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AbstrAct

this paper analyses the importance of Protected Designation of Origin (PDO) in shaping con-
sumer preferences for Iberian dry-cured ham, one of the most typical and appreciated meat prod-
ucts in spain. conjoint Analysis was used to estimate the importance of selected attributes af-
fecting consumer preferences for this product. results showed that consumers granted the high-
est importance to price and type of ham, although PDO was of some value for all consumers. A 
segmentation with PDO-related variables produced three clusters (pro-PDO consumers, average 
consumers, and price-sensitive consumers). these clusters were later used to determine the pre-
mium that consumers were willing to pay for the PDO attribute, which was then compared to the 
extra costs of producing ham within a PDO scheme.



368  Ital. J. Food Sci. n. 4, vol. 22 - 2010

INtrODUctION

Protected Designation of Origin (PDO) is one 
of the most important programmes designed by 
the European Union to promote and protect the 
names of regional foods. these programmes en-
courage varied agricultural production, protect 
the trademark of the PDOs and help consumers 
by giving them information concerning specific 
product characteristics. specifically, PDO cov-
ers agricultural products and foodstuffs which 
are produced, processed and prepared in a given 
geographical area. such is the case of the Iberi-
an dry-cured ham, one of the most typical and 
appreciated meat products in spain.

spain is the world’s largest producer and con-
sumer of dry-cured ham; more than 36 million 
hams were produced in 2004 (crUZ, 2005), with 
a yearly consumption of 4.6 kg per capita (MAPA, 
2007). In spain, there are two main types of dry-
cured ham: serrano ham and Iberian ham. the 
first is produced from white pigs (a term which 
refers to all the improved pig breeds such as 
Large white or Landrace) that are usually fed an 
intensive cereal-based diet. Iberian ham is pro-
duced from an indigenous breed of pig (Iberian 
pig), native to the southwest part of the Iberian 
Peninsula. Iberian pigs have adapted over gen-
erations to the harsh environmental conditions 
of the spanish Mediterranean woods (dehesas), 
where they graze freely on pastures and main-
ly eat acorns.

Iberian pigs can be classified into three qual-
ity categories depending on the amount of 
acorns they are fed during their fattening stage: 
“Bellota” or “Mast-fed” (Iberian pigs reared ex-
tensively in the dehesas, where they main-
ly eat acorns and pasture); “Recebo” (Iberian 
pigs reared extensively for some time, although 
fed with fodder in their last fattening stage), 
and “Cebo” (Iberian pigs reared in pig sheds, 
with an intensive production system and only 
fed fodder). both “Recebo” and “Cebo” Iberian 
hams are known on the market indistinctly as 
Iberian ham or Iberian fodder-fed ham, to dif-
ferentiate them from the higher quality Iberi-
an mast-fed ham.

Iberian hams have a very limited market, and 
their consumers, considered as an elitist and de-
manding niche, are looking for quality and are 
ready to pay higher prices. In fact, most of the 
cured hams sold on the spanish market are Ser-
rano hams (89%), which are a cheaper product 
and more appropriate for mass consumption. 
For the remaining 11% of the market, which is 
Iberian, only 6% is certified under any of the ex-
isting PDOs.

In general, there are no relevant differences 
between PDO and non-PDO products within the 
supply chain until the distribution stage. the 
only difference lies in the last stage, retailing, 
since non-PDO hams can usually be found in 
supermarkets and hypermarkets, whereas PDO 

hams are frequently sold by small retailers, such 
as specialized delicatessen shops.

Although greatly appreciated on the market, 
the Iberian (mast-fed and fodder-fed) hams are 
facing serious challenges: the producer sector is 
highly fragmented, and the market is complex 
and opaque, with a great diversity of products 
(depending on the production system, the de-
gree of purity used in the Iberian breed, the dif-
ferent types of feeding, etc.), which sometimes 
result in consumer distrust and lack of loyalty 
towards the products. 

these drawbacks have to be analyzed taking 
into consideration consumer perception of qual-
ity, which is considered a multifaceted concept 
related to the requirements necessary to satisfy 
consumer needs and expectations (MOsKOWItZ, 
1995; PErI, 2006). EsPEJEL et al. (2007) stated 
that consumers evaluate food quality based on 
its intrinsic attributes (aroma, flavour, smell…) 
and extrinsic attributes (brand name, price, 
country of origin…). As mentioned above, for a 
varied food product such as the Iberian ham, it 
is especially significant to be able to provide the 
consumer with a guarantee about the extrinsic 
and intrinsic parameters of quality, since con-
sumers may find these aspects difficult to fully 
understand and check by themselves.

based on this duality of factors, PDO certifi-
cation may raise the quality perception of con-
sumers both intrinsically and extrinsically (Es-
PEJEL et al., 2007). specifically, a PDO enhances 
the intrinsic attributes of the product as a result 
of performing stricter quality controls on ingre-
dients, processing methods and product guar-
antees. In addition, the perceived quality of ex-
trinsic attributes is also improved under a PDO 
scheme, since brand image is reinforced by its 
association with the generic PDO brand (bONEt-
tI, 2004; FANDOs and FLAVIÁN, 2006). With re-
spect to Iberian ham, PDO would provide con-
sumers with certified information about origin, 
breed and feeding of the pigs, together with a 
guarantee that the ham was produced following 
the traditional methods of the region.

Although Iberian ham has been widely stud-
ied, researchers have mainly focused on the 
manufacturing technology and improvements in 
the production processes (cAVA et al., 2000; AN-
DrÉs et al., 2001) and on sensory assessment 
using trained panelists (ANDrÉs et al., 2004; 
rUIZ et al., 1998). there is a shortage of stud-
ies dealing with consumer preferences towards 
dry-cured ham (including Iberian) in different 
contexts. some related literature can be found 
in studies by cANNAtA et al. (2010), who ana-
lyzed the preferences for dry-cured hams in It-
aly and France, but mainly considered senso-
ry attributes, by cILLA et al. (2006), MOrALEs et 
al. (2008) and rEsANO et al. (2009), who used 
both serrano and Iberian dry-cured hams in 
their studies, which were focused on consum-
er beliefs, attitudes and acceptability towards 
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these products, and by MEsÍAs et al. (1997), who 
studied retailer preferences for Iberian and ser-
rano hams.

From the above, it is clear that researching 
into consumer preferences towards Iberian hams 
is of great interest, especially when considering 
the role Protected Designation of Origin plays in 
shaping these preferences. It is obvious that is-
sues such as price, product origin, animal wel-
fare, rearing type, quality labelling, and even cul-
tural and social factors, can significantly mod-
ify the purchase decision. It is therefore nec-
essary to know the importance granted by the 
consumers to those attributes, using appropri-
ate research tools, such as conjoint Analysis.

the aim of the present work was to determine, 
within the structure of consumer preferences 
for Iberian ham, the role of the attribute Pro-
tected Designation of Origin, its relative impor-
tance within the framework of preferences and 
the monetary value for different types of consum-
ers of the presence/absence of this attribute.

MAtErIALs AND MEtHODs

Data collection

the data were obtained by personal interviews 
of a representative sample of regular consumers 
of Iberian ham in the southwestern spanish re-
gion of Extremadura. this region can be consid-
ered a typical spanish region for the purposes of 
this study since it is the most important region 
regarding consumption of Iberian meat prod-
ucts in spain (MIMArM, 2009), thus ensuring 
that the consumers have a good level of knowl-
edge of Iberian ham, the types and characteris-
tics. Furthermore, there is a good range of Iberi-
an ham of different qualities and PDOs, togeth-
er with quality Iberian ham from the region, it-
self, available in local shops.

respondents had to be primarily responsible 
for food shopping within the household. the sur-
vey was carried out between April and May 2006. 
the design was a random stratified sampling 
weighted in proportion to the population of each 
town. In every town1, households were selected 
through a random computerized procedure, in 
which each household had the same probabili-
ty of being selected. In case of refusal, replace-
ment households were drawn and interviewed. 
Although 480 questionnaires were handed out, 
63 had to be discarded, mainly for incomplete 
response. the maximum error was 4.89% for a 
95% confidence level (k=2).

conjoint Analysis

conjoint Analysis (cA) is a multivariate re-
search technique developed within the field of 
psychology (LUcE and tUKEY, 1964) and wide-
ly used in the agri-food sector, as can be seen 

in some publications dealing with the analysis 
of preferences for eggs (NEss and GErHArDY, 
1994), wine (MArtÍNEZ-cArrAscO et al., 2006) 
or honey (MUrPHY et al., 2000).

cA starts from the assumption that purchas-
ing behaviour can be interpreted as a choice 
among different products or brands which pos-
sess a set of differentiating attributes or charac-
teristics (VArELA et al., 1997). According to NEss 
and GErHArDY (1994), the main assumptions in 
the cA model are: i) alternative products can be 
defined by a series of specific levels of a common 
set of attributes; and ii) a product’s total utili-
ty to a consumer is given by the partial utilities 
(part-worths) of each attribute level.

two important aspects of the model that need 
to be specified prior to carrying out the estimation 
are the choice of the composition rule and the re-
lationship between the utilities. the composition 
rule adopted in this study is additive; according 
to HAIr et al. (1999) it is the one that takes into 
account most (80 or 90%) of the variation of the 
preference in almost all cases and is thus suffi-
cient for most applications.

Analytically, the additive composition rule is 
the following:

where Y is the total utility, Vij is the utility as-
sociated with level j (j=1,2...,m) of attribute i 
(i=1,2...,n) and Xij is a dummy variable that takes 
the value of 1 (or 0) in the case of presence (or ab-
sence) of the jth level of the ith attribute.

concerning the relationship between the util-
ities, a linear-less model was used for the at-
tribute price, as, in general terms, higher pric-
es correspond to lower utilities or preferences 
(GIL and sÁNcHEZ, 1997; KUPIEc and rEVELL, 
2001; sOUZA and VENtUrA, 2001). For the rest 
of the attributes (qualitative) a part-worth model 
was used, which implies no defined relationship 
between the different levels of the attributes and 
their part-worths. this model is the most gener-
al and flexible and is frequently used for quali-
tative attributes (HAIr et al., 1999; GrEEN and 
srINIVAsAN, 1978).

the following step in the research design con-
cerns the identification of appropriate attributes 
and, subsequently, the specification of feasi-
ble attribute levels (HAIr et al., 1999). these at-
tributes must reflect the key characteristics that 
consumers use to evaluate products (brEttON-
cLArK, 1987). All attributes that potentially cre-
ate or detract from the overall utility of the prod-
uct or service should be included, and the ob-
jective would be to include the attributes that 
differentiate most between the products (HAIr 
et al., 1999).

After a previous review of studies on con-
sumer preferences for ham and meat prod-
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ucts, the research team selected a list of at-
tributes2, which were subjected to a dou-
ble evaluation. First, they were presented to 
a panel of 25 consumers, who were asked to 
rate them according to their importance in the 
purchasing decision, and to indicate the lev-
els that they considered feasible. Finally, the 
most highly valued attributes and their levels 
were presented to a panel of dry-cured ham ex-
perts3, who chose those they considered most 
influential in the Iberian ham purchasing de-
cisions. they also selected the definitive lev-
els. the attributes and levels finally included 
in the study were: type of ham (Iberian Mast-
Fed Ham, Iberian Ham – fed with fodder –, 
serrano Ham), Protected Designation of Ori-
gin (with or without), price (6, 16, 26 or 36 €/
kg), and purchasing format (over the counter, 
sliced and packed, whole ham). the relatively 
small number of attributes selected led to the 
decision to use the traditional additive con-
joint methodology.

It has been mentioned by several authors that 
it is important to attempt to balance or equal-
ize the number of levels across factors, due to 
the fact that the estimated relative importance 
of a variable increases as the number of levels 
increases, even if the end points stay the same 
(GrEEN and srINIVAsAN, 1990; HAIr et al., 1999). 
Nevertheless, it is common to find conjoint stud-
ies with a similar range in the number of levels 
to the one used in this work (stEENKAMP, 1987; 
rUIZ DE MAYA and MUNUErA, 1993; bEHE et al., 
1999; cOX et al., 2008).

In spite of discrepancies about the usage of 
price as an attribute (stEENKAMP, 1987; tULL 
and HAWKINs, 1990; HAIr et al., 1999), it was 
decided to keep price as one of the attributes 
in this study. since a wide range of prices was 
found on the ham market, it was assumed that 
some consumers would select the type of ham 
mostly based on the price.

Once the factors and their levels were selected, 
they were combined to create hypothetical prod-
ucts that would be presented to the consumers 

table 1 - Final ham profiles presented to the consumers.

	Product	 Type	of	Ham	 Designation	of	 Price	 Purchasing	format
	 	 	 origin	 (€/kg)

	 1	 Iberian	 Without	 16	 Over	the	counter
	 2	 Serrano	 Without	 16	 Sliced	&	Packed
	 3	 Iberian	 With	 26	 Over	the	counter
	 4	 Iberian	Mast-fed	 Without	 26	 Whole	ham
	 5	 Iberian	Mast-fed	 With	 36	 Sliced	&	Packed
	 6	 Serrano	 With	 6	 Over	the	counter
	 7	 Iberian	 Without	 16	 Sliced	&	Packed
	 8	 Iberian	Mast-fed	 Without	 36	 Over	the	counter
	 9	 Iberian	 With	 26	 Sliced	&	Packed
	 10	 Serrano	 With	 16	 Whole	ham

for evaluation. In this case, and using a fractional 
factorial design, ten profiles were produced (table 
1). then, by using the full-profile method4, writ-
ten descriptions of all the different products were 
handed to the respondents, so that they could be 
rated from 1 to 9, where 1 was the lowest prefer-
ence and 9 was the highest.

cluster analysis

A cluster analysis was conducted to identify 
segments of consumers with respect to their 
behaviour towards PDO. A two-step cluster 
procedure (sPss, 2003) was performed by us-
ing the part-worths of the PDO attribute, to-
gether with other variables dealing with con-
sumers’ knowledge about PDO, appreciation 
of the PDO attribute and willingness to pay 
for this attribute. this procedure was select-
ed since it is able to handle both continuous 
and categorical variables. this algorithm also 
determines the appropriate number of clus-
ters, generating a three-cluster solution in 
this study.

rEsULts

Part-worths and relative importance 
of the attributes

the model was estimated using ordinary least 
squares regression analysis, and the relative im-
portance of the attributes, as well as the part-
worth of each level of the attributes was estab-
lished. to test the accuracy of the model, the 
Pearson correlation coefficient was calculat-
ed between the original ratings given by the re-
spondents and those determined by the mod-
el. the high value of this coefficient (0.933) in-
dicates that the model provides good prediction 
of the consumer preferences.

table 2 shows the relative importance of the 
attributes and part-worths for the overall sam-
ple and the three clusters.
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the value of each level’s part-worth indicates 
if the presence of that level of the attribute adds 
(positive sign) or lessens (negative sign) that 
amount of utility to the product. regarding one 
of the most important attributes, the price, it 
can be seen that for the majority of the samples, 
as price increases, the utility for the consumer 
decreases, which conforms to various conjoint 
Analysis studies of food products (MUrPHY et 
al., 2000; MEsÍAs et al., 2005).

by analyzing the values for the PDO, it can be 
seen that this attribute was only granted 12% 
of relative importance for the overall sample, as 
contrasted with the values obtained in compa-
rable studies for other food products, includ-
ing 23% for beef (MEsÍAs et al., 2005), 40% for 
cheese (sOUZA and VENtUrA, 2001), and 17% 
for dry-cured ham (MEsÍAs et al., 1997). these 
studies used a similar number of attributes (4 
or 5). these differences may derive from the na-
ture of Iberian dry-cured ham, whose main char-
acteristic is the original Iberian breed. With this 
characteristic alone, consumers take a certain 
quality of ham for granted, and thus the PDO 
may not be considered so important. Neverthe-
less, for all the clusters, the presence of Protect-
ed Designation of Origin added some utility to 
ham consumers.

