechnik Ag Flawil, swit-
zerland) an automatic titrino 702 sM equipped 
with a No. 6.0233.100 combined pH electrode 
(Methrom schweiz, Zofingen, swizerland). the 
non-protein nitrogen was determined after pre-
cipitating the proteins with trichloroacetic acid. 
the proteolysis index was calculated as g NPN 
per 100 g tN by subtracting the added nitro-
gen from Ponceau red and sodium glutamate 
(0.9 g kg-1). the fat acidity index (expressed as 
g KOH kg-1 fat) was determined in fat extract-
ed with chloroform-methanol (FOLcH et al., 
1957), by titrating with KOH, and using phe-
nolphthalein as indicator.

Microbiological analyses

total Viable counts (tVc), Lactic Acid bac-
teria (LAb), Micrococcaceae, moulds and yeasts 
were determined (log cfu g-1). the samples were 
weighed with a sterile tweezers into mastica-
tor bags and blended with 0.1% (w:w) peptone 
water (Oxoid Ltd. cM0087, peptone water) in 
a masticator (IUL Instruments, gMbH, König-
swinter, germany). the bags used for microbio-
logical analyses were aseptically manipulated 
inside a microbiology cabinet (telstar, bio-II-A, 
terrasa, barcelona, spain). total Viable counts 
were counted on PcA (Plate count Agar) (Oxoid 
Ltd. cM0325, basingstoke, Hampshire, Unit-
ed Kingdom) after incubation at 30ºc for 72 
h (IsO 4833: 2003). Lactic acid bacteria were 
counted on Mrs Agar plates (de Man, rogosa, 
sharpe) (Oxoid Ltd. cM0361) and incubated at 
30ºc for 72 h in a st 6120 culture incubator 
(Heraeus, Madrid, spain) (IsO 15214, 1998). 
Micrococcaceae were counted on Mannitol salt 
Agar (Oxoid Ltd. cM0085) and incubated at 
37ºc for 72 h. Moulds and yeasts were count-
ed on rb (rose-bengal) plates with chloram-
phenicol (Oxoid Ltd. cM0549) after incubating 
at 25ºc for 120 h (IsO 21527-2, 2008). A mod-
el 207 cultures oven (selecta, Abrera, barcelo-
na, spain) was used.

sensory analyses

the eating quality of salami was determined 
by Quantitative Descriptive Analysis (QDA) (IsO 
4121, 2003). slices (8 mm thick) were cut with a 
MAs9101 slicer (rober bosch Hawgeräte gmbH, 
Ljubljana, slovenia). sensory analysis was made 
at a room temperature of 25ºc. the sensory pan-
el was composed of sixteen panellists (eight men 
and eight women) selected and trained according 
to IsO 8586-1 (1992). Most of the panellists had 
previous experience in QDA applied to dry-cured 
fermented sausage. the average age of the pan-
ellists was 28±9 years. there were five training 
sessions. In the first session, the main sensory 
descriptors of dry-cured fermented sausage were 
studied; in the second session, potential sensory 
descriptors of pork salami and their relationship 
with the colour and taste enhancers were stud-
ied; the others three sessions were concerned with 
identifying, selecting and quantifying the main 
sensory attributes: colour intensity, dry-cured fer-
mented meat odour and flavour, pepper odour and 
flavour and acid flavour. Attributes were quanti-
fied on a five points scale according to their sen-
sory intensity, using reference sausages as the 
scale ends. the reference sausages used to de-
fine the minimum values were: similar pork sa-
lami ripened for four days (for colour, odour and 
flavour; pepper odour and flavour); unfermented 
raw-cured pork sausage (for acid flavour). the 
sausages used as maximum values were: Iberi-
an pork salami (for colour); similar pork salami 
manufactured with cured meat flavouring (for 
odour and flavour); spicy pork salami (for pepper 
odour and flavour); and the similar pork salami 
ripened for four days (for acid flavour). Each pan-
ellist evaluated six samples from each treatment.

statistics

A randomized design using the addition of en-
hancers as treatment was performed. the effects 
of the treatment on the quality of salami were 
determined by one-way ANOVA (scheffe’s means 
test). Data from each trial were analysed sepa-
rately. two-way ANOVA was not performed be-
cause different causes of variability (pig breed, 
feeding, farming and slaughter weight) were si-
multaneously acting. statistical calculations 
were carried out with the statistix program 8.0 
for Windows (Analytical software, UsA). 

rEsULts

Early salami

table 2 shows the effects of the addition of 
enhancers on the ripening properties of salami 
enhanced or not with Ponceau red and sodium 
glutamate. Mean L* was similar (P>0.05) in En-
hanced-Early-salami “EEs” (53.4) and Free-Ear-
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ly-salami “FEs” (53.1). As regard chromatic co-
ordinates, no significant differences (P>0.05) was 
found between EEs and FEs for mean a* values, 
while mean b* was higher (P≤0.05) in EEs (5.6) 
than in FEs (3.8). the addition of red Ponceau 
increased the Hue Angle although it did not af-
fect the value of chroma, changing the colour to-
nality from red-bluish to red-yellowish in the ear-
ly-type salami. Minor differences between EEs 
and FEs were found for other ripening proper-
ties. Water activity was not influenced (P>0.05) 
by the addition of enhancers. the mean pH was 
similar in EEs (4.72) and FEs (4.86) and there 
were no relevant (P>0.05) differences in acidifi-
cation. the mean proteolysis indexes were also 
similar in EEs (12.1) than in FEs (11.3), while 

table 2 - ripening properties of salami made with different pork sources (early and rustic pig) enhanced or not (free) with 
Ponceau red and sodium glutamate.

	 Early	Salami	 Rustic	Salami
	
	 Enhanced	 Free	 Enhanced	 Free
	 M±SD	 M±SD	 M±SD	 M±SD
	    
L* Lightness (CIE units) 53.4±3.04 53.1±1.88 47.5±2.40b 51.7±2.34a

a* Redness (CIE units) 14.4±1.78 13.8±2.85 14.1±1.62b 18.7±1.03a

b* Yellowness CIE units 5.57±0.82a 3.83±1.27b 3.02±0.89a 1.88±0.95b

C* Chroma CIE units 15.4±1.91 14.5±2.60 14.5±1.69b 18.9±1.04a

H* Hue Angle CIE units 21.3±1.64a 16.2±7.26b 13.4±2.65a 4.08±3.31b

aw 0.89±0.02 0.89±0.03 0.90±0.01 0.90±0.01
pH - log H+ 4.72±0.05 4.86±0.45 4.72±0.22 4.80±0.14
Proteolysis (g NPN 100 g-1 TN)  12.1±1.75 11.3±3.01 10.4±1.36 10.9±2.82
Fat acidity g (KOH 100 g-1 fat)  12.0±1.50a 9.51±3.98b 11.7±1.50a 8.72±0.54b

TBARS (mg MDA kg-1) n.d. n.d. n.d. n.d.

Total Viable Counts (log cfu g-1) 8.38±0.24 8.29±0.28 8.92±0.24 8.71±0.35
Lactic Acid Bacteria (log cfu g-1) 8.25±0.21 8.06±0.47 8.80±0.32 8.64±0.19
Micrococacceae (log cfu g-1) 7.35±0.32a 6.10±0.37b 6.88±0.50 6.51±0.47
Moulds and Yeasts (log cfu g-1) 6.37±0.30a 5.34±0.60b 5.46±0.45b 6.06±0.81a

M: Mean; SD: Standard Deviation; n.d.: not detected.
TBARS: Thiobarbituric Acid Reactive Substances.
Means with different superscripts and same pork source are significantly different for P≤0.05.

fat acidity was higher in EEs (12.0) than in FEs 
(9.5). No appreciable levels of tbArs were de-
tected in any Early salami. some differences in 
the fermentative groups were found; Micrococac-
ceae, mould and yeast mean counts were higher 
in EEs (7.3 and 6.4) than in FEs (6.1 and 5.3), 
while mean counts of tVc and LAb were similar 
for both treatments, reaching microbial charg-
es above 8 log cfu g-1. Of all the ripening prop-
erties studied, the reflectance changes may be 
explained by the addition or not of Ponceau red.

table 3 shows the effects of the addition of 
enhancers on the eating quality of salami en-
hanced or not with Ponceau red and sodium 
glutamate. In accordance with the reflectance 
values, the lean colour score was slightly higher 

table 3 - Eating quality of salami made with different pork sources (early and rustic pig) enhanced or not (free) with Pon-
ceau red and sodium glutamate.

	 Early	Salami	 Rustic	Salami

	 Enhanced	 Free	 Enhanced	 Free
	 M±SD	 M±SD	 M±SD	 M±SD

Lean colour 3.13±0.61a 2.71±0.77b 3.63±0.53b 4.46±0.63a

Odour 3.09±0.54 3.06±0.68 3.21±0.64 3.11±0.55
Pepper odour 2.54±0.52 2.72±0.68 2.67±0.71a 2.17±0.66b

Flavour 3.00±0.54 2.86±0.58 3.17±0.59 3.11±0.61
Pepper flavour 2.58±0.54 2.62±0.68 2.83±0.67a 2.39±0.69b

Acid flavour 2.87±0.66 2.70±0.73 2.96±0.76a 2.45±0.74b

M: Mean; SD: Standard Deviation.
Scale: (1: minimum; 5: maximum).
Means with different superscripts and same pork source are significantly different for P≤0.05.
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in EEs (3.1) than in FEs (2.7), confirming that 
Ponceau red intensified meat reddening, fulfill-
ing its role as red colouring in salami. However, 
no relevant differences between EEs and FEs 
were found in the mean scores for odour or fla-
vour, pepper odour and pepper flavour. Likewise, 
acidity scores were similar in EEs (2.9) and FEs 
(2.7), reflecting their similar pH and bAL counts, 
while rancidity was not detected in early salami. 
the addition of Ponceau red and sodium gluta-
mate, at the maximum dose permitted by the Ec 
regulations intensified the reddening, improv-
ing the colour, but did not enhance the odour 
and flavour of the early salami ripened for two 
weeks. therefore, sodium glutamate could well 
be removed from the recipe with no significant 
flavour loss.

rustic salami

All cIE L*a*b* colour coordinates of rustic sa-
lami was clearly affected (P<0.05) by the addition 
of Ponceau red. Enhanced-rustic-salami “Ers” 
had lower mean L* (47.5) than Free-rustic-sa-
lami “Frs” (51.7). Mean a* value was also lower 
in Ers (14.1) than in Frs (18.7), while mean b* 
was higher in Ers (3.0) than in Frs (1.9). Dif-
ference in L* could be explained by the different 
lipid contents in E and F rustic salami; how-
ever, when no Ponceau red was added, the Hue 
Angle decreased strongly and the value of chro-
ma increased. these chromatic arose from the 
formation of red-bluish pigments (nitrous-my-
oglobin) in the dry-cured meat. the differences 
between treatments were less pronounced for 
other ripening properties of rustic-type salami. 
the mean value of water activity was similar in 
Ers (0.90) and Frs (0.90), and there were no 
significant differences in acidification since the 
mean pH was similar in Ers (4.72) and Frs 
(4.80). the mean proteolysis index was also sim-
ilar in Frs (10.4) and Ers (10.9), and mean fat 
acidity was strongly higher in Ers (11.7) com-
pared with Frs (8.72). No appreciable levels of 
tbArs were detected in rustic salami. there 
were similar mean counts of tVc, bAL and Mi-
crococacceae for both treatments, while, in con-
trast, a lower growth of moulds and yeasts had 
was observed in Ers (5.5) compared with Frs 
(6.1). As in the case of the early salami, the re-
flectance changes may be explained by the ad-
dition of Ponceau red, since differences found 
for other ripening properties could be due to a 
certain lack of standardization of rustic salami.

In accordance with reflectance data, the lean 
colour score was much higher in FEs (4.5) than 
in EEs (3.6). this means that colouring by Pon-
ceau red does not really enhance the red colour 
of rustic salami because it masks the natural 
colour of the dry-cured pork. No differences be-
tween Ers and Frs were found for the mean 
odour or flavour scores, although acid flavour 
and pepper odour and flavour were slightly more 

intense in Ers (2.7 and 3.2) than in Frs (3.0 and 
2.4). therefore, the addition of Ponceau red and 
sodium glutamate, at the maximum dose per-
mitted by the Ec regulations, did not improve 
reddening or flavouring of the rustic-type salami 
ripened for two weeks. both Ponceau red and so-
dium glutamate could be removed from the rec-
ipe with no significant colour or flavour loss. In-
deed, the lean colour of rustic salami improved 
when Ponceau red was not added.

DIscUssION

chato Murciano farmers seek to produce a pig 
identified with the local culture, capable of provid-
ing pork with different sensory traits from those 
of “commercial” pork. besides the use of local 
breed, additional strategies were simultaneous-
ly followed to achieve this objective: diet, semi-
extensive rearing and slaughter at higher age / 
weight of pigs. chato Murciano breed (and prob-
ably other similar rustic pig breeds) tends to fat-
ness, and in particular, to the infiltration of fat in 
muscle (gALIÁN et al., 2008). Pig age increases the 
levels of muscle myoglobin, intra and extra mus-
cular fat and the MUFA/PUFA ratio in meat (MAY-
OrAL et al., 1999; VIrgILI et al., 2003). In addi-
tion, the diet of chato Murciano pigs is modified 
to increase the level of oleic acid in meat, while 
pigs exercise in the field aimed to increase my-
oglobin formation and meat redness. Different 
studies have reported that chato Murciano meat 
may be more pigmented, juicier and tastier, while 
fat may be more stable against excessive oxida-
tion, softer and creamier (PEINADO et al., 2009).

the results show that the same dry-ferment-
ed sausage may or may not require sensory en-
hancers, depending of the quality on the pork 
used. the colour of salami made with early pork 
benefitted from being enhanced by red coloring. 
both reflectance measurements and the senso-
ry panel detected deficiencies in the red colour 
when red Ponceau red was not added. Ponceau 
red provided a red-yellow colour, increasing the 
hue angle with no relevant change in chroma. 
In contrast, red Ponceau did not enhance the 
colour of rustic salami, but masked the natu-
ral red-blue colour (pink) of raw-cured meat, as 
seen from the reduced chroma value and the 
strong increase in Hue angle. sensory evalua-
tion confirmed the higher intensity of the lean 
colour in the Ponceau red-free rustic salami. 
these colour differences were mainly due to dif-
ferences in the meat pigmentation, as the sen-
sory panel assessed the lean colour regardless 
of the quantity of the fat grains present in the 
slices. thus, sensory evaluation seems a more 
accurate discriminator of salami colour than 
L*a*b* coordinates, because fat grains and lean 
meat contribute to light reflection of slices, and 
it may be more difficult to determine colour dif-
ferences due to nitrous-myoglobin formation.
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A greater concentration of nitrous-myoglobin 
in salami is associated with increased chroma 
and lower Hue angle (cHAscO et al., 1996; PÉ-
rEZ-ÁLVArEZ et al., 1998). L*a*b* ranges of 45-
50, 8-11 and 5-8 cIE units, respectively, have 
been reported in semi-ripe pork salami without 
red enhancer (sAYAs et al., 1998; PÉrEZ-ÁLVA-
rEZ et al., 1999), while L*a*b* values of 56, 17 
and 11, respectively, were reported in a semi-
ripe pork salami with 0.25 g kg-1 added Ponceau 
red (gIMENO et al., 2001). these values averaged 
light reflection from lean and fat. MADONIA et 
al. (2007) also found a greater intensity of lean 
colour in rustic (Nero siciliano) compared with 
commercial (Large white) pork salami. chato 
Murciano pork also improved the colour and fla-
vour of dry-cured loin compared with commer-
cial pork loin (sALAZAr et al., 2009).

Muscle pigmentation seems to be a major 
factor in the lean colour of semi-ripe salami. 
Early pigs are often slaughtered at 4-5 months 
and usually provide less pigmented and leaner 
meat than heavy and/or rustic pigs. A prelim-
inary trial determined a reddish-pink to pale-
pinkish colour (NAtIONAL POrK PrODUcErs 
cOUNcIL stANDArDs, 1999) and L*a*b* values 
of 48.8±2.2, 5.1±0.9 and 1.3±0.6 cIE units in 
the Longissismus dorsi muscle of Large White x 
Landrace pigs (N=40 carcasses). In contrast, a 
reddish-pink to purplish-red colour and L*a*b* 
values of 48.5±5.7, 14.4±3.4 and 9.1±3.2 cIE 
units were found in the same muscle of heavy 
chato Murciano pig (N=52 carcasses). Other au-
thors reported L*a*b* ranges of 45-46, 9-15 and 
3-4 cIE units, respectively, in loin from chato 
Murciano slaughtered at around 8 months and 
120 kg live weight (POtO et al., 2007; gALIÁN et 
al., 2008). the myoglobin content of pork is cor-
related positively with redness (cIE a*) (Kim et 
al., 2010).

sodium glutamate did not enhance the odour 
and flavour in either salami and this taste en-
hancer could be removed from the recipe without 
affecting quality. the odour and flavour in sala-
mi strongly depends on the formation of oxidized 
lipids (aldehydes, ketones and others) and non-
protein nitrogen compounds (peptides, nucle-
otides and amino acids), e.g. glutamic acid. the 
odour and flavour of semi-ripe salami strong-
ly depends on the fermentation process of the 
mixture of meat and spices, since it has little 
time to develop pinkness and an adequate de-
gree of fat oxidation, and only weak odour and 
flavour are reached after two weeks of drying. 
Acidity and pepper flavours are often perceived 
in salami and can mask the flavour of dry-cured 
meat (bErIAIN et al., 2000; bENItO et al., 2004; 
bAÑÓN et al., 2010). No rancidity or appreciable 
levels of tbArs were detected in early or rustic 
salami, which agrees with previous studies on 
semi-ripe salami made with added isoascorbate 
and sodium citrate (bAÑÓN et al., 2010). In con-
trast, quite high levels of carbonyl compounds 

have been described in early salami (bErIAIN et 
al., 2000); while sUMMO et al. (2010) reported 
tbArs higher than 1 mg MDA kg-1 in smoked 
pork salami with added sodium ascorbate.

Other minor ripening or sensory differences 
point to a certain lack of standardization in sa-
lami, since only a small amount of enhancers is 
added. Variations in the composition of minced 
sausage are often caused by the processing of 
heterogeneous meat cuts (e.g. boned shoulders, 
including backfat). Mixing can also produce dif-
ferences in the lean, fat or starter cultures dis-
tribution. Differences in proteolysis or lipolysis 
may often be related with the staphylococci and 
lactobacilli used as starter cultures (cAsAbUrI et 
al., 2008; ArO et al., 2010), although the endog-
enous enzyme activity in muscle may also play 
a role in this respect. ArMErO et al. (1999) ob-
served differences in endogenous protease and 
lipase activity between the pork from Iberian (18 
months old) and Landrace (6 months old) pigs. 
No data have been found concerning the influ-
ence of sodium glutamate and Ponceau red on 
LAb or staphylococci growth in dry-cured sau-
sage. Fat acidity of 9.6 mg KOH per g fat and pro-
teolysis index of 17 g NPN per 100 g tN were re-
ported by cHAscO et al. (1996) in pork-beef sa-
lami after two weeks of ripening, although NPN 
from additives was not subtracted. 

cONcLUsIONs

A way is proposed to link the production of 
healthier dry-cured pork sausages, free of un-
necessary additives, with the preservation of 
swine biodiversity. the addition of Ponceau red 
modifies the natural pink colour of the dry-cured 
pork formed by the reaction of myoglobin with 
nitrifying agents. similar flavour and better col-
our can be reached in semi-ripe salami by using 
more pigmented pork from heavy and/or rus-
tic pigs, without adding red colouring or sodi-
um glutamate. Endangered pig breeds, such as 
chato Murciano, may be preserved by increas-
ing awareness of their potential for the produc-
tion of more natural semi-ripe salami.
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AbstrAct

there is a possibility of defining beef desirability, using formulas based on texture attributes 
(tenderness, juiciness, and fibrousness). the aim of the study was analysis of beef texture con-
sumer survey and defining relationships between attributes. Object were results of evaluation of 
roast beef (24 batches, each evaluated by at least 30 randomly chosen consumers) conducted us-
ing 23-point intensity scale (method of the texas A&M University). statistical analysis was con-
ducted using statistica computer program. Using obtained predictive models, complex beef tex-
ture evaluation may be conducted – tenderness evaluation accompanied by fibrousness and juic-
iness prediction or fibrousness evaluation accompanied by tenderness and juiciness prediction.
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INtrODUctION

the constant trend of decline the per capita 
beef consumption is observed, especially in Po-
land. Although the situation may result from 
several combined factors, the lack of suitable 
advertisement of beef of culinary quality, in-
adequate guidance for preparation techniques 
and inadequate quality of meat from dairy-cat-
tle used instead of meat-cattle are the factors, 
that have contributed to the intensifying of the 
problem (JErEMIAH and GIbsON, 2003). such 
situation on the market does not promote the 
growth of beef consumption. to improve the sit-
uation, it is essential to characterize basic qual-
ity attributes desired by consumers and to elab-
orate possibilities of efficient prediction of beef 
attributes, on the basis of chosen factors.

In consumer opinion the most characteristic 
and desirable attributes of beef are tenderness 
(MOLINA et al., 2005), chewingness, and juici-
ness (ZIMOcH and GULLEt, 1997), accompanied 
by typical taste, flavor (ADHIKArI et al., 2011) 
and color of meat (OLIVErOs et al., 2009). the 
three main texture attributes in decisive way de-
termine sensory value, contribute to palatabil-
ity perception and, as a consequence, to its ac-
ceptance or rejection, as well as to satisfaction 
derived from beef consuming. therefore, the re-
searchers, seeking for proper predictive coeffi-
cients of beef quality, focused on possibility of 
defining the beef desirability, using formulas 
based on mentioned attributes (McDONALD and 
cHEN, 1991; JErEMIAH and PHILLIPs, 2000).

the tenderness is one of texture attributes, 
which has been established as the most impor-
tant factor in determining beef taste and con-
sumer quality perception, which causes, that 
explorers dedicated the most of their attention 
to its analysis (strYDOM et al., 2000; LI et al., 
2001; DENOYELLE and LEbIHAN, 2004; JErE-
MIAH et al., 2003; HOFFMAN et al., 2007). the 
juiciness is another important texture attribute 
of beef. some research suggest that the higher 
palatability of beef results not from increased 
tenderness, but rather from increased juiciness 
and flavor. It is one of the reasons why the mar-
bling of beef is so important, as a factor asso-
ciated with both juiciness and flavor (EGAN et 
al., 2001). some research suggest that quality 
grades of beef are more strongly related to juic-
iness than to tenderness or flavor (KIM, 2003). 
the third important feature of beef assessed by 
sensory methods is fibrousness, that cannot be 
evaluated instrumentally (OtrEMbA et al., 1999).

tenderness, juiciness and fibrousness at-
tributes depend mainly on the properties of mus-
cle fibers as well as the amount and type of con-
nective tissue and water. tenderness, juiciness 
and fibrousness are variable between carcasses 
(cHAMbAZ et al., 2003), muscles (bELEW et al., 
2003) and even within the same muscle (rEU-
tEr et al., 2002) and are related to age, gender, 

breed and factors of processing conditions such 
as suspension, chilling and aging (DENOYELLE 
and LEbIHAN, 2004). Aiming to improve above 
mentioned attributes, some following procedures 
may be applied: suitable cattle cross-breeding, 
slaughter in proper age, but of a great impor-
tance are also control of maturation processes, 
appropriate feeding and reduction of pre-slaugh-
ter stress (DENOYELLE and LEbIHAN, 2004). Men-
tioned interventions are conducted in order to 
improve profitability of production, which is con-
nected with the fact that consumer would be 
willing to pay the higher price, if beef was char-
acterised by desired sensory value (bOLEMAN et 
al., 1995; MILLEr et al., 2001).

tenderness may be evaluated by using objec-
tive instrumental methods, while juiciness and 
fibrousness are rather evaluated using sensory 
methods with trained panel, or subjective meth-
ods with a consumer panel. Objective methods of 
tenderness evaluation enable the quick compar-
ison of samples and analysis of influence of its 
preparation on characteristics, but do not pro-
vide information about consumer beef accept-
ability and preference (WHEELEr et al., 1997). 
therefore, long-lasting consumer survey provid-
ing information about market needs and pur-
chase decision is essential to improve intrinsic 
quality attributes.

Hitherto investigations relating beef intrin-
sic quality attributes concentrated inter alia on 
tenderness, juiciness and palatability attributes 
(NOrtHEN, 2000). there were also some trials 
connected with color and marbling of beef, as 
factors which would be significantly correlated 
with general meat quality. However there are ob-
servations, that color and marbling scores have 
limited predictive potential in beef quality and 
tenderness estimation (McDONALD and cHEN, 
1991). It is one of the reasons why, in spite of 
numerous investigations connected with beef 
quality expectation, researchers and beef indus-
try all the time postulate new coefficients, en-
abling effective and simple beef intrinsic quali-
ty attributes prediction (LI et al., 1999). Expla-
nation of beef attributes, which may be deter-
mined only in sensory evaluation by other fac-
tors (especially these, which may be measured 
instrumentally) would enable effective analysis 
conducting.

the aim of the study was analysis of consum-
er survey of beef texture attributes (tenderness, 
fibrousness, juiciness) and defining the relation-
ships between them.

MAtErIALs AND MEtHODs

sample preparation and sensory evaluation

the object of the study was result of the con-
sumer survey, connected with sensory evalu-
ation of randomly chosen samples of beef (the 
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roast beef). sensory evaluation was related to 
860 samples of beef, from 24 different batch-
es, differing with country of origin (Poland, Ar-
gentina, brazil, and UsA), the way of breeding 
(extensive and intensive) and the way of feed-
ing, which guaranteed diverse samples, typical 
to market variety.

Population that participated in the research 
constituted beef consumers aged over 21. ran-
domly chosen group of consumers was charac-
terised by diverse age, education and level of 
monthly income per person. the research was 
conducted in 2 provincial cities of Poland (Ol-
sztyn and Warsaw), where the quantity of ques-
tionnaire interviews was proportional to inhab-
itants’ quantity. the research was conducted in 
second and third quarter of 2008.

the object of the sensory analysis was the beef 
steaks, prepared from roast beef as the princi-
pal element of beef carcass. roast beef was cut 
into slices, characterised by 30 ± 5 mm of thick-
ness and subjected to identical thermal treat-
ment (grilling, using medium power, to tem-
perature of 71°±1°c), which treatment guaran-
tees the sensory value of meat, accompanied by 
microbiological safety (rHEE et al., 2003; KILL-
INGEr et al., 2004; OLIVEr et al., 2006). temper-
ature of 71°±1°c obtained in geometrical center 
of culinary element corresponds to the “medi-
um” degree of doneness (LÓPEZ OsOrNIO et al., 
2008). Meat was grilled without addition of fat, 
salt and spices. 

sensory evaluation was conducted under con-
trolled conditions. the steaks labeled with three-
digit random numbers, were cut into 2cm-2cm-
2cm cubes and presented warm to the panel-
lists. From each of 24 batches, from 30 to 40 
samples were prepared, which resulted in 860 
samples of beef. Each beef batch was planned 
to be evaluated by at least 30 randomly chosen 
consumers, to guarantee obtaining the repre-
sentative material.

In the sensory evaluation participated 235 
consumers. Each of them received from 3 to 4 
randomly chosen samples of beef, but not from 
the same batch. the consumers had assured 
the possibility to add salt on plate, according 
to their preferences. simultaneously with the 
sample, consumers received the questionnaire 
of consumer survey. completed questionnaires 
were the basis of conducted analysis. 

consumers conducted sensory evaluation 
using 23-point intensity scale, according to an 
American method of the texas A&M Universi-
ty. Panellists were estimating the intensity of 
beef texture attributes (tenderness, fibrous-
ness, and juiciness) on scale, with 23 points 
marked, anchored at the end by the words “not 
intensive”/“very intensive”.

Gathered investigative material enabled elab-
orating predictive formulas, to estimate the con-
ditional value of variables of beef textural at-
tributes.

Analysis of data

Data are presented as mean ± standard de-
viation with minimum and maximum value. to 
define relationships between analysed factors, 
they were tested using Pearson’s correlation co-
efficient. calculation of the prediction formulas, 
as well as analysis of efficacy of prediction and 
degree of accuracy of regression function to em-
pirical data, was conducted using the multiple 
regression model, according to widely accepted 
and used method (HILL and LEWIcKI, 2007) using 
the statistica version 8.0 by statsoft Inc. to de-
fine significance of differences, the level of signif-
icance α≤0,05 as well as two independent levels 
of precision: ±10 and ±25% were accepted. the 
figures (3-dimensional diagram and 2-dimen-
sional diagrams) were created using the graph 
creator of the statistica version 8.0 by statsoft 
Inc. the statistical analysis was also conduct-
ed using the computer program statistica (data 
analysis software system) version 8.0 (2007) by 
statsoft Inc.

rEsULts AND DIscUssION

the obtained results of consumer analysis of 
beef texture attributes (tenderness, fibrousness, 
and juiciness) are presented in table 1. the re-
sults concern the average ratings of consumer 
opinions on 24 different beef samples. the aver-
age, minimum and maximum values of studied 
texture parameters of analysed beef are present-
ed. the results of analysed attributes’ ratings of 
beef are characterised by the parametric distri-
bution. because of the fact, that analysed culi-
nary elements of beef were derived from cattle of 
meat performance, they were characterised by 
specific sensory profile, highly desired by con-
sumers. the most desirable for consumer pro-
file of meat is described by three main texture 
attributes: tenderness, fibrousness and juici-
ness. On the basis of mentioned above, these at-
tributes were taken into account to create pre-
dictive models of analysed attributes.

the majority of analysed beef elements were 
characterized, in consumers’ opinion, by high 
tenderness, low fibrousness and high juiciness, 
which attributes are of the high value in sensory 
evaluation of meat intrinsic quality attributes. 
the other researches also indicate, that the at-

table 1 - beef texture attributes analysed in the consumer 
survey – mean, minimum and maximum of mean values of 
analysed 24 beef sample batches.

	 Mean	±	SD	 Minimum	 Maximum	

Tenderness	 14.26±3.9	 6.21	 20.44
Fibrousness	 8.87±3.2	 3.05	 14.63
Juiciness	 15.80±3.0	 6.75	 20.12
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tributes, influencing consumer taste percep-
tion in the most significant way, are tenderness, 
meat texture connected with absence of percep-
tible fibers (MOrGAN et al., 1999; OtrEMbA et 
al., 2000; DEstEFANIs et al., 2008) and juiciness 
(rObbINs et al., 2003).