With respect to the clusters, the first one has 
been called “Pro-PDO consumers”. this group 
showed the highest preference for the Protect-
ed Designation of Origin, the highest knowledge 
about this factor, and also greater willingness to 
pay a higher price (up to 15%) just for the pres-
ence of this attribute.

table 2 - Part-worths and relative importance of the attributes for the overall sample and the three clusters.

Attributes	and	levels	 Overall	Sample	 Pro-PDO	 Average	 Price-sensitive
	 	 consumers	 consumers	 consumers
	 	 (n=132)	 (n=177)	 (n=83)

Type	of	ham
Iberian	Mast-fed	 1.138	 1.034	 1.281	 1.335
Iberian	fodder-fed	 0.152	 0.282	 0.171	 -0.141
Serrano	 -1.920	 -1.318	 -1.451	 -1.194
Relative importance 43.5% 46.2% 47.5% 32.8%
Protected	Designation	of	Origin
Yes	 0.347	 0.423	 0.348	 0.289
No	 -0.347	 -0.423	 -0.348	 -0.289
Relative importance 12.4% 16.6% 12.1% 7.5%
Price
6	€/kg	 -0.431	 -0.262	 -0.433	 -0.847
16	€/kg	 -1.149	 -0.699	 -1.155	 -2.258
26	€/kg	 -1.867	 -1.136	 -1.877	 -3.669
36	€/kg	 -2.585	 -1.573	 -2.599	 -5.080
Relative importance 38.5% 25.7% 37.7% 54.9%
Purchasing	format
Sliced	and	packed	 -0.160	 -0.241	 -0.099	 -0.167
Over	the	counter	 0.010	 -0.102	 0.044	 0.206
Whole	ham	 0.150	 0.343	 0.055	 -0.038
Relative importance 5.6% 11.5% 2.7% 4.7%

the second cluster was termed “Average con-
sumers”, since their preference function was 
very similar to the one of the overall sample. 
Most of the consumers in this group had a 
medium knowledge of Designations of Origin, 
and although they appreciated this attribute, 
they were willing to pay just up to 11% for a 
PDO product over a conventional food product. 

Finally, cluster 3 was found to be the one 
that gave the highest importance to price, and 
the lowest to type of ham and to Protected Des-
ignation of Origin. Most of the consumers in this 
cluster had no knowledge of Designations of Or-
igin and 89% of them were not willing to pay for 
the PDO attribute (average willingness to pay 
for this group was 1%). According to the above, 
this cluster was designated as “Price-sensitive 
consumers”.

table 3 shows a description of the socio-de-
mographic characteristics of the sample and the 
clusters. It also shows the level of significance 
obtained in a X-square test carried out for the 
three clusters. significant differences among the 
clusters were found for most of the socio-demo-
graphic variables. cluster 1 (Pro-PDO consum-
ers) had the greatest percentage of individu-
als under 50, with mid-income levels and with 
a majority of high-school or university studies. 
cluster 2 is similar to cluster 1, but it mainly 
consisted of men. Finally, cluster 3 is mainly 
characterized by the lowest income level (which 
justifies its previous designation as Price-sen-
sitive consumers); it had the lowest level of ed-
ucation and the highest percentage of individ-
uals over 50.
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simulation of market shares

Once the preference functions were deter-
mined, a simulation analysis was carried out 
(both for the sample and for each of the three 
clusters) in order to quantify, in monetary terms, 
the value of presence of the Protected Designa-
tion of Origin in Iberian ham. the simulation 
consisted of estimating market shares for differ-
ent hypothetical products. these market shares 
were calculated using the maximum utility mod-
el, which considers that a consumer will se-
lect the product that provides the highest utili-
ty. the following four products were selected to 
be used in the simulation, trying to represent 

table 3 - socio-demographic characteristics by cluster and overall sample (%).

	 	 Pro-PDO	 Average	 Price-	 Overall	 Significancea

	 	 consumers	 consumers	 sensitive	 Sample
	 	 	 	 consumers

Level	of	study	 No	formal	education	 2.3	 6.8	 8.4	 5.6	 **
	 Primary	education	 19.7	 18.6	 43.4	 24.2
	 High	school	 31.8	 27.1	 30.1	 29.3
	 University	 46.2	 47.5	 18.1	 40.9

Income	level	 <1,500	€/month	 28.9	 38.4	 65.2	 40.9	 **
	 1,500-2,500	€/month	 46.3	 31.4	 29.2	 36
	 >2,500	€/month	 24.8	 30.2	 5.6	 23.1

Family	size	 1-2	 28.8	 23.9	 37.3	 28.4	 n.s.
	 3-4	 50	 53.4	 39.8	 49.3
	 ≥5	 21.2	 22.7	 22.9	 22.3

Sex	 Man	 40.9	 52	 37.3	 45.2	 *
	 Woman	 59.1	 48	 62.7	 54.8

Age	of	the	 18-35	years	 34.5	 31.7	 26.3	 31.5	 **
respondent	 36-50	years	 34.4	 33.3	 23	 31.5
	 51-65	years	 21.6	 21.5	 31.3	 23.6
	 >65	years	 9.5	 13.5	 19.4	 13.4

Residence	 Rural	 41.7	 43	 56.6	 45.2	 n.s.
	 Urban	 58.3	 57	 43.4	 54.8

aDifferences	significant	at:	*p	<	0.05,	**p	<	0.01;	n.s.:	not	significant.

broadly what can be found in the supermarkets 
or butcher shops of the area:

Product 1: Iberian mast-fed ham with Protect-
ed Designation of Origin, 36 €/kg

Product 2: Iberian ham without Protected Des-
ignation of Origin, 19 €/kg

Product 3: Iberian Ham with Protected Desig-
nation of Origin, 26 €/kg

Product 4: serrano ham without Protected 
Designation of Origin, 8.6 €/kg

In order to allow the comparison between the 
different products, the attribute “Purchasing for-
mat” was set as “Whole Ham”.

table 4 shows the initial market shares for the 
selected products, which reflect the relative im-

table 4 - Initial market shares (%).

	 Overall	sample	 Pro-PDO	 Average	 Price-sensitive
	 	 consumers	 consumers	 consumers

Product	1	 43.23	 55.68	 43.50	 26.51
Product	2	 14.16	 9.85	 16.10	 18.07
Product	3	 17.36	 20.08	 18.64	 4.82
Product	4	 25.25	 14.39	 21.76	 50.60

Product	1:	Iberian	mast-fed	ham	with	Protected	Designation	of	Origin	(PDO),	36	€/kg
Product	2:	Iberian	ham	without	PDO,	19	€/kg
Product	3:	Iberian	ham	with	PDO,	26	€/kg
Product	4:	Serrano	ham	without	PDO,	8.6	€/kg
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portance that each cluster gave to the attributes. 
For the sample as a whole, the relative impor-
tance given to the attributes led to the preferred 
product being Iberian Mast-Fed (the attribute 
type of Ham had a relative importance of 43.5%, 
and Mast-Fed level had the greatest part-worth). 
the relative importance of price (38.5%, with a 
negative utility for increasing prices) led to Prod-
uct 4 as the second preferred, as it was a cheap 
cured ham. the market share of Product 2 was 
almost the same as that of Product 3, as both 
products are very similar (although Product 3 is 
covered by a PDO). this difference reflects the 
small importance that the overall sample gives 
to the attribute PDO (although it is an attribute 
that adds utility to the consumer).

the low value for Product 2 shown by “Pro-
PDO consumers” is explained by the fact that 
they granted the highest importance to the PDO 
attribute, with low importance given to price (a 
reduced price does not compensate for the lack 
of another attribute). both aspects also explain 
the high value for Product 1.

Finally, among the “Price-sensitive consum-
ers”, the main attribute was price (54.9% of rel-
ative importance). this, together with the small 
importance given to Protected Designation of Or-
igin, led to higher market shares for Products 2 
and 4 (they preferred cheaper hams and with-
out a PDO label).

Willingness to pay for the PDO attribute

After the previous estimation of the initial 
market shares, other simulations were run to 
determine the extra price a consumer was will-
ing to pay for Iberian ham with PDO compared 
with Iberian ham without PDO. Products 2 and 
3 were modified through the simulations, since 

both are Iberian hams, although the first one 
does not have a PDO. In this case, the price of 
the less preferred ham was reduced until a new 
price was reached for which the market share 
values for both hams were almost the same. At 
this point, the difference in price between Prod-
ucts 2 and 3 was considered to be the willing-
ness to pay for the PDO, the only difference be-
tween the two hams. After several repetitions, 
the final price for each cluster was determined, 
and the results are shown in table 5.

“Pro-PDO consumers” were ready to pay 10.9 
extra €/kg for the PDO ham, as compared to 
only 1.0 extra €/kg in the case of “Price-sensi-
tive consumers”. “Average consumers” are in an 
intermediate zone, since they were willing to pay 
8.2 €/kg extra. these results are in line with the 
characteristics of each cluster: “Pro-PDO con-
sumers” granted the highest importance among 
the three groups to Protected Designation of Ori-
gin and the lowest to price, while “Price-sensitive 
consumers” gave the lowest importance of the 
three clusters to PDO, and the highest to price. 
consequently, “Pro-PDO consumers” were more 
willing to purchase a PDO Iberian ham than the 
other consumers, even though this type of ham 
is more expensive.

Willingness to pay vs extra costs derived 
from PDO

the price premium that consumers were will-
ing to pay has to be compared with the extra 
costs of producing an Iberian ham within a PDO 
scheme. the main differences are found at the 
farming level, due to the longer period of time 
that Iberian pigs are kept in “montanera” (a tra-
ditional method in which animals are free to 
roam in the dehesa countryside, eating mainly 

table 5 - Final market shares (%) and economic value of Protected Designation of Origin attribute.

	 Overall	sample	 Pro-PDO	 Average	 Price-sensitive
	 	 consumers	 consumers	 consumers

	 Price	prod.	2=	 Price	prod.	2=	 Price	prod.	2=	 Price	prod.	3=
	 17.8	€/kg	 15.1	€/kg	 17.8	€/kg	 20.0	€/kg

Product	1	 42.00	 53.41	 42.37	 24.10
Product	2	 17.12	 16.67	 19.49	 14.46
Product	3	 17.24	 17.05	 18.93	 14.46
Product	4	 23.65	 12.08	 19.21	 46.98
Economic	value	of
Protected	Designation	 8.2	€/kg	 10.9	€/kg	 8.2	€/kg	 1.0	€/kg
of	Origin	attributea

Product	1:	Iberian	mast-fed	ham	with	Protected	Designation	of	Origin	(PDO),	36	€/kg
Product	2:	Iberian	ham	without	PDO,	19	€/kg
Product	3:	Iberian	ham	with	PDO,	26	€/kg
Product	4:	Serrano	ham	without	PDO,	8.6	€/kg
aThe	economic	value	of	the	Protected	Designation	of	Origin	attribute	was	calculated	as	the	difference	between	the	prices	of	Product	2	and	Product	3.
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acorns and pasture) and due to the certification 
costs of the ruling council (EUrOPEAN cOMMIs-
sION, 2006).

As mentioned in the introduction section, de-
pending on the time period that an Iberian pig is 
kept in “montanera”, it will be labelled as “Bel-
lota”, “Recebo” or “Cebo”. For example, in Ex-
tremadura’s PDO, only those pigs that have 
put on up to 60% of their initial weight during 

Fig. 2 - Price evolution (2001-2006) for Iberian Mast-fed hams and Iberian hams with and without PDO at the retailer level 
(source: EUrOPEAN cOMMIssION, 2006).

Fig. 1 - Location of Extremadura, spain.

the “montanera” period are labelled as “Bellota” 
(www.dehesa-extremadura.com). those non-
PDO pigs can be labelled as “Bellota” by just 
putting on 40% of their weight during the “mon-
tanera” stage.

the PDO ruling council charges a certifica-
tion fee of about 5 €, per pig (EUrOPEAN cOM-
MIssION, 2006). this price covers inspections at 
the farms and processing plants, together with 
analytical laboratory tests about ham quality.

In addition, Iberian PDO hams have to be kept 
longer in “bodegas” (natural warehouses where 
hams are cured and matured) than non-PDO 
hams. For example, PDO mast-fed hams are not 
sold until they have aged over 2.5 years (www.
dehesa-extremadura.com), as compared to 1.2 
years for non-PDO mast-fed hams.

All these concepts are reflected in Fig. 2, that 
shows the price evolution for Iberian ham (mast-
fed and fodder fed) with and without Protected 
Designation of Origin at the retail level. As can 
be seen, the difference in price between a fod-
der-fed Iberian ham with Protected Designation 
of Origin and without it is about 6.4 €/kg (the 
price difference for Iberian mast-fed ham is just 
4.4 €/kg). these values imply that both “Pro-
PDO consumers” and “Average consumers” will 
always be willing to purchase an Iberian PDO 
ham, while “Price sensitive consumers” will con-
sider it as an expensive product, and therefore 
they will not purchase it.

these results could provide information, both 
for the producers of Iberian ham and for the PDO 
ruling council, in order to target their potential 
consumers. In this sense, “Pro-PDO consumers” 
would be their natural market segment, mainly 
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due to their preferences. Moreover, this group 
contains the highest percentage of families with 
medium-high income levels and of young fam-
ilies. “Average consumers” is another interest-
ing segment, with a socio-demographic structure 
similar to “Pro-PDO consumers”, and a good but 
lower appreciation of Protected Designation of 
Origin attribute.