While in case of tenderness and juiciness of 
beef, high values are associated with high qual-
ity, in case of fibrousness of beef, inverse sit-
uation is observed – low values are associated 
with high quality. In the conducted research, 
fibrousness was ranked lower than tenderness 
and juiciness – it achieved lower average, min-
imum and maximum values, which is positive. 
It suggests that assessed beef, in spite of dif-
ferent origin and essential differences in senso-
ry profile, was generally favourably estimated 
by consumers, which is testified by high notes 
of attributes distinguished positively – tender-
ness and juiciness, accompanied by low notes 
of negatively perceived fibrousness. the identi-
fied characteristics of highly preferable sensory 
profile of beef correspond to results of other re-
searches (cAMPO et al., 1999).

the statistical analysis of obtained results 
indicated numerous dependences between as-
sessed factors and enabled creating a correla-
tion between studied attributes (tenderness, 
juiciness, and fibrousness). consumer survey 
conducted on representative group, enabled to 
prove statistically significant dependences be-
tween meat attributes, perceived by consumers. 
the results of the analysis of correlation are pre-
sented in table 2.

Almost full negative correlation between ten-
derness and fibrousness texture attributes was 
affirmed. the correlation indicates that the more 
fibers were perceptible, the lower notes tender-
ness received, which may be a result of remain-
ing the original structure of meat. consumers 
are prone to rate higher the tenderness of meat, 
which is characterised by lower fibrousness, 
which attributes, in other research are also high-
ly correlated (OtrEMbA et al., 2000).

the beef fibrousness attribute correlated neg-
atively also with juiciness attribute on the quite 

strong level. the physiology of mastication and 
swallowing food requires to crack the product 
(the less fibrous and softer samples exert less 
intense resistance) and to mix with saliva which 
facilitates swallowing (the high juiciness admits 
the most efficient course of the processes). It is 
one of the reasons why high notes of juiciness 
attribute accompanied by low notes of fibrous-
ness attribute result in positive consumer per-
ception of beef samples. It is important to em-
phasize that, according to bOLEMAN et al. (1995) 
and MILLEr et al. (2001), the consumer would 
be willing to pay a higher price in the market-
place for beef as long as it’s positive texture at-
tributes are guaranteed.

the beef juiciness attribute correlated with its 
tenderness. the analysis of the results shows 
that softer meat was simultaneously perceived 
by consumers as more juicy, which corresponds 
to results of other research (OtrEMbA et al., 
2000).

It is important to emphasize, that tenderness, 
juiciness and fibrousness attributes, correlated 
in strong or very strong way. It may be associ-
ated with the fact, that among analysed sam-
ples were observed some, which were positive-
ly distinguished from others, in regards to all 
the analysed texture quality attributes. the ap-
pearance of beef samples, differing significantly 
in the profile of texture attributes is observed. 
the groups of samples characterised by higher 
general quality (softer, juicier, with lower pres-
ence of fibers) and characterised by lower sen-
sory value, were emerged. Observed dependenc-
es are presented in graphic form (Fig. 1). In the 
analysis of culinary beef studied samples, it is 
observed that the softer samples were also per-
ceived by consumers as more juicy, which corre-
sponds to earlier observations (rEsUrrEccION, 
2003). simultaneously, in case of fibrousness 
attribute, it may be certified that its value was 
diverse, and on the basis of presented graphic 

table 2 - correlations between beef texture attributes ana-
lysed in the consumer survey.

	 	 Tenderness	 Fibrousness	 Juiciness

Tenderness	 r	 	 -0,9246	 0,5431
	 p	 -	 0,000	 0,006
	 r2	 	 0,8548	 0,2950

Fibrousness	 r	 -0,9246	 	 -0,5785
	 p	 0,000	 -	 0,003
	 r2	 0,8548	 	 0,3347

Juiciness	 r	 0,5431	 -0,5785
	 p	 0,006	 0,003	 -
	 r2	 0,2950	 0,3347

Fig. 1 - three-dimensional model of correlations between 
analysed beef texture attributes.
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model, conclusions about its dependences with 
other beef texture attributes may not be formu-
lated. therefore different tools were necessary, 
to enable global conclusions.

Observed dependences, mentioned above, 
are so significant (table 2) that the presump-
tion about linear dependences between ana-
lysed texture attributes was possible. Moreover, 
the basis of further considerations was that per-
ception of the attributes by consumers may be 
of the resultant nature. the gathered investiga-
tive material, confirming essential correlations 
between analysed attributes, as well as the re-
liable professional literature knowledge and ex-
perience were fundamental in elaborating pre-
dictive formulas, based on regression equation. 
they enabled, on the basis of one beef texture 
attribute, to predict, with high probability, the 
rest of them, by estimation of conditional value 
of expected variables, associated with beef tex-
ture attributes. the analysis of numerous sam-
ples enabled to elaborate the model, estimat-
ing beef texture attributes with very high effica-
cy. the modelling was based on three main tex-
ture attributes, analysed in presented research.

Mathematical analysis of all the hypothetic 
possibilities of estimating beef texture attributes 
(tenderness, fibrousness, juiciness) on the ba-
sis of other analysed attributes was conducted. 
the efficacy of attributes estimation on basis of 
every other attribute and both of them simulta-
neously was verified.

the analysis of formulas’ efficacy was execut-
ed, with presumed two levels of precision (±10, 
±25%). the degree of practical realization of 
planned prediction of the studied samples’ at-
tributes was verified, accepting two levels of pre-
cision – 10 and 25%. this analysis enabled selec-
tion of formulas, which are characterized by the 
highest level of efficacy (verifiability) (table 3).

It was affirmed that the attribute, which may 
be predicted, with the highest certainty, on the 
basis of any other attribute, is the juiciness, as 
it is presented in table 3. In obtained model, val-
ue of the beef tenderness, fibrousness or tender-
ness and fibrousness attributes enable to esti-
mate the beef juiciness attribute, with efficacy 
over 0.9, when analysis is conducted on the lev-

el of precision ±25%. Level of precision ±10% en-
ables to predict juiciness attribute with efficacy 
of 0.75, if it is estimated on the basis of the ten-
derness and fibrousness attributes. If estimation 
is made on the basis of tenderness attribute, ef-
ficacy is not much lower – about 0.71. It is ob-
served that especially tenderness attribute alone 
is highly useful to predict juiciness with high 
efficacy (it is better than fibrousness alone and 
even better than tenderness accompanied by fi-
brousness) but fibrousness attribute may be also 
used. conducted analysis suggest, that the juic-
iness attribute analysed in consumer survey, is 
not in practice indispensable parameter to eval-
uate, because it may be predicted on the basis 
of other beef texture attribute (tenderness or fi-
brousness). Additionally, tenderness may be es-
timated also, using simpler, quicker and cheap-
er instrumental objective method (AMsA, 1995), 
which is often applied in industry, because of 
its repeatable results (DEstEFANIs et al., 2008).

From the conducted analysis of studied beef 
samples, it is concluded, that the most effective 
beef juiciness prediction may be obtained on the 
basis of the following formula:

 Juiciness = 0.4133 * tenderness + 9.9035 [1]

If fibrousness attribute is also evaluated, on 
the basis of both juiciness and fibrousness, us-
ing the following formula:

 Juiciness = 0.2066 * tenderness – 
 + 0.2729 * fibrousness + 15.2703 [2]

estimation may be made with better certainty, 
than estimation on the basis of fibrousness at-
tribute alone:

 Juiciness = -0.5459 * 
 * fibrousness + 20.6372 [3]

Juiciness prediction may be based mainly on 
the tenderness attribute, nevertheless inclusion 
of the fibrousness, not as leading, but supple-
mentary attribute, may be applicative. results of 
the research of other authors also suggest ten-
derness as better predictor of juiciness, than fi-

table 3 - Efficacy of prediction of beef texture attributes using predictive models obtained in the study.

	 	 Efficacy	of	prediction	on	the	basis	of:
	 Precision
	 	 tenderness	 fibrousness	 juiciness	 2	attributes

Tenderness	 ±10%	 -	 0.71	 0.17	 0.42
	 ±25%	 	 0.92	 0.62	 0.87

Fibrousness	 ±10%	 0.50	 -	 0.17	 0.37
	 ±25%	 0.87	 	 0.54	 0.71

Juiciness	 ±10%	 0.71	 0.62	 -	 0.75
	 ±25%	 0.96	 0.92	 	 0.92
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brousness (rEscONI et al., 2010). comparison of 
three obtained predictive models, estimating beef 
juiciness attribute, on the basis of its tenderness, 
fibrousness or both tenderness and fibrousness, 
may demonstrate some advantages connect-
ed with formula estimating attribute on the ba-
sis of two factors. such model will be in practice 
less susceptible to disturbances, which may be 
caused by incorrect evaluation of attributes, than 
formula estimating on the basis of only one fac-
tor, which will be more prone to such mistakes.

comparison of predicted juiciness scores by 
the model based on tenderness and fibrousness 
attributes with actual scores is presented in Fig. 
2. In spite of inclusion two factors to juiciness 
estimation and the high dependence between 
juiciness and analysed attributes, the degree 
of accuracy of regression function to empirical 
data is realized only in 32,7%. this observation 
marks that in spite of existing dependence, be-
cause of the complexity of factors influencing 
juiciness attribute, to explain the rest of varia-
tion range, the juiciness prediction based also 
on other factors should be conducted. It needs 
to be emphasized, that the model, based on too 
many factors, causes that in practice the formu-
la is too complicated and its usefulness is re-
duced. In case of analysed attributes, the high 
interdependence was certified, and simultane-
ously high efficacy degree and simplicity of the 
formula guarantee its high practical usefulness.

It is important that the best model should be 
simultaneously highly accurate, simple, with 
high utility, so creating the formula, based on 
too many factors, leads to lowering its useful-
ness and limitation possibility of its practical 
use. Hence, obtained formulas may be of a great 

value to conduct the fast estimation of the beef 
juiciness attribute, on the basis of its tender-
ness, fibrousness, or both factors.

Estimating the fibrousness and tenderness at-
tributes on the basis of juiciness attribute turned 
out to be entirely impossible to use in practice, 
with regard to low efficacy of formulas, particu-
larly on the level of precision ±10%. the level of 
precision ±25% was associated with higher ef-
ficacy of obtained formulas, but it was also un-
satisfactory. It must be concluded that the juic-
iness attribute does not enable effective predic-
tion of any of analysed texture attributes – nei-
ther tenderness, nor juiciness.

the prediction of tenderness attribute may 
be based on the fibrousness and juiciness at-
tributes simultaneously, and prediction of fi-
brousness attribute – on the basis of tender-
ness and juiciness simultaneously. the estima-
tion, based on two factors is more effective, than 
prediction on the basis of juiciness attribute 
alone. Expectation on the basis of two factors 
was associated with effective estimation on the 
level of precision ±25%, but on the level of pre-
cision ±10% efficacy was unsatisfactory. It may 
be concluded that on the basis of juiciness at-
tribute, prediction of neither tenderness, nor fi-
brousness, should be made, even if the juiciness 
is, in formula, not leading attribute, but only a 
supplementary one.

the beef tenderness attribute may be esti-
mated effectively, using predictive model based 
on fibrousness attribute. In presented research, 
such function was established, which was as-
sociated with practical efficacy of 0.71 (on the 
level of precision ±10%) and 0.92 (on the level 
of precision ±25%). From conducted analysis of 

Fig. 2 - compar-
ison of predicted 
juiciness scores 

by the model 
based on tender-
ness and fibrous-

ness attributes 
with actual 

scores (r=0.5722, 
p=0.0035, 

r2= 0.3275)
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beef, it is concluded that effective prediction of 
tenderness attribute may be conducted, using 
the following formula:

tenderness = -1.341 *
 * fibrousness + 26.1491 [4]

comparison of predicted tenderness scores by 
the model based on fibrousness attribute with 
actual scores is presented on Fig. 3. It should 
be emphasized, that in case of the model of beef 
tenderness prediction on the basis of its fibrous-
ness, not only high efficacy is assured, but also 
very high degree of accuracy of regression func-
tion to empirical data, which is realized in 85.5%. 
results of the research of other authors also sug-
gest fibrousness as better predictor of tender-
ness, than juiciness (rEscONI et al., 2010). Ex-
isting variation of beef tenderness attribute cor-
responds strongly to fibrousness and its varia-
tion. taking it into account, there is no necessi-
ty of tenderness prediction on the basis of other 
factors, because in case of beef tenderness at-
tribute, complexity of factors influencing it, is 
not as high, as in case of, analysed above, juic-
iness attribute.

It should be also emphasized that the model 
of beef tenderness attribute, created on the ba-
sis of its fibrousness, is characterized not only 
by high interdependence of factors – p=0.0000, 
but also by high degree of efficacy. Additional-
ly, taking into account only one factor – fibrous-
ness attribute, the formula is characterised by 
low complication, simplicity of use, and result-
ing from them – high practical usefulness.

the most efficacy estimation of the beef fi-
brousness attribute may be conducted on the 
basis of its tenderness. this model is charac-
terised by average efficacy on the level of preci-
sion ±10%, but on the level of precision ±25% 
efficacy is considerable - 0.87. In the present-
ed research, such function was elaborated, ac-
cording to which, the most effective beef fibrous-
ness attribute prediction may be conducted on 
the basis of the following formula:

Fibrousness = -0.7457 * 
 * tenderness + 19.4994 [5]

comparison of predicted fibrousness scores 
by the model based on tenderness attributes 
with actual scores is presented on Fig. 4. this 
predictive model, similarly to tenderness at-
tribute estimation on the basis of fibrousness, 
is characterized by high interdependence of fac-
tors, high efficacy and very high degree of ac-
curacy of regression function to empirical data. 
the observed dependence is highly expected – 
the beef tenderness and fibrousness attributes 
are, as mentioned above, factors characterized 
by almost full correlation, hence majority of one 
factor’s variation is explained by variation of 
the other one. results of the research of other 
authors also suggest tenderness as better pre-
dictor of fibrousness, than juiciness (rEscONI 
et al., 2010). concluding, it is not necessary to 
predict the beef fibrousness attribute on the 
basis of other factors, because the factors in-
fluencing fibrousness are not complex. Addi-
tionally, taking into account the fact that ob-

Fig. 3 - compar-
ison of predicted 

tenderness scores 
by the model based 
on fibrousness at-
tribute with actual 
scores (r=0.9246, 

p=0.0000, 
r2= 0.8548).
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tained model is based only on one factor (ten-
derness), it is highly useful, because of simplic-
ity of use in practice.

Is should be emphasized, that beef tender-
ness attribute may be also evaluated using 
quick, cheap and easy instrumental method. 
taking into account the high correlation of beef 
instrumental analysis’ and consumer survey’s 
results (DENOYELLE and LEbIHAN, 2004; cIEr-
AcH and MAJEWsKA, 1997), probably obtained 
predictive formulas may enable estimation the 
fibrousness and juiciness attributes on the ba-
sis of instrumental beef tenderness evaluation. 
such possibilities would be of a great value in 
industry, where instrumental methods are ap-
plied, as easier in practical use. Also other au-
thors are analysing correlations between ten-
derness, juiciness and fibrousness of beef as 
well as the possibilities of predictive formulas 
applications (OtrEMbA et al., 2000). the possi-
bilities of predictive formulas exploitation, using 
instrumental evaluation of beef texture, need 
further researches, inter alia the further test-
ing of presented formulas is needed.

cONcLUsIONs

It must be concluded, that using obtained 
models, characterised by high efficacy, may 
be conducted prediction of analysed beef key 
texture attributes. the tenderness, fibrous-
ness and juiciness attributes may be predict-
ed mainly on the basis of tenderness and fi-
brousness. It is of the a great value in prac-

Fig. 4 - compari-
son of predicted fi-

brousness scores 
by the model based 

on tenderness at-
tribute with actu-

al scores (r=0.9246, 
p=0.0000, 

r2= 0.8548).

tice – consumer analysis of beef tenderness 
or fibrousness attribute will suffice to esti-
mate with high precision the rest of texture 
attributes. Explanatory value of presented 
predictive models is associated also with the 
fact that best-fit model, based on indispensa-
ble number of variables, enables to identify 
the features determining analysed attribute 
(sEPÚLVEDA et al., 2008).

Using obtained predictive models, complex 
evaluation of beef texture may be conducted 
– tenderness evaluation accompanied by fi-
brousness and juiciness prediction or fibrous-
ness evaluation accompanied by tenderness 
and juiciness estimation. Prediction based on 
specific models is in meat industry highly rec-
ommended, because of numerous advantages, 
connected with its use (HOUtsMA et al., 1996; 
McDONALD and sUN, 1999). such approach 
enables not only quicker, but also more eco-
nomical and effective analysis of beef texture.

AcKNOWLEDGEMENts

the presented results are the part of larger research, con-
ducted in a project co-financed by the European Union 
Project <Optimizing of beef production in Poland accord-
ing to “from fork to farm strategy”> co-financed by the Eu-
ropean regional Development Fund under the Innova-
tive Economy Operational Programme (contract No. UDA-
POIG.01.03.01-00-204/09-05). the study was financed by 
founds from project “cluster initiatives support for Warm-
ia and Mazury district in branch of beef production in pur-
pose to improve innovativeness of companies, transfer of 
knowledge and technologies, as well as improve their com-
petitiveness”.



Ital. J. Food Sci., vol. 24 - 2012  239

rEFErENcEs

Adhikari K., chambers E. IV, Miller r., Vázquez-Araújo L., 
bhumiratana N. and Philip c. 2011. Development of a 
lexicon for beef flavor in intact muscle. J. sensory stud. 
6: 413.

AMsA 1995. research guidelines for cookery, sensory eval-
uation and instrumental tenderness measurements of 
fresh meat. chicago, Illinois: American Meat science As-
sociation in cooperation with National Live stock and 
Meat board.

belew J., brooks J., McKenna D. and savell J. 2003. Warn-
er-bratzler shear evaluations of 40 bovine muscles. Meat 
sci. 64: 507.

boleman s., boleman s., savell J., Miller r., cross H., Wheel-
er t., Koohmaraie M., shackelford s., Miller M., West r. 
and Johnson D. 1995. consumer evaluation of beef of 
known tenderness levels. In: Proceedings 41st Internation-
al congress of Meat science and technology, san Anto-
nio, texas, UsA, August 20-25.

caine W., Aalhus J., best D., Dugan M. and Jeremiah L. 
2003. relationship of texture profile analysis and Warn-
er-bratzler shear force with sensory characteristics of 
beef rib steaks. Meat sci. 64: 333.

campo M., sañudo c., Panea b., Alberti P. and santolaria 
P. 1999. breed type and ageing time effects on sensory 
characteristics of beef strip loin steaks. Meat sci. 51: 383.

chambaz A., scheeder M., Kreuzer M. and Dufer P. 2003. 
Meat quality of Angus, simmental, charolais and Lim-
ousin steers compared at the same level of intramuscu-
lar fat. Meat sci. 63: 491.

cierach M. and Majewska K. 1997. comparison of instru-
mental and sensory evaluation of texture of cured and 
cooked beef meat. Nahrung. 41 (6): 366.

culioli J. 1995. Meat tenderness: Mechanical assessment. 
ch. In: “Expression of tissue proteinases and regulation 
of protein degradation as related to meat quality” A. Oua-
li, D. Demeyer and F. smulders (Eds.), p. 239. Utrecht: 
EccEAMst.

Denoyelle c. and Lebihan E. 2004. Intramuscular variation 
in beef tenderness. Meat sci. 66 (1): 241.

Destefanis G., brugiapaglia A., barge M. and Dal Molin E. 
2008. relationship between beef consumer tenderness 
perception and Warner-bratzler shear force. Meat sci. 
78: 153.

Egan A., Ferguson D. and thompson J. 2001. consumer 
sensory requirements for beef and their implications for 
the Australian beef industry. Aust. J. Exp. Agr. 41: 855.

Glitsc K. 2000. consumer perceptions of fresh meat quality: 
cross-national comparison. br. Food J. 102: 177.

Goñi M., beriain M., Indurain G. and Insausti K. 2007. Pre-
dicting longissimus dorsi texture characteristics in beef 
based on early post-mortem colour measurements. Meat 
sci. 76: 38. 

Hill t. and Lewicki P. 2007. statistics: Methods and Appli-
cations. statsoft, tulsa, OK.

Hoffman L., Kroucamp M. and Manley M. 2007. Meat qual-
ity characteristics of springbok (Antidorcas marsupialis). 
4: sensory meat evaluation as influenced by age, gender 
and production region. Meat sci. 76: 774.

Houtsma P., De Wit J. and rombouts F. 1993. Minimum in-
hibitory concentration (MIc) of sodium lactate for patho-
gens and spoilage organisms occurring in meat products. 
Int. J. Food Microbiol. 20: 247.

Jeremiah L. and Gibson L. 2003. cooking influences on 
the palatability of roasts from the beef hip. Food res. 
Int. 36: 1.

Jeremiah L. and Phillips D. 2000. Evaluation of a probe for 
predicting beef tenderness. Meat sci. 55: 493.

Jeremiah L., Dugan M., Aalhus J. and Gibson L. 2003. As-
sessment of the relationship between chemical compo-
nents and palatability of major beef muscles and muscle 
groups. Meat sci. 65: 1013.

Killinger K., calkins c., Umberger W., Feuz D. and Eskridge 
K. 2004. A comparison of consumer sensory acceptance 
and value of domestic beef steaks and steaks from a 
branded, Argentine beef program. J. Anim. sci. 82: 330.

Kim c. and Lee E. 2003. Effects of quality grade on the chem-
ical, physical and sensory characteristics of Hanwoo (Ko-
rean native cattle) beef. Meat sci. 63: 397.

Li J., tan J., Martz F. and Heymann H. 1999. Image texture 
features as indicators of beef tenderness. Meat sci. 53: 17.

Li J., tan J. and shatadal P. 2001. classification of tough 
and tender beef by image texture analysis. Meat sci. 
57: 341.

López Osornio M., Hough G., salvador A., chambers E., 
McGraw s. and Fiszman s. 2008. beef’s optimum inter-
nal cooking temperature as seen by consumers from dif-
ferent countries using survival analysis statistics. Food 
Qual. Pref. 19: 12.

McDonald K. and sun D. 1999. Predictive food microbiol-
ogy for the meat industry: a review. Int. J. Food Micro-
biol. 52: 1.

McDonald t. and chen Y. 1991. Visual characterization of 
marbling in beef ribeyes and its relationship to taste pa-
rameters. transactions of AsAE. 34 (6): 2499.

Miller M., carr M., ramsey c., crockett K. and Hoover L. 
2001. consumer thresholds for establishing the value of 
beef tenderness. J. Anim. sci. 79: 3062.

Molina M., Johnson D., West r. and Gwartney b. 2005. En-
hancing palatability traits in beef chuck muscles. Meat 
sci. 71: 52.

Morgan b., savell J., Hale D., Miller r., Griffin D., cross H. 
and shackelford s. 1991. National beef tenderness sur-
vey. J. Anim. sci. 69: 3274.

Northen J. 2000. Quality attributes and quality cues Ef-
fective communication in the UK meat supply chain. br. 
Food J. 102: 230.

Oliver M., Nute G., Font I Furnols M., san Julián r., cam-
po M., sañudo c., cañeque V., Guerrero L., Alvarez I., 
Díaz M., branscheid W., Wicke M. and Montossi F. 2006. 
Eating quality of beef, from different production systems, 
assessed by German, spanish and british consumers. 
Meat sci. 74: 435.

Oliveros M., Park K., Kwon E., choi N., chang J. and Hwang 
I. 2009. carcass traits and the quality of meat from cat-
tle finished on diets containing barley. Asian-Aust. J. 
Anim. sci. 22: 1594.

 Otremba M., Dikeman M., Milliken G., stroda s., chambers 
E. and chambers D. 2000. Interrelationships between 
descriptive texture profile sensory panel and descriptive 
attribute sensory panel evaluations of beef Longissimus 
and semitendinosus muscles. Meat sci. 54: 325.

Otremba M., Dikeman M., Milliken G., stroda s., Unruh J. 
and chambers E. VI. 1999. Interrelationships among eval-
uations of beef longissimus and semitendinosus muscle-
tenderness by Warner-bratzler shear force, a descriptive-
texture profile sensory panel, and a descriptive attribute 
sensory panel. J. Anim. sci. 77: 865.

resconi V., campo M., Font i Furnols M., Montossi F. and 
sañudo c. 2010. sensory quality of beef from different 
finishing diets. Meat sci. 86: 865.

resurreccion A. 2003. sensory aspects of consumer choices 
for meat and meat products. Meat sci. 66: 11.

reuter b., Wulf D. and Maddock r. 2002. Mapping intra-
muscular tenderness variation in four major muscles of 
the beef round. J. Anim. sci. 80: 2594.

rhee M., Lee s., Hillers V., Mc curdy s. and Kang D. 2003. 
Evaluation of consumer-style cooking methods for re-
duction of Escherichia coli O157 in ground beef. J. Food 
Prot. 66 (6): 1030.

robbins K., Jensen J., ryan K., Homco-ryan c., McKeith 
F. and brewer M. 2003. consumer attitudes towards beef 
and acceptability of enhanced beef. Meat sci. 65: 721.

rødbotten r., Nilsen b. and Hildrum K. 2000. Prediction of 
beef quality attributes from early post mortem near in-
frared reflectance spectra. Food chem. 69: 427.

sepúlveda W., Maza M. and Mantecón A. 2008. Factors that 
affect and motivate the purchase of quality-labelled beef 
in spain. Meat sci. 80: 1282. 

strydom P., Naude r., smith M., scholtz M. and Van Wyk 
J. 2000. characterisation of indigenous African cattle 
breeds in relation to meat quality traits. Meat sci. 55: 79. 

Wheeler t., shackelford s., Johnson s., Miller M., Miller r. 
and Koohmaraie M. 1997. A comparison of Warner-brat-
zler shear force assessment within and among institu-
tions. J. Anim. sci. 75: 2423.

Zimoch J. and Gullet E. 1997. temporal aspects of per-
ception of juiciness and tenderness of beef. Food Qual. 
Pref. 8: 203.

Paper received July 14, 2011  Accepted December 20, 2011



PaPer

240  Ital. J. Food Sci., vol. 24 - 2012

- Keywords: animal feed, EC Decision 2002/657/EC, ELISA, mycotoxin, validation, zearalenone -

VaLIDaTION OF aN eLISa aCCOrDING
TO eC DeCISION 2002/657/eC FOr DeTeCTION

OF ZearaLeNONe IN FeeDSTUFF

r. De PaCe*, C. FraNCHINO, F. FLOrIDI and V. VITa
Istituto Zooprofilattico Sperimentale della Puglia e della Basilicata, 

Via Manfredonia 20, 71100 Foggia, Italy
*Corresponding author: Tel. +39 088 1786324, Fax +39 088 1 786394,

email: r.depace@libero.it

AbstrAct

this study presents data from a single laboratory for internal validation of an enzyme-linked 
immunoassorbent assay (ELIsA) for determination of levels of the mycotoxin zearalenone in com-
plementary and complete feedstuff for dairy cattle, calves, sheep and goats. the study was car-
ried out at the request of European commission (Ec) recommendation 576/2006/Ec, in agree-
ment with Ec Decision 2002/657/Ec on the implementation of Ec Directive 96/23/Ec and con-
cerning the performance of analytical methods and interpretation of results. this screening detec-
tion method has useful advantages: it can analyse large numbers of samples in a relatively short 
time, with a small quantity of sample required; it is sufficiently robust, reliable and rugged to be 
statistically sound; and it generates few suspected false negatives (<5%).
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INtrODUctION

Mycotoxins are secondary metabolites that are 
produced by microscopic fungi, and which are 
toxic for higher animals. they tend to have rel-
atively low molecular weight, moderate or high 
volatility, high stability, and a specific struc-
ture that is related to the taxonomy of the mi-
croorganism in which it is produced (bENNEt 
and KLIcH, 2003). 

contamination from mycotoxins in man gen-
erally occurs through their transfer from con-
taminated vegetables or alimentary products 
(bHAtNAGAr et al., 2002 and 2004). As well as 
direct human health problems, contamination 
of alimentary products can also result in large 
economic losses that arise from reduced produc-
tivity of animals that are nourished with feed-
stuff that contain even only small levels of my-
cotoxins (D’MELLO et al., 1999).

Zearalenone is a non-steroidal oestrogen-
ic mycotoxin that can be produced by at least 
eight toxigenic species that belong to the genus 
Fusarium. these include, in particular, Fusarium 
graminearium, Fusarium culmorum and Fusar-
ium equiseti, which can colonise a wide varie-
ty of cereal crops, and hence their derived food 
products, where they find excellent conditions 
for mycotoxin synthesis (HIDY et al., 1977; tAN-
AKA et al., 1988). this mycotoxin is produced 
in these species as a consequence of prolonged 
cold or humidity, or through interactions of mul-
tiples factors, such as the moisture content of 
the grain, an infection, the temperature, vari-
ous microbial interactions, and for other relat-
ed reasons (MOss, 1991).

the chemical structure of zearalenone shows 
it as a resorcyclic acid lactone, and it can bind 
to oestrogen receptors (Era, Erb), resulting in 
oestrogen-like responses (KUIPEr-GOODMANN et 
al., 1998). For this reason, as well as having a 
specific and acute toxicity, zearalenone can have 
actions on the reproductive organs that paral-
lel those of 17-β-oestradiol (FItZPAtrIcK et al., 
1989; DIEKMAN and GrEEN, 1992; MIKsIcEK, 
1994). Furthermore, although it is acknowledged 
that zearalenone has a relatively low acute toxic-
ity (oral LD50 >2,000-20,000 mg/kg body weight 
[bw]) after oral administration in mice, rats and 
guinea pigs (FLANNIGAN, 1991), it has also been 
shown to be hepatoxic, haematotoxic, immuno-
toxic and genotoxic in in vitro and in vivo stud-
ies (ZINEDINE et al., 2007).

the particular concern here arises from the 
carry-over and entrance of zearalenone into to 
the food chain through products of animal or-
igin, which can occur when animals are given 
mycotoxin-contaminated feedstuff. based on a 
no-adverse-effects level of 40 µg/kg bw/day ob-
tained in a 15-day study in pigs, the human ex-
posure assessment for zearalenone has been in-
dicated as a provisional maximum tolerable dai-
ly intake of 0.5 µg/kg bw (ccFAc, 2000). thus 

the Joint committee of the FAO/WHO experts 
on food additives recommended that the total in-
take of zearalenone and its metabolites (includ-
ing α-zearalenone) should not exceed this value 
(ccFAc, 2000).

In this respect, the European commission 
(Ec) has defined some guidance values for of 
zearalenone and other mycotoxins (e.g., ochra-
toxin, fumonisin b1 and b2, and t-2 and Ht-2 
toxins) in products intended for animal feedstuff, 
with Ec recommendation 576/2006/Ec of 17 
August, 2006. this provided guidance to the Ec 
Member states on the acceptability of the pres-
ence of these mycotoxins in cereal products and 
compound feedstuff for animals. this had the 
intention of avoiding the disparities that existed 
in the mycotoxin levels accepted by the different 
Ec Member states. It was also designed to in-
crease monitoring for the presence of these my-
cotoxins in animal feedstuff, and to ensure that 
the lower guidance levels for cereals and cereal 
products were applied by the feedstuff manufac-
turers. these recommendations also take into 
account the different sensitivities of the differ-
ent animal species, to ensure compliance with 
the guideline values determined for compound 
feedstuff for each animal species.

to ensure a high level of protection for hu-
man and animal health, and for the protection 
of the environment, Italy instituted a National 
Plan on 3 May, 2007, for animal feedstuff that 
repealed and replaced the previous National Plan 
for health vigilance and monitoring of the feeding 
of animals. In agreement with what was large-
ly already established through Ec regulations 
178/2002/Ec and 882/2004/Ec, the aim of 
the new National Plan was to provide an official 
system for the control of animal feedstuff along 
the entire animal food supply system. 

Using feedstuff samples collected in the terri-
tories of Puglia and basilicata as part of the Na-
tional Plan, we have here carried out a valida-
tion of an enzyme-linked immunoassorbent as-
say (ELIsA) for the detection and quantification 
of zearalenone in the feedstuff of dairy cattle, 
calves, sheep and goats, according to the crite-
ria of European Union Decision 2002/657/Ec. 
the aim was to examine the quality and correct 
interpretation of the analytical data, and to eval-
uate some of its performance characteristics, 
such as the specificity, precision, detection ca-
pability, robustness and ruggedness, in agree-
ment with the standards of UNI cEI EN IsO/
IEc 17025 (2000).

MAtErIALs AND MEtHODs

sampling

the sampling was carried out from the animal-
feed materials supplied to the feed mills, along 
with samples from complementary and complete 
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feedstuff for dairy cattle, calves, sheep (includ-
ing lambs) and goats (including kids). this was 
carried out at the request of Ec recommenda-
tion 576/2006/Ec, of 17 August, 2006.

complementary feedstuff samples include a 
mixture of ingredients, and they have a high con-
tent of certain substances (e.g., additives such 
as vitamins and trace elements). these mixtures 
are not sufficient to provide the full daily ration 
of nutrients for the animals, and they have to be 
used in combination with other feedstuff. com-
plete feedstuffs are mixtures that can provide 
the total dietary needs of an animal.

the samples were obtained and analysed ac-
cording to the methods indicated in the Minis-
terial Decree of 20 April, 1978, relating to sam-
ples for official monitoring of animal feedstuff, 
and in Ec regulation 401/2006/Ec of 23 Feb-
ruary, 2006. these thus provided the methods 
for this sampling and analysis for official mon-
itoring of the levels of mycotoxins in feedstuff, 
according to the Programme for surveillance and 
Monitoring of Animal Nutrition (PNAA) and the 
National residue Monitoring Plan 2007-2008, as 
carried out in the territories of Puglia and basil-
icata by local veterinary services.

Of note, as zearalenone is light sensitive, the 
samples were conserved in cotton mail bags to 
protect them from light, which were stored in a 
cool, dry place until the analysis. 

Feedstuff for validation 
and sample preparation

the feedstuff samples analysed for this vali-
dation study were for dairy cattle (n = 6), calves 
(n = 12) and sheep/goat (n = 2), as represent-
ative samples, as indicated by the PNAA. All of 
these feedstuffs were ground in a grinder (ret-
sch) to a mesh size of 20.

For each of these representative samples, a 
5 g portion was thoroughly mixed with 25 mL 
methanol/ water (7:2; v/v) for 3 min on a hori-
zontal shaker (IscO) at room temperature. the 
suspensions were then filtered through What-
man n° 1 filter paper, and the filtrates were col-
lected. these sample extracts were diluted a fur-
ther 1:5 with methanol/ water (7:2; v/v). the 
methanolic extracts were stored in glass vials 
at 2°-8°c for approximately 2 weeks, while pro-
tected against light.

test kit assay method

the ELIsA competitive enzyme immunoassay 
for quantitative analysis of zearalenone that 
was used was the ridascreen zearalenone kit 
provided by r-biopharm (Darmstadt, Germa-
ny); the manufacturer instructions for the de-
velopment of the test were followed, with some 
small changes. 

the results of the analysis were obtained pho-
tometrically at a wavelength of 450 nm, using a 

microplate reader (Anthos Ht-2). the specifici-
ty of the test was established by analysing the 
cross-reactivity to the corresponding mycotox-
in: zearalenone, 100.0%; α-zearalenol, 41.6%.

the limit of detection (LOD) was 50 ng/kg. the 
standard solutions provided in the kits were of 
0, 50, 150, 450, 1350, 4050 ng/kg zearalenone 
in aqueous solution. Further dilutions were car-
ried out (1:7) with the buffer solution provided 
in the kits, and 50 ml of the resulting samples 
were analysed in duplicate. 

specificity and detection capability

the detection capability according to Ec Deci-
sion 2002/657/Ec is the smallest content of the 
substance (in this case, zearalenone) that can be 
detected, identified and/or quantified in a sam-
ple with false compliance rate <5% (β-error). In 
the case of substances with an established per-
mitted limit, this means that the detection ca-
pability is the concentration at which the meth-
od can detect this permitted limit concentration 
with a statistical certainty of 1-β. 

Estimations of the specificity and the error β 
were carried out in parallel, and the same assay 
included a representative blank feedstuff sam-
ple with the 20 feedstuff samples for the differ-
ent animals (dairy cattle, 6; calves, 12; sheeps/
goats, 2) and related samples fortified at the 
guidance value of 0.5 mg/kg zearalenone. the 
samples were analysed in two equivalent analyt-
ical steps carried out within a short time of each 
other (table 1). the precision (repeatability and 
within-laboratory reproducibility) and statistical 
evaluation were assessed by variance analysis 
(ANOVA test), Fischer tests and students’ t-tests 
of the paired data between ten blank samples 
and ten fortified samples at the guidance val-
ue chosen, across these two analyses (table 2).

ruggedness of the tests

the ruggedness of the methodology (with the 
included minor changes) was also determined. 
this was carried out as a test for ruggedness at 
0.50 mg/kg zearalenone by the introduction of 
seven small, but deliberate, changes in the op-
erating parameters (factors or variables) and 
through the consequent assessment of the in-
fluences of these changes on the results. these 
deliberate changes were designed to reflect those 
that can occur when a method is transferred be-
tween different laboratories, with the modified 
factors of: sample preparation; kit condition; fil-
ter type; reagent temperature; animal age; time 
of absorbance readings; and methanol producer.

rEsULts AND DIscUssION

We thus validated an immunoenzymatic meth-
od (ELIsA) and determined its suitability for the 
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routine monitoring and analysis of low levels of 
the mycotoxin zearalenone in complementary 
and complete feedstuff for dairy cattle, calves, 
sheep (including lambs) and goats (including 
kids) on the basis of Ec Decision 2002/657/
Ec (DEsIMONI and brUNEttI, 2003). the refer-
ence concentration used for the final determi-
nation of the fitness of this analysis methodolo-
gy according to the method performance char-
acteristics was the guidance value of 0.5 mg/
kg zearalenone, as determined in these com-
plementary and complete feedstuffs for the ani-
mal species given, according to Ec recommen-
dation 576/2006/Ec.

specificity

Each value used in the data processing for 
the data given in table 1 derived from the mean 
of two readings of the sample relative absorb-
ance (%[b/b0]). For the blank samples, the mean 
%(b/b0) was 95.97% for the first ten samples, 
and 95.86% for the second ten. For the samples 
fortified with 0.5 mg/kg zearalenone, the mean 
%(b/b0) was 20.15% for the first ten samples, 
and 20.32% for the second ten (table 1).

table 2 shows that for both of these analyti-
cal sessions, the t critical value (stat t) is high-
er than the experimental one (t critical one-
tail), which thus verifies that the differences 
between blank samples and the correspond-
ing fortified samples are significantly differ-
ent from zero.

In addition, the semi-interval confidence of 
the blanks was calculated using the formula:

 _
So _  t* s0

	  n
where S

0
 is the mean signal of the 20 blank sam-

ples, t is students’ t tabulated for nine degrees 
of freedom at a confidence level of 5% (1.83), n 
is the number of tests, and s

0 
is the standard de-

viation of the signal obtained from the 20 trials 
of the blank samples.

For both the first and the second sessions, 
the fortified samples showed a %(b/b0) below 
the semi-interval confidence (92.46 and 92.54 
%), so all 20 of these fortified samples are rec-
ognised as being “non-compliant” and are sub-
sequently processed by a confirmatory method. 
the β error is thus satisfied.

table 2 - First (left) and second (right) sessions for the t-test results of the paired data.

Statistic	 Variable	1	 Variable	2	 Variable	1	 Variable	2

Mean	 0.95972218	 0.20153129	 0.958674148	 0.20327923
Variance	 0.003656499	 0	 0.003309525	 0.000256437
Observations	 10	 10	 10	 10
Pearson	correlation	 0.024941152	 	 -0.166469138
Hypothesised	mean	difference		 0	 	 0
gdl	 9	 	 9
Stat	t	 39.22288437	 	 38.38559639
P	(T<=t)	one-tail	 1.13141E-11	 	 1.37248E-11
t	critical	one-tail	 1.833112923	 	 1.83

table 1 - First (left) and second (right) analytical datasets for specificity.

	 	 Relative	absorbance	 	 	 Relative	absorbance
	 	 (%[B/B0])	 	 	 (%[B/B0])
N.	 Sample	 	 N.	 Sample
	 	 Blank	 Fortified	 	 	 Blank	 Fortified

1	 Calves	 102.06	 22.01	 11	 Calves	 101.62	 21.75
2	 Dairy	cattle	 105.09	 19.05	 12	 Calves	 92.24	 20.09
3	 Calves	 91.55	 20.08	 13	 Calves	 91.07	 18.72
4	 Calves	 92.27	 20.19	 14	 Dairy	cattle	 103.34	 18.82
5	 Calves	 90.49	 18.94	 15	 Calves	 91.71	 23.69
6	 Sheep/Goat	 92.34	 20.01	 16	 Dairy	cattle	 104.68	 19.07
7	 Dairy	cattle	 95.79	 19.44	 17	 Calves	 98.02	 21.72
8	 Dairy	cattle	 104.66	 19.44	 18	 Sheep/Goat	 91.85	 19.71
9	 Calves	 96.93	 21.83	 19	 Dairy	cattle	 95.76	 19.35
10	 Calves	 88.49	 20.51	 20	 Calves	 88.32	 20.31

Mean	 	 95.97	 20.15	 Mean	 	 95.86	 20.32
S.D.	 	 6.04	 1.05	 S.D.	 	 5.75	 1.60
Variance	 	 36.48	 1.119	 Variance	 	 33.062	 2.56
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robustness

the different levels and variables that were 
monitored here were mixed following a Youden 
experimental plan, as described in tables 3 and 
4. the effects of each factor were calculated by 
subtracting the mean result obtained with the 
variable at a high level (the reference value, indi-
cated by the capital letter) and the mean result 
achieved with the factor at a low level (the in-
vestigated factor, indicated by the corresponding 
small letter) (see table 3). the differences were 
indicated as Di, and the standard deviations of 
the differences, sDi, were calculated according 
to the following equation: 

 
sDi =  2 ∙∑ (Vi ²/ 7)

In the ruggedness study performed at a con-
centration of 0.5 mg/kg zearalenone using the 
Youden approach, the sDi obtained was 0.0308, 
and was compared to the within-laboratory re-
producibility estimated under the nominal con-
ditions sr, of 0.066. this latter indicates the pre-
cision obtained in the same laboratory under 
these predetermined conditions (e.g., concern-
ing the method, test materials, operators and en-
vironment) over justified long time intervals. As 
this difference is not significant (sDi < sr), this 
demonstrates that taking all of these investigat-

ed factors together, they do not have effects on 
the performance of this method, and thus the 
method is strong.

For all of the investigated factors, the t value 
obtained was compared with the 1-tailed t-crit-
ical value (t crit) at n-1 degrees of freedom and 
a = 0.05 (95% confidence level). Each t-value is 
lower than the corresponding t-crit, which thus 
confirms that the method is not affected by any 
slight variations in each of the critical factors.

Precision and recovery

As this screening procedure is used as a quan-
titative method and the results of the compliant 
samples are reported in accordance with a nu-
meric value in the final test reports, precision 
tests were also carried out. this precision re-
lates to the closeness of agreement between the 
independent test results obtained under prede-
termined conditions. the measure of precision 
is expressed in terms of imprecision and com-
puted as a standard deviation. the precision is 
calculated either in terms of the repeatability, 
as the variability of the independent test results 
obtained with the same method on identical test 
samples in the same laboratory by the same op-
erator using the same equipment, or in terms 
of the within-laboratory reproducibility, as the 
variability of the independent test results ob-

table 3 - Variables and their levels in the Youden ruggedness test experimental design. Upper case letters represent high lev-
el; lower case letters represent low level values of variables.

N.	 Selected	variable	 Units	 	Change	in	operating	parameter	(abbreviation)

	 	 	 High	level	 Low	level
	 	 	 (reference)	 (investigated)

1	 Sample	preparation	 -	 Prepared	the	day	before	the	analysis	(A)	 Prepared	fresh	that	day	(a)
2	 Kit	condition	 -	 Already	open	(B)	 Opened	immediately	prior	to	use	(b)
3	 Filter	type	 µm	 Whatman	1(C)	 Blotting	paper	(c)
4	 Kit	temperature		 Min	 Room	temperature	for	1	h	before	use	(D)	 Room	temperature	for	45	min	before	use	(d)
5	 Animal	age	 -	 Calves	(E)	 Dairy	cattle	(e)
6	 Absorbance	reading	 Min	 Immediate	(F)	 After	30	min	(f)
7	 Methanol	producer	 -	 Carlo	Erba	(G)	 Baker	(g)

table 4 - Experimental design for the ruggedness (minor changes) using the fractional Youden approach.

Selected	variable	 Experiment	number

	 1	 2	 3	 4	 5	 6	 7	 8

Sample	preparation	 A	 A	 A	 A	 a	 a	 a	 a
Kit	conditions	 B	 B	 b	 b	 B	 B	 b	 b
Filter	type	 C	 c	 C	 c	 C	 c	 C	 c
Kit	temperature		 D	 D	 d	 d	 d	 d	 D	 D
Animal	age	 E	 e	 E	 e	 e	 E	 e	 E
Absorbance	reading	 F	 f	 f	 F	 F	 f	 f	 F
Methanol	producer	 G	 g	 g	 G	 g	 G	 G	 g
Observed	results	(mg/kg)	 0.484	 0.479	 0.545	 0.483	 0.428	 0.484	 0.481	 0.481
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tained with the same method used with identi-
cal test samples in the same laboratory by dif-
ferent operators at different times but using the 
same equipment. 

For the simultaneous determination of preci-
sion and recovery, analyses were performed on 
two sets of blank feed samples (six replicates 
each) fortified at two different concentrations 
of standard solutions of zearalenone: 0.25 mg/
kg and 0.5 mg/kg (sigma Aldrich). As no certi-
fied reference materials were available, instead 
of the accuracy, the recovery parameter was de-
termined, according to the performance crite-
ria of Ec Decision 657/2002. the mean recov-
ery at each of the two zearalenone fortification 
levels was 96.8%, and the full results are sum-
marised in table 5.

Proficiency test

to calculate the inter-laboratory reproduc-
ibility, we took part in a proficiency test that 
was organised by the Milk standard Laborato-
ry of the Italian Association of breeders (Associ-
azione Italiana Allevatori; AIA), in March 2009. 
two unknown samples were analysed in dupli-
cate and the results were evaluated in terms 
of the Z-score, as calculated by the proficiency 
test organiser.

the Z-score obtained in this proficiency test 
that was performed on unknown samples ana-
lysed in duplicate (Z1 0.548; Z2 0.181) and the 
value of the laboratory Z-score (ZLAb 0.083) were 
all below the reference value of 1.0, which thus 
demonstrated the technical competence of the 
laboratory according to the international harmo-
nised protocol for proficiency testing of analyti-
cal laboratories (tHOMPsON and WOOD, 1993).

cONcLUsIONs

In this study, the examination of the analyt-
ical method of this ELIsA and the provision of 
the relevant evidence confirm its validation in 
our laboratory in a single laboratory study (i.e., 
in-house validation) according to Ec Decision 
2002/657/cE, with a high performance ob-
tained. this is demonstrated by means of the 
experimental recovery, which effectively fulfils 
the requirements of the detecting of the myco-
toxin zearalenone in samples of feedstuff for cat-
tle, sheep and goats (and their young) at a lev-
el of interest that is in conformity with Ec rec-
ommendation 576/2006/Ec. the applicabili-
ty of this method of screening is also verified by 
carrying out tests on samples taken during an 
official inspection in the field of animal nutri-
tion, as obtained from the competent authorities.

According to Ec regulation 882/2004, the 
methods of sampling and analysis used within 
the context of official monitoring must be fully 
validated in compliance with Ec legislation or 

table 5 - Performance parameters of repeatability for the 
determination of two different zearalenone levels in spiked 
feedstuff samples (0.25 and 0.5 mg/kg).

Parameter	 Fortification	level

	 0.25	mg/kg	 0.5	mg/kg

Mean	(mg/kg)	 0.225	 0.518
Recovery	(%)	 90.00	 103.60
Standard	deviation	(%)	 0.03	 0.03
Coefficient	of	variation	(%)	 11.11	 6.37

with the relevant accepted international proto-
cols, in order to ensure the quality and compa-
rability of analytical results generated by labo-
ratories approved for official residue monitoring.

the method so validated here has also been re-
cently accredited as compliant with the interna-
tional standards of the series IsO 17000 and of 
the guidelines and the harmonised series of Ec 
norms EN 45000, by AccrEDIA, the new Ital-
ian National Accreditation body that was created 
recently by the merger of sINAL (Italian National 
system for Laboratory Accredition) and sINcErt 
(Italian National system for Accredition). AccrE-
DIA is a non-profit association that has been rec-
ognised by the Italian state since 22 December, 
2009, as the sole National Accreditation body for 
accreditation under the authority of the Italian 
state. AccrEDIA thus operates in full compli-
ance with the national accreditation system ac-
cording to regulation N° 765 of the European Par-
liament and commission of July 9, 2008, which 
has been applicable since January 1, 2010, for 
accreditation and market compliance in all EU 
countries. Moreover, the competence, behaviour 
and performance of AccrEDIA is continuously 
and carefully monitored, particularly by means 
of the construction of relevant monitoring charts 
with a biennial frequency, and by their partic-
ipation in proficiency testing organised by the 
AIA and by the Food Analysis Performance As-
sessment scheme (FAPAs)Further studies are in 
progress at present to analyse the effects of the 
moisture content on zearalenone determination 
in feedstuff samples, in accordance with Annex 
III of Ec regulation N° 152/2009/Ec, which de-
tails the methods of sampling and analysis for the 
official monitoring of animal feedstuffs.
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AbstrAct

reports of infections from enteric viruses, particularly hepatitis A virus (HAV), and norovirus, 
have resulted in consumers boiling or steaming molluscs before eating them and, currently, ready 
to use, pasteurized and packed products are available from the food industry.

the present study investigated HAV survival in manila clams (Ruditapes philippinarum) after in-
fection and subsequent pasteurization treatments of different duration and temperature accord-
ing to established industrial procedures. the results showed that HAV was completely inactivat-
ed only after application of heat treatment at 90°c for 10 minutes and only when that tempera-
ture was reached in the core of the mollusc.
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1. INtrODUctION

bivalve molluscs, being filtering organisms, 
are capable of concentrating particles, microor-
ganisms, algal toxins and chemical substances 
internally. For this reason and due to consum-
er habits of eating partially cooked or raw mol-
luscs, they are associated with the transmission 
of gastroenterological diseases of varying impor-
tance. Indeed, up until the Fifties, bivalve mol-
luscs were involved in extended epidemics of ty-
phoid fever and cholera (FAO, 2008).

subsequently, with the introduction of dis-
charge water treatment techniques and the de-
velopment of criteria for the classification of 
shellfish farming and harvesting areas, the oc-
currence of such pathologies has begun decreas-
ing. the etiological agents mostly involved in cas-
es of infections from bivalve molluscs are Vibri-
os (V. parahaemolyticus and V. vulnificus) and 
enteric viruses such as hepatitis A virus (HAV) 
and norovirus (WHO, 2010).

several notifications of clinical cases caused 
by HAV have been reported in the past, one of 
which was the occurrence of HAV infection due 
to mollusc consumption which involved over 
300,000 people in shanghai in 1988 (HALLIDAY 
et al., 1991).

Hepatitis A infection represents the most com-
mon form of hepatitis in Italy where it still poses 
a serious problem for public health, even as epi-
demics have been progressively decreasing [data 
provided by the Integrated Epidemiology system 
for the control of Acute Viral Hepatitis (sEIEVA). 
In the past twenty years the average incidence 
rate is still equal to 5 cases per 100,000 inhab-
itants (sEIEVA, 2009)].

Over the last few years, in some regions of the 
country (i.e. campania and Puglia) periodically 
repeated epidemics have been reported. Among 
the most recent cases, the hepatitis A epidem-
ics in Puglia between 1996 and 1997 (11,000 re-
corded cases) (MALFAIt, 1996; LOPALcO, 1996) 
and in campania in 2004 (421 recorded cases). 
the latter was associated with the consumption 
of bivalve molluscs, in particular mussels (rMI 
cNEsPs OEr campania, 2004; bOccIA, 2004).

Notwithstanding the evidence for the risk of 
contracting enteric viruses from bivalve mol-
luscs, the current European regulation on micro-
biological criteria for foodstuffs does not include 
the detection of viruses in bivalve molluscs (Ec, 
2005).

Water decontamination systems currently 
in use are not effective against enteric viruses 
(scHWAb et al., 1998; UEKI et al., 2007; LE GUY-
ADEr et al., 2006) while the presence of the Es-
cherichia coli reference faecal marker used as an 
indicator of product quality prior to harvesting is 
not an indicator of the presence of HAV (rOMAL-
DE et al., 2002), leaving the consumer exposed 
to the risk of infections from enteric viruses.

Proper cooking can remove these risks. HAV 

is known to be resistant to cooking and as such 
it is the most suitable of the enteric viruses for 
heat resistance tests (IcMsF, 1996). the aim 
of the present study was the assessment of the 
resistance of hepatitis A virus in infected clams 
(Ruditapes philippinarum), of which Italy is the 
most important producer in Europe with a yearly 
output of 50,000 tons (PELLIZZAtO et al., 2010), 
to different pasteurization treatments.

In the present study clams were artificially 
infected and subsequently subjected to various 
heat treatments. Virus detection was performed 
using two different analysis methods i.e. virus 
isolation in cell cultures in order to detect via-
ble infecting virus, and a seminested-Pcr anal-
ysis to confirm the presence of isolated virus.

2. MAtErIALs AND MEtHODs

2.1 Samples

the tests were performed on fresh bivalve 
molluscs known by their common name as ma-
nila clams (R. philippinarum) collected in a la-
goon area of the southern Po river delta, located 
in the province of rovigo (North-Eastern Italy).

2.2 Virus

Hepatitis A virus, (cytopathic strain HM175 
kindly provided by IZsLEr, brescia), used for ex-
perimental contamination of samples, was grown 
on the FrP3 cell line, derived from the FrhK-4 
(Fetal rhesus Monkey Kidney cell line) and kept 
at 37°c in a 5% cO2 atmosphere.

2.3 Experimental tests

2.3.1 contamination and preparation 
of samples

clams were infected by direct injection into 
the clam body of 50 µL of a viral suspension 
containing 1.6 x 107 tcID50/mL. the viral ti-
tre, expressed in tcID50/mL (50% tissue cul-
ture infectious dose) according to the reed and 
Muench formula (rEED and MUENcH, 1938), 
was calculated after the preparation of tenfold 
serial dilutions of the virus and the inoculation 
of FrP3 cell monolayers grown on 24-well tissue 
culture plates.

For the infection, the shells of the clams were 
gently opened just enough to see the clam body 
and allow injection of the virus. the clams, still 
alive and with sealed shells, were then packed 
in double layered bags (10 clams per each bag) 
consisting of a polyamide layer of 15 microns 
thickness and a polypropylene layer of 100 mi-
crons thickness. these bags, suitable for steam 
sterilization, were sealed using a heat-sealer that 
also created a vacuum inside the bags.

In order to compare titre reduction of the virus 
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in the suspension used to inoculate the clams 
to that of the virus injected into the mollusc tis-
sue, 5 mL aliquots of each of the viral suspen-
sions at the same titre as that used to inoculate 
the clams were prepared in hermetically sealed 
glass test-tubes, and also put into vacuum bags.

2.3.2 Heat treatment of samples

three groups of ten clams, infected and 
packed as described above, were exposed to four 
different temperatures (60°, 70°, 80°, and 90°c) 
for two different periods of time, e.g. 5 and 10 
minutes. treatments for 20 and 30 minutes were 
also carried out at 90°c, which was considered 
the most efficient temperature for virus inactiva-
tion. Another six groups of ten clams, three in-
fected but not heat treated, and three not infect-
ed and not heat treated, were used as positive 
and negative control for the tests respectively.

2.3.3 Pasteurization and temperature 
detection system

the heat treatment of the clams was per-
formed with an industrial gas-powered oven 
(Angelo Po Grandi cucine s.p.A.). In the present 
study the oven was used in the steam mode: in-
side the oven a steam dispenser injects super 
hot steam directly into the cooking chamber 
and temperature homogeneity is ensured by the 
presence of fans that allow a uniform diffusion. 
the oven is equipped with a probe (Delta OHM 
s.r.L., mod. DO 9847, probe ppt 100, range  
t -40, + 100°c, tolerance +/- 0.06°c) for temper-
ature measurement at the core of the product.

A receptacle (Ecklund-Harrison technologies 
Inc., mod. c-5.2) guaranteed the maintenance of 
the vacuum in the bags with the probe.

2.4 Virological and molecular analyses

2.4.1 cell culture infection

All ten clams were processed separately im-
mediately after each bag, in which heat treat-
ment had been carried out were opened. Each 
clam, without shell, was homogenized, and di-
luted 1:2 (weight/volume) with Phosphate-buff-
ered saline (Pbs pH 7.2-7.4) supplemented with 
antibiotics (penicillin G 10,000 IU/mL, strepto-
mycin 10 mg/mL, nystatin 5,000 IU/mL). the 
homogenized samples were then centrifuged at 
2,500/3,000xg for 30 minutes and the superna-
tants obtained were collected and maintained at 
4°c overnight to allow for the action of the anti-
biotics. After this incubation, the supernatant of 
each sample was diluted 1:5 with D-MEM (Dul-
becco’s Modified Eagle Medium) supplemented 
with 1% L-glutamine (200 mM) and 1% antibiot-
ics (penicillin G 10,000 IU/mL, streptomycin 10 
mg/mL, nystatin 10,000 IU/mL and gentamicin 
250 µg/mL) but without fetal bovine serum 

(Fbs). FrP3 monolayers grown for 24 hours at 
37°c in a 5% cO2 atmosphere on 24-well plates 
were inoculated with 0.2 mL of the diluted sam-
ple supernatant, in duplicate. the remaining 
supernatant was immediately stored at -80°c.

Monolayer infection was performed with an 
adsorption phase of 90 minutes. After adsorp-
tion, cells monolayers were washed once with 1 
mL of D-MEM and then overlaid with the same 
D-MEM (without Fbs to avoid cellular aging), 
added to a final volume of 1 mL in each well. 
the infected monolayers were incubated for 10 
days at 37°c in a 5% cO2 atmosphere and peri-
odically observed under a microscope to check 
for cytopathic effects. After 10 days, all the in-
fected plates (positive and negative for cytopath-
ic effects) were frozen at -80°c and then thawed. 
the cryolysate obtained was used for a second 
infection of new monolayers.

After the second passage on cell culture, two 
other subcultures were performed as described 
above, for a total of four passages. cell culture 
cryolysate of the final subculture was analyzed 
by seminested-Pcr for rNA-HAV to determine 
the presence of HAV.

2.5 Molecular analyses 

2.5.1 Viral extraction and purification

total rNA extraction from cell culture cry-
olysate was performed using the commercial kit 
“High PureRNA Isolation Kit” (Roche). the rNA 
was eluted with Elution Buffer and after the ad-
dition of RNAse inhibitor was stored at -80°c 
prior to use.

2.5.2 rt-Pcr

the viral rNA was reverse transcribed using 
the commercial kit “GeneAmp ® rNA Pcr and 
core Kit” (Applied biosystems).

the reverse transcription reaction was opti-
mized for a volume of 20 µL containing 2.5 µL of 
nucleic acid extract and 17.5 µL reaction mixture 
[5 mM Mgcl2, 1X Pcr buffer II, 1 mM of each 
deoxynucleotide triphosphate, 2.5 µM random 
hexamers, 1U/µL of rNase inhibitor and 2.5 U/
µL of reverse transcriptase (murine leukemia vi-
rus MuLV Moloney)]. the temperature profile of 
the reverse transcription reaction consisted of a 
reverse transcription cycle at 42°c for 60 min-
utes followed by a denaturation cycle at 94°c 
for 5 minutes.