Actions to promote the consumption of PDO 
Iberian ham should be focused on the above-
mentioned consumers, since “Price sensitive 
consumers” are not willing to pay an extra price 
for the Protected Designation of Origin attribute. 
With two-thirds of their members in the low-
est income level, the income structure of these 
consumers makes them very concerned about 
their expenditures. It is unlikely that they will 
purchase delicatessen or high-priced products, 
such as the Iberian ham (with or without PDO).

cONcLUsIONs

Protected Designation of Origin has been 
found to be an attribute whose presence in the 
Iberian dry-cured ham adds utility, in different 
amounts, for all consumers. thus, the consum-
er prefers Iberian hams produced under a PDO 
scheme, which guarantees some characteristics 
of the Iberian ham (such as the degree of puri-
ty in the Iberian breed or the different types of 
feeding) that are difficult for the consumers to 
fully understand and check.

Although consumers have granted much 
more importance to other attributes, like price 
or type of ham, than to the Protected Designa-
tion of Origin (in fact price and type of ham ac-
counted for more than 75% of the importance 
within the preference structure for all the con-
sumers), it has to be borne in mind that, in a 
typical and heterogeneous product such as the 
Iberian ham, there are other attributes (for ex-
ample maturing time, or fat content) that could 
improve the definition of the preference struc-
ture. Although these attributes were not includ-
ed in the study in order to facilitate answering 
the questionnaire, they could be taken into ac-
count in further studies. Nevertheless, with a 
greater number of factors, an increased number 
of stimuli are needed in order to maintain sta-
tistical efficiency and reliability of the results.

segmentation analysis with PDO-related var-
iables produced three well-defined groups of 
consumers with different socio-demographic 
profiles and preference structures. regarding 
their appreciation for the Protected Designa-
tion of Origin, only one of the clusters granted 
very low importance to this attribute, caused 
mainly by the importance these consumers 
gave to price.

the use of simulation techniques facilitated 
the analysis of consumer willingness to pay a 
premium for Iberian ham covered by a Protect-

ed Designation of Origin (since PDO implies ex-
tra production costs, such as higher feeding and 
production costs and certification fees). As only 
some consumers are willing to pay a premium, 
Protected Designation of Origin might become a 
useless or even counterproductive tool for Iberi-
an ham producers, unless a proper selection of 
market segments is carried out or information 
campaigns are developed to improve consumer 
appreciation of this attribute.

NOtEs

1 Due to budget restrictions, only population centres of 
more than 3,000 inhabitants were considered for the 
study (they represent more than 75% of the total popu-
lation of the region).

2 Price, PDO, maturing time, fat content, color, type of ham, 
packaging, place of purchase, brand name, feeding of the 
pigs, origin, salt content.

3 consumers were selected among the customers of sever-
al traditional shops selling dry-cured ham. the experts 
were selected among the members of an association of 
dry-cured ham producers.

4 the full-profile method presents respondents with a se-
ries of full descriptions of the product concepts and re-
quires them to rank (using car-sorting techniques) or 
score each concept according to their preference or will-
ingness to buy (NEss and GErHArDY, 1994; WIttINK 
and cAtIN, 1989).
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AbstrAct

the effect of a moderate feed restriction (L, 50 g feed/kg LW0.75) and a high feeding level (H, 70 
g feed/kg LW0.75) during the period prior to the late fattening phase was studied on Iberian pigs 
reared in free-range (Fr) or in confinement (c). the degree of proteolysis, fat content, fatty ac-
ids and texture profile of Iberian dry-cured loins was investigated. Products from free range ani-
mals showed the lowest hardness and the highest adhesiveness and degree of proteolysis, where-
as those raised in confinement had the lowest hypocholesterolemic/hypercholesterolemic and the 
highest PUFA/sFA ratios.
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INtrODUctION

the rearing system used for Iberian pigs is a 
good example of tradition adapted to the cur-
rent quality requirements of the meat industry. 
During the free-range fattening phase, animals 
are fed on acorns and grass which give the meat 
and meat products special characteristics relat-
ed to fat content, fatty acid and volatile profiles 
(LÓPEZ et al., 1992; HOZ et al., 1996; OrDÓÑEZ 
et al., 1996). In the 4 to 5 month period prior to 
the fattening stage, animals are reared in con-
finement with mixed diets (LÓPEZ-bOtE, 1998).

Feeding restriction prior to fattening is usu-
ally applied to pigs reared in free-range be-
cause it is assumed that this procedure leads 
to a higher consumption of acorns during free-
range fattening, and consequently, to high-
er fat accumulation during this fattening pe-
riod, which in turn seems to lead to a higher 
proportion of oleic acid in the backfat of pigs 
at slaughter (LÓPEZ-bOtE et al., 2001; FrEIt-
As et al., 1995). there are previous reports in 
the literature concerning the effects of feeding 
restriction prior to free-range fattening on car-
cass and fat quality traits in Iberian pigs (DAZA 
et al., 2008), as well as the importance of the 
feeding level during the growing and fattening 
phases on fatty acid composition (outer and in-
ner subcutaneous layers) and lipogenic enzyme 
activities (DAZA et al., 2007).

DAZA et al. (2008) stated that animals raised 
without restriction had longer and wider-perim-
eter hams (p < 0.10) and tended to have high-
er slaughter and carcass weights, carcass in-
ner length and loin and sirloin weights than 
those subjected to high restriction feeding. An-
imals reared with high restriction feeding had 
lower proportions of total saturated fatty acids 
(sFA) and higher proportions of total monoun-
saturated fatty acids in the inner backfat lay-
er than the non-restricted animals. total pol-
yunsaturated fatty acids (PUFA) in intramus-
cular neutral lipids were higher in high restric-
tion pigs. DAZA et al. (2007) indicated a marked 
effect of the feeding system on pig productivity 
and fatty acid composition since animals un-
der a low feeding system during the growth pe-
riod showed a significantly (p<0.05) higher pro-
portion of c18:1n-9 and total monounsaturated 
fatty acids in the outer and inner layers of the 
subcutaneous backfat. In general, the fatty acid 
composition of the meat products remained un-
changed after processing and curing (KrIstINs-
sON et al., 2001; HOZ et al., 2004). bearing this 
in mind, the fatty acid composition of the dry-
cured loin should reflect the fatty acids present 
in the pig feed.

In Iberian dry-cured products (loin and ham), 
higher quality has been associated with higher 
contents of oleic and monounsaturated fatty ac-
ids, which are typical of animals fed in free-range 
conditions. the higher quality of meat products 

from free-range Iberian pigs is attributed to a high 
consumption of acorns, which are rich in oleic 
acid (cANtOs et al., 2003).

the present study was conducted to assess 
the effect of a moderate feeding restriction dur-
ing the period prior to the late fattening phase 
on the degree of proteolysis, fat and fatty acid 
composition of Iberian dry-cured loins from free-
range animals and those fed in confinement. 
the curing of these products, which takes 80-
120 days, is a good experimental model for de-
termining the effect that rearing system (effect 
of exercise and diet) and the prior feeding level 
have on meat product quality.

MAtErIAL AND MEtHODs

Animals, experimental design and diets

Forty Iberian castrated male torbiscal line 
pigs (El Dehesón del Encinar, Oropesa, toledo, 
Junta de comunidades de castilla-La Mancha, 
toledo, spain) with an average initial live weight 
of 55.07 kg (standard error = 0.80 kg) were used 
and randomly distributed into two groups. One 
group of twenty pigs, was fed with 70 g feed/kg 
LW0.75(high feeding level, H) and another group 
of twenty pigs was fed with 50 g feed/kg LW0.75 
(low feeding level, L) for 164 days, from May to 
November. In this growing period, the pigs were 
fed in confinement with a conventional commer-
cial diet. the ingredients, chemical composition 
and major fatty acids of the diets are reported in 
table 1. to begin the fattening period, ten pigs 
on H feeding level (pigs weighing about 105-
115 kg) and ten pigs on L feeding (pigs weigh-
ing about 80-90 kg) were fed under free-range 
(Fr) conditions for a period of 95 days (from No-
vember to February) in a Quercus ilex forest with 
acorns and grass fully available to them (batch 
FrH and FrL). the stocking rate in the Fr feed-
ing phase was 0.7 pigs/ha and the average tem-
perature was 8°c.

the remaining twenty pigs were kept un-
der confinement (c) in individual cages of 8 m2 
(batch cH and cL) with concentrate diets, that 
imitated the free-range diet, during the whole 
fattening period. the average indoor tempera-
ture was 14°c. Water was provided ad libitum. 
All pigs were weighed weekly and the amount of 
feed provided to pigs kept in confinement was 
calculated in order to achieve a similar growth 
rate as the pigs fed under Fr conditions.

Ingredients, chemical composition and the 
main fatty acids of the concentrate diet used 
during the fattening period are also present-
ed in table 1. the chemical composition of 
feeds (by triplicate) was determined accord-
ing to AOAc (1995). the fatty acids of diets 
were extracted and quantified by the sUKHIJA 
and PALMQUIst (1988) one-step procedure on 
freeze-dried samples, and the fatty acid me-
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thyl esters were analyzed according to LÓPEZ-
bOtE et al. (2003).

Animals were stunned, slaughtered and ex-
sanguinated on the same day at a local slaugh-
terhouse (Mafisa, Guijuelo, salamanca, spain) 
with an average weight of 166.2 kg for FrH, 
138.4 kg for FrL, 170.2 kg for cH and 143.60 
kg (sEM = 4.9 kg ) for cL pigs. Pork loins were 
obtained after 24 h of refrigeration at 4°c.

Preparation of the experimental
dry-cured loins

For each of the four batches (FrH, FrL, cH 
and cL), ten dry-cured loins were prepared using 
the whole left loin (Longissimus dorsi). All dry-
cured loins were manufactured the same day 
using the same technology, ingredients and for-
mulation (sOtO et al., 2008). the raw material 
was whole pork loin (Longissimus dorsi) weigh-
ing 1.5-2.0 kg, after removal of the surface fat 
and connective tissue. Additives and other in-
gredients (g/kg of raw material) were water (25), 
Nacl (25), glucose (5), curing salts composed of 
NaNO3 (2) and NaNO2 (1), ascorbic acid (1.0), 
sweet paprika (6), hot paprika (2), powdered 
garlic (1.5) and oregano (0.5). All the additives 
and other ingredients were mixed. this mix-
ture was evenly distributed on the loin surface 
and then the loins were left at 4°c for 48 h. Af-
terwards, each loin was stuffed into a synthet-
ic case (90 mm in diameter). the resulting for-
ty pieces were all cured together in an Ibercex 
curing cabinet, model G-28 (AsL, san Fernan-
do de Henares, spain). the meat products were 

table 1 - Ingredients and chemical composition of the diet used for feeding of Iberian pigs in confinement during the grow-
ing and fattening period.

	 Growing	period	 Fattening	period

Ingredients	 (g/kg feed)	 Ingredients	 (g/kg feed)
Barley 704.6 Barley 533
Wheat bran 25.5 Wheat 311
Sunflower meal-30 121.7 High-oleic sunflower seed 50
Soybean meal-44 86.8 Soybean meal-44 81
Calcium carbonate 7 Calcium carbonate 8
Dicalcium phosphate 13 Dicalcium phosphate 9
Sodium chloride 3 Sodium chloride 4
Mineral/vitamin mix 7 Mineral/vitamin mix 4
Lard 30
Lysine supplement 1.3

Composition	 (g/100 g feed)	 Composition	 (g/100 g feed)
Water 10.5 Water 10.4
Crude protein 16 Crude protein 12.6
Crude fat 4.9 Crude fat 3.6

Major	fatty	acids		 (% methyl esters)	 Major	fatty	acids	 (% methyl esters)
C16:0 0.24 C16:0 15.4
C18:0 3.14 C18:0 3.43
C18:1n-9 25.1 C18:1n-9 31.2
C18:2n-6 61.3 C18:2n-6 45.7

kept at 23°c and 94% relative humidity (rH) for 
48 h. then, temperature and rH were slowly re-
duced to 7°c and 84%, respectively, within 72 
h. these curing conditions were used until the 
end of the curing process (a total of 100 days). 
At that time, water activity (aw) was lower than 
0.90 and the final product was vacuum-packed 
and maintained at 4°c (less than a week) un-
til sampling.

All animals used for this study, as well as the 
dry-cured loin manufacturing process, fulfilled 
the requirements of the spanish regulation (MI-
NIstErIO DE LA PrEsIDENcIA, 2001).

sampling and analysis

Once the dry-cured loin was cured (about 
100 days), the external case and the outer lay-
er (1 cm) of the dry-cured loin samples were dis-
carded.

samples (without the case and the outer lay-
er) used for chemical determinations were vacu-
um packed just after sampling, frozen at –18°c 
and stored until analysis. Analysis for degree 
of proteolysis (amino acids and ammonia) and 
fatty acids were performed within a maximum 
time of four months. samples for texture analy-
sis were vacuum-packed, stored at 4°c and an-
alyzed within ten days.

chemical analysis

the dry matter (oven air-drying method) and 
ash (muffle furnace) were analyzed following 
AOAc (1995) procedures. For the estimation of 
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the degree of proteolysis, the nitrogen content 
from free amino acids and ammonia was estimat-
ed. to do this, free amino acids were extracted 
in an aqueous solution according to YANG and 
sEPULVEDA (1985) and their phenylisothiocy-
anate (PItc) derivatives were analyzed by HPLc 
as described by brUNA et al. (2000). Ammonia 
levels were determined using the boehringer 
kit for enzyme analysis (boehringer Mannhe-
im, Mannheim, Germany). the nitrogen content 
(mmols/100 g of defatted dry matter) from the 
degree of proteolysis was calculated taking in 
account the molecular weights of free amino ac-
ids, ammonia and nitrogen, and the fat content.