2.5.3 seminested Pcr and electrophoresis

the resulting cDNA was used in a seminest-
ed Pcr reaction for the determination of hep-
atitis A virus in accordance with LE GUYADEr 
et al. (1994). the gene segment amplified in 
the Pcr reaction corresponds to the junction 
between VP1 and VP3. the method consists of 
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two consecutive amplification steps: from the 
first, using primers HAV-1 (reverse) and HAV-2 
(forward), a Pcr product of 247 pb is obtained. 
this amplicon is the template for the second 
amplification, which involves the use of prim-
ers HAV-2 (forward) and HAV-3 (reverse), result-
ing in an amplicon of 210 bp. the first ampli-
fication product was obtained using the com-
mercial kit “GeneAmp rNA Pcr core kit” (Ap-
plied biosystems) in a final volume of 25 µL of 
reaction mixture (1 mM Mgcl2, 1X Pcr buffer 
II, 0.5 mM deoxynucleotide triphosphate, 0.5 
µM of primer HAV-1, 0.5 µM of primer HAV-2, 
0.025 U/µL Amplitaq® DNA Polymerase and 
water DNAse/rNAse free) containing 5 µL of 
cDNA. the mixture was incubated at 94°c for 5 
min, and then subjected to 35 cycles (94°c for 
30 sec, 55°c for 1 min, 72°c for 30 sec). A fi-
nal extension was carried out at 72°c for 7 min.

the amplified products were analysed by aga-
rose gel electrophoresis (1.5% agarose) in the 
presence of ethidium bromide. the “Pcr 100 bp 
Low Ladder (sigma-Aldrich)” molecular weight 
marker was used. the gel was visualized with 
the “UV bio-rad GelDoc Xr” image acquisition 

system. the sample was considered positive if a 
band of 200 bp was visible on the gel.

2.6 Virus quantification by titration 
on cell cultures

three clam homogenates, chosen at random 
among the clam samples and collected from dif-
ferent bags, that resulted positive for isolation 
on FrP3 cell cultures and subsequently analysed 
in seminested Pcr for rNA - HAV, were subject-
ed to virus titration. similarly, the aliquots of 
virus suspension used to infect the clams were 
also titrated. 

titration was performed on FrP3 cell mon-
olayers grown on 24-well tissue culture plates; 
the infection of monolayers was performed by 
virus adsorption (200 µL) in quintuplicate for 
1 hour at 37°c in a 5% cO2 atmosphere. Well 
plates were incubated for 10 days at 37°c in a 
5% cO2 atmosphere and observed daily to check 
for cytopathic effects. At the end of the incuba-
tion, titres were expressed in tcID50/mL accord-
ing to the reed and Muench formula (rEED and 
MUENcH, 1938) (table 1). 

table 1 - Effect of different heat treatment on HAV.

Sample	 Temperature	 Time	 Titre	expressed
	 	 	 as	TCID50/mL

Clam homogenate (C+) No treatment  2.7x105

Viral suspension   1.6x107

Clam homogenate 60°C 5 min 1.3x105*
Viral suspension   2x105

Clam homogenate 60°C 10 min 2.7x103*
Viral suspension   3.2x101

Clam homogenate 70°C 5 min 7.1x103*
Viral suspension   1.1x101

Clam homogenate 70°C 10 min 1.6x101*
Viral suspension   <1ˆ

Clam homogenate 80°C 5 min 3.8x102*
Viral suspension   <1ˆ

Clam homogenate 80°C 10 min 1.1x101*
Viral suspension   <1ˆ

Clam homogenate 90°C 5 min <1ˆ
Viral suspension   <1ˆ

Clam homogenate 90°C 10 min 0§

Viral suspension   0§

Clam homogenate 90°C 20 min 0§

Viral suspension   0§

Clam homogenate 90°C 30 min 0§

Viral suspension   0§

C+ = positive control.
*Average value of three titres of clam homogenate tested.
ˆPresence of cytopathic effect but titre not determinable.
§No cytopathic effect.
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Fig. 1 - rNA-HAV detection by seminested rt-Pcr in cell culture cryolisate Lane M: Marker sigma-Aldrich (Low Ladder 100 
bp). Lane 1: positive control (clam samples infected but not heat treated). Lane 2: clam samples after heat treatment of 5 min 
at 60°c. Lane 3: clam samples after heat treatment of 10 min at 60°c. Lane 4: clam samples after heat treatment of 5 min 
at 70°c. Lane 5: clam samples after heat treatment of 10 min at 70°c. Lane 6: clam samples after heat treatment of 5 min 
at 80°c. Lane 7: clam samples after heat treatment of 10 min at 80°c. Lane 8: clam samples after heat treatment of 5 min 
at 90°c. Lane 9: clam samples after heat treatment of 10 min at 90°c. Lane 10: clam samples after heat treatment of 20 min 
at 90°c. Lane 11: clam samples after heat treatment of 30 min at 90°c.

rEsULts

All of the homogenates from each infected clam, 
subjected to a heat treatment of 5 minutes at 60°, 
70° and 80°c and 10 minutes at 60° and 70°c 
showed a cytopathic effect on cell cultures fol-
lowing the first passage. In contrast, the samples 
heat treated at 80°c for 10 minutes and 90°c for 
5 minutes, showed a cytopathic effect (cPE) in 
cell cultures only after a second passage in cells. 
clam samples heat treated for 10, 20 and 30 min-
utes at 90°c did not show any cytopathic effect 
and were negative after four consecutive passag-
es in cell culture. All cell culture supernatants, 
both from cell cultures with or without cPE, in-
cluding positive and negative controls, were test-
ed at the end of the fourth passage, by seminest-
ed Pcr for HAV. these molecular analyses con-
firmed the virus isolation results, i.e., no ampli-
con was observed for samples heat treated for 10, 
20 and 30 minutes at 90°c (see Fig. 1).

the titres obtained from the heat treated clam 

homogenates were compared with the titres of 
the virus suspension subjected to the same heat 
treatment. the comparison of the titres gave 
similar results with regard to the progressive 
reduction of the viral titre with increasing time 
and temperature treatment, but clearly demon-
strated that, within the tissues of the mollusc, 
the virus has a higher resistance to the effect of 
temperature. In fact, titres of virus present in 
the clam homogenates (although with a starting 
titre almost 60 times lower than those of viral 
suspensions i.e. 2.7x105 vs 1.6x107) are visibly 
higher after the same heat treatment and this 
difference is more evident with increasing time 
and temperature (see table 1 and Figs. 2 and 3).

cONcLUsIONs

to our knowledge, this is the first work con-
cerning the resistance of HAV in pasteurized 
and packed products although the HAV sensi-

Fig. 2 - Hepatitis A vi-
rus determination on 

viral suspension treat-
ed at 60°, 70°, 80°, 

90°c for 5 and 10 min-
utes. the titrations of 
the viral suspensions 

were performed in du-
plicate obtaining identi-

cal results.
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tivity to heat treatment has already been dem-
onstrated in various scientific reports. With the 
aim of establishing a temperature to complete-
ly inactivate hepatitis A virus in molluscs, MIL-
LArD et al. (1987) carried out tests on samples 
of Cerastoderma edule (common cockle) by arti-
ficially inoculating them with the virus and heat 
treating them both by immersion in boiling water 
and hot steam cooking. the authors concluded 
that after one-minute immersion in boiling wa-
ter or steam heating for 1.5 minutes, the core 
of the molluscs reached a temperature of 85°-
90°c and if such a temperature was maintained 
for another minute it was sufficient to inactivate 
the virus completely. 

Other tests, carried out more recently, report 
the need for longer treatments and higher tem-
peratures. crOcI et al. (2005) reported that it 
took 8 minutes in boiling tomato juice to inac-
tivate HAV in mussels. HEWItt and GrEENING 
(2006) used steam cooking for 3 minutes (aver-
age core temperature of 63°c) to reduce the vi-
ral titre by about 1.5 logarithms and immersion 
of mussels in boiling water for 3 minutes (av-
erage core temperature 92°c) was required to 
completely inactivate HAV in lip mussels (Per-
na canaliculus).

the results of the present work only partial-
ly confirm previous data, but comparison is not 
simple due to the different temperatures, expo-
sure time, type of mollusc and method used to 
test the viability of the virus and infection dose 
applied. Our results highlight a higher surviv-
ability of hepatitis A virus to the temperatures 
tested compared to other studies as well as 
the importance of applying an appropriate ex-
perimental procedure that allows even small 
amounts of viable infectious virus to replicate 
and to be identified following heat treatment. 
the treatment of virus at a core temperature of 
60°c for 5 minutes applied in this work to infect-

ed molluscs did not cause a significant reduc-
tion of viral titre nor was treatment at 90°c for 5 
minutes able to inactivate the virus completely.

some authors have investigated the effect of 
protection provided by animal tissues to heat 
treatment by comparing titre reductions between 
virus samples inoculated into molluscs and unin-
oculated samples (crOcI et al., 1999). It is known 
that hepatitis A virus can be easily inactivated by 
heat but the viruses’ sensitivity to heat depends 
on the environment in which it finds itself. In-
deed, the present study shows that the virus is 
able to resist more if protected by the tissue of 
the mollusc pulp than if free in a protein solution.

crOcI and sUFFrEDINI (2003) report that 
some components of food can protect the virus 
from the effect of temperature and this important 
aspect has already been reported in the past by 
other authors. For example, the fat percentage in 
some milk-based food products is important in 
determining HAV virus stability when exposed to 
heat (bIDAWID et al., 2000). Other studies (DI GI-
rOLAMO, 1970) have reported that molluscs pro-
vide good protection against heat treatment; in 
fact, in oysters infected with poliovirus and sub-
sequently treated with different cooking meth-
ods (steamed, fried, oven-baked, etc.), the virus 
had a survival rate of between 7 and 13%. the 
present study also confirmed the protective role 
of tissues in clams for HAV: to inactivate the vi-
rus inoculated in the mollusc a 10-minute treat-
ment at 90°c was necessary, while 5 minutes at 
70°c were sufficient for inactivation of an equal 
amount of “unprotected” virus.

In conclusion, the results of this study indi-
cate that the industrial steam pasteurization 
treatment of whole clams capable of reaching a 
temperature of 90°c in the core of the clam for a 
minimum of 10 minutes can result in the com-
plete inactivation of HAV with an infective dose 
≤ 2.7x105 tcDI50/mL.

Fig. 3 - Hepatitis A vi-
rus determination on 
three homogenates of 
clams treated at 60°, 

70°, 80°, 90°c for 5 
and 10 minutes. the 

titrations of the ho-
mogenates were per-
formed in triplicate. 
Points on the graph 

are the average of the 
three titres calculat-

ed for each time point 
and each temperature. 
the bars represent the 

standard deviation.
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AbstrAct

the aim of this work was to assess the influence of steam sterilization on free-radical genera-
tion in herbs and on changes in their chromatic parameters, as well as in their antioxidant activ-
ity and the content of polyphenols and flavonoids.

the research conducted showed that the Hight temperature short time (Htst) sterilization 
method decreased the number of free radicals in the herbs tested. At the same time, the antioxi-
dant activity as well as the polyphenol and flavonoid contents increased. changes in chromatici-
ty in sterilized herbs were determined; darkening and shift towards red and yellow hues were ob-
served. the antioxidant properties of herbs before and after sterilization decreased in the follow-
ing sequence: oregano>thyme>marjoram>basil.
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INtrODUctION

Herb spices have been used for many centu-
ries to imbue foods with desired flavor and aro-
ma characteristics. Among these herbs are bas-
il, (Ocimum basilicum L.), oregano (Origanum vul-
gare L.), marjoram (Origanum majorana L.) and 
thyme (Thymus vulgaris L.). these plants belong 
to the mint family, or Labiatae. they contain es-
sential oils of varied composition, organic acids 
and flavonoids. thus, they are characterized by 
specific sensory properties and may positively 
influence, among others, digestion processes, 
as they have an antispasmolytic effect and stim-
ulate the excretion of gastric acid. the compo-
nents in these herbs give them anti-inflamma-
tory properties (OcAÑA-FUENtEs et al., 2010), 
as well as bactericidal and fungicidal properties, 
which are used in the treatment of various in-
fections, mainly of the upper and lower respira-
tory tract and the skin (tOHIDPOUr et al., 2010; 
rOtA et al., 2008; DE sOUZA et al., 2010). they 
also stimulate the excretion of mucus from the 
bronchi and allow for easier expulsion (GrOssO 
et al., 2010), in addition to having a tranquiliz-
ing effect and countering depression (NGUYEN et 
al., 2010). the herbs are also used as an aux-
iliary in treating colic and diarrhea. tests have 
also shown that they have cholesterol-lowering 
properties in the blood (brAVO et al., 2008) and 
inhibit blood-platelet aggregation (YAZDANPAr-
Ast and sHAHrIYArY, 2008).

Apart from their well-known medicinal proper-
ties, the herbs and spices are primarily an abun-
dant source of antioxidant compounds, which 
play an important role in the prevention of life-
style diseases (YU et al., 2010; LEE et al., 2005). 
these characteristics are due to the presence 
of polyphenol compounds in the herbs, such as 
phenolic diterpen, phenolic acids and flavonoids 
(HOssAIN et al., 2011; sELLAMI et al., 2009), as 
well as vitamin c, tocopherols and carotenoids 
(sUHAJ, 2006; sGHErrI et al., 2010).

Herbs and spices can become contaminated 
with microorganisms that pose a serious threat 
to human health. the contamination can be pri-
mary, as in the case of soil, dust, bird feces and 
fertilizer pollution, or secondary, as caused by 
incorrect gathering, drying, storage, packaging 
or transportation of plants (KNEIFEL et al., 2002; 
scHWEIGGErt et al., 2007). Various methods of 
removing microorganisms from food products 
exist. the first method, currently forbidden in 
European countries, was sterilizing with ethyl-
ene oxide gas (tAtEO and bONONI, 2006). Food 
is also sterilized by means of radiation (FArKAs, 
2006; POLOVKA and sUHAJ, 2010). because the 
influence of radiation on sterilized products is 
not fully known, the method of irradiation is not 
very popular in many countries. When using ra-
diation in the sterilization process, special infor-
mation must be included on the product packag-
ing. the most popular method used in the herb- 

and spice-processing industry involves steam-
ing (ALMELA et al., 2002). Modern steam sterili-
zation methods are ecologically benign and en-
sure microbiological purity. One such method 
is Natural Microbiological clear (NMc®) steam 
sterilization, which employs the High-tempera-
ture, short-time (Htst) principle, as well as a 
special Nauta® mixer. sterilization is performed 
using saturated steam, brought in under a pres-
sure of 10 bar at a temperature of 110°-140°c 
in a relatively short time (30-180 seconds). the 
product is constantly stirred during sterilization. 
steam vapor together with essential oils pass 
through the condenser, where the oils liquefy 
and are introduced back into the cooled prod-
uct. thanks to this, the loss of essential oils is 
marginal. the humidity of the products obtained 
does not exceed 2-10%.

Oregano, thyme, basil and marjoram are usu-
ally added to dishes at the beginning of the culi-
nary process and are subject to prolonged heat 
exposure. they also might be added at the end 
of cooking and thus heated for a short duration.

considering the possibility of changes in the 
composition and the quality of herb material ex-
posed to high temperature (bAGDAtLIOGLU and 
OrMAN, 2010), the aim of this work was to as-
sess the influence of steam sterilization on the 
appearance of free radicals and the changes 
both in chromaticity parameters in dried herbs 
and in the antioxidant activity and the content 
of polyphenols and flavonoids in their water ex-
tracts.

MAtErIALs AND MEtHODs

Materials

the plant material for this study were unsteri-
lized (Nst) and sterilized (st) dried herbs: basil, 
(Ocimum basilicum L.), oregano (Origanum vul-
gare L.), marjoram (Origanum majorana L.), and 
thyme (Thymus vulgaris L.).

the material for the study was provided by 
K.P.P.s. Interjarek company (Gołuchów, Poland) 
where the herbs and spices were sterilized by 
means of the NMc® steam sterilization method.

sample preparation and conditions 
of EPr spectra measurements

Powdered samples in their initial state as well 
as samples of the sterilized leaves were placed in 
thin-walled glass test tubes with an outer diam-
eter of 3 mm. Empty tubes gave no electron par-
amagnetic resonance (EPr) signal at the max-
imum line amplification and maximum micro-
wave power (70 mW).

EPr spectra of the samples tested were regis-
tered at room temperature using an X-band fre-
quency spectrometer (9.3 GHz) with a magnetic 
field modulation of 100 kHz (rADIOPAN compa-
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ny, Poznań, Poland). the frequency of microwave 
radiation was registered by means of an McM 
101 meter (EPrAD company, Poznań, Poland).

the samples in the test tubes were placed be-
tween the electromagnetic poles, and EPr spec-
tra were registered by computer in the form of 
the first derivative of absorption. Numerical ac-
quisition of data (JAGMAr company, Kraków, 
Poland) was used, together with the LabView 
program and spectroscopic analysis software.

Measuring the concentration 
of free radicals in the samples

the integral intensity of the EPr line regis-
tered as the first derivative of absorption was 
measured by integration of the area under the 
curve of absorption resonance performed twice. 
the integral intensity of the EPr line was used 
in calculating the concentration of free radicals 
in the sample (WEIL et al., 1994; EAtON et al., 
1998).

Ultramarine (sodium aluminosilicate contain-
ing sulphur) was used as the pattern of con-
centration because the paramagnetic centers 
present in it are quite stable. to increase the 
accuracy of the measurement, a ruby crystal 
(Al2O2: cr3+) was used as the so-called ‘internal 
pattern’. For each sample analyzed and the ul-
tramarine, the ruby EPr signal was also regis-
tered. the amplitude of the EPr line of the ruby 
was measured.

the concentration of free radicals in the sam-
ples was measured according to the following 
equation:

N = nu (I /WA) / (Iu / WuAu)

where:
nu – the number of paramagnetic centers in 

ultramarine (the reference) (nu = 1.2x1019spin);
W, Wu – the receiver gains for sample and ul-

tramarine, respectively;
A, Au – the amplitudes of the ruby signal for 

the sample and ultramarine, respectively;
I, Iu – the integral intensities for the sample 

and ultramarine, respectively;
m – the mass of the sample.

chromatic parameter measurement

chromatic parameters of unsterilized and 
sterilized herbs were measured using a cM-5 
spectrophotometer (Konica, Minolta). the sam-
ples were placed on a Petri dish and measured 
in reflected light with the mirror-surface reflec-
tion component attenuated. A ∅ 30 mm aper-
ture was used as well as a standard colorimet-
ric observer with a 10° field of vision and D65 
illuminant. before each measurement, the de-
vice underwent white tile calibration. chromat-
ic coordinates were measured according to the 
conventional cIELab colorimetry system. Dif-

ferences in the parameters of color brightness 
were measured in terms of the L* coordinate and 
the tone of color as coordinates a* and b*. Addi-
tionally, the absolute difference of color DE*ab 
was measured (NsONZI and rAMAsWAMY, 1998):

ΔE*ab = [(ΔL*)2 + (Δa*)2 + (Δb*)2]1/2

where ΔL*, Δa*, and Δb* are indicators of chro-
matic difference between sterilized and unsteri-
lized herbs.

Preparation of water extracts

Water extracts of the herbs were used in the 
study, prepared in the form of infusions and de-
coctions.

For the infusions, 0.5 g of the material was 
measured, soaked in 5 mL of deionized boiling 
water and cooked for 15 min in a lid-covered ves-
sel. the infusion was set aside for another 15 
minutes and then filtered and filled with water 
to achieve a final volume of 10 mL.

For the decoctions, 0.5 g of the material was 
measured, soaked in 5 mL of deionized room-
temperature water and cooked for 30 min in a 
lid-covered vessel, then filtered and filled with 
water to achieve capacity final volume of 10 mL.

Measurement of tAs, polyphenol 
and the flavonoid contents

In the extracts obtained and after having dilut-
ed the sample, the total Antioxidant status (tAs) 
was measured, as well as the polyphenol con-
tent, using colorimetric techniques. the meas-
urement of tAs was performed using randox 
Laboratories Ltd., United Kingdom. the method 
of measuring tAs consists of the inhibition of the 
appearance of Abts•+ cation radicals proportion-
al to the concentration of antioxidants contained 
in the sample. the total antioxidant activity was 
expressed as the trolox antioxidant activity or 
tEAc (trolox Equivalent Antioxidant capacity).

the technique of measuring polyphenols (sIN-
GLEtON and rOssI, 1965) is based on a chromat-
ic reaction with the use of the Folin-ciocalteau 
reagent. the total polyphenol concentration was 
calculated as mg gallic acid equivalents (GAE). 
the flavonoid content was measured using the 
Woisky and salatino method (WOIsKY and sALAt-
INO, 1998) based on the production of chromat-
ic complex compounds with Alcl3. the flavonoid 
concentration was expressed in mg quercetin 
equivalents (QE).

statistical analysis

All data were expressed as the means ± stand-
ard deviation of five measurements. ANOVA anal-
yses and the stAtIstIcA PL v. 8.0 software were 
used to evaluate the results of the experiments. 
A value of p < 0.05 was regarded as significant.
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rEsULts AND DIscUssION

the sterilization process, which aims at re-
moving microorganisms from stored products, 
employs steam at a very high temperature and 
pressure. Herbs owe their medicinal proper-
ties mainly to the high content of antioxidants 
and essential oils. the latter in the form of fat-
ty acid esters might undergo hydrolysis and ox-
idation resulting in the generation of superox-
ide radicals if exposed to conditions favorable to 
such changes. EPr results showed that Htst 
steam sterilization does not cause a significant 
increase in the amount of free radicals. these 
tests demonstrated that both the initial samples 
and the sterilized samples were paramagnetic. 
EPr spectra were registered for samples of all 
the herbs tested, both the sterilized herbs and 
those in their initial state. EPr spectra were ob-
tained at low microwave power and at 15 db of 
attenuation. the EPr spectral parameters used 
for testing the herbs are shown in table 1. the 
amplitude (A) of the EPr line increases with the 
number of free radicals present in the sample, 
and the width (Δbpp) of the EPr line depends on 
magnetic interactions between unpaired elec-
trons in the sample. the amplitude (A) of the 
EPr line decreases following sterilization in all 
herbs tested, and the width of the EPr line (Δbpp) 
of the sterilized herbs is greater than the width 
of the EPr line of the initial samples (table 1). 
this means that in the sterilized samples more 
powerful dipole interactions take place between 
free radicals. the EPr lines of both the initial 
samples and the sterilized herbs are character-
ized by a large width, which indicates powerful 
dipole interactions between the unpaired elec-
trons of free radicals, and thus the distances 
between them are short. the relationship be-
tween the amplitude and width of the EPr lines 
and the microwave power are characteristic of a 
homogenous distribution of free radicals in the 
sample. In the case of sterilized herbs, these re-
sults are especially important because they in-
dicate that the sterilization process influences 

the samples in a homogenous manner, and spin 
islands do not appear.

both in the initial samples and in the steri-
lized samples, free radicals are present. their 
concentrations are similar and amount to 1018 
spin/g (table 1). It has been determined that 
in all the herbs tested the concentration of free 
radicals decreases following sterilization (Fig. 1).

the highest concentration of free radicals was 
observed in basil, both sterilized and unsteri-
lized, while the lowest concentration was found 
in oregano and marjoram. the decrease in the 
number of free radicals might be connected with 
the increased antioxidant activity observed in 
the herbs following sterilization (Fig. 1). In the 
case of oregano, which has the highest antioxi-
dant value, the smallest number of free radicals 
was observed. conversely in the case of basil, 
the greatest number of free radicals was accom-
panied by the lowest antioxidant activity among 
the herbs tested. 

During sterilization, a change in the color of 
the plant products took place, which was dem-
onstrated by changes in the cIELab values in 
(Fig. 2). In sterilized herbs, a decrease in the L* 
chromaticity coordinate was observed in com-
parison with the unsterilized samples. this de-
crease means that less light was reflected by the 
surface of the material, which is most likely due 
to a loss of water during sterilization and greater 
porosity of the dried herb surface. this change 
results in dried herbs being darker and the L* 
coordinate shifting towards black. the value of 
the L* parameter, that is, the brightness of the 
material, also depends among other things on 
the number of compounds of brown hue. Dur-
ing the process of drying, enzymatic and non-
enzymatic reactions of browning take place in 
the plant tissue, causing an increase in the con-
tent of brown pigments and thus a darkening 
of the dry material (PErErA, 2005). the great-
est change in the parameter (ΔL* = -3.5) was 
observed in basil and the least in thyme (ΔL* +  
-1.05) and oregano (ΔL* + -1.16).

the value of the a* chromaticity coordinate 

table 1 - Parameters of the EPr spectra recorded for herbs.

	 Parameters	of	EPR	spectra

	 	 A	[a.u.]	 ΔBpp	[mT]	 l	[a.u.]	 N	x	1018	[spin/g]
	 	 (±0.01)	 (±0.02)	 (±0.01)	 (±0.1x1018)

Before	 Oregano	 0.15	 0.59	 0.47	 1.3
sterilization	 Basil	 0.56	 0.60	 2.03	 3.4
	 Thyme	 0.21	 0.59	 0.67	 1.9
	 Marjoram	 0.38	 0.58	 1.42	 1.3

After	 Oregano	 0.14	 0.61	 0.42	 1.2
sterilization	 Basil	 0.47	 0.62	 1.67	 3.0
	 Thyme	 0.19	 0.58	 0.53	 1.5
	 Marjoram	 0.32	 0.60	 1.32	 1.2
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Fig. 1 - the influence of sterilization on the free radical concentration (N) in the tested herbs.

Fig. 2 - change in the chromaticity parameters in sterilized herbs.

responsible for red (+) and green (+) hues in-
creased in the sterilized herbs, that is, following 
the shift towards red, which is confirmed by oth-
er reports in the literature (ALIbAs, 2007; ALIbAs 
et al., 2007). In the unsterilized herbs, the value 
of the a* coordinate is characterized by a great-
er amount of green hue. Evidently, sterilization 
causes a decrease in the share of green color, 
which might be caused by degradation of chloro-
phyll a and b during the high-temperature proc-
ess. the changes in Da* are similar for all herbs 
tested and amount to between 1.41 and 2.0 (Fig. 
2). the positive value of the b* parameter is re-
sponsible for a yellow hue. As a result of steri-
lization, the value of this parameter increased 

from b*=1.09 in oregano to Δb*=3.63 in thyme 
(Fig. 2). the increase in the share of yellow might 
be caused by the process of browning as well as 
by the depletion of chlorophyll, which often con-
ceals the carotenoids of yellow, orange and red 
hues present in the leaves. similar changes in 
the b* chromaticity parameter were observed in 
mint and parsley leaves (tHErDtHAI and ZHOU, 
2009; DOYMAZ et al., 2006). 

the value of the total chromaticity difference 
(ΔE*ab) was determined based on the bright-
ness (L*), red color (a*) and yellow color (b*) of 
the final product. the more distant these values 
were from the model – the unsterilized herbs – 
the greater was the total chromaticity difference. 
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Assessing the total chromaticity difference 
(ΔE*ab) between the sterilized and the unsteri-
lized herbs, it may be said that the oregano sam-
ple is characterized by a color that was altered 
the least by sterilization (ΔE*=2.13). the remain-
ing herbs displayed higher values of ΔE* (from 
4.25 in thyme to 4.58 in marjoram) (Fig. 2). 

Higher values were found for all parameters 
analyzed, i.e., the antioxidant activity, as well as 
the polyphenol and flavonoid concentrations in 
the extracts of the sterilized herbs in compari-
son with the extracts of the unsterilized ones. 
the influence of temperature on the antioxidant 
activity of plant products is not single-valued 
and depends, among other things, on the tem-
perature value and the time of exposure (KAt-
sUbE et al., 2009; tOMAINO et al., 2005). the 
increase in the antioxidant activity observed as 
a result of exposure to high temperatures might 
be caused by many factors. As a result of heat-
ing, increased pressure or enzymatic hydrolysis, 
damage to cell walls occurs and an increase in 
the bioaccessibility of the antioxidant substanc-
es might result (McINErNEY et al., 2007). Fur-
thermore, during thermal processing new anti-
oxidant compounds might be created (JEONG et 
al., 2004). What seems the most important con-
sideration, however, is that thermal processing, 
which, on the one hand, is detrimental to many 
components, inactivates enzymes responsible for 
enzymatic oxidation of natural antioxidants on 
the other hand, contributing to the retention of 
antioxidant activity (GONÇALVEs et al., 2010). An 
example of this effect might be fruits and vege-
tables subjected to so-called blanching, which 

Fig. 3 - Antioxidant activity of water extracts of sterilized and unsterilized herbs. A – p < 0.05 vs infusion; b – p < 0.05 vs 
unsterilized.

retain their antioxidant activity during storage 
to a greater extent than non-blanched fruits 
and vegetables (PAtrAs et al., 2010). An impor-
tant factor influencing the antioxidant content 
is not only the increased temperature itself but 
also the environment in which it acts. Heating 
plant products in water causes relatively fast 
penetration of heat to the inside of the tissues, 
which causes longer exposure of the whole mass 
of the processed product to the agent and high 
antioxidant-compound loss.

However, when heated in the air, the inside 
of the product remains at a lower temperature 
than the surface, which causes lesser antioxi-
dant loss (tUrKMEN et al., 2005; FrANcIscO et 
al., 2010). As Munyaka has demonstrated (MUN-
YAKA et al., 2010), blanching by the Htst meth-
od (high temperature short time) is the best way 
of retaining vitamin c while processing broccoli.

the antioxidant activity in herbs both before 
and after sterilization decreased in the following 
sequence: oregano>thyme>marjoram>basil (Fig. 
3). Decoctions displayed slightly lower values of 
antioxidant activity than infusions, which might 
be caused by a longer period of heating and the 
decomposition of antioxidant substances vulner-
able to high temperatures, such as for example 
ascorbic acid. changes in the polyphenol con-
centrations were similar to changes in the anti-
oxidant activity (Fig. 4). the highest polyphe-
nol concentration in the sterilized herbs was 
measured in oregano (20.67-21.22 mg GAE/
mL), while the lowest concentration was meas-
ured in basil (6.13-7.40 mg GAE/mL). contra-
ry to the antioxidant activity, higher concentra-
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Fig. 5 - Flavonoid concentrations in water extracts of sterilized and unsterilized herbs. A – p < 0.05 vs infusion; b – p < 0.05 
vs unsterilized.

Fig. 4 - Polyphenol concentrations in water extracts of sterilized and unsterilized herbs. A – p < 0.05 vs infusion; b – p < 
0.05 vs unsterilized.

tions of polyphenols were measured in the de-
coctions than in the infusions. this slight in-
crease in polyphenol concentration in decoc-
tions might be caused by longer heating and 
the aforementioned increase in bioaccessibili-
ty. the tendency of the changes in herb flavo-
noids before and after sterilization is similar to 

the trend in polyphenols. However, the changes 
are very minute (Fig. 5). both sterilization and 
the way in which the water extracts were pre-
pared had little influence on the flavonoid con-
centration. Higher flavonoid concentrations were 
found in the sterilized herbs and their decoc-
tions. the concentrations of flavonoids meas-



Ital. J. Food Sci., vol. 24 - 2012  261

ured in the herbs decreased in the following se-
quence: oregano>thyme>marjoram>basil.