Lipids from dry-cured loin samples were ob-
tained using the method of bligh and Dyer de-
scribed by HANsON and OLLEY (1963). Fatty acid 
methyl esters were prepared using the method of 
bAUbLIts et al. (2006). to do this, transmethyl-
ation was performed using 1 mL of 1.09 M Hcl  
in methanol and 1 mL of methanol added to each 
lipid sample, which was then followed by heat-
ing at 80°c for 30 min and vortex-mixing eve-
ry 5 min. Upon cooling, 1 mL of H2O and 2 mL 
of hexane were added to each tube. tubes were 
capped and vortex-mixed for about 15 s and then 
centrifuged for 3 min at 900 g. the hexane lay-
er was transferred to gas liquid chromatography 
(GLc) vials containing anhydrous Na2sO4. the 
methyl esters were extracted with 3 mL of pe-
troleum ether. then, 1 mL was analyzed using a 
Perkin Elmer 8420 gas chromatograph (Perkin 
Elmer, beaconsfield, UK) equipped with a flame 
ionization detector and a capillary column HP-In-
nowax (30 m × 0.32 mm i.d., 0.25 mm film thick-
ness). Helium at 2.0 mL/min was used as a car-
rier gas and the split/splitless injector was used 
with a split ratio of 10/1. the temperature pro-
gram was as follows: injector and detector tem-
perature was 250°c, the initial column temper-
ature was 200°c, which was kept for 2 min; this 
was followed by a programmed rise to 245° at 
3.5°c/min and, then held for 7 min.

Fatty acid methyl esters were identified by 
comparison with commercial standards pur-
chased from sigma chemical co. (saint Louis, 
MO, UsA), except c18:2n-7Dcis 9, trans 11 which 
was supplied by Nu-chek-Prep, Inc. (Elysian, 
MN, UsA). these standards were previously run 
in the same conditions. samples and commer-
cial standards were injected at least twice and 
quantified (g/kg of total methyl esters).

the calculated Iodine Index (II) was estimat-
ed according to cAMbErO et al. (1991), using 
the expression:

II = sII x FA

Where: II = total Iodine Index; sII = specif-
ic Iodine Index of every fatty acid; FA = concen-
tration of the specific fatty acid obtained by gas 
chromatography.

the hypocholesterolemic/Hypercholeste-

rolemic ratio (h/H) was estimated (sOtO et 
al., 2009) according to the expression h/H ra-
tio= [(sum of c18:1n-9, c18:1n-7, c18:2n-6, 
c18:3n-3, c18:3n-6, c20:1n-9, c20:3n-6, 
c20:4n-6, c20:5n-3, c22:4n-6, c22:5n-3 and 
c22:6n-3)/(sum of c12:0, c14:0 and c16:0)].

texture measurements

the texture profile analysis (tPA) was per-
formed using a tA.Xt2i sMs stable Micro sys-
tems texture Analyser (stable Microsystems 
Ltd., surrey, England) with the texture Expert 
programmes. textural tests were carried out at 
about 22°c.

For analysis, a cylindrical probe P/25 was 
used. this procedure involved the preparation 
of four cylinders (1.5 cm high and 2 cm wide) for 
each sample. A double compression cycle test up 
to 50% compression of the height of the original 
portion was performed with an aluminium cyl-
inder probe of 2 cm diameter. A time of 5 s was 
allowed to elapse between the two compression 
cycles. Force-time deformation curves were ob-
tained with a 25 kg load cell applied at a cross-
head speed of 2 mm/s. the following parame-
ters were quantified (sANtOs et al., 2004): hard-
ness (N), maximum force required to compress 
the sample; springiness (m), ability of the sam-
ple to recover its original form after deforming 
force was removed; adhesiveness (N x s), area 
under the abscissa after the first compression; 
cohesiveness, extent to which the sample could 
be deformed prior to rupture; gumminess (N), 
force to disintegrate a semisolid meat sample 
for swallowing (hardness x cohesiveness); and 
chewiness (J), work required to masticate the 
sample before swallowing.

statistical analysis

An individual dry-cured loin was the exper-
imental unit for analysis of all data. to check 
the normal distribution (90% confidence) of 
samples, the shapiro-Wilks test was applied. 
When samples fit the normal distribution, the 
one-way ANOVA analysis was performed. When 
samples did not fit the normal distribution, the 
Kruskal-Wallis test was used to determine the 
null hypothesis that the medians of the variable 
within each of the sample levels were the same. 
Duncan’s test for multiple mean comparisons 
was performed to ascertain differences among 
means. Data are presented as the means and 
the standard deviations (sD) of each dry-cured 
loin batch.

In order to describe the effects of the degree 
of proteolysis (mmols N/100 g defatted dry mat-
ter) and the fat content (g/100 g dry matter) on 
hardness values, a simple and multiple regres-
sion and the estimated response surface were 
carried out.

the principal component analysis (PcA) was 
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used to group the dry-cured loins according to 
their fat content and fatty acid profile charac-
teristics (PUFA/sFA and PUFA n-6/n-3 ratios). 
the statistical analyses were performed using 
statgraphics Plus version 5.0.

rEsULts AND DIscUssION

the degree of proteolysis (mmols of nitrogen 
from free amino acids and ammonia/100 g of 
defatted dry matter) and the fat content (g/100 
g dry matter) of the dry-cured loins are shown 
in Fig. 1. the products from the free range (FrL 
and FrH) pigs showed a higher degree of prote-
olysis (p < 0.05), with values of about 73 mmols 
N/100 g defatted dry mater, than those of dry-
cured loins from animal fed in confinement (cL 
and cH) which had values of about 40 mmols 
N/100 g defatted dry matter. No significant dif-
ferences (p > 0.05) were found in FrL versus 
FrH or cL versus cH. On the other hand, the 
fat content showed significant differences (p < 
0.05), the dry-cured loins from batch cL showed 
lower fat content than those from the FrL and 
FrH batches. the products from animals fed in 
confinement (cL versus cH) had similar fat con-
tent (p > 0.05). these results might indicate a 
priority effect of the rearing system (free-range 
or confinement) in the fattening phase compared 
to that of the feeding regime (high or low) in the 
previous period with animal exercise favouring 
the final degree of proteolysis and fat accumu-
lation in dry-cured products. similar (sOtO et 
al., 2010) and related (DAZA et al., 2007) find-
ings have previously been described. DAZA et al. 
(2007) reported that, at slaughter, the pigs fed 
with a low feeding system during growth and fat-
tening periods had higher values of loin width 
and lower values of backfat thickness and Long-

Fig. 1 - Nitrogen from free amino acids and ammonia (, 
mmol/100 g defatted dry matter) and fat content (, g/100 
g dry matter) of Iberian dry-cured loins.
a, b or a, b: columns with different letters are significantly 
different (p < 0.05).

FrL, FrH, cL, cH: Iberian dry-cured loins from animals 
reared in free-range (Fr) or confinement (c) during the fat-
tening phase. Animals were fed with low (L) or high (H) re-
gime diets during the period prior to the fattening phase.

issimus dorsi muscle intramuscular fat percent-
age. the relationship between a pig’s physical 
activity and meat quality characteristics is still 
unclear. While some studies find no differenc-
es in performance or meat quality (GENtrY et 
al., 2002), others report some exercise effects 
on meat color, drip-loss and carcass length 
(GEVErINK et al., 1998; KArLssON et al., 1993). It 
is still controversial whether exercise affects the 
overall rate of muscle protein breakdown (HEN-
rIKssON, 1991). On the other hand, there is lit-
erature concerning the interaction of proteolyt-
ic enzymes with the generation of final protein 
degradation compounds and other meat quali-
ty characteristics (FLOrEs et al., 2000; tOLDrÁ 
and FLOrEs, 1998). LOPEZ-bOtE et al. (2008) 
reported that exercise induced the inhibition of 
dipeptidyl peptidases II and III and arginyl ami-
nopeptidase, as well as the activation of dipepti-
dyl peptidases IV and leucyl aminopeptidase. On 
the other hand, the concentration of branched-
chain amino acids decreased in the free-range 
pig probably due to an increase in physical ac-
tivity. this increased proteolytic enzyme activ-
ity could be related to the observed higher de-
gree of proteolysis of products from the free-
range (FrL and FrH) pig (Fig. 1). Although in 
post-mortem muscles (Psoas major), no effects 
on total free amino acids were observed between 
free-range and confinement pigs, the curing pe-
riod of dry-cured loins (80-120 days) makes it 
possible to observe the different proteolytic en-
zyme activities.

the fatty acid c16:0, c18:0, c18:1n-9, 
c18:1n-7, c18:2n-6, c18:3n-3, c20:0, c20:1n-9, 
c20:3n-6 and c20:4n-6 percentages (table 2) 
showed significant differences (p < 0.05) among 
batches. these differences (p < 0.05) were re-
flected in the total saturated, monounsaturat-
ed and polyunsaturated fatty acids. Dry-cured 
loins from free-range animals (FrL vs FrH) 
showed similar fatty acid composition and gen-
erally, no differences (p > 0.05) between them 
(they only differed in c18:3n-3 and c20:1n-9 
contents). However, dry-cured loins from ani-
mals fed in confinement (cL vs cH) showed im-
portant differences (p < 0.05). Oleic acid was 
the most abundant fatty acid in all the batch-
es studied; batch cH had the lowest concen-
trations of oleic acid and total monounsaturat-
ed fatty acids (MUFA) and the highest concen-
trations of saturated fatty acids (sFA, table 2). 
When animals were reared in free-range, no ef-
fect related to the growing phase was observed, 
while the effect of this phase was noticeable with 
the animals fed in confinement. the meat prod-
ucts from cL showed similar fatty acid composi-
tion to those of free-range (FrL and FrH) prod-
ucts. Animals from the cL batch probably had a 
higher fat turnover than those of cH. thus, the 
products from cL showed more similarity with 
respect to the fatty acid composition of diet in-
gested during the last period of fattening (ta-
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ble 1). the absence of significant differences be-
tween FrL and FrH fatty acid composition could 
be attributed to the effect of pig exercise during 
the free-range rearing system which overlapped 
with the effect of feeding restriction during the 
period prior to the fattening phase.

related (DAZA et al., 2009) findings have been 
previously described on the fatty acid compo-
sition of subcutaneous and intramuscular fat 
from fattening pigs. this research indicated that 
the subcutaneous fat and neutral lipids of mus-
cle from exercised pigs had higher c18:1n-9, 
MUFA, c18:1/c18:0, MUFA/sAt values and 
lower c16:0 and sFA values when compared 
with the fat from the sedentary pigs (DAZA et al., 
2009). several researchers have attempted to es-
tablish the benefit of exercise and thus indicate 
that exercise might play an important role in li-
pid metabolism, such as lipolytic activity and 
oxidation, as well as elongation and desatura-
tion of fatty acids (bErGOUIGNAN et al., 2006; 
PEtrIDOU et al., 2005; VOtrUbA et al., 2005); 
this may affect fatty acid composition in animal 
tissues (sZAbÓ et al., 2002). DAZA et al. (2009) 

has also indicated that exercise could increase 
delta-9-desaturase activity. However, PEtrIDOU 
et al. (2005) reported that exercise training de-
creased the estimated delta-9-desaturase activ-
ity in muscle and adipose tissue of rats. these 
contrasting results are probably due to the dif-
ferent use of the fatty acids to produce energy, 
depending on the exercise level; MUFA is pref-
erentially oxidized compared with PUFA or sAt 
(LEYtON et al., 1987). DAZA et al. (2009) found 
that the exercised pigs had higher acid and neu-
tral esterase levels and lower neutral lipase ac-
tivity than sedentary pigs. In the present study, 
the polyunsaturated (PUFA) n-6/n-3 and PUFA/
sFA ratios (table 2) varied considerably depend-
ing on the dry-cured loin batches. No differenc-
es (p > 0.05) were found between batches FrL 
vs FrH or cL vs cH. However, significant differ-
ences (p < 0.05) were observed for n-6/n-3 and 
PUFA/sFA ratios between products from free-
range (10.7 and 0.21, respectively) and confine-
ment (14.6 and 0.24, respectively). the results 
suggest that the rearing system (free-range or 
confinement) in the fattening phase is more im-

table 2 - Fatty acids (percentage of total methyl esters) of Iberian dry-cured loins.

	 FRL	 FRH	 CL	 CH

C10:0 0.04±0.01 0.04±0.005 0.04±0.001 0.04±0.001
C12:0 0.06±0.01 0.06±0.01 0.05±0.03 0.06±0.01
C14:0 1.09±0.10 1.05±0.09 1.06±0.16 1.04±0.11
C16:0 23.59±0.78b 23.36±0.78b 23.01±0.15b 24.20±0.77a

C16:1n-7 2.34±0.28 2.44±0.46 2.22±0.10 1.94.±0.47
C18:0 11.13±0.51b 11.33±0.37b 12.41±0.26b 14.03±0.67a

C18:1n-9 48.63±0.68a 49.56±0.85a 48.54±0.29a 45.30±0.83b

C18:1n-7 3.69±0.60a 3.24±0.29a 2.52±0.14b 2.44±0.31b

C18:2n-6 6.49±0.48c 6.25±0.65c 7.31±0.31b 8.02±0.41a

C18:2n-7∆ cis9, trans11 0.08±0.01 0.08±0.01 0.09±0.01 0.08±0.02
C18:3n-3 0.45±0.05a 0.36±0.05b 0.32±0.06b 0.33±0.07b

C18:3n-6 0.05±0.01 0.04±0.01 0.05±0.01 0.05±0.01
C20:0 0.19±0.03a,b 0.17±0.01b 0.19±0.02a,b 0.21±0.01a

C20:1n-9 1.21±0.16a 1.01±0.07b 1.10±0.06a,b 1.10±0.10a,b

C20:3n-6 0.36±0.05b 0.32±0.07b 0.41±0.04a,b 0.45±0.04a

C20:4n-6 0.29±0.04b 0.31±0.02b 0.42±0.01a 0.31±0.04b

C20:5n-3 0.03±0.01 0.03±0.01 0.02±0.01 0.02±0.01
C22:4n-6 0.09±0.01 0.10±0.01 0.11±0.02 0.11±0.02
C22:5n-3 0.17±0.04 0.17±0.02 0.15±0.03 0.16±0.05
C22:6n-3 0.07±0.03 0.06±0.03 0.06±0.02 0.07±0.02
    