An attempt at assessing the correlation be-
tween the antioxidant activity and the polyphe-
nol concentration in the sterilized (r=0.878, 
p<0.05) and unsterilized (r=0.875, p<0.05) herb 
extracts resulted in determining a linear corre-
lation. the correlation between the content of 
phenolic compounds and antioxidant activity in 
various plant extracts was proven by MILIAUs-
KAs et al. (2004). Lower correlations in the steri-
lized (r=0.839, p<0.05) and unsterilized (r=0.762, 
p<0.05) herb extracts were found between the 
antioxidant activity and the flavonoid content, 
as well as between the polyphenol and flavonoid 
concentration in the sterilized (r=0.873, p<0.005) 
and unsterilized (r=0.768. p<0.05) herb extracts.

cONcLUsION

the research conducted showed that the Htst 
sterilization method decreased the number of 
free radicals in the herbs tested. At the same 
time, the antioxidant activity as well as the 
polyphenol and flavonoid contents increased. 
changes in chromaticity in sterilized herbs 
were observed in the form of darkening and a 
shift towards red and yellow hues. the antioxi-
dant properties of herbs before and after ster-
ilization decreased in the following sequence: 
oregano>thyme>marjoram>basil.
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AbstrAct

In this study, a full factorial design and three-level, three-factor box-behnken experimental 
design based on response surface methodology (rsM) were used for optimizing zinc, copper and 
iron mineralization from pistachio nuts by microwave-assisted extraction (MAE) prior to its de-
termination using flame atomic absorption spectrometry (FAAs). Four independent variables in-
cluding power, temperature, time and volume of nitric acid were chosen in this study. the results 
of full factorial design showed that the power, temperature and volume of nitric acid were signif-
icant. therefore, a box-behnken experimental design was performed in order to determine the 
optimum conditions. the working conditions for results obtained by box-behnken for three ele-
ments were established as a compromise between optimum values found for each analyte (zinc, 
copper and iron). these values were 100°c, 425 W and 4.0 mL, for temperature, irradiation pow-
er and volume of nitric acid, respectively. A high regression coefficient between the variables and 
the response (r2 ≈ 0.97 for all elements) indicated excellent evaluation of experimental data by 
a polynomial regression model.
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INtrODUctION

the pistachio is a small tree originally from 
Iran, which now can also be found in regions 
of turkey, syria, Greece, turkmenistan, Kyr-
gyzstan, Egypt, India, Pakistan and possibly Af-
ghanistan. the pistachio, in particular, signifi-
cantly reduced levels of low-density lipoprotein 
(LDL cholesterol) while increasing levels in the 
serum of volunteers (KAY et al., 2007; 2010). In 
rats, consumption of pistachio as 20% of daily ca-
loric intake increased beneficial high-density li-
poprotein without lowering LDL cholesterol, and 
while reducing LDL oxidation (AKsOY et al., 2007).

trace elements are very important both nu-
tritionally and toxicologically. copper, iron and 
zinc are very essential, but ingestion of excessive 
levels can be toxic to the human body. Humans 
acquire copper, iron and zinc from numerous 
sources, such as food, beverages and water. Di-
etary intake is considered to be the major source 
of these elements for the body (DEMIrOZU et al., 
2002). Hence, the consumed levels of food prod-
ucts should be investigated. For this reason, the 
goal of the present study was to determine the 
level of copper, zinc and iron in commercial pis-
tachio products. several methods, such as min-
eralization with concentrated reagents (HNO3, 
Hcl and HclO4; OLIVEIrA, 2003) have been used 
in previous research. these methods involve a 
large sample mass and require both the atten-
tion of the operator and a long completion time 
(HUIE, 2002). However, the analytical sequence 
time can be reduced using microwave-assisted 
extraction (MAE), hence leading to an increase 
in the analytical sampling rate (OLIVEIrA, 2003).

One of the main advantages of MAE is the re-
duction of the extraction time. It also allows for 
a reduction in organic solvent consumption. the 
principle of heating using microwave energy is 
based on the direct influence of microwaves on 
molecules by ionic conduction and dipole ro-
tation. If MAE is carried out in closed vessels, 
extractions can be performed at temperatures 
above the boiling point of the solvent; therefore, 
increasing the extraction rate and efficiency. Pa-
rameters that affect extraction include extrac-
tion time, temperature, power and solvent vol-
ume (PIZArrO et al., 2007).

response surface methodology (rsM) has sev-
eral advantages compared to the classical exper-
imental or optimization methods in which one 
variable at a time is changed. Firstly, rsM pro-
vides a large amount of information from a small 
number of experiments. Indeed, classical meth-
ods are time consuming and a large number of 
experiments are needed to explain the behavior 
of a system. secondly, with rsM, it is possible to 
observe the interaction effect of the independent 
parameters on the response. the model equa-
tion easily clarifies effects for binary combina-
tions of the independent parameters. In addition, 
the empirical model that relates the response to 

the independent variable is used to obtain in-
formation about the process. Finally, rsM also 
represents a more economical approach, as the 
number of experiments can be significantly re-
duced (sHOKUHFAr et al., 2008). clearly, rsM is 
a useful tool for optimizing analytical methods.

the optimization of analytical methods by 
multivariate experimental techniques is faster, 
more effective and more economical than the 
traditional “one-at-a-time” technique. Moreover, 
circumstances which are not explained by tradi-
tional methods, such as interactions between the 
parameters that affect the analytical response, 
can be revealed (FErrEIrA et al., 2003).

In this research, the MAE system was used 
for the mineralization of zinc, copper and iron 
from samples of pistachio nuts and prior to its 
determination by FAAs. the optimization of the 
experimental variables (power, time, volume of 
nitric acid, and temperature) is described using 
response surface methodology.

EXPErIMENtAL

Apparatus

the measurements were performed with a 
Konik Won M300 (barcelona, spain) flame atom-
ic absorption spectrometer, equipped with a con-
ventional pneumatic nebulizer and nebulization 
chamber. A hollow cathode lamp was used for 
determination of copper, zinc and iron at wave-
lengths of 324.8, 213.9 and 248.3 nm, respective-
ly. the microwave extractions were carried out in 
an Ethos sEL (Milestone, sorisole, Italy) equipped 
with 10 closed vessels. the HPr-1000/10s high-
pressure segmented rotor was used. the maxi-
mum operating temperature is 260°c; and pres-
sure is 100 bar. At full power, the Ethos delivers 
approximately 2,500 W of microwave energy at a 
magnetron frequency of 2,450 MHz.

Materials

the nitric acid (HNO3) used was of the high-
est purity (65%) available from Merck (Darm-
stadt, Germany). reagent grades of Zncl2 (97%), 
cusO4·5H2O (98.5%) and Fecl3·6H2O were used. 
stock solutions of zinc, copper and iron (100 
mg·L-1) were prepared by dissolving a proper 
amount of the above salts in doubly distilled wa-
ter in a 10 mL flask. Dilute solutions were pre-
pared by an appropriate dilution of the stock 
standard solution with doubly distilled water.

MAE procedure

the pistachio nuts were purchased from a lo-
cal market in Iran. the microwave-assisted ex-
traction was used for the mineralization of pista-
chio. A 0.5-g sample of pistachio nut was trans-
ferred to the extraction vessel. According to a 
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preliminary experimental design, extractions 
were performed at various conditions of volume 
of nitric acid (for factorial design ranging from 4 
to 8 mL and for rsM design ranging from 6 to 
10 mL), temperature (for factorial design rang-
ing from 60° to 80°c and for rsM design from 
80° to 110°c), irradiation time from 5 to 15 min 
and power (for factorial design ranging from 100 
to 300 W and for rsM design from 300 to 500 
W). After extraction, the irradiated sample was 
transferred to a 10 mL volumetric flask and the 

volume was completed to the mark. the concen-
tration of the zinc, copper and iron in this solu-
tion was analyzed by FAAs.

statistical analysis

the data were Pareto chart and analysed us-
ing analysis of variance (ANOVA) to examine 
the statistical significance of factors. A P value 
of 0.05 was considered statistically significant. 
box-behnken experimental design was used for 
final optimization. the Design-Expert 8.0.7 soft-
ware was used for statistical analysis.

rEsULts AND DIscUssION

Factorial design

A two-level full factorial design (24) was per-
formed for preliminary evaluation of the sig-
nificance of each factor and their interactions 
in the extraction system. In this study, the ex-
periments were planned to obtain a full fac-
torial design containing 16 trials plus 2-cent-
er points (runs 17 and 18). the factors chosen 
were power (A; 100-300 W), nitric acid volume 
(D; 4-8 mL), time (c; 5-15 min) and tempera-
ture (b; 60°-80°c). the experimental design and 
the results derived from each run are shown 
in table 1. ANOVA was used to check the sig-
nificance of the factor effects. the Pareto chart 
(Fig. 1) also shows the significance of these 

Fig. 1 - Pareto chart of main effects and interaction obtained from the 24 full factorial designs.
the vertical line defines the 95% confidence interval [A = power (P); b = temperature (ºc); c= time (min); D = volume of nitric 
acid (mL); Ab = interaction between power and temperature; Ac = interaction between power and time; AD = interaction be-
tween power and volume of nitric acid; bc = interaction between temperature and time; bD = interaction between temper-
ature and volume of nitric acid; cD = interaction between time and volume of nitric acid; Abc = interaction between power, 
temperature and time, AbD = interaction between power, temperature and volume of nitric acid; bcD = interaction between 
temperature, time and volume of nitric acid; AcD = interaction between power, time and volume of nitric acid; AbcD = in-
teraction between power, temperature, time and volume of nitric acid].

table 1 - Full factorial design matrix with 2 center point and 
the value of responses.

No.	 P	(W)	 T	(ºC)	 time	(min)	 V	(mL)	 Y(µgg-1:RSD%)

  1  100  60  5  4  7.92±0.5
  2  300  60  5  4  5.89±0.3
  3  100  80  5  4  5.73±0.6
  4  300  80  5  4  5.69±0.5
  5  100  60  15  4  4.74±0.1
  6  300  60  15  4  8.87±0.4
  7  100  80  15  4  6.04±0.6
  8  300  80  15  4  9.72±0.3
  9  100  60  5  8  5.33±0.5
10  300  60  5  8  9.32±0.4
11  100  80  5  8  8.58±0.6
12  300  80  5  8  10.20±0.3
13  100  60  15  8  7.64±0.1
14  300  60  15  8  5.01±0.5
15  100  80  15  8  7.86±0.4
16  300  80  15  8  9.15±0.6
17  200  70  10  6  8.85±0.1
18  200  70  10  6  8.81±0.4
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factors. the lengths of the bars in the Pareto 
chart are proportional to the absolute value of 
the estimated effects. the results of the Pare-
to chart indicate that the power (A), tempera-
ture (b) and volume of nitric acid (D) were sig-
nificant. However, the extraction time (c) was 
not significant. the interactions between AcD, 
AbcD, bD, cD, bc, bcD, Abc, Ab, Ac, and 
AD were significant. the interaction between 
power, temperature and volume of nitric acid 
(AcD) was very significant, for this purpose, a 
box-behnken experimental design was used for 
final optimization.

box-behnken design

Factorial design showed which factors, name-
ly temperature, volume of nitric acid and pow-
er, in the studied levels needed final optimiza-
tion. thus, a box-behnken experimental de-
sign was used for this purpose. In this research, 
the three-level, three-factor box-behnken tech-
nique was used to investigate and validate pa-
rameters affecting the mineralization of zinc, 
copper and iron. the input variables were pow-
er (P; 300-500 W), volume of nitric acid (V; 6-10 
mL) and temperature (t; 80°-110°c). the factor 
levels were coded as -1 (low), 0 (central point), 
and 1 (high). the design of real box-behnken 
experiments is shown in table 2.

the behavior of the system is explained by the 
following quadratic equation (bOX et al., 1997).

Y = β
0
 +  (1)

where Y is the process response or output (de-
pendent variable), β

0
 is the constant, x

1
, x

2
, …, 

x
k
 are the coded independent variables, β

i
 is the 

linear effect, β
ii
 is the quadratic effect, β

ij
 is the 

interaction effect, and ε is the random error or 

allows for description or uncertainties between 
predicted and measured value.

Modelling

the optimization step of the MAE was per-
formed using a box-behnken design. several 
variables that could potentially affect the ex-
traction efficiency were chosen including irradi-
ation power, volume of solvent, and temperature. 
Other parameters implicated in the extraction 
were kept constant, namely the amount of dried 
sample (0.5 g) and the extraction time (10 min).

In this study, experiments were planned to 
obtain a quadratic model containing 12 trials 
plus 3-center points. the range and levels of the 
three independent variables are shown in table 
2, as well as the experimental and predicted re-
sponse values. Each run was carried out in trip-
licate and mean values are presented. the op-
timum values of the selected variables were ob-
tained by solving the regression equation. An 
empirical relationship between the response and 
the independent variables has been expressed 
by the following quadratic models:

Y (cu)= 16.9276 + 0.018 (P) – 0.5998 (t) + 
+ 3.0015 (V) + 0.0001 (P)2 + 0.005 (t)2 – 

+ 0.2189 (V)2 -0.001 (P)(t) -0.0008 (P)(V) + 
+ 0.0069 (t)(V)

Y (Fe) = 81.6928 – 0.2 (P) -1.5 (t) +
+ 3.2356 (V) + 0.0002 (P)2 + 0.0057 (t)2 – 

+ 0.1744 (V)2 + 0.0004 (P)(t) -0.0002 (P)(V) – 
+0.0052 (t)(V)

Y (Zn) = -1.13264 + 0.3 (P) + 1.1 (t) – 
+ 1.77479 (V) – 0.0003 (P) + 0.00083 (t) +

+ 0.14719 (t) – 0.00044 (P)(t) +
 + 0.00101 (P)(V) -0.01017 (t)(V) (2)

table 2 - box-behnken experimental design with the independent variables. Observed and predicted values.

	 No.	 P	(W)	 T	(ºC)	 V	(mL)	 	Observed,	YO
a	(µgg-1:RSD%)	 	 Predicted,	Yp	(µgg-1)

	 	 	 	 	 Cu	 Fe	 Zn	 Cu	 Fe	 Zn

  1  300  80  8  10.23±0.4  11.43±0.1  9.88±0.5  10.70  11.33  9.90
  2  500  80  8  16.41±0.5  11.27±0.3  12.95±0.1  16.40  10.98  12.76
  3  300  110  8  13.65±0.6  10.34±0.2  11.13±0.3  13.66  10.63  11.32
  4  500  110  8  13.87±0.3  12.39±0.5  11.56±0.5  13.40  12.49  11.54
  5  300  95  6  10.45±0.5  9.17±0.1  11.23±0.6  10.33  9.25  11.17
  6  500  95  6  12.99±0.1  9.84±0.3  12.17±0.2  13.35  10.11  12.32
  7  300  95  10  10.41±0.6  9.01±0.4  10.99±0.4  10.05  8.74  10.85
  8  500  95  10  12.35±0.4  9.48±0.3  12.74±0.6  12.47  9.40  12.80
  9  400  80  6  12.65±0.2  9.02±0.2  11.85±0.1  12.31  9.04  11.89
  10  400  110  6  11.76±0.3  10.12±0.4  12.73±0.3  11.87  9.75  12.60
  11  400  80  10  11.43±0.6  8.37±0.5  12.45±0.2  11.32  8.74  12.58
  12  400  110  10  11.37±0.4  8.84±0.3  12.11±0.4  11.72  8.82  12.07
  13  400  95  8  11.36±0.2  8.43±0.6  11.28±0.3  11.56  8.50  11.51
  14  400  95  8  11.84±0.3  8.75±0.1  11.85±0.4  11.56  8.50  11.51
  15  400  95  8  11.49±0.4  8.32±0.2  11.40±0.1  11.56  8.50  11.51

aAverage of triplicate extraction.
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the critical points in the surface response are 
determined by solving these equation systems 
for the conditions of

 

= 0, = 0 and

the method of calculating these critical points 
has been published previously (sANtOs et al., 
2004). the calculated values for the critical 
points are as follows: temperature (t) = 98.0°c, 
irradiation power (P) = 428.0 W and volume (V) 
of nitric acid = 8.0 mL for copper, temperature 
(t) = 99.0°c, irradiation power (P) = 406.0 W and 
volume (V) of nitric acid = 7.0 mL for iron and 
temperature (t) = 106.0°c, irradiation power (P) 
= 437.0 W and volume (V) of nitric acid = 8.2 mL 
for zinc. Working conditions of 100°c, 425 W and 
8.5 mL, for temperature, irradiation power and 
volume of nitric acid, respectively, were estab-
lished as a compromise between optimum val-
ues found for copper, zinc and iron.
the results of the response surface model fit-
ting in the form of ANOVA are shown in ta-
ble 3. the ANOVA is needed to test the signifi-
cance and adequacy of the model. the ANOVA 
results (table 3) suggest that the model was 
significant, as evident from the Fisher’s F-test  
(Fmodel = 17.645, 16.118 and 14.842 for copper, 
iron and zinc, respectively) with very low proba-
bility values (Pmodel = 0.0028, 0.0035 and 0.0042 
for copper, iron and zinc, respectively). there-
fore, the calculated F-values were compared 
with the critical F-value (Fα,df,(n-df+1) = F0.05,9,5 = 
Ftab = 4.77) for the considered probability (P = 
0.05) and degrees of freedom. the results show 
that the critical F-value is less than the calcu-
lated F-values of 17.645, 16.118 and 14.842 for 

copper, iron and zinc, respectively. thus, the 
computed Fisher’s variance ratios at these lev-
els were large enough to justify a very high de-
gree of adequacy of the quadratic models and 
significance of the combinations of variables 
(YEtILMEZsOY et al., 2009). the interaction be-
tween power and volume of nitric acid and tem-
perature and volume of nitric acid were non-
significant (P>0.05) for copper, zinc and iron. 
Moreover, the second-order power for zinc was 
non-significant. the goodness of fit of the mod-
el was checked by the correlation coefficient 
(r2). the values of adjusted r2 (0.915, 0.907 
and 0.90 for copper, iron and zinc, respective-
ly) indicated that only about 10.0% of the to-
tal variations was not explained by the model. 
Furthermore, the value of the correlation coef-
ficient (r2 = 0.969, 0.967 and 0.964 for copper, 
iron and zinc, respectively) shows good relation 
between the experimental and predicted values 
of the response variables. the non-significant 
values (P>0.05) of lack-of-fit indicate that the 
quadratic model is statistically significant for 
the response variables of copper, iron and zinc. 
the significance of the quadratic model coeffi-
cients was evaluated by the student’s t-test and 
p-values listed in tables 3 and 4, for copper, 
iron and zinc. A larger magnitude of the t-value 
and a smaller p-value are associated with in-
creasing significance of the corresponding fac-
tors in the regression model (YEtILMEZsOY et 
al., 2009). the percent contribution (Pc%) of 
each of the individual terms in the final model 
was computed (table 4) using the ss values of 
the corresponding term.

to obtain a better understanding of the influ-
ences of the independent variables and their in-
teraction on the dependent variables, three-di-
mensional response surface plots for the meas-

table 3 - Analysis of variance for the fitted quadratic polynomial model of extraction of element.

Source	 Sum	of	Squares	 df	 Mean	of	Square	 F-Value	 p-value

	 Cu	 Fe	 Zn	 	 Cu	 Fe	 Zn	 Cu	 Fe	 Zn	 Cu	 Fe	 Zn

Model  35.279  20.746  8.969  9  3.919  2.305  0.997  17.645  16.118  14.842  0.0028  0.0035  0.0042
P  0.643  7.631  1.415  1  0.643  7.631  1.415  2.895  53.356  21.067  0.1496  0.0008  0.0059
T  1.569  6.0441  0.047  1  1.569  6.044  0.047  7.064  42.263  0.694  0.0450  0.0013  0.4426
V  1.144  1.331  0.400  1  1.144  1.330  0.400  5.15  9.299  5.959  0.0725  0.0284  0.0586
PT  8.881  1.2211  1.742  1  8.881  1.221  1.742  39.973  8.538  25.949  0.0015  0.0329  0.0038
PV  0.09  0.01  0.164  1  0.09  0.01  0.164  0.405  0.0699  2.443  0.5525  0.8020  0.1788
TV  0.172  0.0991  0.372  1  0.172  0.099  0.372  0.775  0.694  5.542  0.4189  0.4428  0.0652
(P)2  2.744  9.130  0.369  1  2.744  9.130  0.369  12.352  63.841  5.499  0.0170  0.0005  0.0660
(T)2  4.586  6.097  0.128  1  4.587  6.097  0.128  20.647  42.631  1.908  0.0061  0.0013  0.2258
(V)2  2.829  1.796  1.279  1  2.829  1.796  1.279  12.734  12.5601  19.061  0.0161  0.0165  0.0072
Residual  1.111  0.715  0.3396  5  0.222  0.143  0.067
Lack of Fit  0.988  0.615  0.155  3  0.329  0.205  0.052  5.341  4.110  0.573  0.1618  0.2019  0.6859
Pure Error  0.123  0.0998  0.181  2  0.062  0.0499  0.0903
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Fig. 2 - response surface obtained from box-behnken design for extraction efficiency of copper (A), iron (b), and zinc (c).

table 4 - Estimated regression of relationship between response variables and independent variables.

	 	 SEa	 t-ratio	 (PC%)b	PC	=	
Factor		 Parameter
(coded)	 	 Cu	 Fe	 Zn	 Cu	 Fe	 Zn	 Cu	 Fe	 Zn

Intercept  β0
P  β1  0.0264  0.0212  0.0145  1.701  -7.305  4.59  2.84  22.88  23.92
T  B2  0.2257  0.1811  0.1241  -2.658  -6.501  0.833  6.92  18.12  0.79
V  B3  1.3224  1.061  0.7270  2.27  3.05  -2.441  5.05  3.99  6.76
PT  B12  0.0002  0.0001  0.00009  -6.322  2.922  -5.094  39.20  3.66  29.45
PV  B13  0.0012  0.0009  0.0007  -0.634  -0.264  1.563  0.40  0.03  2.77
TV  B14  0.0079  0.0063  0.0043  0.88  -0.833  -2.354  0.76  0.30  6.29
(P)2  B11  0.00001  0.00001  0.00001  3.515  7.99  -2.345  12.11  27.37  6.24
(T)2  B22  0.0011  0.0009  0.0006  4.544  6.529  1.381  20.24  18.28  2.16
(V)2  B33  0.0613  0.0492  0.0337  -3.569  -3.544  4.366  12.49  5.38  21.62

aStandard error.
bPercentage contribution (%).

ured responses were constructed based on the 
quadratic model. the three-dimensional re-
sponse surface plots for the amount of copper, 
iron and zinc as a function of P, t and V are 
shown in Fig. 2.

Model validation

to verify the proposed model, several addi-
tional experiments were performed in the ex-

perimental area of the box-behnken design, 
and each experimental response was compared 
with the predicted response. As similarly con-
ducted by YEtILMEZsOY (2009), these extra ex-
periments were selected randomly in the ex-
perimental domain. the validation results of 
the model with these experimental points are 
shown in table 5. Predicted values were in 
very good agreement with observed values (r2 
= 0.977, r2

Adj = 0.935 for copper, r2 = 0.969, 
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table 5 - the box-behnken design for model validation.

	No.	 P	(W)	 T	(ºC)	 V	(mL)	 Observed,	YO	(µgg-1:RSD%)	 Predicted,	Yp	(µgg-1)

	 	 	 	 	 Cu	 Fe	 Zn	 Cu	 Fe	 Zn

  1  448  110  10.0  11.81±0.1  9.40±0.4  12.01±0.4  11.78  9.61  12.15
  2  300  80  10.0  9.35±0.3  10.58±0.2  10.75±0.3  9.47  10.54  10.63
  3  370  97  6.0  10.56±0.5  8.26±0.3  11.79±0.4  10.65  8.17  11.94
  4  500  110  10.0  12.42±0.4  11.14±0.2  12.21±0.5  12.3  11.28  12.07
  5  326  97  6.0  10.39±0.1  8.52±0.4  11.68±0.3  10.47  8.67  11.58
  6  448  97  6.0  11.85±0.3  8.65±0.5  12.25±0.6  11.93  8.78  12.27
  7  370  97  7.7  11.26±0.2  8.71±0.3  11.46±0.5  11.32  8.59  11.31
  8  448  97  7.7  12.49±0.5  8.83±0.1  11.75±0.3  12.37  9.17  11.78
  9  448  97  10.0  10.74±0.1  8.25±0.3  12.44±0.1  11.13  8.08  12.46
  10  448  80  10.0  12.76±0.4  8.82±0.3  13.19±0.1  12.81  8.99  13.29

table 6 - Determination of zinc, copper and iron in the pis-
tachio nut.

Sample	No.	 	 (µgg-1)(RSD%)

	 Zinc	 Iron	 Copper

Sample 1  12.47±0.14  9.3±0.08  11.52±0.12
Sample 2  12.93±0.12  9.1±0.10  12.1±0.15
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r2
Adj = 0.914 for iron and r2 = 0.974, r2

Adj = 
0.928 for zinc). Verification experiments per-
formed at the predicted conditions show the 
validity and adequacy of the predicted mod-
els. As shown in table 5, the observed results 
accorded well with the predicted results and 
indicate that the developed model is accurate 
and reliable.

the optimized MAE method was applied to 
the determination of zinc, iron and copper in the 
pistachio nut. the results obtained are showed 
in table 6.

cONcLUsION

Application of microwave-assisted extraction 
for mineralization of copper, iron and zinc from 
pistachio nuts is a practical approach. this 
research showed that response surface meth-
odology was an appropriate method to opti-
mize the best culture conditions for achieving 
maximum extraction of the zinc, copper, and 
iron. the validation results clearly confirmed 
that the proposed optimization modelling is 
an effective procedure to understand the re-
lationships among the independent and re-
sponse variables and to maximize the extrac-
tion efficiency.
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AbstrAct

this manuscript addresses the effect of meat marinating and applying aluminum trays during 
grilling on the content of PAHs in pork steaks of neck.

based on survey evidence it was found that the use of marinades with beer, wine and oil in-
creased the content of PAHs in grilled meat products. the results obtained in this study clear-
ly indicate that the use of the aluminum trays in grilling process, significantly reduces the level 
of PAHs in finished products (baP - below quantification limit of the method). the application of 
aluminum trays resulted in the reduction of the total level of PAHs, i.e. by 66.9% - dry marinate 
and by 86.3% - wine marinate.

sensory analysis confirmed the highest value in steaks from the grate after dry marinating; the 
least tasty appeared to be those steaks marinated in wine.
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INtrODUctION

the technique of thermal treatment of raw 
materials, namely grilling, is highly popular 
amongst consumers. this may be affected by 
several factors including, most of all, the desir-
able sensory values and reduced calorific val-
ue of the final products. An important aspect is 
the availability of a variety of appliances, recipes 
and raw materials as well as the fact that grill-
ing usually takes place in the fresh air, in the 
company of family and friends. consumers pay 
a lot of attention to the sensory and nutritive 
values obtained in grilled food products (tKAcZ 
et al., 2007). Apart from such desirable traits as 
the pleasant and specific aroma and taste, ther-
mal treatment over an open fire induces the for-
mation of cholesterol oxidation products one of 
the causative agents of atherosclerosis, as well 
as compounds with carcinogenic potential, in-
cluding: polycyclic aromatic hydrocarbons, het-
erocyclic amines and free radicals (DYrEMArK 
et al., 1995; JÄGErstAD and sKOG, 2005; KEAt-
ING and bOGEN, 2004; LArssON et al., 1983; MU 
LEE and AE sHIM, 2007; sINHA and rOtHMAN, 
1999; strAtIL and KUbAŃ, 2005; WENZL et al., 
2006). the generation of these detrimental sub-
stances may be counteracted by the appropri-
ate conduct of the grilling process – grilling on 
incandescent coal, not allowing the dripping fat 
to burn, grilling smaller portions of food which 
enables the shortening of the high-temperature 
treatment and not applying grilling to marinated 
or cured meats (FArHADIAN et al., 2011; rEINIK 
et al., 2007, KUHN et al., 2008).

Polycyclic aromatic hydrocarbons (PAHs) 
are toxic substances that constitute a numer-
ous group of compounds (over 100) contain-
ing from two to several or even ten to twenty 
aromatic rings in a molecule (cIEcIErsKA and 
ObIEDZIŃsKI, 2007; FArHADIAN et al., 2010; FEL-
tON and KNIZE, 1995; HYLLAND, 2006; JIrA et 
al., 2006; MOttIEr et al., 2000). PAHs do not 
occur alone, but always in a mixture. Investi-
gations have shown that the presence of one 
compound from the group of PAHs in environ-
mental samples indicates that other compounds 
belonging to that group occur in those sam-
ples as well. the scientific committee on Food 
(scF) concluded that 15 PAHs, namely benz[a]
anthracene (baA), benzo[b]fluoranthene (bbF), 
benzo[j]fluoranthene (bjF), benzo[k]fluoran-
thene (bkF), benzo[ghi]perylene (bghiP), benzo[a]
pyrene (baP), chrysene (cHr), cyclopenta[cd]
pyrene (cPP), dibenz[a,h]anthracene (DhA), 
dibenzo[a,e]pyrene (DeP), dibenzo[a,h]pyrene 
(DhP), dibenzo[a,i]pyrene (DiP), dibenzo[a,l]
pyrene (DlP), indeno[1,2,3-cd]pyrene (IcP) and 
5-methylchrysene (5Mc), have shown substan-
tial genotoxicity in standard assays in vitro and 
in vivo. the Joint FAO/WHO Expert commit-
tee on Food Additives (JEcFA) has added a 16th 
analyte to the list – 7H-benzo[c]fluorene (EFsA 

2008). the best recognized hydrocarbon belong-
ing to the group of PAHs is benzo[a]pyrene (baP), 
which owing to the strength of its carcinogenic 
action and common occurrence in the environ-
ment has been acknowledged as an indicator of 
the entire group of PAHs (bENFOrD et al., 2010; 
PHILLIPs, 1999; rEINIK et al., 2007; sEIDEL et al., 
2008; ŠIMKO, 2002; WENZL et al., 2006). 

In 2005, the European Union implemented the 
recommended values for baP content in select-
ed food products. the maximal admissible lev-
els of baP were provided for foodstuffs contain-
ing fats and oils - 2 µg kg-1, for infants and small 
children formulas - 1 µg kg-1, for smoked meat 
and smoked meat products - 5 µg kg-1, as well 
as for oysters - 10 µg kg-1 (Ec rEGULAtION No. 
1882/2006; Ec rEGULAtION No. 333/2007; 
WENZL et al., 2006). However, that regulation 
does not stipulate the admissible levels of baP 
contents in grilled products.

Marinating is widely used by consumers in 
the case of meat in order to influence its sen-
sory parameters. therefore, the effects of mari-
nating on the level of PAHs in marinated grilled 
meat products, were analysed.

the research was aimed at showing consum-
ers such technology of raw materials prepara-
tion for grilling as would enable obtaining as low 
possible a concentration of indicatory hydrocar-
bons in finished products to be obtained.

MAtErIALs AND MEtHODs

Grilling

In Poland, the most popular raw meat used 
for grilling is a pork neck steak. such raw ma-
terial was used in the experiment. Pork neck 
was purchased in a local store. the proximate 
chemical composition of the raw material on 
a Food check 22 Fc 90 60 80 (bruins Instru-
ments spectrophotometer) was as follows: water 
67.7%, protein 19.4%, fat 12.4%, and collagen 
2.45%. It was used to prepare steaks weighing 
ca. 180 g, with a similar shape and a thickness 
of ca. 2 cm. Next, the steaks were marinated in 
4 marinates. Following the producer’s recom-
mendations, 25 g of classic marinade per kg of 
meat were used on each of them. the composi-
tion of a classic marinade available on the mar-
ket was as follows: salt, garlic, sweet paprika, 
hot paprika, sugar, coriander, mustard, mar-
joram, black pepper, juniper, onion, rosemary, 
clove, bay leaves, and monosodium glutamate. 
Next, oil, beer and wine were added to 3 mari-
nades: A - dry classic marinade 25 g - without 
any additives; b - classic marinade 25 g + half 
a glass of oil; c - classic marinade 25 g + half a 
glass of red dry wine; D - classic marinade 25 
g + half a glass of pale beer (quantities of sea-
sonings and additives used per kg of raw ma-
terial). the steaks were marinated for 12 h at a 
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temperature of 4°c (6 steaks were marinated in 
each). Afterwards, they were weighed to deter-
mine mass gain during marinating.

Next, the steaks were grilled. they were 
weighed before and after the thermal treatment 
in order to determine their mass losses. control 
samples were non-marinated steaks.

A coal grill with a grate diameter of 50 cm, and 
distance between fire and sample reaching 15 
cm was employed. After 30 min since kindling 
(the charcoal briquette was glowing), the heat-
ed briquette was evenly distributed over the grill 
and left for 10 min for temperature stabilization 
– the temperature of the grate was 250°c. After-
wards, meat samples were grilled directly onto 
the grate and with the use of aluminum trays to 
the internal temperature of 82°c. the tempera-
ture was measured by thermometer Hanna In-
strument HI 92804c.

Polycyclic aromatic hydrocarbons

Experimental

the following methods were used to deter-
mine baP in meat products: extraction of lip-
id fraction, sEc (size Exclusion chromatogra-
phy) technique to separate hydrocarbons from 
fat, and high-performance liquid chromatogra-
phy with fluorescence detection (HPLc/FLD).

the baP determination technique with the use 
of HPLc with fluorescence detection was con-
ducted in reversed phase configuration (non-
polar stationary phase). the mobile phase was 
water and acetonitrile (WĘGrZYN et al., 2005).

reagents and standards

the following reagents and standards were 
used for determination of baP:

acetonitrile - AcN, dichloromethane - DcM, 
chloroform and methanol – (HPLc Labscan, 
Dublin, Ireland), benzo[b]chrysene – bbch 
(Dr Ehrenstorfor GmbH (10 ng/µL AcN)], baP 
[standard reference Material 1647 d-NIst (4.91 
µg/mL)). the remaining reagents were of “pure 
for analysis” grade. Water was sourced from Mil-
li-Q system (Millipore, bedford, UsA).

For quantitative evaluation of baP, use was 
made of the mixture of standards and an inter-
nal standard in AcN with bap and bbch con-
centrations of: 49.1 ng/mL and 50 ng/mL, re-
spectively, and of a solution of internal standard 
bbch in cAN with a concentration of 50 ng/mL.

Equipment

the study made use of a UM4EV2A - colloidal 
mill (bosch, Germany) for disintegration, Vortex 
(JWE-electric, Warsaw, Poland) separator 317b 
high-speed, with 310b rotations controller (Pre-
cision Mechanics, Warsaw, Poland), and water 
bath (Falc, Luvarno, Italy).

to isolate the hydrocarbon fraction from the 
extracted fat of the analysed samples, the fol-
lowing instruments were employed: AsI-100 pre-
parative chromatograph with automatic sam-
ple dispenser, gradient chromatographic pump 
with P-580 degassifier, photometric detector 
with UVD-340s diode matrix, UcI-100 universal 
chromatographic adapter (DIONEX-sOFtrON, 
Germering, Germany), fraction collector Foxy Jr. 
Fraction collector (Isco, Lincon, UsA), column of 
steric exclusion – Plgel on Ps/DVb bed, 5 μm, 
50 Å, 600 x 7.8 mm i.d., together with precol-
umn (Polymer Laboratories, Amherst, Usa). the 
run of analyses was controlled by the chrom-
Leon v. 620 program (DIONEX-sOFtrON, Ger-
mering, Germany).

For quantitative determination of baP, the 
following instruments were employed: Agilent 
1100 analytic chromatograph, equipped with 
a G-1322A vacuum degassifier of samples, G-
1313A automatic sample dispenser, G-1311A 
four-channel pump, G-1316A column thermo-
stat, G-1321A fluorimetric detector with the pos-
sibility to sweep the spectra (Agilent technolo-
gies, Palo Alto, Usa), column with precolumn 
Hypersil Green PAHs, 5 µm, 250 x 3 mm i.d. 
(thermo Electron corporation, runcorn, UsA). 
the run of analyses was controlled by the chem 
station Lc 3D program (Agilent technologies, 
Palo Alto, Usa).

Analytical procedure

to glass test tubes, 1 g of previously homog-
enized sample was weighed, then 100 µL of in-
ternal standard of bbch (50 ng/mL) was added 
and then, 1.5 mL of methanol was added. the 
samples were shaken, using a Vortex, for one 
minute and then, 3 mL of chloroform and 1.5 
mL of water were added. the whole content was 
shaken, using a Vortex, for 3 minutes and then 
centrifuged for 10 minutes at 10,000 r.p.m. the 
chloroform solution containing the lipid frac-
tion of PAHs was filtered to a test-tube (10 mL) 
on Whatman’s paper. the sample was again ex-
tracted with 3 mL of chloroform, shaken, using 
a Vortex, for 3 minutes and then, centrifuged for 
10 minutes at 10,000 r.p.m. the chloroform frac-
tion was again filtered on a filter. the combined 
chloroform fractions were evaporated to dryness 
in a nitrogen stream in a water bath (40°c). the 
residues were dissolved in 4 mL of dichlorometh-
ane. the prepared extracts of the samples were 
subjected to purification, with the application of 
preparative chromatography of steric exclusion 
(WĘGrZYN et al., 2005).

the purification stage utilizing preparative 
chromatography of steric exclusion was per-
formed under isocratic conditions with the flow 
of the mobile phase, DcM at the rate of 1 mL/
min. UV detector – 254 nm. before performance 
of chromatographic measurements, the column 
was preliminarily stabilized for 1 hour. Analy-
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sis covered 400 µL of the prepared extract of 
the sample in dichloromethane. PAHs-contain-
ing eluate with a retention time equal to 18-24 
minutes was collected in a fraction collector and 
then, was evaporated to dryness in a nitrogen 
stream in a water bath (40°c). Dry residues were 
dissolved in 200 µL of AcN. the prepared sam-
ples were transferred onto a high performance 
liquid chromatograph.

Determination of baP was performed, using a 
gradient of the mobile phase water /acetonitrile. 
the sample was transferred with a 50:50 com-
position of mobile phase. Within 20 minutes, 
the concentration of AcN increased by 100%; 
remained at this level for 15 minutes and then 
returned to the initial value (50:50). the flow of 
the mobile phase was 0.8 mL/min and the tem-
perature was 25°c. the volume of the transferred 
sample was 20 µL. before performing the meas-
urements, the column was thermostatically con-
trolled at a temperature of 25°c for 1 h. On the 
basis of retention times for baP and bbch, the 
optimal conditions of work of the fluorescence 
detector were established (WĘGrZYN et al., 2005):

baP – λex 256 nm, λem 446 nm;
bbch - λex 295 nm, λem 410 nm.
baP - content was calculated according to the 
following formula:

cbaP =  

cbaP – content of baP in the sample (µg kg-1)
AbaP – area of baP peak 
Ais – area of internal standard peak
M – concentration of the added standard (µg kg-1)
k – correction coefficient

Sensory evaluation

the sensory assessments of the samples were 
carried out by a panel consisting of 10 members 
selected and trained according to IsO guidelines 
(IsO 8586-1:1993). All assessors passed the ba-
sic taste test, the odour test and the colour vi-
sion test. Prior to their participation in the ex-
periments, the subjects were trained on senso-
ry descriptors for marinated (with oil, beer, and 
wine) and unmarinated grilled pork.

Having been grilled the samples were served 
hot to the sensory panels. the ready grilled 
steaks were sensory evaluated according to 
the IsO 8587 ranking method in order to de-
termine which of the marinates is the most 
acceptable to consumers. Each of the 10 as-
sessors was asked to rank 4 samples obtained 
by ascribing the 1st rank to the most desirable 
sample and the 4th rank to the least accepta-
ble sample.

Statistical analysis

the average value, standard deviation and the 
test of the significance of differences test were 
estimated using the statistica 8.0 software. re-
sults of the sensory evaluation were analyzed 
using the Friedman test.

rEsULts

Figure 1 demonstrates mass increase in the 
samples after marinating and thermal drip that 
occurred during grilling directly on a grate and 
with the use of aluminum trays. Mass gain 
determined in the samples marinated in oil, 
beer and wine did not differ significantly and 

Fig. 1 - Mass increase after marinating and thermal losses generated during grilling on a grate and with the use of alumi-
num trays.
control samples were unmarinated steaks grilled directly on the grate.
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reached 4.3±0.7% on average in turn, a signif-
icantly lower (p<0.05) mass increase was ob-
served during marinating without the addi-
tion of liquids, i.e. 1.7±0.4% when compared to 
the marinating in wine – 5.2±0.8% and in beer 
– 4.3±0.5% (Fig. 1).

the marinating had no significant effect on 
mass losses generated during the grilling (Fig. 
1). Analyses demonstrated, in turn, that the ap-
plication of aluminum trays may reduce ther-
mal drips by ca. 12% (Fig. 1). the grilling of the 
steaks directly on the grate results in a thermal 
drip at the level of 33.8%, whereas with the use 
of aluminum trays the thermal drip accounts 
for 21.6%.

the influence both of the type of marinates 
used and marinating on the thermal weight loss 
was also observed. this dependency was also 
demonstrated by, among others, QUELHAs et al. 
(2010) and MELO et al. (2008). they determined 
the thermal weight loss of marinated and un-
marinated pan-fried beef to reach, respective-
ly: 45 - 49%, 39 - 40% (QUELHAs et al., 2010), 
and 52 - 55%, 48 - 50% (MELO et al., 2008). 
GIbIs and WEIss (2010) show that the extent 
of the thermal weight loss upon the heat treat-
ment process is determined by the time. Dif-
ferent heat treatment times differentiate ther-
mal weight loss value by 31 to 44% (GIbIs and 
WEIss, 2010).

Polycyclic aromatic hydrocarbons

the obtained detection values (LOD-µg kg-1),
quantification (LOQ-µg kg-1) and recovery 
(%) methods were respectively for: fluoran-
thene 0,2/0,4/102; pyrene 0,2/0,4/96; baA 
0,2/0,4/101; cHr 0,1/0,3/78; bbF 0,1/0,3/98; 
bkF 0,1/0,2/104; DbahA 0,1/0,3/90; bghiP 
0,1/0,3/76; baP 0,1/0,2/102. the obtained val-
ues of LOD, LOQ and recovery showed enough 
sensitivity for the detection of the compound 
in the samples (Ec DIrEctIVE 2005/10/Ec).

table 1 collates results of contents of the 
PAHs analyzed in marinated pork steaks grilled 
directly on the grate and with the use of alumi-
num trays.

In the steaks grilled directly on the grate, the 
concentration of the baP in the control samples 
and those prepared with the applied marinates 
dry, based on oil and beer did not differ signif-
icantly and ranged from 1.05 to 1.22 µg kg-1. 
A significantly higher (p<0.001) concentration 
of baP, i.e. 2.78 µg kg-1, was reported for the 
steaks marinated in wine. In all samples grilled 
on aluminum trays, the level of baP was below 
the quantification limit of the method.

A similar tendency was noted while analyzing 
the total (S) content of the examined hydrocar-
bons. the steaks grilled on the grate, both the 
control ones and those marinated in the dry, oil, 
and beer marinades were characterized by sim-
ilar S PAHs – 15.32, 17.81, 22.51, and 19.38 µg 

kg-1 respectively. In contrast, in the case of the 
samples marinated in wine that value was sig-
nificantly higher and accounted for 42.12 µg 
kg-1 (table 1).

the use of the aluminum trays was observed 
to significantly decrease the sum of all analyzed 
hydrocarbons to the same level in all the mari-
nated samples examined – ca. 5.85 µg kg-1 (ta-
ble 1).

Sensory evaluation

the sensory assessment involved determina-
tions of the acceptance and preference ranks of 
the consumers. Each assessor was provided with 
four samples arranged in a row (steaks marinat-
ed in different marinades: A, b, c, and D, as de-
scribed in the Materials and Methods section) for 
evaluation and ascribed a respective rank in a 
row for each analyzed sample – from the best to 
the worst. results of the ranking made by the 
assessors are presented in Fig. 2.

For 10 assessors and 4 samples, the critical 
value of Friedman test accounts for F=11.34 at 
a significance level of p<0.01.

based on the evaluation performed, the criti-
cal F value was calculated (IsO 8587) taking into 
account the number of assessors, the number 
of samples and the sum of ranks. the calculat-
ed value reached FD=20.4. the value obtained 
in the assessment is higher than the critical val-
ue FD>F, which enables the conclusion that the 
samples assessed differed significantly between 
one another. In addition, differences were de-
termined between particular samples in a row 
(IsO 8587).

Analyses demonstrated that samples b and 
D did not differ significantly between one an-
other, and that the other samples were statisti-
cally significantly different at a significance lev-
el of p<0.05.

the sensory evaluation carried out in the 
study enables the conclusion that the steaks 
marinated in the dry marinade are the most ac-
ceptable by the consumers. the assessors most 
frequently ranked those samples the 1st place 
in a row. the steaks marinated in oil and beer 
were ranked second, whereas the least desirable 
turned out to be the steaks marinated in wine – 
ranked fourth by the consumers (Fig. 2).

DIscUssION

Grilling in Poland is somehow specific due to 
the raw material preferred by consumers. the 
most popular is pork meat – neck, loin and ba-
con. In the present study, analyses were con-
ducted for a pork neck steak, which – unfortu-
nately – is difficult to compare with results re-
ported in other countries. In the United states 
and canada (KAZErOUNI et al., 2001; KEAt-
ING and bOGEN, 2004; sALMON et al., 1997; 
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sINHA and rOtHMAN, 1999), in Europe (MOt-
tIEr et al., 2000; rODrIGUEs-EstrADA et al., 
1997; sUNDArAJAN et al., 1999; tIKKANEN et 
al., 1996) consumers usually grill beef, poul-
try and hamburgers. the results obtained in 
the study were, thus, discussed in respect of 
those products.

results obtained in the experiment demon-
strate that marinating does not exert any ex-
plicit effect on PAH content. Of significance 
in this case are the composition of the mar-
inade and the method of treatment. the ad-
dition of wine considerably increases all the 
mentioned indicators – 2.78 µg kg-1-baP and 
42.12 µg kg-1-SPAHs. this may be due to the 
high compactness of the wine polyphenolic 
compounds such as anthocyanins and tan-
nins, which play an important role in the for-
mation of Maillard compounds and are an 
additional organic substrate undergoing py-
rolysis. 

It should be borne in mind, however, that 
none of the consumers grills meat with no sea-
sonings added, but each additive may be the pri-
mary source of pollution from the environment 
or the process carried out. 

the content of baP in grilled food varies to a 
considerable extent, and is affected by the grill-
ing temperature, the extent of frying and type of 
the raw material grilled. 

Depending on the raw material to be grilled, 
the content of baP is adopted at a level of: 6 µg 
kg-1 for a beef steak (rIVErA et al., 1996); 0.1 
– 4.85 µg kg-1 for a hamburger (ELHAssANEEN, 
2004); 4,57 and 4.6 µg kg-1 for chicken with 
bone and skin (KAZErOUNI et al., 2001; cHEN 
et al., 1996); as well as 0.4 µg kg-1 and 0.12 µg 
kg-1 for chicken fillet (KAZErOUNI et al,. 2001; 
cIEMNIAK, 2007). MOttIEr et al. (2000) did not 
detect baP in barbecued meat sausages from 
turkey, beef, and pork. In turn, the concentra-
tion of baP in veal sausages ranged from 0.32 
to 2.81 µg kg-1.

the effect of the extent of roasting on the con-
tent of baP was reported in a study by KAZE-
rOUNI et al. (2001) and cIEMNIAK (2007). the 
content of baP in grilled beef hamburgers ac-
counted for: medium – 0.09 µg kg-1, well done 
– 0.56 µg kg-1, very well done – 1.52 µg kg-1; in 
beef steaks: medium – 4.15 µg kg-1, well done – 
4.75 µg kg-1, very well done – 4.86 µg kg-1 (KA-
ZErOUNI, 2001), and in chicken leg: medium – 
0.32 µg kg-1 and well done – 0.73 µg kg-1 (cIEM-
NIAK, 2007).

A very interesting result of our experiment is 
the fact that in all the samples examined the 
use of aluminum trays, constituting a barri-
er between the fire and the raw material re-
duced the content of benzo[a]pyrene to a lev-
el below the detection limit of the method, 
and the S PAHs by 66.9% in the samples pre-
pared in dry marinade, by 74.2% in the sam-
ples marinated in oil, by 86.3% in those mar-

Fig. 2 - results of the sensory evaluation of marinated pork 
steaks grilled on a grate.
I - X - Assessor.
1-4: place in a row.
1 place: the best sample; 4 place: the worst sample.

inated in wine and by 70% in those prepared 
in beer (table 1).

similar results were obtained in research by 
cIEMNIAK (2007). As a result of using the alu-
minum trays, the reduction of baP in medium-
done grilled chicken meat reached: leg – 53%, 
leg skin – 99%, wing – 97%, wing skin – 99%, 
and fillet – 83%.

the grilling conditions applied in the study en-
abled a product to be obtained which was ful-
ly acceptable to consumers with the least pos-
sible exposure to the generation of detrimental 
substances. Despite the growing interest in the 
health aspects of meat, good sensory properties 
remain a key priority as a consumer choice crite-
rion (tKAcZ et al., 2007; VErbEKE et al., 1999). 
results of the sensory assessment are correlat-
ed with those noted for concentrations of car-
cinogenic substances, namely PAHs. It turns 
out that the respondents were the most fond of 
steaks from the grate marinated in the dry mar-
inade, in which the content of SPAHs (17.81 µg 
kg-1) and the content of baP (1.08 µg kg-1) were 
the lowest. the least tasty appeared to be the 
steaks from the grate marinated in wine that 
were characterized by the highest content of 
both SPAHs (42.12 µg kg-1) and benzo(a)pyrene 
(2.78 µg kg-1). 

In conclusion the following tips can be formu-
lated for consumers:

- meat may be marinated in any marinate, 
however aluminum trays should be used at each 
grilling – this will enable the risk of human or-
ganisms being exposed to polycyclic aromatic 
hydrocarbons to be minimised; 

- if, due to sensory reasons, aluminum 
trays are not used liquids such as oil, beer 
and especially red wine for marinades should 
be avoided in view of the need to limit expo-
sure to PAHs.
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ciecierska M. and Obiedziński M. 2007. Influence of smok-
ing process on polycyclic aromatic hydrocarbons content 
in meat products. Acta scientiarum Polonorum, techno-
logia Alimentaria 6(4): 17-28.

ciemniak A. 2007. Porównanie wpływu metody grillowania 
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AbstrAct

the effect of polymer molecular weight and pH on the partitioning of bovine serum Albumin 
(bsA) has been studied. the protein partitioning decreased on increasing the molecular weight of 
PEG, whereas the partitioning increased with pH increasing of the system. the maximum recov-
ery percentage of extraction was in pH=8.5 and PEG1000.
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INtrODUctION

Aqueous two-phase systems (AtPs) form an 
extensive separation technique in biochemistry 
and biotechnology for the separation and puri-
fication of biological materials such as proteins, 
nucleic acids, microorganisms, animals and 
plant cells (AZEVEDO et al., 2009; KArAKAtsANIs 
and LIAKOPOULOU-KYrIAKIDEs, 2007). Usual-
ly downstream process accounts for 50-80% of 
the total production costs of proteins (ALbErts-
sON, 1986). conventional methods used for pro-
tein purification are usually expensive because 
it involves several steps of unit operation, which 
require high-energy input and are difficult to 
scale up. Hence, in recent years there has been 
an ongoing interest in biotechnology for the de-
velopment of innovative separation and purifi-
cation methods that are both economically via-
ble and gentle enough to preserve biological ac-
tivity of proteins. AtPs provides a secure sep-
aration and purification technique for bio-mol-
ecules that meet the abovementioned require-
ments (WALtEr et al., 1985).

the partitioning of proteins in the standard 
biphasic aqueous systems depends on the con-
centration and molecular weight of the polymers, 
the concentration and type of the salt, and pH. 
so the protein partition coefficient can be modi-
fied by changing the medium experimental con-
ditions such as pH, salt concentration, and pol-
ymer molecular mass (WALtEr et al., 1985). Pro-
teins are partitioned between two phases with 
a partition coefficient that can be modified by 
changing the medium experimental conditions 
such as pH, salts, ionic strength, molecular 
mass and polymer concentration, pH and tem-
perature (sPELZINI et al., 2005). the aim of this 
work was to study the behavior of the partition 
coefficients of bovine serum Albumin (bsA) in 
PEG/(NH4)2HPO4 systems at 25ºc. In order to en-
hance the recovery percentage of the protein in 
the top phase, the influences of process param-
eters like different polymer molecular weights 
and pH on bsA partitioning were studied.

MAtErIALs AND MEtHODs

Materials

the bovine serum albumin, salt and other 
chemicals used were of analytical grade. Double 
distilled and deionized water were used through-
out. the salt was dried in an oven at about 120ºc 
for 24 h before use. All chemicals were used with-
out further purification.

Preparation of aqueous two-phase systems

the diammonium phosphate solutions were 
prepared by adding small amount of ammoni-
um hydroxide or phosphoric acid to 40% (w/w) 

diammonium phosphate solutions, until the 
desired pH was reached. AtPss were prepared 
in 10 mL centrifuge tubes by weighing the ap-
propriated amounts of 40% (w/w) PEG (1,000, 
4,000 and 8,000) stock solution, 40% (w/w) di-
ammonium phosphate solutions (desired pH). 
A known concentration (20 µg/mL, 500 µL) of 
soluble protein was added to AtPs at desired 
pH of the system. All systems were mixed us-
ing a vortex mixer and centrifuged for 10 min 
at 1,500 g, then placed at 25ºc for 30 min. the 
volume of each phase was measured when the 
system turned clear. samples from top and bot-
tom phases were then carefully removed and as-
sayed for protein concentration.

Partition coefficient (K) was defined as the ra-
tio of equilibrium concentration of bsA extract-
ed in the top phase to that in the bottom phase. 
the recovery percentage (Ye) was also calculated 
based on the partition coefficient to study the ef-
ficiency of the system. Yield percentage was cal-
culated by using the following equation:

the ratio (R) was defined as the volume ratio 
of the top phase to the bottom phase.

Determination of bsA concentration

the protein concentration was determined 
by the bradford (1972) method with coomas-
sie blue G250. the optical density was meas-
ured at 595 nm.

All experiments and measurements were con-
ducted at least in triplicates.

rEsULts AND DIscUssION

Effect of PEG molecular weight 
on the protein partitioning

the strong influence of polymer molecular 
mass on protein partitioning has been shown 
experimentally by several researchers (DALLO-
rA et al., 2007; DONG-QIANG et al., 2003). In the 
present work, the influence of polymer molecu-
lar weights and pH on protein partitioning have 
been studied for PEG - (NH4)2HPO4 system, and 
the result is shown in Fig. 1. From the figure, it 
has been observed that the partitioning of pro-
teins in PEG - (NH4)2HPO4 system is dependent 
on the molecular weight of the PEG. In this fig-
ure, K is the partition coefficient. the partition-
ing behavior of proteins in aqueous two-phase 
systems results from concurrent effects that 
cannot be individually measured, but insight 
can be gained by relating the observed tenden-
cies with features of the proteins and of the sys-
tems themselves.

From the figure it is seen that the partition-
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ing of soluble proteins can be altered by varying 
the molecular weight of PEG. With an increase 
in the molecular weight of PEG from 1,000 to 
8,000, the partition coefficient of bsA decreas-
es at PEG - (NH4)2HPO4 system. For a lower mo-
lecular weight protein, the partition coefficient 
is high and thereby the extraction efficiency of 
the system is increasing due to an excluded vol-
ume effect (ZAsLAVsKY, 1995).

Our data have showed that different param-
eters and conditions such as PEG molecular 
weight and pH could be effect on bsA extrac-
tion rates (table 1).

bAsKIr et al. (1989) stated that the protein 
partition is driven by not only an entropic mech-
anism but also enthalpic effects as well. Accord-
ing to PIcO et al. (2007), from a molecular point 
of view, PEG of low molecular mass may interact 
strongly with proteins, while PEGs of higher mo-
lecular mass have ability to form intramolecular 
bonds. the protein transfer to one of the phases 

requires the breaking of the interaction between 
the phase components to create a cavity where 
the protein will be included. therefore, the en-
ergy balance can be negative or positive accord-
ing to whether protein/polymer interactions are 
attractive or repulsive, thus it depends on the 
PEG molecular mass (sArAVANAN et al., 2008).

better protein partitioning was achieved with 
low PEG molecular weight due to the low inter-
facial tension for low molecular weight of PEG. 
It was reported that interfacial tension between 
the phases is an important factor that deter-
mines the partitioning behavior of particles and 
cells (JOHANssON, 1974).

Effect of pH on protein partitioning

the pH values chosen were near neutral, so 
as to make the system biocompatible. the par-
tition coefficient increased with pH increas-
ing in of the system as shown in Fig. 2. the pH 

Fig. 1 - Effect of PEG molecular weight on protein partitioning in PEG - (NH4)2HPO4 systems.

table 1 - Effect of PEG molecular weight and pH on bsA extraction in PEG - (NH4)2HPO4 systems.

	 pH=5.5	 pH=7.0	 pH=8.5

	 PEG1000	 PEG4000	 PEG8000	 PEG1000	 PEG4000	 PEG8000	 PEG1000	 PEG4000	 PEG8000

Ye (%) 55.71 8.70 3.92 62.03 12.46 15.20 62.72 32.47 26.43
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could affect the partitioning, either by chang-
ing the charge of the solute or by altering the 
ratio of the charged species present. At low pH, 
the proteins have a net positive charge because 
the amine gains an extra proton and at high 
pH, they have a net negative charge because 
the carboxyl loses its proton. At higher pH, the 
protein is more negatively charged than at low 
pH, and therefore, the partition coefficient of the 
protein increases with increasing the pH (Fig. 
2), which may be caused by the electrostatic in-
teractions between the protein and PEG units. 
several authors have reported that negative-
ly charged proteins partition to the top phase 
(PEG rich) and positively charged protein to the 
bottom phase (JOHANssON et al., 1994; sArA-
VANAN et al., 2008).

bsA better partitioning obtained at pH 8.5. 
this pH is above the isoelectric point of bsA 
(pH

i 
=4.7). Increased in partition coefficient val-

ue could be due to hydrophobic interaction and 
net charge effect, which is a function of the pol-
ymer concentration and solution pH (sArAVANAN 
et al., 2008).

cONcLUsIONs

Aqueous two-phase extraction have success-
fully used for bsA extraction. there are many 
factors affecting on extraction rates. Our exami-

Fig. 2 - Effect of pH on protein partitioning in PEG - (NH4)2HPO4 systems.

nation results showed at pH=7-8 and molecular 
weight of PEG1000 extraction rate was increased 
to 62%. In summary, AtPs is a promising tech-
nique for the separation of bsA with the PEG - 
(NH4)2HPO4 system.
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AbstrAct

In the Puglia region, a multicolor landrace called the yellow-purple Polignano carrot has been 
cultivated since 1940 by local smallholder farmers and has been added to the slow Food list of 
traditional products. composition analyses of these carrots were carried out including carbohy-
drate assay, inorganic cations, nitrate content, and dry weight of each colour. besides, antioxi-
dant activity, β-carotene, total phenols and carotenoid content on the full carrots and on the cor-
tex and inner core separated tissues were determined. the same analyses were performed on a 
commercial carrot cultivar.

On average, total glucose, fructose, and saccharose content was 22% lower in the yellow-pur-
ple Polignano carrot than in the commercial one. In addition, the highest contributor to the rela-
tive sweetness in the yellow-purple Polignano carrot was fructose (43.5%), which affects its well-
known taste, as well as its glycemic index. As for the nutritional parameters, purple carrots showed 
the highest content in antioxidant activity, total phenols, carotenoids and β-carotene, mainly de-
tected in the cortex.
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1. INtrODUctION

the consumption of carrot (Daucus carota L.) 
is increasing steadily due to its recognition as 
an important source of natural antioxidants with 
anticancer activity (sHArMA et al., 2011). car-
rot is a significant source of phytochemicals, in-
cluding phenolics (bAbIc et al., 1993) and caro-
tenoids (bLOcK, 1994). Due to their appreciable 
level of different compounds, carrots are consid-
ered a functional food with significant health-
promoting properties (ArscOtt and tANUMI-
HArDJO, 2010).