TOTAL SFA 36.09±0.97b 36.01±0.94b 36.68±0.10b 39.65±0.57a

TOTAL MUFA 55.87±0.73a 56.25±0.40a 54.38±0.37a 50.78±0.55b

TOTAL PUFA 8.00±0.52b,c 7.64±0.72c 8.94±0.32a,b 9.58±0.41a

n-6/n-3 10.11±0.37b 11.32±1.47b 14.26±1.62a 15.02±0.87a

h/H 2.49±0.05a 2.51±0.09a 2.36±0.08b 2.18±0.13b

II 66.04±1.17a 65.74±1.07a 66.38±0.30a 64.19±0.63b

PUFA/SFA 0.22±0.01b 0.21±0.01b 0.25±0.01a  0.24±0.01a

FRL, FRH, CL, CH: Iberian dry-cured loins from animals reared in free-range (FR) or confinement (C) during the fattening phase. Animals were fed with low (L) 
or high (H) regime during the period prior to the fattening phase.
a, b, c: columns with different letters are significantly different (p < 0.05).
h/H: hypocholesterolemic/Hypercholesterolemic ratio = [(sum of C18:1n-9, C18:1n-7, C18:2n-6, C18:3n-3, C18:3n-6, C20:1n-9, C20:3n-6, C20:4n-6, C20:5n-3, 
C22:4n-6, C22:5n-3 and C22:6n-3)/(sum of C12:0, C14:0 and C16:0)].
II: Iodine index.
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portant than the feeding regime in the previ-
ous period (high or low) with respect to the fat-
ty acid composition in the dry-cured loin. Like-
wise, DAZA et al. (2009) reported that exercised 
pigs had higher PUFA in intramuscular neutral 
fat from Psoas major than those from sedentary 
pigs. Moreover, dry-cured loins originating from 
the formulated diet had a lower c18:1n-9 con-
tent than the loins from free-range pigs (sOtO 
et al., 2009). this is a typical difference found 
in meat, meat products and subcutaneous fat 
from pigs fed in free-range versus those fed in 
confinement and fed with a formulated diet; the 
oleic acid content is always the highest in free-
range animals (rEY et al., 2006). the products 
from animals raised on a formulated diet in con-
finement had high c18:2n-6 values, while the 
c18:3n-3 values did not show significant differ-

Fig. 2 - Loading plot describing the relationship among Ibe-
rian dry-cured loin fat characteristics derived from a princi-
pal component (PC) analysis based on proportion of fat con-
tent (g/100 g dry matter), polyunsaturated/saturated fat-
ty acids (PUFA/SFA) and PUFA n-6/n-3 (n-6/n-3) ratio from 
animals fed with low (,) or high (,) regime during the 
growing period prior to the fattening phase in free-range (, 
) or confinement (, ).

PC1 = 0.568 (fat) – 0.553 (n-6/n-3) – 0.610 (PUFA/SFA)
PC2 = 0.653 (fat) + 0.753 (n-6/n-3) – 0.075 (PUFA/SFA)

ences (sOtO et al., 2009). rEY et al. (2006) found 
a similar trend with c18:2n-6 values although 
they found the highest c18:3n-3 value in the 
subcutaneous fat of free-range pigs.

A principal component analysis (PcA) was 
carried out (Fig. 2) using fat content (g/100 g 
dry matter), PUFA/sFA and PUFA n-6/n-3 (n-
6/n-3) ratios as variables. two principal com-
ponents (Pc1 and Pc2) were extracted from lin-
ear combinations of the three variables [Pc1 = 
0.568 (fat) – 0.553 (n-6/n-3) – 0.610 (PUFA/
sFA) and Pc2 = 0.653 (fat) + 0.753 (n-6/n-3) 
– 0.075 (PUFA/sFA)]. the two Pc together ac-
counted for 94% of the variability in the dry-
cured loin data (79.5% by Pc1 and 14.6% by 
Pc2). this analysis separated the samples (Fig. 
2) into two different groups: (1) dry-cured loins 
from pigs reared in free-range (Fr) during the 
fattening period, with the lowest n-6/n-3 and 
PUFA/sFA ratios and the highest fat content 
and (2) products from animals fed in confine-
ment (c), with the lowest fat content and the 
highest n-6/n-3 and PUFA/sFA ratios. In these 
two groups, the meat products were separated 
according to the pig feeding regime during the 
growing period prior to the late fattening phase. 
In this way, it was possible to observe two as-
sociations: one formed by dry-cured loins from 
pigs fed with high (H) regime during the grow-
ing period and another related to the products 
from animals fed with low (L) regime in this 
phase (Fig. 2). this data association is due to 
the combination of the three variables (fat con-
tent, PUFA/sFA, n-6/n-3) which accounts for 
most (94%) of the variability of the values from 
the L and H batches: products from L pigs tend-
ed to have higher PUFA/sFA and lower n-6/n-3 
ratios, and lower fat content than those from 
the H animals (table 2 and Figs. 1 and 2).

textural properties of dry-cured loins are 
shown in table 3. results for hardness and ad-
hesiveness showed significant differences (p < 
0.05) between Fr and c samples, hardness values 
fluctuated from 162-167 (confinement) to about 

table 3 - textural profile analysis of Iberian dry-cured loins.

 FRL	 FRH	 CL	 CH

Hardness (N) 129.29±19.5b 140.7±18.3b 166.7±18.4a 162.29±15.5a

Adhesiveness (N s)  -0.66±0.14a  -0.65±0.17a  -0.49±0.20b  -0.50±0.28b

Springiness (m10-3) 0.29±0.03 0.28±0.05 0.27±0.12 0.28±0.09

Cohesiveness 0.49±0.02 0.50±0.03 0.43±0.04 0.44±0.06

Gumminess (N) 64.1±8.12 70.6±11.33 71.1±18.17 71.2±21.23

Chewiness (J) 0.018±0.003 0.020±0.005  0.019± 0.014  0.020±0.007

FRL, FRH, CL, CH: Iberian dry-cured loins from animals reared in free-range (FR) or confinement (C) during the fattening phase. Animals were fed with low (L) 
or high (H) regime during the period prior to the fattening phase.
a, b: columns with different letters are significantly different (p < 0.05).
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135 N (free-range). No differences (p > 0.05) be-
tween dry-cured loin batches from animals fed 
in free range (FrL vs FrH) or in confinement (cL 
vs cH) were found. the most probable explana-
tion for the differences in the textural profile is 
the combination of effects due to degree of prote-
olysis and fat content (Fig. 3). A significant neg-
ative correlation between hardness and degree 
of proteolysis [Hardness = 169.1 – 0.54 (degree 
of proteolysis), p < 0.01] and fat content [Hard-
ness = 292.80 – 2.92 (fat content), p < 0.02] was 
found. the estimated response surface relating 
hardness to degree of proteolysis and fat con-
tent of the dry cured loins is plotted in Fig. 3. It 
may be observed that the hardness of dry cured 
loins increased as degree of proteolysis and fat 
concentration decreased (p < 0.03). On the other 
hand, the meat products showed less adhesive-
ness when the degree of proteolysis and fat con-
tent decreased (p < 0.05). similarly, ENFALt et 
al. (1993) and GENtrY et al. (2002) found higher 
(p < 0.05) shear force values in fresh meat from 
indoor-finished pigs than from outdoor-finished 
animals. GENtrY et al. (2002) also stated that 
outdoor-reared pigs gave more (p < 0.05) tender 
pork, although both sample means were accept-
able in pork tenderness and no differences were 
detected in sensory panel tenderness scores. Af-
ter analyzing dry-cured hams, rUIZ-rAMIrEZ et 
al. (2006) found similar trends for the hardness 
of Biceps femoris muscle, since this parameter di-
minished as the index of proteolysis increased. 
these results may again suggest a priority ef-
fect of the rearing system (free-range or confine-
ment) in the fattening phase when compared to 
that of the feeding regime (high or low) in the pre-
vious period with animal exercise favouring the 
decrease of the final hardness because of an in-
crease in degree of proteolysis and fat accumu-
lation in dry-cured products.

cONcLUsIONs

the results obtained in this research sug-
gest that the rearing system (free-range or con-
finement) during the fattening phase exerts a 
more important role than the feeding regime in 
the previous period (high or low) in relation to 
the dry-cured loin characteristics by influenc-
ing the degree of proteolysis, fat content, fat-
ty acid composition, hardness and adhesive-
ness. Free-range products showed the lowest 
hardness values and the highest adhesiveness 
values, and degree of proteolysis. this texture 
behaviour is associated with high fat content, 
low sFA and high unsaturated fatty acid con-
tent, in the free-range products. the products 
from animals fed in confinement had the low-
est hypocholesterolemic/Hypercholesterolemic 
ratio and the highest PUFA/sFA ratio, whereas 
those that originated from free-range conditions 
had the lowest n-6/n-3 ratio. the similar fat-
ty acid composition in the products from free-
range animals may be attributed to the effect 
of pig exercise in the free-range rearing system, 
which overlapped with the effect of the feeding 
restriction during the period prior to the fat-
tening phase. However, the animals reared in 
confinement with a low feeding regime (cL) in 
the period prior to the fattening phase had a 
higher fat turnover than those with a high lev-
el feeding (cH) in the same period. thus, the 
products from cL pigs had a fatty acid compo-
sition that was more similar to the diet ingest-
ed during the last period of fattening.
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AbstrAct

this study was performed to determine the influence of hunting stage and ripening conditions 
on the microbiological, physicochemical and sensory characteristics of venison chorizo sausages. 
Hunting-season stage was correlated with variation in venison. the meat obtained at the start of 
hunting season contained less fat and more protein than the meat obtained at the end. All venison 
chorizo batches complied with the microbiological standard established for raw dry-cured sausag-
es. Lactic acid bacteria counts increased after the first week of ripening and were the dominant 
flora throughout the ripening process. regarding the organoleptic characteristics, venison chorizo 
batches ripened under controlled conditions had a more perceptible aroma, greater taste inten-
sity, more pungency and flavour aftertaste and greater hardness than naturally-ripened batches.
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INtrODUctION

In the last years, the consumption of tradi-
tional meat products and consumer interest in 
game meat has increased. Game is further dis-
tinguished by the characteristic texture and 
taste of the meat, which differs from that of poul-
try and farmyard animals. Game meat is gen-
erally darker, stronger tasting and often tough-
er, depending on the type and age of the ani-
mal. concerning chemical composition, game 
species have very low muscle fat content with 
a high proportion of polyunsaturated fatty ac-
ids (HOFFMAN and WIKLUND, 2006). In addition, 
consumers are increasingly concerned about an-
imal welfare and the environmental aspects of 
the animal production systems. HOFFMAN and 
WIKLUND (2006) showed that the intensive pro-
duction of cervids on farms and the associated 
practices (castration, velvetting, feeding…) may 
have a negative impact on the consumer’s per-
ception of these animals in the near future.

there is a tendency to produce processed 
game meat products (sausages, cans, pates…) 
that are ready-to-eat and are suitable for home 
consumption (sALGUEttI, 1991). the presence 
of game products on the market is very restrict-
ed, and depends on the season, for example, 
for deer and wild boar the presence depends on 
the hunting season and the culling quotas. In 
spain, cured sausage production amounted to 
193,000 tons in 2006 (AIcE, 2008), and game 
preparations and canned meat have increased 
notably in recent years. Game hunting is a very 
important rural activity from an economic view-
point in some spanish regions such as castil-
la-La Mancha. On average, the total annual in-
come is 240 million euros; hunters take 40,000 
big game animals and 3,000,000 small game an-
imals (GAME PrODUcErs AssOcIAtION OF cAs-
tILLA-LA MANcHA, 2007).

several studies have been carried out to char-
acterise the physicochemical composition of ven-
ison (stEVENsON et al., 1992; sEMIADI et al., 
1993; PEÑA et al., 1993; ZOMbOrsZKY et al., 
1996); to determine the influence of deer feed-
ing on the composition of fatty acids (VOLPELLI 
et al., 2003), and the sensorial quality (WIKLUND 
et al., 2001; 2003); to analyse the influence of 
the slaughter method on the quality of the meat 
(WILKUND et al., 2001); and to study the opti-
mal conditions for packing deer meat (VErGA-
rA et al., 2003). However, very few studies have 
been reported on microbiological, physicochem-
ical, sensory and rheological characteristics of 
dry sausages made with game meat (VIOQUE et 
al., 2003; sOrIANO et al., 2006).

the aim of this study was to determine the ef-
fect of hunting-season stage and sausage ripen-
ing conditions on the behavior of the microbi-
ological, physicochemical, and sensory charac-
teristics of venison chorizo sausages during rip-
ening and following vacuum packing.

MAtErIALs AND MEtHODs

chorizo sausage preparation 
and ripening process

Venison chorizo sausages were obtained from 
two companies in the castilla-La Mancha re-
gion (spain). One factory prepared chorizo us-
ing a natural drying process, in which the only 
drying mechanism was the opening and closing 
of windows. the other company used a ripen-
ing system in which chorizo was dried in a room 
under controlled temperature and relative hu-
midity conditions.

Each company prepared venison chorizo sau-
sages at the start of the hunting season (Novem-
ber) and at the end of the same season (March). 
Four treatments were coded as follows: A: made 
at the start of the hunting season and ripened 
under controlled conditions; b: made at the end 
of the hunting season and ripened under con-
trolled conditions; c: made at the start of the 
hunting season and ripened under natural con-
ditions; D: made at the end of the hunting sea-
son and ripened under natural conditions.

the venison used in the manufacture of each 
treatment came from several animals killed on 
the same day in the same area. Meat from deer 
legs (obtained from hunts) was stored at -18°c 
until processed. Venison and pork back fat (1:1) 
were ground in a grinder (Mainca, Granollers, 
spain) fitted with a plate containing 12 mm-
diameter holes. Ground meat and pork back 
fat were mixed in a mixer (Fuerpla, Valencia, 
spain) with the following ingredients: a ceyla-
mix cH-L (ceylan, s.L., Valencia, spain) (90 g/
kg) prepared formula containing salt, lactose, 
dextrose, dextrin, spices, polyphosphates, so-
dium ascorbate, potassium nitrate and papri-
ka; garlic (1.7 g/kg) and sodium nitrite (1 g/
kg). No starter cultures were added. the mix-
ture was kneaded for 4 min and then stuffed 
into 30 mm artificial casings using a stuffing 
machine (Fuerpla, Valencia, spain). casings 
were hydrated prior to being immersed in brine 
for 15-20 min.

treatments A and b were ripened in a dry-
ing room at a relative humidity of 76-80% and 
a temperature of 10°-12°c for 3 weeks. treat-
ments c and D were ripened in a natural drying 
room in which relative humidity and tempera-
ture varied according to outdoor weather condi-
tions. the temperature fluctuated between 3°-
14°c and the relative humidity between 41-97% 
in the natural drying room of batch c. batch D 
was ripened at a temperature of 7°-15°c and a 
relative humidity of 60-84%.

three samples from each treatment were an-
alyzed at 0 (just after stuffing), 7, 14 and 21 
days of ripening. At the end of the ripening pe-
riod, chorizo sausages were vacuum-packed and 
stored at room temperature; further analyses 
were performed 45 days after packing.
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sample preparation 
for physicochemical analysis

All samples were deskinned prior to analysis. 
samples were ground in a household blender, 
placed in hermetically-sealed containers and 
stored at -20°c for future analysis. samples were 
analyzed in duplicate.

Physicochemical analysis

Water activity (aw) was measured directly us-
ing a dew-point hygrometer (Decagon Devic-
es, model cX-2, Pullman, WA, UsA). the pH 
was determined directly using an Ingold elec-
trode probe connected to a crison model 2001 
pH-meter (crison Instruments s.A., barcelo-
na, spain). Moisture, fat, sodium chloride and 
ash content were analyzed according to AOAc 
methods (1990). total nitrogen (tN) and pro-
tein nitrogen (PN) were determined following 
the Kjeldahl method, with the protein nitrogen 
being calculated by multiplying the total nitro-
gen by 6.25 (AOAc, 1990).

sample preparation 
for microbiological analysis

chorizos were skinned under sterile condi-
tions and 10 g aliquots were weighed and put 
into stomacher bags (IUL-Instruments Mastica-
tor); 90 mL of 2% sodium citrate solution (w/v) 
(Panreac) were added, and samples were homog-
enized for 2 min at 30-second intervals. the ap-
propriate decimal solutions were prepared from 
this homogenate. A further 25 g of chorizo were 
weighed under sterile conditions and put into 
stomacher bags and homogenized with 225 mL 
peptone water (Difco) to check for Salmonella 
spp. and Listeria monocytogenes.

Microbiological assays

Aerobic mesophilic bacteria were incubated 
at 30°c for 72 h and then analyzed on Plate 
count Agar (PcA) (Difco). Lactic acid bacte-
ria were analyzed following the method de-
scribed by DE MAN et al. (1960). Non patho-
genic staphylococci were determined following 
the method of bUttIAUX (1974). total Entero-
bacteriaceae, total coliforms and moulds and 
yeast were analyzed according to APHA (1976). 
Escherichia coli was determined following the 
method described by DE MAN (1983). Entero-
cocci were analyzed according to MOssEL et 
al. (1978). Salmonella was determined by the 
standard IsO 3565 method (IsO, 1983). Liste-
ria monocytogenes was analyzed by the method 
developed by VAN NEttEN et al. (1989). the re-
sults are expressed as log cfu/g for all organ-
isms except Salmonella and L. monocytogenes, 
which are expressed as presence or absence 
in 25 g of sample.

sample preparation for sensory analysis

Venison chorizo sausages were analyzed af-
ter 45 days of vacuum-packed storage at room 
temperature. samples were coded and served at 
room temperature as 3 mm thick slices.

sensory analysis

sensory evaluation was performed by a panel 
of 10 tasters (aged 23 to 40 years old), who had 
extensive experience in sensory analysis of dif-
ferent foods. the tasting room met the require-
ments of spanish standard UNE 87-004 (1979). 
Each panellist participated in the generation and 
selection of venison chorizo attributes. Once the 
list of attributes was generated, synonyms and 
confusing terms, that were not representative, 
were rejected by consensus of all panellists. the 
sensory profile of the venison chorizo included 
appearance attributes: the amount and colour 
of the fat (from white to yellow) and colour of the 
lean meat (from light red to brown); odour at-
tributes: intensity and quality of odour, paprika, 
spice and ripened; taste attributes: intensity of 
taste, acidity, saltiness, sweetness, bitterness, 
pungent flavour, intensity and quality of after-
taste; texture attributes: hardness, juiciness, 
chewiness and fat mouthfeel. the panellist were 
trained how to use the scales for each attribute.

the evaluation of chorizo samples was per-
formed by Quantitative Descriptive sensory 
Analysis (UNE spanish standard 87-020, 1993). 
the intensity of tested attributes was scored us-
ing unstructured 10 cm scales anchored at the 
extremes with the terms “weak” and “strong” in 
most cases. the sensory panel tested 4 sam-
ples per session using all possible presentation 
orders. All samples were analyzed in duplicate.

statistical analysis

One-way ANOVA was performed to determine 
the effect of the ripening and storage time on the 
microbiological and physicochemical parameters 
of the four treatments of venison chorizo, and 
to determine the effect of the treatment on the 
sensory characteristics of venison chorizo. the 
student-Newman-Keuls test was applied to dis-
criminate among means. the statistical analysis 
was performed by sPss program version 15.0 
for Windows XP (sPss, Inc, chicago, Illinois).

rEsULts AND DIscUssION

Microbiological composition

table 1 shows the mean values for the micro-
biological composition of raw meat and venison 
chorizo sausages during ripening and after 45 
days of being vacuum-packed.

Mesophilic aerobic bacterial counts were vir-
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table 1 - Mean values (log cfu/g) for microbiological composition of raw meat and venison chorizo during ripening and storage.

	 Ripening time (days) 
  Storage
 Meat 0 7 14 21

 A
Aerobic	mesophilic	bacteria	 5.52	 6.70	 9.21	 9.28	 9.15	 8.94
Lactic	acid	bacteria	 4.93	 5.97	 8.79	 8.81	 9.02	 8.86
Staphylococci	non-patogenic	 4.70	 5.64	 4.54	 3.92	 4.52	 3.15
Enterobacteriaceae	 4.33	 4.22	 4.43	 3.08	 3.08	 0.00
Total	coliforms	 4.26	 3.80	 4.24	 2.85	 1.00	 0.00
Moulds	and	yeast	 6.12	 4.67	 6.00	 5.00	 5.00	 2.00
 B
Aerobic	mesophilic	bacteria	 5.78	 7.01	 8.50	 9.07	 9.12	 8.39
Lactic	acid	bacteria	 5.48	 7.39	 8.76	 8.74	 8.96	 7.99
Staphylococci	non-patogenic	 4.05	 3.48	 3.66	 2.30	 2.78	 2.74
Enterobacteriaceae	 4.59	 4.73	 3.51	 2.45	 1.78	 0.00
Total	coliforms	 4.38	 4.60	 2.87	 2.50	 1.65	 0.00
Moulds	and	yeast	 4.21	 5.05	 4.00	 4.00	 4.00	 3.00
 C
Aerobic	mesophilic	bacteria	 5.70	 5.11	 7.70	 7.88	 8.18	 7.70
Lactic	acid	bacteria	 3.85	 3.85	 7.32	 7.93	 7.91	 7.88
Staphylococci	non-patogenic	 5.50	 4.93	 5.94	 6.40	 6.48	 5.69
Enterobacteriaceae	 4.48	 4.52	 4.19	 3.24	 3.26	 0.00
Total	coliforms	 4.23	 4.51	 4.24	 3.03	 2.96	 0.00
Moulds	and	yeast	 5.40	 4.10	 5.89	 7.10	 6.00	 5.89
 D
Aerobic	mesophilic	bacteria	 5.55	 5.66	 8.68	 8.95	 8.72	 8.95
Lactic	acid	bacteria	 3.99	 4.19	 8.56	 8.82	 8.76	 8.26
Staphylococci	non-patogenic	 3.48	 4.48	 4.91	 6.14	 6.73	 4.08
Enterobacteriaceae	 2.99	 2.62	 3.86	 5.46	 3.95	 2.61
Total	coliforms	 3.70	 3.18	 3.83	 5.53	 4.45	 2.22
Moulds	and	yeast	 4.40	 4.71	 5.50	 6.50	 6.00	 5.00

A:	made	at	the	start	of	the	hunting	season	and	ripened	under	controlled	conditions;	B:	made	at	the	end	of	the	hunting	season	and	ripened	under	controlled	
conditions;	C:	made	at	the	start	of	the	hunting	season	and	ripened	under	natural	conditions;	D:	made	at	the	end	of	the	hunting	season	and	ripened	under	nat-
ural	conditions.

tually the same for all four treatments, regard-
less of hunting-season stage. the counts showed 
similar trends, with a marked increase during 
the first week of ripening, coinciding with an in-
crease in lactic acid bacteria; thereafter, values 
remained constant or declined slightly in the fi-
nal stages of ripening. similar results have been 
reported by DOMÍNGUEZ et al. (1989); GArcÍA 
et al. (1998), FErrEIrA (2001) and FErNÁNDEZ 
et al. (1995) for fermented pork sausages, but 
higher than those recorded by sANZ et al. (1997) 
for sausages fermented without the addition of 
starter culture (6.0 log cfu/g).

Overall, there was a gradual decline in the 
Gram-negative bacteria, counts which are large-
ly responsible for meat spoilage, and a marked 
increase in cocci and lactobacilli.

At day 0 and after, lactic acid bacteria counts 
for naturally-ripened treatments (c and D) re-
mained practically constant, while the counts 
gradually increased in batches ripened under 
controlled conditions (A and b). this was par-
ticularly apparent in batch b, suggesting that 
fermentation had already begun in this batch 
when the count was performed. thus the bac-

teria were in the exponential growth stage. Lac-
tic acid bacterial counts increased in all four 
treatments after the first week, when these or-
ganisms were established as the dominant flora; 
thereafter, the values remained stable until the 
end of ripening and into packaging. similar find-
ings have been reported by GArrIGA et al. (1988), 
sANZ et al. (1988), DOMÍNGUEZ et al. (1989), sAr-
AsÍbAr et al. (1989), DÍAZ et al. (1993), sAME-
LIs et al. (1994), bELLO and sÁNcHEZ-FUErtEs 
(1995), FErNÁNDEZ et al. (1995), cOcOLIN et al. 
(2001), FErrEIrA (2001) and NAtOLA et al. (2002) 
in naturally fermented sausages with no start-
er culture added.

the non-pathogenic staphylococcus counts 
ranged from 3.5 to 5.5 log cfu/g. counts for 
meat obtained at the end of the hunting season 
were lower than those obtained at the start of 
the season. counts tended to decline over time 
in treatments ripened under controlled condi-
tions (A and b), while under naturally-ripened 
batches the values rose steadily throughout the 
first three weeks of ripening. similar results were 
reported by FErrEIrA (2001) in salchichon. this 
difference could be due to paste acidification, 
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which is the main cause of Staphylococcus in-
hibition in dried fermented sausages (JOHANs-
sON et al., 1994; sAMELIs et al., 1994).

total enterobacteria counts ranged from 2.9 
log cfu/g in treatment D to 4.5 log cfu/g in the 
other treatments, highlighting the better hygiene 
quality of the meat used in treatment D. After 
mixing the ingredients together, the counts re-
mained similar to those of meat, matching those 
reported by bALDINI et al. (1981), MENDOZA et 
al. (1983), LIZAsO et al. (1999) and NAtOLA et al. 
(2002) in pork sausages. Enterobacteria counts 
in treatments A, b and c started to decline af-
ter the first week of ripening.

coliform counts in all treatments approached 
4.0 log cfu/g, regardless of hunting-season 
stage. After the first week of ripening, values fol-
lowed a pattern similar to that displayed by en-
terobacteria, similar to those reported by MEN-
DOZA et al. (1983), HUErtA (2000) and FErrEI-
rA (2001) for cured sausages. counts decreased 
during storage, reaching zero for all treatments 
except batch D, which still displayed counts of 
2.2 log cfu/g after vacuum packaging; a simi-
lar pattern was observed for the enterobacte-
ria counts.

Initial mould and yeast counts (table 1) were 
higher in venison meat obtained at the start of 
the hunting season. Over the first two weeks of 
ripening, values increased steadily in natural-
ly-ripened treatments, falling thereafter to final 
values of 6 log cfu/g. In treatments ripened un-
der controlled conditions, counts remained fairly 
constant throughout ripening (4-5 cfu/g). Dur-
ing packaging, counts remained stable in treat-
ments c and D, but decreased in treatments A 
and b; naturally-ripened batches thus displayed 
much higher values.

E.coli and enterococci counts decreased dur-
ing ripening and storage in all four treatments, 
meeting the requirements of the spanish Micro-
biological Quality standard (cOMMIssIONs rEG-
ULAtION 1441/2007).

Neither Salmonella nor Listeria monocytogenes 

were detected in the samples tested. thus the 
requirements of spanish Microbiological Quality 
standard, which stipulates the absence of these 
organisms in a 25 g sample were met (cOMMIs-
sIONs rEGULAtION 1441/2007).

Physicochemical composition of venison

table 2 shows the mean values (±sD) for the 
physicochemical parameters in the venison used 
for the four chorizo treatments analyzed.

No significant differences were noted as a 
function of hunting-season stage for aw, dry 
matter (DM), salt and ash content. In all cas-
es the aw values were greater or equal to 0.980. 
Dry matter values roughly matched those re-
corded by PALEArI et al. (2003) for venison and 
the ash content values roughly matched those 
reported by ZOMbOrsZKY et al. (1996) in the 
Semimembranosus and Longissimus dorsi mus-
cles of 10-month-old deer, and by PALEArI et 
al. (2003) in venison.

Venison pH ranged from 5.48 to 5.83, and was 
therefore suitable for the production of raw cured 
sausage (5.4 < pH < 6.2); similar values were re-
ported for venison by PALEArI et al. (2003).

total protein content was higher in early-sea-
son meats. ZOMbOrsZKY et al. (1996) reported a 
total protein content of 93.9% DM for the Longis-
simus dorsi muscle and 92.7% DM for the Semi-
membranosus in 10-month-old deer, while PAL-
EArI et al. (2003) recorded a total protein con-
tent of 86.8% DM in venison.

the fat content of the venison used ranged 
from 1.0 to 2.6% DM for the meat used to make 
the early-season treatments and from 8.3 to 
11.6% DM for end-of-season treatments. the dif-
ference could be due to a number of factors, in-
cluding: sex (WENHANG and PENNIE, 1986), age 
(GrEGsON and PUrcHAs, 1985), feeding regimen 
(sUttIE et al., 1983; HOGG et al., 1990), physi-
ological and sexual status (WALLAcE and DAV-
IEs, 1985; HOOG et al., 1990; stEVENsON et al., 
1992), and age (PEÑA et al., 1993). ZOMbOrsZKY 

table 2 - Mean values and standard deviations of the physicochemical composition of venison used to make the four chor-
izo sausage treatments.