An increasing interest in coloured carrots 
due to their high antioxidant activity and nu-
trient content has been reported (ALAsALVAr et 
al., 2001; ALAsALVAr et al., 2005; GrAssMANN 
et al., 2007). In particular, purple carrots, such 
as purple-yellow or purple-orange, have higher 
antioxidant capacity and antioxidant content in 
comparison with other colours (sUN et al., 2009).

recently, new hybrids of coloured carrots 
have been commercialized. In particular, yel-
low and purple carrots (the latter also named 
Daucus carota ssp. sativus var. atrorubens 
Alef.) were first domesticated in oriental coun-
tries (such as Afghanistan and turkey) about 
ten centuries ago and have since been culti-
vated in Asia and Europe. Finally, documenta-
ry evidence reported by bANGA (1963) showed 
that coloured carrots have been present in It-
aly since at least the 13-14th century (rUbAtZ-
KY et al., 1999; bArANsKA et al., 2006). In the 
Puglia region (southern Italy), a multicolor lan-
drace called the yellow-purple Polignano carrot 
has been grown since 1940 by local smallholder 
farmers (personal communication: V.V. bianco 
2011). the length of these carrots ranges from 
15 to 25 cm, while the diameter can reach 5 
cm. they are characterized by a special sweet-
ness, crispiness and fragrance and by a great 
variety of colours in the external (outer core or 
cortex) and internal (inner core) root tissues. 
the cortex pigmentation or colour ranges from 
yellow or deep orange to dark purple, while the 
inner core colour ranges from pale yellow to 
light green. this landrace has been added to 
the slow Food list of traditional products by the 
slow Food Association (sLOW FOOD, 2011). In 
addition, it is included in the list of vegetables 

at risk of genetic erosion in the rural Develop-
ment Program of the Puglia region (2007-2013). 
the interesting aspect of this landrace is that 
the product can achieve excellent prices, gener-
ally twice or three times more than orange com-
mercial carrots. Nevertheless, although infor-
mation is available on the composition of other 
coloured carrots (ALAsALVAr et al., 2001), there 
is no data on the chemical characterization of 
the Polignano carrot. 

In the present study, compositional analyses 
of traditional yellow, orange and purple Polig-
nano carrot were performed. According to LUtA-
LADIO et al. (2010), the aim was to evaluate the 
antioxidant activity, total phenol, carbohydrate, 
carotenoids, and mineral content of this landrace 
to preserve its genetic variability and to promote 
its diffusion in the market.

In addition to highlight the quality of this lan-
drace, commercially-grown orange carrots were 
also included in these analyses in order to com-
pare their chemical compositions.

2. MAtErIALs AND MEtHODs

2.1 Plant material and growth conditions

commercial (cv “Presto”, Vilmorin http://
www.vilmorin.com) and traditional carrots were 
collected from a farm located in Polignano a Mare 
(ba), southern Italy and transported in refriger-
ated conditions in the laboratory to be analyzed. 
based on the epidermis colour, also known as 
skin pigmentation, the traditional Polignano car-
rots, hence indicated as “Polignano”, were sort-
ed into three groups, and designated yellow, 
orange and purple (table 1). thirty carrots for 
each group of “Polignano” and commercial car-
rots (10 samples x 3 replications) were analyzed 
for chemical traits as described.

2.2. colour analysis

ten samples for each group of “Polignano” 
and commercial carrots were used for the col-
our analysis. colour parameters L* (lightness), 
a* (redness) and b* (yellowness) were measured 
on five points on each carrot surface for a total 
of 50 measures for each carrot type. After that, 

table 1 - skin colour of commercial and yellow, orange, and purple Polignano carrots.

Skin colour L* a* b* h°

Commercial	 50.98±0.54	 22.25±1.03	 37.18±1.09	 59.47±0.44
Traditional
   Yellow	 53.21±1.14	 -1.34±1.29	 28.95±7.81	 92.36±1.67
    Orange	 51.24±0.32	 12.72±1.74	 25.61±1.98	 63.66±1.30
    Purple	 34.99±1.95	 6.91±1.30	 4.56±0.42	 33.91±7.59

Mean	value	of	50	measurements	for	each	carrot	type	±	standard	deviation.
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the same carrots were cut longitudinally and the 
colour of the cortex and inner core with the same 
method was measured. A colorimeter (cr-400, 
Konica Minolta, Osaka, Japan) equipped with 
a D65 illuminant, in the reflectance mode and 
in the cIE L* a* b* colour scale was used. Hue 
angle (h°= arctg b*/a*) from primary a* and b* 
readings, was then calculated. the colorimeter 
was calibrated with a standard reference having 
values of L*, a* and b* corresponding to 97.55, 
1.32, and 1.41 respectively.

2.3. carbohydrate assay and sweetness

Glucose, fructose and saccharose were de-
termined as reported by bUONO et al. (2009). 
briefly, 25 g carrots were homogenized with 
boiling distilled water (1:4, w/v) in a blender. 
the filtered solution (Whatman 1) was dilut-
ed and analyzed by ion chromatography (Di-
onex model DX500; Dionex corp., sunnyvale, 
cA) with a pulsed amperometric detector. Peak 
separation was performed using a Dionex car-
boPac PA1 and isocratic elution with 50 mmol 
L-1 NaOH.

the relative sweetness was calculated relative 
to all naturally occurring carbohydrates (fruc-
tose, 1.73; glucose 0.74; saccharose, 1.00) as 
reported by ALAsALVAr et al. (2001). 

2.4. Antioxidant activity 
and total phenol content

Antioxidant activity and total phenol content 
were analysed on the full carrots and on the sep-
arated cortex and inner core. the latter were ob-
tained by cutting the carrots longitudinally, and 
sampling the external (cortex) and middle (inner 
core) root sections, which presented the same 
uniform colour. the extraction procedure report-
ed by cEFOLA et al. (2011) for both antioxidant 
activity and total phenols was used. 

Antioxidant assay was performed following 
the procedure described by brAND-WILLIAMs et 
al. (1995) with minor modifications. the dilut-
ed sample (50 µL) was pipetted into 0.95 mL of 
diphenylpicrylhydrazyl (DPPH) solution to initi-
ate the reaction. the absorbance was read af-
ter about 30 min at 515 nm. trolox was used 
as a standard and the antioxidant activity was 
reported in milligrams of trolox equivalents per 
100 grams of fresh weight (fw).

total phenols were determined according to 
the method of sINGLEtON and rOssI (1965). 
Each extract (100 µL) was mixed with 1.58 mL 
water, 100 µL of Folin-ciocalteu reagent (sig-
ma-Aldrich, Milan, Italy) and 300 µL of sodium 
carbonate solution (200 g L-1). the absorbance 
was read after 2 hours at 765 nm (UV-1800, 
shimadzu, Kyoto, Japan). the content of total 
phenols was calculated on the basis of the cal-
ibration curve of gallic acid and was expressed 
as milligrams of gallic acid per 100 grams of fw.

2.5. total carotenoids and β-carotene content

total carotenoids and β-carotene content were 
analysed on the full carrots and on cortex and 
inner core separated tissues. For the analysis 
of total carotenoids, five grams of tissue were 
placed in capped 50 mL centrifuge tubes, fro-
zen at -80°c until extracted in 80% acetone, con-
taining a few mg of magnesium carbonate, with 
a homogenizer (Ultraturrax t-25, IKA staufen 
Germany) (LIcHtENtHALEr, 1987). to remove 
all pigments, tissues were extracted five times 
by adding 10 mL of 80% acetone to the pellets 
and finally the extracts were combined. sam-
ples were centrifuged, and the absorbances at 
471 and 477 nm were measured against an ac-
etone blank. total carotenoids were calculated 
according to the equation reported by ALAsAL-
VAr et al. (2005).

AOAc method (AOAc, 2000) was used for de-
termination of β-carotene by a spectrophotomet-
ric assay. β-carotene was directly quantified in 
the acetone phase by absorbance measurement 
at 436 nm.

to obtain the calibration curve at 436 nm, 
the standard of β-carotene supplied by sigma-
Aldrich (Milan, Italy) was used. thereafter, the 
β-carotene content was calculated on the basis 
of the calibration curve and data were expressed 
as mg 100 g-1 of fw.

2.6. Dry weight, nitrate content,
and inorganic cations

In order to measure dry weight, chopped car-
rots were maintained in a forced-draft oven at 
65°c until constant weight was reached. 

the dehydrated carrots were finely milled us-
ing an MF 10.1 cutting grinding head, 25 mm 
sieve (IKA Werke GmbH, staufen, Germany) and 
used for ion-exchange chromatography analy-
sis of nitrate as reported by sANtAMArIA et al. 
(1999). Nitrate (NO3

-) content was expressed on 
a fw basis.

sodium, potassium, magnesium, and calcium 
were determined on juice as reported by sEr-
IO et al. (2004). briefly, 25 g of carrots were ho-
mogenized with distilled water (1:4, w/v) in a 
blender. the filtered solution was diluted and 
analyzed by ion chromatography (Dionex mod-
el DX120; Dionex corporation, sunnyvale, cA) 
with a conductivity detector, using the pre-col-
umn IonPack cG12A and the column of sepa-
ration IonPack cs12A.

2.7. statistical analysis

the compositional analysis of “Polignano” and 
commercial carrots was tested performing a one-
way ANOVA, with data means arranged in a com-
pletely randomized design. A two-way ANOVA for 
carrot types, carrot tissues (inner core and cor-
tex) and their interaction was performed. Mean 
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Fig. 1 - Yellow, orange, and purple Polignano carrots used 
in the trial.

table 2 - carbohydrate assay (g 100 g-1 fw) in commercial and yellow, orange, and purple Polignano carrots.

Carrots Glucose Fructose Saccharose Total Relative sweetness
 
Commercial	 0.83±0.14	b	 0.69±0.16	b	 4.08±0.69	a	 5.60±0.76	a	 5.89±0.78	a
Traditional
   Yellow	 1.27±0.10	a	 1.30±0.14	a	 1.40±0.22	c	 3.97±0.14	b	 4.59±0.20	b
    Orange	 1.13±0.04	a	 1.16±0.07	a	 2.19±0.13	bc	 4.48±0.23	b	 5.03±0.27	ab
    Purple	 1.20±0.05	a	 1.28±0.09	a	 2.24±0.46	b	 4.70±0.39	b	 5.33±0.38	ab
ANOVA	 **	 **	 ***	 *	 *

Significance:	*,	**	and	***	=	significant	at	P	≤	0.05,	0.01	and	0.001,	respectively.	Mean	values	of	30	samples	±	standard	deviation.	For	each	attribute,	means	fol-
lowed	by	a	different	letter	are	significantly	different	(P	=	0.05)	according	to	the	SNK	test.

values for carrot types were separated using the 
student-Newman-Keuls (sNK) test and standard 
deviation was also calculated.

3. rEsULts AND DIscUssION

3.1. carbohydrate assay and sweetness

the Polignano carrot showed a higher glucose 
and fructose content (on average, 1.20 and 1.25 
g 100 g-1 fw, respectively) than the commercial 
type (table 2). On the other hand, the commer-
cial carrots presented a total glucose, fructose 
and saccharose content that was 20% high-
er than the mean value detected in the “Polig-
nano” (table 2). the relative sweetness of com-
mercial carrots was mainly affected by saccha-
rose (69.1%), which in “Polignano” accounted for 
only 38.5%. the highest contribution to the rel-
ative sweetness in “Polignano” was ascribed to 
fructose (43.5%). these results confirmed that 
the “Polignano” are characterized by the well-
known special taste (sweetness), which distin-
guishes them from the commercial type. In ad-
dition, due to its lower saccharose and higher 
fructose content, the latter sugar having a very 
low glycemic index of 19, this landrace could be 
recommended as a vegetable to use in the hy-
poglycemic diet (JENKIs et al., 1981).

3.2. Antioxidant activity, total phenols, 
total carotenoids and β-carotene

“Polignano” showed various skin colours, 
which allowed us to separate them into three 
groups (yellow, orange and purple) as previous-
ly described. Generally, the cortex presented 
the same colour as the skin, whereas the inner 
core was characterized by yellow-green compo-
nents in purple, orange and yellow carrots (h° 
mean value 86.17±5.2, 89.07±1.4 and 98.2±1.0, 
respectively). these colour variations, from the 
cortex to inner core, are typical of “Polignano” 
and they are not present in commercial carrots 
(Fig. 1). For this reason, antioxidant activity, 
total phenol, total carotenoids, and β-carotene 

were measured both in all carrot tissues and 
separately in the cortex and inner core tissues.

“Polignano” and commercial carrots showed 
differing antioxidant activity, as reported in ta-
ble 3. In particular, purple carrots presented an 
antioxidant activity 4-fold higher than the com-
mercial and 10-fold higher than yellow and or-
ange “Polignano” (table 3). these results are in 
agreement with data reported by different authors 
(ALAsALVAr et al., 2005; HAbEGGEr and scHNIt-
ZLEr, 2007). As shown in Fig. 2A, the elevated 
antioxidant activity recorded in the purple carrots 
is only ascribed to the cortex tissues. by contrast, 
in orange and common carrots, antioxidant activ-
ity in the cortex tissues was 50% higher than in 
the inner core (Fig. 2A). No significant differenc-
es were measured between the cortex and inner 
core tissues for the yellow “Polignano” (Fig. 2A).

As previously reported by ALAsALVAr et al. 
(2001), sizeable differences in the content of to-
tal phenolics were found among the different 
coloured carrots (yellow, orange and purple). 
According to these authors, the total amount 
of phenolics in purple carrots was about 3.5-
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table 3 - Antioxidant activity, total phenols, total carotenoids and β-carotene contents in commercial and yellow, orange, 
and purple Polignano carrots.

Carrots Antioxidant Total Total β-carotene
 activity phenols carotenoids
 (mg•kg-1) (mg•kg-1) (mg•kg-1) (mg•kg-1)

Commercial	 113.4±2.7	b	 215.7±11.6	b	 127.1±1.9	b	 113.6±5.0	b
Traditional
   Yellow	 44.6±0.4	c	 163.9±11.8	c	 91.9±1.8	c	 26.2±1.9	c
    Orange	 49.9±0.1	c	 170.6±1.9	c	 76.8±3.7	d	 44.5±9.1	c
    Purple	 426.6±54.4	a	 676.0±9.1	a	 433.5±5.2	a	 155.4±24.2	a
ANOVA	 ***	 ***	 ***	 ***

Significance:	***	=	significant	at	P	≤	0.001.	Mean	values	of	30	samples	±	standard	deviation.	For	each	attribute,	means	followed	by	a	different	letter	are	signifi-
cantly	different	(P	=	0.05)	according	to	the	SNK	test.

Fig. 2 - Antioxidant activity (A) and total phenol content (b) in the inner core and cortex of commercial and of yellow, orange, 
and purple Polignano carrots (P-value < 0.0001). Mean value of 3 replications ± standard deviation.
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fold higher than in commercial carrots. In ad-
dition, yellow and orange “Polignano” showed 
a mean total phenol content about 77 and 24% 
lower than in purple and commercial carrots, 
respectively (table 3). As previously report-
ed for antioxidant activity, the main source of 
phenols was in the cortex of purple carrots. In 
the other carrots analysed, no relevant differ-
ences were detected between cortex and inter-
nal tissues (Fig. 2b).

total carotenoid content of purple carrots was 
3.4-fold higher than the commercial type, where-
as yellow and orange showed a mean content 
75 and 22% lower than purple and commercial 
ones, respectively (table 3), in agreement with 
ALAsALVAr et al. (2001). In addition, our data 
agreed with that previously reported on the range 
of total carotenoid content in the edible portion of 

carrot roots (6.0 to 54.8 mg 100 g-1) (sIMON and 
WOLFF, 1987; bArANsKI et al., 2011). sampling 
the cortex separately by the inner core, the total 
carotenoid content was 20% higher in the out-
er tissues than in the inner core of purple car-
rots (Fig. 3A). by contrast, commercial and yel-
low or orange “Polignano” showed no differenc-
es in carotenoid content between cortex and in-
ner core (Fig. 3A).

the range of β-carotene recorded was from 
2.6 to 15.5 mg 100 g-1 according to data report-
ed by different authors (ALAsALVAr et al., 2001; 
LEMMENs et al., 2009). Purple carrots contained 
roughly four times more β-carotene than yellow 
and orange “Polignano”, whereas data for com-
mercial types (table 3) were similar to those re-
ported in the literature (cArNOVALE and MAr-
LEttA, 2000; KArNJANAWIPAGUL et al., 2010). 

Fig. 3 - total carotenoids (A) and β-carotene content (b) in the inner core and cortex of commercial and of yellow, orange, and 
purple Polignano carrots (P-value < 0.0001). Mean value of 3 replications ± standard deviation.
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by analyzing the cortex separately from the in-
ner core, the β-carotene detected in purple car-
rots was essentially located in the cortex. Final-
ly, as for total carotenoids, no differences were 
measured between the inner and outer tissues 
for the commercial and yellow or orange “Polig-
nano” (Fig. 3b). 

the average daily intake of β-carotene is 5 mg, 
as estimated from a pooled analysis of 500,000 
women living in the Usa, canada and some Eu-
ropean countries (KOUsHIK et al., 2006). Fifty 
g of commercial carrots are able to provide this 
amount, whereas, only 10 g of cortex tissues 
of the purple carrots are enough to provide the 
same intake. this give us an idea about the nu-
tritional value of the purple “Polignano” in com-
parison with the commercial carrots usually con-
sumed in the diet.

3.3. Dry weight, mineral composition, 
and nitrate content

the “Polignano” showed a dry weight content 
(on average, 8.2 g 100 g-1 fw) about 40% lower 
than that measured in commercial carrots.

As for mineral composition, no significant 
differences were detected among the differ-
ent carrots when data were calculated on the 
basis of the fresh weight, with the exception 
of K+ content (table 4). the data are in agree-
ment with those reported by cArNOVALE and 
MArLEttA (2000) in their food composition ta-
bles. Generally, the nitrate content was very 
low (under 100 mg kg-1 fw) in all carrot sam-
ples analyzed (table 4). the highest nitrate 
content was detected in commercial carrots, 
whereas lower concentrations were measured 
in “Polignano”. In particular, purple carrots 
showed a 50% lower nitrate content than the 
commercial ones. 

the major dietary source of nitrates is from 
vegetables (sANtAMArIA, 2006), and their organs 
can be listed in order of decreasing nitrate con-
tent as follows: petiole > leaf > stem > root > in-

florescence > tuber > bulb > fruit > seed (sAN-
tAMArIA et al., 1999). With regard to carrot, the 
problem of nitrate concentration level is par-
ticularly important because it constitutes one 
of the most frequently used raw materials for 
baby food. For these kinds of products, Europe-
an regulations (1258/2011) impose a maximum 
nitrate concentration of 200 mg kg-1 fw. On the 
other hand, EU legislation has set no limits for 
nitrate content in carrot. It has instead been re-
ported that, when nitrate is consumed in a nor-
mal diet containing vegetables, other concomi-
tantly consumed bioactive substances, such as 
antioxidants, may inhibit the endogenous forma-
tion of nitrosamines from nitrite (EFsA, 2008). 
starting from this finding, purple carrots could 
be considered a vegetable of high nutritional val-
ue due to their well-known low nitrate content 
and their very high antioxidant activity, phenol-
ic, and carotenoid content. this represents add-
ed value for vegetable products that are already 
rich in nutrients.

4. cONcLUsIONs

the yellow-purple Polignano carrot has a qual-
itative profile that is characterized by high con-
centrations of antioxidants, phenols and caro-
tenoids, especially β-carotene. this profile, com-
bined with its low glycemic index, may account 
for the high nutritional quality of this landrace, 
especially the purple type. these traits might en-
courage future research aimed to study the post-
harvest behaviour and suitable storage condi-
tions to preserve these nutritional qualities dur-
ing the shelf-life.
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table 4 - Dry weight, mineral composition and nitrate content in commercial and yellow, orange, and purple Polignano carrots.

Carrots Dry weight   Mineral composition (mg kg-1 fw)

 (g 100 g-1 fw) Ca2+ K+ Mg2+ Na+ NO3
-

Commercial	 13.80±0.30	a	 248.5±29.50	 2011.5±111.50	b	 81.50±8.50	 633.0±86.00	 81.67±17.37	a
Traditional
   Yellow	 8.30±0.20	b	 224.7±12.42	 2032.3±112.52	b	 76.67±8.08	 623.3±89.19	 69.33±8.15	a
    Orange	 7.90±0.44	b	 250.0±25.24	 2617.0±407.99	a	 95.67±18.15	 582.0±98.73	 67.00±12.14	ab
    Purple	 8.40±0.52	b	 220.0±28.93	 2343.7±155.13	ab	 91.67±14.98	 448.3±51.60	 45.33±3.99	b
ANOVA	 ****	 ns	 *	 ns	 ns	 *

Significance:	ns,	*	and	****	=	not	significant	or	significant	at	P	≤	0.05	and	0.0001,	respectively.	Mean	values	of	30	samples	±	standard	deviation.	For	each	at-
tribute,	means	followed	by	a	different	letter	are	significantly	different	(P	=	0.05)	according	to	the	SNK	test.	
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AbstrAct

commercially available Omani halwa from the local market was classified based on its composition and 
instrumental texture profile. the products were grouped into four classes based on cluster analysis. None 
of the attributes of the instrumental texture Profile Analysis (tPA) were correlated significantly with the 
ash, colour and pH values (p<0.05), while specific attributes did correlate with specific aspects of the chem-
ical composition. All tPA attributes were significantly correlated with specific types of fatty acid. Hardness 
was correlated significantly with the moisture and sugar contents, while adhesiveness was correlated sig-
nificantly with the moisture, sugar and non-sugar carbohydrate contents (p<0.05). springiness was corre-
lated with sugar and non-sugar carbohydrate. the firmness and chewiness were correlated with moisture 
and the total fat, saturated and unsaturated fat contents (p<0.05). cohesiveness-1 was correlated only 
with the protein, total fat, saturated and un-saturated fat contents, while cohesiveness-2 was correlated 
with sugar, total fat, saturated and unsaturated fat (p<0.05). the resilience was correlated with the total 
fat, saturated and unsaturated fatty acids, while gumminess was only correlated with the moisture con-
tent. the link between tPA and physico-chemical characteristics was established using multivariate ma-
trix correlations and revealed that the pattern of texture attributes was mostly linked to the moisture and 
fat contents. Principal component analysis was carried out to identify the main physico-chemical prop-
erties and tPA attributes of the four classes of halwa as determined by cluster analysis. the four class-
es of halwa could be characterised as soft-resilient, soft-springy-cohesive, soft-springy and hard-chewy.
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INtrODUctION

Halwa is a dessert (i.e., sweet jelly) made up 
mainly of starch, sugar, water, ghee, and fla-
voured with saffron, nuts and/or rose water. 
Omani halwa is usually made with sugar (50%), 
water (25%), mill flour (10%) and ghee (clarified 
butter) (15%) (AL-sHAMsI et al., 2013). tradi-
tional halwa is prepared as follows. First, sugar 
is added to boiling water in an open pan. starch 
is added to the sugar syrup after all of the sug-
ar has dissolved. the heating process contin-
ues with manual mixing until the mixture turns 
into a thick, jelly-like substance. At this stage, 
fats, nuts, and spices are added, and then, the 
gels are poured into dishes of varying sizes for 
retail sale. there are mainly 3 types of Omani 
halwa, based on their final colour: white, yel-
low or black. they differ in the sweetener that 
is used, the flavour and texture. AL-sHAMsI et 
al. (2013) used a structured survey question-
naire to determine consumer preferences and 
behaviour with regard to 22 attributes of halwa. 
Five types of consumer groups were identified 
through hierarchical cluster analysis (AL-sHAM-
sI et al., 2013). the type and amount of fat and 
sugar content in halwa can be considered part 
of an unhealthy diet. the successful develop-
ment of healthier halwa (i.e., one that is low-
er in fat and sugar with the incorporation of 
health functionality) by the food industry re-
quires an understanding of the different class-
es of halwa in the market and their generic at-
tributes in order to explore the sensory prefer-
ences of consumers.

Product classification systems are considered 
a viable approach to support a specific surro-
gate. this system could be used as the basis 
for developing new products with varied speci-
fication or characteristics as well as for explor-
ing the generic characteristics or attributes of 
low- or high-grade products to avoid adulter-
ation. this classification could include gener-
al categories that can lead to specific relation-
ships between product attributes (sOUsA and 
WALLAcE, 2006). Qualitative information is dif-
ficult to use in high dimensions. PENNINGtON 
and FIsHEr (2009) pointed that the classifica-
tion of fruits and vegetables is most helpful for 
dietary assessment if the classification is based 
on composition, as well as for teaching students 
about food composition and to assist dieticians 
in providing dietary guidance to patients and 
clients. they determined levels of food compo-
nents in fruits and vegetables correlated with 
classification criteria based on botanical fam-
ily, colour, the part of the plant, and the total 
antioxidant capacity. However, the level of to-
tal antioxidant capacity did not match well with 
the identified clusters. rELEAUX (1904) devised 
one of the first product classification systems 
after recognising the identicalness among var-
ious properties of different products. Products 

have been classified in several different ways. 
Different perspectives on what a product is and 
the purpose of the classification lead to dis-
tinct classification systems (sOUsA and WAL-
LAcE, 2006).

Food products can be classified by flavour 
compounds, chemical composition, and tex-
ture. MArtIN et al. (1999) classified vegetable 
oils by linear discriminant analysis of electron-
ic nose data for flavour compounds. classifi-
cation studies have been performed on a vari-
ety of food products, such as food, beverages 
and perfumes (PENZA et al., 2001); commercial 
cheeses based on their volatile profiles using 
multivariate analysis of complex data of Gc/
Ms (DIrINcK and WINNE, 1999) and cheddar 
cheese based on flavour profiles (O’rIOrDAN et 
al., 2003); Greek white wines from 6 grape va-
rieties based on their amino acid profile (sOU-
FLErOs et al., 2003); apple fruit maturity ac-
cording to polyphenol composition (ALONsO-
sALcEs et al., 2005); medicinal plants of dif-
ferent species based on 10 triterpenoid acids 
(GUO et al., 2009); vegetable oils based on fatty 
acid profile (brODNJAK-VONcINA et al., 2005); 
commercial potato chips based on colour and 
image texture (MENDOZA et al., 2007); and to-
mato fruit using acoustic impact and color-
imetry (bALtAZAr et al., 2008). However, food 
products could be classified by their textural 
attributes. Instrumental tPA attributes were 
correlated with the composition of sandesh (a 
soft cheese made by direct acidification of heat-
ed milk with dilute acid followed by removal of 
whey and then mixed with sugar) available in 
various markets. the textural attributes were 
significantly influenced by the moisture, fat and 
ash contents (KHAMrUI and sOLANKI, 2010). 
there are few classifications of foods based on 
texture and composition.

the objective of this study was to classify 
Omani halwa available in the market based on 
chemical composition, physico-chemical proper-
ties and instrumental tPA attributes. this clas-
sification through a product survey could help 
the industry to understand existing products 
and to develop low-fat and low-sugar products 
(with new ingredients) by mimicking the tPA at-
tributes of existing products.

MAtErIALs AND MEtHODs

Halwa

Halwa samples (4 batches) were purchased 
from different local supermarkets in Muscat. the 
samples were selected from different types with 
various prices (very high, high, medium and low), 
colours (black and yellow) and flavours (royal, 
special, and saffron). After purchasing, the sam-
ples were stored at room temperature (20°c) for 
one day before analysis.



294  Ital. J. Food Sci., vol. 24 - 2012

Proximate chemical analysis

Moisture, protein, fat, and ash were deter-
mined by following the AOAc Official Methods 
(2000). the moisture content was determined 
by drying 5 g samples in a mechanical convec-
tion oven for at least 18 hours at 105°c. crude 
protein was determined by the Kjeldahl meth-
od using a conversion factor of 5.55 × N. Di-
gestion and analysis were performed in a Di-
gestion system 2000 and a Kjeldahl analys-
er unit 2300 (Foss tecator, Höganäs, sweden). 
the ash content of the samples was determined 
by burning the sample in a furnace in accord-
ance with AOAc methods (2000). Approximate-
ly 5 g of each sample was weighed and burned 
at 530°c in a muffle furnace for 18 hours. the 
fat content was determined gravimetrically after 
extraction with light petroleum ether and evap-
orated at 103°c in an oven for at least 1 hour. 
the non-sucrose carbohydrate content was cal-
culated by the difference of the total proximate 
composition and the water, protein, fat, ash 
and sucrose. All of the values were calculated 
in units of g/100 g sample. All of the analyses 
were performed in triplicate.

sugars

Individual free sugars were determined by 
HPLc according to the technique of MYHArA 
et al. (1998). sugars were extracted by reflux-
ing halwa samples twice with aqueous etha-
nol (850 and 750 mL-1), and the residues were 
washed with ethanol (750 mL L-1). the extracts 
were then treated with lead acetate (10 g L-1) 
over gentle heat to precipitate proteins. Af-
ter centrifugation, the supernatant solutions 
were dried in a rotary evaporator under re-
duced pressure. the dry residues were dis-
solved in a known volume of water, decolour-
ised by passing through a c18 sep-Pak sol-
id-phase extraction tube (Waters Associates, 
Milford, MA, UsA) and filtered through a 0.45 
µm cellulose acetate filter.

sugars were separated on a Hewlett-Packard 
(Palo Alto, cA, UsA) HP1090 system, equipped 
with a 10 µL sample loop, a refractive index de-
tector (model HP1047A) and a silica Nova-Pak 
radial-Pak cartridge column (100 mm x 8 mm 
id, particle size 4 µm; Waters). both the column 
and detector were maintained at 40°c. Prior to 
analysis, the silica column was modified by pass-
ing 1 L of acetonitrile/water (65:35) containing 
1 g L-1 of 3-aminopropyltriethoxysilane at a flow 
rate of 1 mL min-1. the column was then stabi-
lised with 1 L of acetonitrile/water (65:35) con-
taining 0.1 g L-1 of 3-aminopropyltriethoxysilane. 
the latter solution was also used as the mobile 
phase. External standards of fructose, glucose 
and sucrose (filtered through c18sep-Pak and 
0.45 µm cellulose acetate filters) were used for 
quantification.

colour

the colour of the halwa samples was deter-
mined using a colour meter at room temperature 
(Minolta cr-310, Minolta, Japan). the equip-
ment was calibrated with a white standard cal-
ibration plate provided by the manufacturer. 
the halwa samples were placed on a flat plate, 
and the tip of the measuring head was pointed 
at the sample for measurement. Each value was 
the mean of 6 measurements. the results were 
expressed in Hunter L, a, b values, in which L 
is the lightness or darkness (black, L=0; white, 
L=100), +a is the redness, -a is the greenness, 
+b is the yellowness, and -b is the blueness. the 
colour (cL) was also calculated as cL= (L*b)/a 
(rAHMAN et al., 2002).

pH

the pH of the halwa solution was measured 
by preparing a 10% (w/v) halwa solution in dis-
tilled water (rAHMAN et al., 2008). the pH was 
then measured in triplicate with a glass elec-
trode (toledo MPc 227 pH meter, Mettler-toledo 
GmbH, schwerzenbach, switzerland).