	 A B C D

aw	 0.991±0.002	 0.988±0.001	 0.994±0.003	 0.980±0.007
pH	 5.77±0.37	 5.48±0.01	 5.83±0.11	 5.59±0.02
DM	(g/100	g	sample)	 21.97±0.33	 22.87±0.19	 22.31±0.39	 22.36±1.54
Protein	(g/100	g	DM)	 98.22a±0.80	 83.27c±3.86	 94.09b±1.00	 87.09b,c±3.12
Fat	(g/100	g	DM)	 1.04c±0.43	 8.26b±0.02	 2.55c±0.63	 11.57a±1.43
NaCl	(g/100	g	DM)	 1.06±0.09	 1.28±0.05	 1.17±0.17	 0.91±0.12
Ash	(g/100	g	DM)	 6.36±0.87	 5.22±2.48	 5.04±1.35	 3.31±1.35

Different	superscripts	in	the	same	row	indicate	significant	differences	(P<0.05).
DM:	dry	matter.
A:	venison	obtained	at	the	start	of	the	hunting	season	and	used	for	sausages	ripened	under	controlled	conditions;	B:	venison	obtained	at	the	end	of	the	hunt-
ing	season	and	used	for	sausages	ripened	under	controlled	conditions;	C:	venison	obtained	at	the	start	of	the	hunting	season	and	used	for	sausages	ripened	
under	natural	conditions;	D:	venison	obtained	at	the	end	of	the	hunting	season	and	used	for	sausages	ripened	under	natural	conditions.
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et al. (1996) reported a fat content of 2.6% DM 
in the Longissimus dorsi of 10-month-old deer, 
and 4.5% DM in the Semimembranosus in late 
winter, while PALEArI et al. (2003) recorded a fat 
content of 8.0% DM in venison.

the meat used for early-season treatments 
probably contained less fat and more protein, 
since the rutting season was either still going 
on or had just finished, and animal fat reserves 
would therefore have been depleted.

Weight loss and physicochemical composition 
of venison chorizo sausages

the most evident change during drying was the 
weight loss caused by the elimination of water. ta-
ble 3 shows the mean values (±sD) for weight loss 
over the 21-day ripening period in all four chorizo 
treatments. After the first week, weight loss was 
greatest in treatment b; after the second week, 
treatment D displayed almost no weight loss. Af-
ter the third and final week of ripening, batch D 
displayed its greatest weight loss, reaching a fi-
nal weight similar to that of batch c. Weight loss 
values for controlled-ripened treatments (A and 
b) were higher than those of the two treatments 
dried under natural conditions (c and D).

table 4 shows mean values (±sD) for the phys-
icochemical parameters in the four chorizo treat-
ments analyzed, throughout ripening and af-
ter 45 days of being vacuum packed. the four 
treatments differed significantly during ripen-
ing, in terms of water activity, pH and dry mat-
ter content.

After the first week, the pH values fell in all 
treatments; thereafter, and in the packaged 
product, pH values remained constant or in-
creased, possibly due to enzyme-mediated for-
mation of non-protein nitrogen and ammoni-
um ions. by the end of ripening, both treat-
ments dried under controlled conditions dis-
played the same pH value (4.96), which was 
lower than those of the naturally-ripened treat-
ments (c: 5.13 and D: 5.40). Values and vari-
ations in pH were similar to those reported by 
other authors for chorizo made without added 
starter cultures or with sugar added (MENDOZA 
et al., 1983; GArrIGA et al., 1988; LIZArrAGA et 
al., 1989; DOMÍNGUEZ et al., 1989; FErNÁNDEZ 
et al., 1995). VIOQUE et al. (2003) recorded pH 
values of 5.1-5.5 in commercial venison salchi-
chon and 5.3-5.7 in commercial venison chorizo, 
while values reported by sOrIANO et al. (2006) 
for commercial venison chorizo and salchichon 
ranged from 4.9-6.0 to 5.4-5.9, similar to those 
found here for packaged chorizo.

the aw values declined, due to the solutes add-
ed (e.g. salt, carbohydrates), and especially due 
to the partial dehydration during ripening. Ini-
tial values approached 0.970 (after adding ingre-
dients), falling thereafter in all treatments to be-
low 0.877-0.903 after 21 days of ripening. treat-
ment b displayed the lowest aw values through-

table 3 - Mean values and standard deviations for the weight 
loss (%) in venison chorizo sausages during ripening.

	 Ripening time (days)

 7 14 21

A	 9.21c±6.70	 25.17b±1.80	 41.00a±2.17
B	 24.57b±2.11	 34.09b±1.62	 45.20a±4.28
C	 16.67b±6.32	 32.57a±8.32	 39.81a±2.74
D	 14.83b±3.54	 18.95b±6.38	 38.88a±3.34

Different	 superscripts	 in	 the	 same	 row	 indicate	 significant	 differences	
(P<0.05).
A:	made	at	the	start	of	the	hunting	season	and	ripened	under	controlled	
conditions;	B:	made	at	the	end	of	the	hunting	season	and	ripened	under	
controlled	conditions;	C:	made	at	the	start	of	the	hunting	season	and	rip-
ened	under	natural	conditions;	D:	made	at	the	end	of	the	hunting	season	
and	ripened	under	natural	conditions.

out, and at the end of ripening (as well as treat-
ment c), due to greater weight loss in the course 
of the process (table 3). VIOQUE et al. (2003) re-
ported aw values of 0.89-0.78 and 0.90-0.76 for 
commercial venison salchichon and chorizo, re-
spectively. sOrIANO et al. (2006) recorded aw val-
ues of 0.91-0.80 and 0.81-0.87 for commercial 
venison chorizo and salchichon, respectively.

Finally, comparison of the aw values with the 
microbiological results shows that the growth of 
spoilage microorganisms was inhibited as the aw 
values decreased. this is to be expected, since 
in the early stages of chorizo ripening, salt and 
nitrites are the first obstacles to the growth of 
pathogenic and spoilage organisms. Due to the 
growth of other microorganisms which consume 
the oxygen present in the meat mass, there is a 
drop in redox potential, inhibiting the growth of 
aerobic organisms and favouring the selection of 
lactic acid bacteria, which, as competitive flora, 
grow rapidly, acidifying the medium, thus low-
ering the pH. During prolonged maceration, the 
main factor responsible for the stability of ripe 
sausage is aw, which intensifies with time due to 
drying. Here, dry matter content rose progres-
sively throughout ripening in all treatments; the 
final values were similar to those reported by 
VIOQUE et al. (2003) and sOrIANO et al. (2006) 
for commercial venison chorizo and salchichon 
during the shelf-life of these products.

Although the meat of deer slaughtered at 
the start of the hunting season had a lower fat 
content, the percentage fat in the four chorizo 
treatments was fairly similar, because the fat 
content of the added pork rind differed among 
treatments: A (46.62±5.52 g/100 g DM), c 
(43.59±3.16 g/100 g DM), b (32.93±0.86 g/100 
g DM) and D (32.17±4.89 g/100 g DM). chori-
zo fat content ranged from 27.4 to 37.6% DM; 
these values were lower than those reported by 
VIOQUE et al. (2003) (44-58% DM) and sOrIANO 
et al. (2006) (32-52% DM) for commercial veni-
son chorizo and salchichon.
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Protein content in the four chorizo treatments 
was around 46.3-51.2% DM, and these values 
remained relatively stable throughout the proc-
ess. sodium chloride values in treatments dried 
in controlled conditions were around 5.7% DM, 
compared to 7.2% DM in naturally-ripened treat-
ments. Ash content was higher in naturally-rip-
ened treatments, due to higher sodium chloride 
levels. Values for the protein, salt and ash con-
tents were in line with those reported by VIOQUE 
et al. (2003) and sOrIANO et al. (2006) for com-
mercial venison sausages.

sensory characteristics

table 5 shows the scores given by tasters for 
the organoleptic parameters. All treatments pre-
sented a similar intensity and quality of odour, 

table 4 - Mean values and standard deviations of the physicochemical characteristics and composition of the venison chor-
izo sausages during ripening and after 45 days of vacuum-packed storage.

	 Ripening time (days) 
  Storage
 0 7 14 21

 A
pH	 5.32a±0.061	 4.91b±0.02	 4.81c±0.01	 4.96b,A±0.046	 4.99b±0.049
aw	 0.973a±0.003	 0.950b±0.005	 0.924c±0.001	 0.903d,B±0.013	 0.849e±0.010
DM	(g/100	g	sample)	 35.53e±0.62	 44.81d±0.21	 54.88c±1.20	 59.90b,A,B±2.96	 67.27a±0.57
Fat	(g/100	g	DM)	 37.30±1.19	 34.55±2.06	 36.96	±1.19	 36.19±3.90	 34.12±0.92
Protein	(g/100	g	DM)	 50.73±3.01	 46.31±0.97	 49.31±2.82	 48.03±2.99	 47.47±2.32
NaCl	(g/100	g	DM)	 5.95±0.16	 5.71±0.04	 5.61±0.18	 5.83A±0.23	 5.55	±0.12
Ash(g/100	g	DM)	 7.63±1.07	 7.67±0.82	 7.68±0.35	 7.99A±0.32	 7.95±0.07
 B
pH	 5.20a±0.04	 4.95c±0.04	 4.94c±0.02	 4.96c,A±0.04	 5.11b±0.06
aw	 0.966a±0.001	 0.940b±0.003	 0.915c±0.007	 0.877d,A±0.008	 0.827e±0.004
DM	(g/100	g	sample)	 38.61e±0.26	 48.53d±1.63	 56.79c±2.02	 64.28b,A±1.54	 69.46a±1.04
Fat	(g/100	g	DM)	 37.56±2.80	 36.35±2.32	 32.98±2.23	 30.93±2.40	 32.49±2.92
Protein	(g/100	g	DM)	 46.40±0.75	 47.84±1.04	 48.69±3.03	 48.78±0.86	 49.93±0.56
NaCl	(g/100	g	DM)	 5.18±0.15	 5.95±0.46	 5.56±0.15	 5.78A±0.06	 5.86±0.12
Ash	(g/100	g	DM)	 8.30±0.82	 8.17±0.52	 8.39±0.40	 8.52A±0.28	 8.52±0.33
 C
pH	 5.72a±0.03	 5.09c±0.17	 5.23b,c±0.07	 5.13b,c,B±0.22	 5.32b±0.01
aw	 0.972a±0.001	 0.946b±0.005	 0.911c±0.004	 0.887d,A±0.025	 0.879d±0.003
DM	(g/100	g	sample)	 34.18d±1.12	 42.76c±2.66	 52.71b±0.91	 59.23a,A,B±4.01	 59.58a±0.18
Fat	(g/100	g	DM)	 32.07±4.46	 27.36±3.61	 30.37±0.38	 30.78±1.56	 29.18±3.77
Protein	(g/100	g	DM)	 50.72±1.93	 50.99±2.62	 50.97±1.94	 46.94±3.71	 51.17±1.24
NaCl	(g/100	g	DM)	 7.55±0.44	 7.23±0.08	 7.40±0.24	 7.12B±0.14	 7.15±0.28
Ash	(g/100	g	DM)	 10.02±0.39	 9.69±0.35	 9.45±0.77	 10.16B±0.75	 9.67±0.51
 D
pH	 5.68b±0.01	 5.07e±0.02	 5.32d±0.06	 5.40c,C±0.11	 5.76a±0.03
aw	 0.969a±0.002	 0.952b±0.002	 0.944c±0.004	 0.902d,B±0.004	 0.849e±0.003
DM	(g/100	g	sample)	 35.10e±0.19	 41.46d±0.74	 43.15c±0.88	 56.26b,B±2.20	 65.82a±0.86
Fat	(g/100	g	DM)	 33.29±2.94	 35.05±1.11	 36.57±1.25	 34.45±0.63	 33.54±1.62
Protein	(g/100	g	DM)	 47.38±2.30	 47.19±1.58	 50.94±2.35	 50.03±0.76	 49.37±1.34
NaCl	(g/100	g	DM)	 6.86±0.06	 6.65±0.21	 7.18±0.09	 7.38B±0.04	 7.01±0.19
Ash	(g/100	gDM)	 8.98±0.27	 8.72±0.25	 9.42±0.41	 9.67B±0.51	 9.21±0.19

Different	superscripts	in	the	same	row	indicate	significant	differences	(P<0.05).
Different	superscripts	in	capital	in	the	21	day	column	and	for	the	same	parameter	indicate	significant	differences	(P<0.05).
DM:	dry	matter.
A:	made	at	the	start	of	the	hunting	season	and	ripened	under	controlled	conditions;	B:	made	at	the	end	of	the	hunting	season	and	ripened	under	controlled	
conditions;	C:	made	at	the	start	of	the	hunting	season	and	ripened	under	natural	conditions;	D:	made	at	the	end	of	the	hunting	season	and	ripened	under	nat-
ural	conditions.

and the same appearance: light yellow fat, dark 
red lean meat and the same amount of visu-
al fat, except treatment c that had the highest 
amount of visible fat. All treatments were simi-
lar with respect to juiciness. On the other hand, 
treatments dried under controlled conditions dif-
fered from those ripened naturally with respect 
to several sensory characteristics. thus, treat-
ments dried under controlled conditions (A and 
b) were scored significantly higher for spice and 
ripened odour, taste intensity, pungency, after-
taste intensity and hardness, since constant 
temperature and relative humidity cause great-
er moisture loss than natural drying conditions. 
scores for attributes such as pungency and bit-
terness, which might be considered defects, were 
lower than 3.7 in all treatments. Flavour inten-
sity and aftertaste intensity received scores of 
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5.5-7.8. Off-odours and off-flavours were not de-
tected in any of the treatments.

Proteolysis (data shown in GArcÍA rUIZ et al., 
2007a,b) was less intense in treatment c than 
in the other treatments, possibly due to a high-
er salt content and lower temperatures during 
ripening. this batch received lower scores for 
cured odour, quality odour, acidity, intensity 
and quality aftertaste.

cONcLUsIONs

the fermentation of venison chorizo sausages, 
prepared without the addition of starter cultures 
and ripened under controlled or natural condi-
tions for 21 days, is mainly due to lactic acid 
bacteria, which establish as dominant flora af-
ter the first week of ripening. On the other hand, 
the evolution of the control parameters, pH, aw 
and moisture content, during ripening is simi-
lar to other types of dried sausages made with 
pork and/or beef. the venison chorizo sausages 
dried under controlled conditions differed from 
those that were naturally-ripened with respect 
to a lower pH and lower moisture content dur-
ing curing, and a greater weight loss at the end 
of ripening. With respect to the sensorial char-
acteristics, venison chorizos ripened under con-
trolled conditions had a more perceptible aro-

table 5 - Mean values and standard deviation of the sensory characteristics of venison chorizo sausages.