Fatty acids

triplicate samples, each weighing approxi-
mately 2 g, were freeze-dried for 4 days. the fat-
ty acids were extracted according to the meth-
od described by AOAc (2000) with some modifi-
cations. Halwa samples were mixed with 50 mL 
of 1 N KOH, and 4 mL of tricosanoic acid inter-
nal standard (c23) was added. the mixture was 
heated for 30 min at 150°c, followed by cooling 
at room temperature. the samples were trans-
ferred to a 500 mL separating funnel, and 150 
mL of distilled water was added followed by 
0.1% methyl orange drop-wise until the colour 
changed to yellow. A solution of 5 N Hcl was 
added until the colour turned light pink (pH=2), 
and the solution was then partitioned vigorously 
for 5 min with 100 mL of diethyl ether. the die-
thyl ether layer was collected, and the coloured 
aqueous phase was re-extracted with a further 
100 mL of diethyl ether. the diethyl ether lay-
er extracts were pooled and washed four times 
with 80 mL of distilled water and subsequently 
dried over anhydrous Na2sO4. the diethyl ether 
extract was then concentrated to 2 mL in a ro-
tary vacuum evaporator at less than 40°c and 
transferred to a screw-cap test tube following ad-
dition of 2 mL of bF3-methanol reagent (14%). 
the test tube was heated at 100°c for 15 min in 
a water bath. After cooling to room temperature, 
3 mL of hexane and 5 mL of saturated Nacl were 
added, and the mixture was vigorously shaken 
for 5 min. the hexane layer was then carefully 
transferred using a Pasteur pipette into an am-
ber crimp cap and stored at -20°c until assayed 
by gas chromatography.
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Fatty acid samples were analysed with an 
Agilent Plus gas chromatograph (Gc) 6890N 
equipped with a 30 m × 0.25 mm sP-2380 (su-
peclo Inc., UsA) fused-capillary column attached 
to a flame ionisation detector. Helium was used 
as the carrier gas at a velocity of 20 cm/sec 
with electronic pressure control and split ratio 
of 50:1. the Gc temperature was programmed 
from 50° to 250°c at a heating rate of 4°c/min. 
the temperatures of the injector and detector 
were 250° and 260°c, respectively. Fatty acids 
were identified by comparison of the retention 
times with a 37 FAME standard mix solution 
(supeclo). the concentration of individual fat-
ty acids was calculated using tricosanoic acid 
(c23) as an internal standard.

Instrumental texture Profile Analysis (tPA)

Instrumental tPA attributes were measured 
using a tA.Xt2 texture Profile Analyser (stable 
Microsystems, Godalming, surrey, UK) with two 
cycles of compression-decompression. the tex-
ture analyser was coupled with the computer 
software (texture expert). the load cell was cal-
ibrated with a 5 kg weight. the equipment was 
set to zero automatically before each experiment 
(i.e., the point when the top plate just touched 
the surface of the table). compression mode was 
used for the textural analysis. Halwa samples 
were cut into 10, 20 and 30 mm cubes manually 
with a knife. the halwa specimens were placed 
on the stage of the texture analyser and com-
pressed with a flat, 75 mm plunger (for 10, 20, 
and 30 mm cubes) or a flat, 20 mm, edge cylin-
drical plunger (for a 30 mm cube) or a plung-
er 5 mm in diameter (for a 10 mm cube). Halwa 
samples were compressed to 60% of their orig-
inal height at a compression rate of 1.0 mm/s 
at room temperature (i.e., 20°c). the force-dis-
placement curve was automatically recorded 
by a computer attached to the tPA. At least six 
replicates were analysed for each halwa sample.

the tPA attributes were determined from 
force-time curves based on the following at-
tributes: hardness (HA), the maximum force dur-
ing the first compression cycle (N); adhesiveness 
(AD), the negative area of the first compression 
(N m); springiness 1 (sP1), the distance between 
the end of the first compression and start of the 
second (mm); springiness 2 (sP2), the distance 
between the start of the first compression and 
the starting point; firmness 1 (Fr1), the slope 
of the initial linear part of the first compression 
(N/s); firmness 2 (Fr2), the slope of the second 
linear part of the first compression (N/s); cohe-
siveness 1 (cO1), the ratio of the positive area 
of the second compression and the positive area 
of the first compression; cohesiveness 2 (cO2), 
the ratio of difference of the positive and neg-
ative areas of the second compression and dif-
ference of the positive and negative areas of the 
first compression; resilience (rE), the ratio of the 

negative area to positive area of the first com-
pression; gumminess 1 (GU1), the product of 
hardness and cohesiveness 1 (N); gumminess 2 
(GU2), the product of hardness and cohesiveness 
2 (N); chewiness 1 (cH1), the product of gummi-
ness 1 and springiness 1 (N m); and chewiness 2 
(cH2), the product of gumminess 2 and springi-
ness 1 (N m) (rAHMAN and AL-MAHrOUQI, 2009).

Multivariate analysis

Multivariate analysis (spearman’s correla-
tion matrix, cluster analysis, and principal com-
ponent analysis) was used to identify different 
groups of halwa and their characteristics based 
on instrumental texture and physico-chemical 
properties. these analyses were performed with 
PAst software (HAMMEr et al., 2001). correla-
tions were used to determine the relationships 
between each variable. the spearman’s correla-
tion matrix of the tPA attributes and the physi-
co-chemical variables were determined, and the 
results were summarised for the p values ≤ 0.05 
and 0.01. A cluster analysis was performed to 
group similar halwa. A hierarchical clustering 
using Ward’s method of variance minimisation 
within groups was applied to the tPA standard-
ised attributes and the physico-chemical varia-
bles (WArD, 1963). the number and composition 
of the clusters retained were estimated by visu-
al observation of the clustering tree. the multi-
variate linkage between the overall texture and 
the overall physico-chemical composition was in-
vestigated using the bio-Env procedure of “Prim-
er” (cLArKE and GOrLEY, 2006). this procedure 
measures the correlations between a single ma-
trix of similarities/distances calculated from the 
texture profile and all of the matrices of simi-
larities calculated from all of the possible com-
binations of physico-chemical composition var-
iables [(2n – 1) matrices, where n is the number 
of variable]. the best correlation identifies the 
best linkage between the texture profile matrix 
and one of the 2n – 1 physico-chemical compo-
sition matrices. the better correlation matrices 
are based on “ranks of values” in the two simi-
larity matrices.

the spearman’s and Pearson’s correlations 
were plotted to determine the degree of non-line-
arity of the variables. Principal component anal-
ysis was used to classify and to characterise the 
products. In the case of principal component and 
cluster analysis, the tPA attributes and physi-
co-chemical properties were standardised to re-
move undesired effects related to the size of the 
measurement by the following equation:

  
(1)

where y is the standardised data (or variable), x 
is a variable, is the average, and σ is the stand-
ard deviation of the data for this variable.
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rEsULts AND DIscUssION

In this study, batch 1 of the halwa 
was used to check the reproducibility 
of instrumental tPA data generated by 
compression and punching methods. 
table 1 shows the tPA attributes meas-
ured by punching with a 20 mm probe 
provided more reproducible data com-
pared with the 75 mm probe compres-
sion and punching with a 5 mm probe. 
For example, the standard deviations 
of hardness compared with the aver-
age values were 88.5, 21.4 and 6.3% 
for the 5 mm probe puncher, the 75 
mm compression disk (sample size of 
30 mm) and the 20 mm probe puncher 
methods, respectively. to determine the 
sensitivity of the 20 mm punch-probe 
method, batch 2 with varying mois-
ture contents of halwa were used. the 
tPA attributes using the 20 mm probe 
did not show much sensitivity (table 2) 
while moisture varied from 13.1 to 18.9 
g/100 g halwa (p>0.19) (table 3). How-
ever, the compression disk method was 
found to be more sensitive as a function 
of sample size and moisture content 
(tables 1 and 4). thus, the compression 
method was used to determine the in-
strumental tPA attributes for a 10 mm 
cube of halwa (the most reproducible 
sample size). the variability of the tPA 
data using different probes was report-
ed. the sensitivity results of 3 types of 
punching probes (blade, sphere and cyl-
inder) indicated that cylindrical probe 
produced the most sensitivity with re-
spect to the tPA attributes of salmon 
fillet (cAsAs et al., 2006). similarly, 
bENEDItO et al. (2006) compared the 
instrumental attributes of cheese as a 
function of its maturity using different 
types of probes (compression, punch-
ing and needle). they observed a similar 
correlation in the cases of compression 
and punching, which was much high-
er compared to the needle-type probe.

batch 3 was purchased and includ-
ed 15 samples (black and yellow halwa) 
from different shops. the tPA attributes 
were determined from the typical, in-
strumental tPA force-time graph us-
ing a 75 mm disk (Fig. 1), which shows 
compression-decompression cycles. 
the instrumental tPA attributes of 
15 samples are shown in table 4, and 
their chemical compositions are given 
in table 5. the extraction of fat through 
Gas chromatography was considered 
for classification. Hardness, adhesive-
ness, firmness, cohesiveness, resil-
ience, gumminess, and chewiness de- t
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table 3 - chemical compositions of different types of halwa. same halwa as in table 2 (batch 2).

	 	 	 Composition	(g/100	g	sample)

Type	 Moisture	 Protein	 Fat	 Ash	 Carbohydrate

B1	 13.4	(0.4)	 0.51	(0.04)	 3.9	(0.2)	 0.30	(0.02)	 81.8
B2	 18.9	(0.3)	 0.87	(0.29)	 5.7	(0.4)	 0.48	(0.02)	 74.1
B3	 15.8	(0.6)	 1.05	(0.07)	 0.8	(0.1)	 0.27	(0.03)	 82.2
Y1	 15.5	(0.1)	 2.27	(0.85)	 14.4	(2.2)	 0.36	(0.01)	 67.5
Y2	 13.0	(0.4)	 1.60	(0.57)	 5.7	(0.1)	 0.15	(0.04)	 79.5
Y3	 13.1	(0.4)	 1.02	(0.36)	 14.0	(0.9)	 0.14	(0.01)	 72.1

Note:	B:	Black,	Y:	Yellow.

creased with an increase in the water content, 
while springiness increased with an increase in 
the moisture content (table 4). table 5 shows 
detailed chemical compositions of 15 commercial 
products. Moisture, protein, fat, ash, sucrose, 
and pH varied from 11.2-19.9, 0.15-1.10, 4.3-
13.5, 0.10-0.84, 14.9-56.3 g/100 g halwa, and 
4.26-5.46, respectively. It is interesting to see 
that most of the black halwa contained more ash 
compared with the yellow halwa. this greater 
amount of ash could have resulted from the use 
of brown or raw sugar in preparing black halwa 
whereas yellow halwa was prepared with white 
sugar. table 6 shows the significant relationship 
between the variables at p<0.05 and p<0.01. For 
example, hardness was significantly correlated 
with AD, sP1 and sP2, GU1 and GU2, XW, sU, 
and c20:2 and c20:3n6 fatty acids (p<0.05). 
Moisture, the types of fat and sugar significant-
ly affected most of the tPA attributes (table 6). 
In the case of ready-to-eat meat products, tPA 
attributes were significantly correlated with the 
water and fat contents (PrObOLA and ZANDEr, 

Fig. 1 - typical force-time graph of halwa.

2007). the textural attribute matrix found us-
ing the bio-Env procedure showed the highest 
correlation with the moisture and unsaturated 
fat contents followed by total fat and non-sugar, 
and sucrose and saturated fat (table 7).

Hardness was negatively correlated with mois-
ture content (p<0.05). similarly, cheese with re-
sistance starch showed that hardness decreased 
with increasing water content using a 35 mm 
disk (NOrONHA et al., 2007). In food products, 
water acts as plasticiser of the solid constituents, 
thus making the food less elastic and more sus-
ceptible to fracture upon compression (FOX et 
al., 2000). Water molecules are bound within a 
three-dimensional matrix and weaken the struc-
ture of the network. thus, increasing the mois-
ture content reduced the coherence of the ma-
trix and resulted in softer products (DIMItrELI 
and tHOMArEIs, 2007). In the case of compres-
sion of cheese using a 35 mm disk, the hard-
ness increased with fat content when most of 
the composition remained the same, except for 
the pH and butanoic acid content (NOrONHA et 
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table 6 - correlation between tPA attributes and physico-chemical compositions measured on 15 types of Omani halwa with 
p values ≤ 0.05 and 0.01.

Attributes	 List	of	significant	variables	 P	value

HA	 Ad,	SP1,	SP2,	GU1,	GU2,	Xw,	SU,	C20:2,	C20:3n6	 P<0.05
	 Ad,	SP1,	Xw,	SU	 P<0.01

AD	 SP1,	SP2,	Xw,	SU,	NS,	C17:0,	C18:0,	C15:1,	 P<0.05
	 C18:1n9t,	C18:1n9c,	C20:2,	C20:3n6,	C20:3n3	
	 SP1,	SP2,	Xw,	SU,	C20:2,	C20:3n6,	C20:3n3	 P<0.01

SP1	 CO1,	CO2,	SP2,	SU,	NS,	C17:0,	C18:0,	C15:1,	 P<0.05
	 C18:1n9t,	C18:1n9c,	C18:2n6t,	C20:2,	C20:3n6,	C20:3n3
	 SP2,	SU,	C20:2,	C20:3n6,	C20:3n3	 P<0.01

FR1	 FR2,	CO1,	CO2,	GU1,	GU2,	CH1,	CH2,	Xw,	 P<0.05
	 FT,	SF,	UF,	C16:0,	C15:1,	C18:1n9t,	C18:1n9C
	 FR2,	CO1,	CO2,	GU1,	GU2,	CH1,	CH2,	FT,	UF,	C16:0	 P<0.01

FR2	 CO1,	CO2,	GU1,	GU2,	CH1,	CH2,	Xw,	FT,	SF,	UF,	 P<0.05
	 C16:0,	C18:1n9t
	 CO1,	CO2,	GU1,	GU2,	CH1,	CH2,	FT,	UF,	C16:0	 P<0.01

CO1	 CO2,	SP2,	RE,	GU1,	GU2,	CH1,	CH2,	PR,	FT,	SF,	UF,	 P<0.05
	 C16:0,	C17:0,	C18:0,	C15:1,	C18:1n9t,	C18:1n9c,	C20:2,
	 C20:3n6,	C20:3n3
	 CO2,	SP2,	GU1,	GU2,	CH1,	CH2,	FT,	SF,	UF,	C16:0,	 P<0.01
	 C15:1,	C18:1n9t,	C18:1n9c,	C20:2,	C20:3n6,	C20:3n3

CO2	 SP2,	RE,	GU1,	GU2,	CH1,	CH2,	FT,	SU,	SF,	UF,	C4:0,	 P<0.05
	 C16:0,	C17:0,	C18:0,	C14:1,	C15:1,	C18:1n9t,	C18:1n9c,
	 C20:2,	C20:3n6,	C20:3n3
	 RE,	GU1,	GU2,	CH1,	CH2,	FT,	SF,	UF,	C16:0,	 P<0.01
	 C17:0,	C18:0,	C15:1,	C18:1n9t,	C18:1n9c,	C20:2,
	 C20:3n6,	C20:3n3

SP2	 SU,	NS,	C17:0,	C18:0,	C14:1,	C15:1,	C18:1n9t,	C18:1n9c,	 P<0.05
	 C18:2n6t,	C20:1,	C20:2,	C20:3n6,	C20:3n3
	 SU,	NS,	C17:0,	C18:0,	C18:1n9t,	C20:2,	C20:3n6,	C20:3n3	 P<0.01

RE	 FT,	SF,	UF,	C4:0,	C16:0,	C17:0,	C18:0,	C14:1,	C15:1,	 P<0.05
	 C18:1n9t,	C18:1n9c,	C20:2,	C20:3n6
	 FT,	UF,	C16:0	 P<0.01

GU1	 GU2,	CH1,	CH2,	Xw,	C16:0	 P<0.05
	 GU2,	CH1,	CH2,	Xw	 P<0.01

GU2	 CH1,	CH2,	Xw,	C16:0	 P<0.05
	 CH1,	CH2,	Xw	 P<0.01

CH1	 CH2,	Xw,	FT,	UF,	C16:0,	C18:1n9t,	C18:1n9c	 P<0.05
	 CH2,	C16:0	 P<0.01

CH2	 Xw,	FT,	UF,	C16:0,	C18:1n9t,	C18:1n9c	 P<0.05
	 C16:0	 P<0.01

HA:	Hardness,	AD:	Adhesiveness,	SP1:	Springiness1,	FR1:	Firmness1,	FR2:	Firmness2,	CO1:	Cohesiveness1,	CO2:	Cohesiveness2,	SP2:	Springiness2,	RE:	
Resilience,	GU1:	Gumminess1,	GU2:	Gumminess2,	CH1:	Chewiness1,	CH2:	Chewiness2,	XW:	Moisture,	PR:	Protein,	FT:	Fat,	SU:	Sucrose,	NS:	Non-Sucrose	
Carbohydrate,	AS:	Ash,	CL:	Color,	SF:	Saturated	Fat,	UF:	Unsaturated	Fat.

table 7 - Overall texture matrix correlated with different combination of physico-chemical attributes and composition.

	 Selections	of	variables	 Correlation

	 XW,	UF	 0.573
	 XW,	FT	 0.556
	 XW,	NS,	UF	 0.548
	 XW,	FT,	UF	 0.545
	 XW,	FT,	NS,	UF	 0.537
	 XW,	FT,	NS	 0.531
	 XW,	NS,	SF,	UF	 0.520
	 XW,	SU,	UF	 0.519
	 XW,	FT,	SU,	UF	 0.512
	 XW,	SF,	UF	 0.508

XW:	Moisture,	FT:	Fat,	SU:	Sucrose,	NS:	Non-Sucrose	Carbohydrate,	SF:	Saturated	Fat,	UF:	Unsaturated	Fat.
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al., 2008). similarly, VOLIKAKIs et al. (2004) ob-
served that the hardness increased with increas-
ing fat content. However, DIMItrELI and tHOMA-
rEIs (2007) observed a decrease in hardness 
with increasing fat content. Fat could behave 
as an active filler, and thus, hardness increased 
with increasing fat content. However, if fat acts 
as a lubricant, the hardness could decrease with 
fat content (VOLIKAKIs et al., 2004). MUGUErZA 
et al. (2002) observed increasing hardness with 
decreasing fat content in the case of meat sau-
sage. In the case of sausage, hardness was sig-
nificantly correlated with water but not with fat 
content (HErrErO et al., 2008). In the case of 
dairy products such as sandesh, hardness was 
positively (p<0.01) correlated with fat content but 
negatively (p<0.01) correlated with the moisture 
and ash contents and did not show any signif-
icant effect from the sugar and protein content 
or acidity (KHAMrUI and sOLANKI, 2010).

Adhesiveness was significantly correlated 
with moisture, sucrose, non-sucrose starch, 
and some fatty acids (c17:0, c18:0, c15:1, 
c18:1n9t, c18:1n9c, c20:2, c20:3n6, c20:3n3) 
(p<0.05). For the AD of milk-based sweets de-
termined compression with a 75 mm disk, the 
moisture showed negative correlations while fat 
showed positive correlations (p<0.01) (KHAMrUI 
and sOLANKI, 2010). springiness 1 and springi-
ness 2 were significantly correlated with sucrose, 
non-sucrose and some fatty acids (c17:0, c18:0, 
c14:1, c15:1, c18:1n9t, c18:1n9c, c18:2n6t, 
c20:1, c20:2, c20:3n6, c20:3n3) (p<0.05). In 
the case of compression of cheese with a 75 mm 
disk, VOLIKAKIs et al. (2004) observed no signif-
icant effect of fat on springiness 1. the sP1 of 
milk-based sweets showed positive and nega-
tive correlations (p<0.05) with the fat and mois-
ture contents (KHAMrUI and sOLANKI, 2010). 
Firmness 1 was significantly correlated with the 
water, total fat, saturated fat and unsaturat-
ed fat contents, and fatty acids (c16:0, c15:1, 
c18:1n9t, c18:1n9c) (p<0.05). Firmness 2 was 
as significantly correlated as firmness 1 with the 
exception of fatty acids c15:1 and c18:1n9c.

cohesiveness 1 was significantly correlated 
with the protein, total fat, saturated and un-
saturated fat contents and fatty acids (c16:0, 
c17:0, c18:0, c15:1, c18:1n9t, c18:1n9c, 
c20:2, c20:3n6 and c20:3n3) (p<0.05). simi-
larly, cohesiveness 2 was significantly correlated 
to the same variables as cohesiveness 1 except 
for protein and with the addition of sucrose. In 
the case of cheese, cohesiveness 1 did not show 
any specific trends with fat content when most 
of the composition remained the same except 
for pH and butanoic acid content (NOrONHA 
et al., 2008). similarly, VOLIKAKIs et al. (2004) 
observed that cohesiveness 1 did not show any 
trend with increasing fat content. In the case 
of sausage, cohesiveness 1, adhesiveness and 
springiness 1 did not show any correlation with 
the water or fat contents (p<0.05) (HErrErO et 

al., 2008). cohesiveness 1 and springiness 1 of 
ready-to-eat meat products were correlated (i.e., 
r values) with water, fat and protein as follows: 
0.25, -0.21, -0.38 and 0.50, -0.54, -0.38, respec-
tively (PrObOLA and ZANDEr, 2007). In the case 
of dry fermented sausage (i.e., considering wa-
ter, fat, water activity and pH), HA did not cor-
relate with any parameters (p>0.05), cO1 cor-
related with water content (r2 = 0.306, p<0.005), 
AD correlated with water content and pH (r2 = 
0.282, p<0.005), and sP correlated with only wa-
ter content (r2 = 0.216, p<0.05) (HErrErO et al., 
2008). cO1 of milk-based sweets was not signif-
icantly correlated with the composition parame-
ters (water, fat, protein, ash, sugar contents and 
acidity) (p>0.05). 

resilience was significantly correlated with 
the total fat, saturated and unsaturated fat con-
tents and fatty acids (c4:0, c16:0, c17:0, c18:0, 
c14:1, c15:1, c18:1n9t, c18:1n9c, c20:2, 
c20:3n6) (p<0.05). In the case of dairy sweets, 
rE was correlated positively (p<0.01) with the 
ash and water contents, whereas the fat content 
negatively influenced rE (KHAMrUI and sOLAN-
KI, 2010). Gumminess 1 and gumminess 2 were 
significantly correlated with the water content 
and c16:0 fatty acids (p<0.05). In the case of 
high and low fat cheese punctured with a 10 mm 
probe, firmness 1, cohesiveness 1, and gummi-
ness 1 significantly increased with an increase 
in water (sAINt-EVE et al., 2009). In the case of 
dairy products such as sandesh, gumminess 1 
was positively (p<0.01) correlated with the fat 
content but negatively (p<0.01) correlated with 
the moisture and ash contents and did not show 
any significant effect from the sugar and protein 
content or acidity (KHAMrUI and sOLANKI, 2010).

chewiness 1 and chewiness 2 were signifi-
cantly correlated with water, total and unsatu-
rated fat, and fatty acids (c16:0, c18:1n9t, 
c18:1n9c) (p<0.05). In the case of cheese, gum-
miness 1 and chewiness 2 did not show any 
trend with fat content (VOLIKAKIs et al., 2004). 
cH1 of milk-based sweets was negatively corre-
lated with water content and was positively influ-
enced by the fat content (p<0.01). the salt con-
tent also affected cohesiveness 1 differently in 
low-fat and high-fat cheeses. the cohesiveness 1 
was only significantly affected by the fat content 
at low salt levels but not at high salt levels. the 
tPA parameters (FA1, AD, cO1, sP1, and GU1) 
differentiated the products according to salt con-
tent rather than at low-fat content. However, fat 
played a major role in aroma release and olfac-
tory perception, whereas salt played a predomi-
nant role in sensory texture and tPA parameters 
(sAINt-EVE et al., 2009). considering all of the 
physico-chemical properties and tPA attributes, 
a cluster analysis based on Ward’s method re-
vealed 4 distinct groups of formulation, named 
G1, G2, G3, and G4 at a level of similarity/dis-
tance of 9 (Fig. 2).

the plot of Pearson’s versus spearman’s cor-
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relations suggests no real bias and supports the 
idea of linkages between variables being mostly 
linear (Fig. 3). the PcA analysis shows that seven 
principal components (93% of the total variance) 
had eigenvalues close to 1 (Kaiser criterion; rAH-
MAN and AL-FArsI, 2005). these components 
explained 41, 19, 15, 8, 4, 3 and 3% of the total 
variance (table 8). the first axis was highly cor-
related with firmness 1, firmness 2, cohesiveness 
1, cohesiveness 2, total fat, saturated and un-
saturated fat and fatty acids (c4:0, c14:0, c15:0, 

Fig. 2 - Dendogram of the cluster analysis for the 15 halwa samples.

c16:0, c17:0, c18:0, c14:1, c15:1, c18:1n9t, 
c18:2n6t) and negatively correlated with adhe-
siveness, resilience and fatty acids (c18:1n9c, 
c20:2, c20:3n6) (table 8) and corresponds to a 
descriptor of plasticity (deformation and struc-
tural damage of first and second compression). 
the second axis was correlated to firmness 2, co-
hesiveness 1, chewiness 1, chewiness 2, protein 
and fatty acids (c8:0, c10:0, c12:0, c18:2n6c) 
and corresponds to the elasticity (force and de-
formation of first and second compression). the 

Fig. 3 - relationship between spearman’s and Pearson’s correlations.
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third axis was strongly correlated with 
hardness and moisture content as well 
as adhesiveness, springiness 1, spring-
iness 2, gumminess 1, gumminess 2 
with sugar content and corresponds to 
the hardness (force needed to deform 
the product). the fourth axis correlat-
ed with springiness 2, chewiness 1, 
chewiness 2 and corresponds mainly to 
chewiness (the work required to chew 
the product for swallowing), while the 
fifth axis correlated with protein, col-
our and c16:1 fatty acid and corre-
sponds mainly to protein and colour. 
the sixth axis correlated with sucrose, 
non-sucrose and pH, which correspond 
to the sugar and carbohydrate content. 
the seventh axis is correlated with col-
our and c20:2 fatty acids, thus corre-
sponding to the colour. In general, spe-
cific fatty acids contribute to most of 
the principal components.

the four identified groups by clus-
ter analysis are shown on a PcA bi-
plot with the projection of the original 
tPA variables (Fig. 4). Figure 4 shows 
that group G1 (on the left-hand side of 
the PcA plot) includes yellowish and 
black halwa leading to soft and resil-
ient attributes (low-fat and high sug-
ar). On the opposite direction to that 
of the resilient component, group G2 
includes halwa that are soft and cohe-
sive-springy (high-fat and low sugar). 
G4 includes soft and springy halwa 
(high-fat and medium-sugar). this re-
sult indicates that most of the prod-
ucts in the market are soft with differ-
ent textural attributes. Group G3 op-
posite to the G4 corresponds to hard 
and chewy (fatty and medium sugar) 
halwa. the springiness of the soft-
er products indicated that structural 
damage due to compression was rap-
idly repaired. sOUKOULIs et al. (2008) 
identified two classes of ice cream for-
mulated with different hydrocolloids. 
LAssOUED et al. (2008) classified 15 
baked products (i.e., bread) with var-
ious types of dough similar to com-
mercial products, and they classi-
fied the products based on senso-
ry texture and image analysis. they 
grouped the products into 6 clusters 
based on Hierarchical cluster Anal-
ysis and identified stiffer products 
(i.e., stiffness, elasticity and flexibil-
ity) (group 1), products with larger-
crumb cells (group 2), elastic products 
(i.e., elasticity, softness, crumbliness) 
(group 3), products with fine-crumb 
cells (group 4), products with cell reg-
ularity (group 5), and crumble-bread t
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that was easy to tear (group 6). In the case of 
12 commercial custard desserts, DE WIJK et 
al. (2003) identified 4 cluster groups based on 
sensory and instrumental mouth feel. they 
used PcA and cluster analysis and character-
ised the classes by roughness, thickness, melt-
ing, creaminess/softness. the halwa industry 
could produce their products based on these 
categories in order to imitate the types of prod-
ucts available in the market today and possibly 
to please the consumer (AL-sHAMsI et al., 2013).

cONcLUsION

commercial halwa products purchased in 
the market were surveyed and classified by 
measuring their physico-chemical properties 
and tPA attributes. the instrumental tPA at-
tributes of halwa were correlated with the mois-
ture, fat, fatty acid and sugar contents. based 
on the physico-chemical properties and tPA 
attributes, halwa in the local market could be 
classified into 4 groups: hard-chewy (fatty and 
medium-sugar), soft-resilient (low-fat and high-
sugar), soft-springy (fatty and medium-sugar) 
and soft-cohesive-springy (high-fatty and low 
sugar). PcA was used to identify 7 principal 
components, which correspond to the plastic-
ity, elasticity, hardness, chewiness, protein-
colour, sugar-carbohydrate, and colour. Halwa 
producers could develop new products based 
on the characteristics of these four classes in 
order to please the consumer base.

Fig. 4 - biplot of different products on two principal components with variables loading on the principal components.
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Dean’s Decree Proclaiming 
the international call 

for agr/15 alimentary science 
anD technology

The University of Gastronomic Sciences here-
by decrees an international call for applicants 
who possess the following qualifications.

A background of teaching and research ex-
perience is required in the following two areas:
- Food Technology (Fundamentals (Unit Oper-

ations) and Processes). Food Chains.
- Food Quality and Safety Management Sys-

tems. Process and Product Certification.

All applications for the available positions 
must:
- be addressed to the Dean of the University 

of Gastronomic Sciences, Office of Compar-
ative Evaluations - Piazza Vittorio Emanuele 
9 - Loc. Pollenzo - 12042 BRA, or sent by e-
mail to the following address: concorsi.pol-
lenzo@unisg.it;

- include a Curriculum Vitae, a Scientific Cur-
riculum, a list of research activities, studies 
and teaching posts held and a letter describ-
ing the applicant’s reasons for applying for 
the post.

Applications for consideration must be sub-
mitted on or before 15/10/2012.

Letters, academic titles, documents and publi-
cations received by the University after the dead-
line indicated above will not be taken into con-
sideration.

The Dean
Prof. Piercarlo Grimaldi
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