	 A B C D

Appearance
Amount	of	fat	 2.96c±0.19	 3.68b±0.77	 5.82a±0.16	 3.14b±0.25
Fat	colour	 4.14±0.39	 5.44±2.16	 3.84±0.08	 2.82±0.59
Lean	colour	 8.75±0.68	 8.80±0.08	 7.38±0.17	 8.81±0.02
Odour
Odour	intensity	 7.14±1.59	 5.17±0.30	 6.20±0.27	 5.67±0.63
Odour	quality	 6.72±0.30	 4.81±0.67	 4.74±0.50	 5.44±1.34
Paprika	odour	 1.20±0.11	 2.31±1.40	 0.50±0.30	 0.00±0.00
Spice	odour	 6.48a±0.51	 5.89a±0.27	 3.49b±0.09	 1.25c±0.81
Ripened	odour	 7.61a±0.65	 6.91a,b±0.38	 4.99b±0.10	 6.54	a,b±0.93
Taste
Taste	intensity	 7.77a±0.16	 7.23a±0.57	 5.92b±0.42	 5.92b±0.01
Acidity	 6.22a±0.40	 4.71b±0.85	 1.74c±0.21	 3.56b±0.22
Saltiness	 5.41a,b±0.50	 4.69b±0.00	 5.73a±0.09	 4.53b±0.08
Sweetness	 0.00b±0.00	 1.37a±0.62	 0.26a,b±0.02	 0.49a,b±0.24
Bitterness	 3.65a±0.34	 0.00b±0.00	 0.00b±0.00	 1.11b±0.66
Pungent	flavour	 3.18a±1.06	 3.53a±0.23	 0.00b±0.00	 1.23a,b±0.81
Aftertaste	intensity	 7.53a±0.03	 7.26a±0.62	 5.42b±0.16	 6.14b±0.05
Aftertaste	quality	 6.35±0.54	 5.21±0.14	 4.70±0.05	 5.19±0.89
Texture
Hardness	 7.44a±0.31	 5.96b±0.16	 7.73a±0.21	 4.53c±0.66
Juiciness	 5.68±0.80	 3.57±0.04	 2.66±0.22	 4.19±0.14
Chewiness	 2.49b±0.56	 6.87a±0.05	 3.34b±1.46	 3.17b±0.35
Fat	mouthfeel	 5.19a±0.29	 3.39b±0.24	 3.23b±0.08	 4.05b±0.45

Different	superscripts	in	the	same	row	indicate	significant	differences	(P<0.05).
A:	made	at	the	start	of	the	hunting	season	and	ripened	under	controlled	conditions;	B:	made	at	the	end	of	the	hunting	season	and	ripened	under	controlled	
conditions;	C:	made	at	the	start	of	the	hunting	season	and	ripened	under	natural	conditions;	D:	made	at	the	end	of	the	hunting	season	and	ripened	under	nat-
ural	conditions.

ma, greater taste intensity, and more pungency 
and aftertaste flavour, and a greater hardness 
than naturally-ripened chorizos.
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AbstrAct

In the three-year period 2004-06, a study was carried out to characterise the fruit and oil of the 
main syrian olive cultivars: Kaissy and Zaity in the Aleppo area, Dan, Hemplasi and souri in the 
Damascus area, Insassy, Karamani and sorani in the Idleb area, Khodeiri in the Lattakia area, 
safrawi in the Hama (Mousiaf) area and Doebli in the tartous area. Olive samples were collect-
ed in October or November and the fruit weight, epicarp and mesocarp pigmentation and oil con-
tent were determined. Oil was also extracted from the samples and the acidity, peroxide value, 
spectrophotometric absorbance at 232 and 270 nm (K232 and K270) and DK, fatty acid composition, 
sterol composition and content and erythrodiol + uvaol content were determined. Marked differ-
ences were recorded in the cultivars for all the fruit characteristics studied. the oleic acid con-
tent was around 70% in most of the oils. the Karamani cultivar had a low oleic acid value (60%) 
and high palmitic and linoleic acid values. the average values of the parameters (acidity, peroxide 
value, absorbance in ultraviolet, fatty acid composition, sterol composition and content, erythro-
diol + uvaol content) used to evaluate oil quality were within the International Olive council (IOc) 
trade standards for extra virgin olive oils, with the exception of D-7-stigmastenol values which 
were higher than 0.5%, the maximum value established by such standards, in the cultivars Kho-
deiri and Doebli. the average D-7-stigmastenol values were as high as 0.5% or very close to 0.5% 
in the cultivars Insassy and sorani, respectively, indicating that, also in some replicates of these 
cultivars, the D-7-stigmastenol values were higher than 0.5%.
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INtrODuctION

syria, being part of the original habitat of Olea 
europaea L., has a very rich olive germplasm. Al-
though there are about seventy varieties cultivat-
ed in the different areas of the country (NseIr et 
al., 1985; GcsAr, 2007), there are very few that 
have been extensively cultivated. In fact, five cul-
tivars, Zaity, sorani, Doebli, Khodeiri and Kais-
sy, represent about 90% of the total olive trees 
cultivated in syria (about 33, 30, 12, 10 and 
5%, respectively) (AL IbrAHeM, 2006). the oth-
ers are local varieties that have a limited distri-
bution. up to now, very few studies have been 
carried out to evaluate the agronomic and pro-
ductive characteristics of syrian olive cultivars 
(NseIr et al., 1985; tubeILeH et al., 2008a,b), and 
very little is known about the characteristics of 
the oils (tubeILeH et al., 2008b). this last as-
pect has become increasingly more important, 
since consumers are more and more sensitive 
about the quality of olive oil. Moreover, as a re-
sult of the large number of new olive orchards 
that have been planted in syria in the last dec-
ades, an increasing amount of oil is available for 
export, that must meet the qualitative standards 
required by the international market.

More knowledge about the productive char-
acteristics and oil quality of syrian olive culti-
vars is useful for making the best choice of vari-
eties for new olive orchards. Moreover, it is use-
ful to determine if the oils produced by the dif-
ferent cultivars meet the qualitative standards 
required by the international market.

the aim of this study was to evaluate the fruit 
characteristics and oil quality of the main syri-
an olive cultivars, by evaluating them in the are-
as where they have the largest distribution. the 
investigation was carried out as a part of a larg-
er study aimed at fully characterizing the mor-
phological, biological, agronomic and oil charac-
teristics of the main syrian olive cultivars (Ab-
DINe et al., 2007). Oil characteristics were also 
evaluated by comparing them with the Interna-
tional Olive council (IOc) trade standards for 
extra virgin olive oils (cOI/t.15/Nc no. 3/rev. 
3 - November 2008).

MAterIAL AND MetHODs

the study was carried out in the three-year 
period 2004-06. the cultivars taken into account 
were: Kaissy (also known as Qaisi) and Zaity in 
the Aleppo area (where about 30% of syria’s ol-
ive cultivation is concentrated), Dan, Hemplasi 
and souri in the Damascus area (about 3.0%), 
Insassy, Karamani and sorani in the Idleb area 
(about 22%), Khodeiri in the Lattakia area (about 
7%), safrawi in the Hama (Mousiaf) area (about 
6%) and Doebli in the tartous area (about 13%). 
the areas taken into account differ with respect 
to environmental conditions, especially annual 

rainfall: 350-450 mm in Aleppo and Hama, 200-
250 mm in Damascus, 450-500 mm in Idleb and 
800-900 mm in Lattakia and tartous (AL IbrA-
HeM, 2006). the olives of all these cultivars are 
also used as table olives in amounts depending 
on the cultivar (AbDINe et al., 2007).

In each area, 3-5 trees per cultivar were select-
ed from germplasm collections or from private 
farms and labelled. Fruit samples were harvest-
ed within the normal harvesting times (October – 
December) in syria: in November, for the cultivars 
Dan, Doebli, Hemplasi, Insassy, Karamani, safra-
wi, sorani, souri and Zaity, and in October, for the 
cultivars Doebli and Khodeiri (that are harvest-
ed earlier). the samples from the labelled trees 
were used to determine: fruit weight (50 drupes/
tree); pigmentation (50 drupes/tree) by using the 
“Jaèn pigmentation index”, from 0 to 7, with 0 
for green olives and 7 for olives with superficial 
pigmentation on 100% of the epicarp and 100% 
pigmentation on the pulp; water content by dry-
ing the samples used for fresh weight determina-
tion in an oven until constant weight; oil content 
(1 sample/tree) by using a soxhelet apparatus.

the oil was extracted from 2-3 kg of olives (2 
samples/cultivar/year) using a lab hammer mill; 
the paste was malaxed for 30 min, then centrifuged 
and the oil was separated from the water and fil-
tered through a filter plate. On the oil, acidity (IsO 
660), peroxide value (IsO 3960), spectrophotomet-
ric absorbance at 232 and 270 nm (K232 and K270) 
and at 264, 268 and 272 nm (K264, K268, and K272) 
to determine DK = K268 – (K264 + K272)/2 (cOI/t.20/
Doc.n.19), fatty acid composition (cOI/t.20/
Doc.n.24), sterol composition and content and 
erythrodiol + uvaol (triterpene alcohols) content 
(cOI/t.20/Doc.n.10) were determined according 
to the procedures indicated within parentheses. 

As far as oil characteristics are concerned, 
the IOc trade standard values for extra virgin 
olive oils (cOI/t.15/Nc no. 3/rev. 3 - Novem-
ber 2008) are reported in the tables.

As a preliminary statistical analysis of data 
did not show substantial year effects, data is re-
ported in tables as means of the three-year pe-
riod 2004-06±standard error.

resuLts

the cultivars in the different environments 
showed notable differences in all the fruit charac-
teristics taken into account (table 1). Fresh fruit 
weight was high for the Kaissy and safrawi cul-
tivars, medium for Zaity, Dan, Hemplasi, souri, 
Karamani, Khodeiri, sorani and Doebli and medi-
um-low for Insassy. the level of pigmentation was 
very different among the cultivars. the oil con-
tent was high in Zaity and sorani, medium-high 
in Khodeiri, medium in Insassy, Karamani and 
Doebli and relatively low in the other cultivars.

the acidity and peroxide value of the oils of 
all the cultivars were very low (table 2). K232, K270 
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table 1 - Fruit characteristics of eleven syrian olive cultivars. Average values of the three-year period 2004-06±standard er-
ror. Olive samples were collected in November for all the cultivars with the exception of the cultivars Khodeiri and Doebli 
which were collected in October.

	 	 Fresh	 Pigmentation	 Water	 Oil	 Oil
	 	 weight	 index	 content	 content	 content
Area	 Cultivar	 (g)	 (0-7)	 (%)	 (%	f.w.)	 (%	d.w.)

Aleppo	 Kaissy	 4.3±	0.8	 1.3±0.5	 54.9±3.8	 15.7±1.2	 34.8±5.1
	 Zaity	 2.3±0.3	 2.7±0.8	 41.4±2.7	 27.2±4.3	 46.4±8.0

Damascus	 Dan	 2.7±0.4	 2.4±0.4	 47.2±2.3	 14.8±0.7	 28.0±2.0
	 Hemplasi	 2.3±0.3	 2.6±0.4	 52.8±2.3	 14.5±1.2	 30.7±1.8
	 Souri	 2.7±0.4	 2.2±0.4	 47.4±2.1	 17.5±1.9	 33.3±4.4

Idleb	 Insassy	 1.9±0.3	 2.3±0.3	 45.5±1.9	 23.2±2.0	 42.2±3.5
	 Karamani	 3.2±0.4	 1.8±0.3	 53.3±2.4	 19.7±1.7	 42.2±2.3
	 Sorani	 3.0±0.4	 1.9±0.4	 45.0±2.6	 25.8±2.6	 46.9±2.8

Lattakia	 Khodeiri	 2.1±0.3	 1.0±0.2	 41.0±2.3	 25.3±1.4	 42.9±2.0

Mousiaf	 Safrawi	 5.0±0.9	 2.9±0.4	 48.4±2.3	 18.2±2.1	 35.3±3.1

Tartous	 Doebli	 3.3±0.3	 1.2±0.4	 46.7±1.9	 21.9±1.8	 41.1±2.8

table 2 - Free acidity, peroxide value, spectrophotometric absorbencies (K232, K270, DK) of oils of eleven syrian olive cultivars. 
Average values of the three-year period 2004-06±standard error. the IOc trade standard (ts) values for extra virgin olive oils 
are reported in the last line. Oils were extracted from olive samples collected in November for all the cultivars with the excep-
tion of those of the cultivars Khodeiri and Doebli which were extracted from olive samples collected in October.

	 	 Free	acidity	 Peroxide	value	 K232	 K270	 DK
Area	 Cultivar	 (%)	 (meq	O2/kg	oil)

Aleppo	 Kaissy	 0.3±0.08	 6±0.9	 1.66±0.07	 0.17±0.03	 0.002±0.001
	 Zaity	 0.3±0.04	 5±0.9	 1.68±0.09	 0.13±0.03	 0.002±0.001

Damascus	 Dan	 0.2±0.20	 5±0.8	 1.90±0.07	 0.15±0.02	 0.002±0.001
	 Hemplasi	 0.2±0.02	 5±0.4	 1.76±0.06	 0.15±0.02	 0.005±0.002
	 Souri	 0.3±0.01	 6±1.8	 1.99±0.01	 0.15±0.01	 0.004±0.002

Idleb	 Insassy	 0.3±0.04	 7±1.1	 1.77±0.17	 0.15±0.02	 0.005±0.001
	 Karamani	 0.4±0.06	 8±1.6	 1.95±0.10	 0.20±0.03	 0.004±0.002
	 Sorani	 0.4±0.02	 7±1.6	 1.89±0.07	 0.19±0.01	 0.004±0.001

Lattakia	 Khodeiri	 0.4±0.04	 8±1.5	 1.77±0.08	 0.17±0.02	 0.005±0.002

Mousiaf	 Safrawi	 0.6±0.01	 4±0.2	 1.62±0.11	 0.12±0.02	 0.004±0.002

Tartous	 Doebli	 0.4±0.06	 6±0.2	 1.63±0.04	 0.17±0.01	 0.004±0.001

IOC-TS	 	 ≤0.8	 ≤20	 ≤2.50	 ≤0.22	 ≤0.01

and DK values were also low. All the cultivars had 
an oleic acid content around 70%, with the ex-
ception of Karamani, which had a value of about 
60% associated with relatively high amounts of 
palmitic and linoleic acids (table 3). the sterol 
composition and content and erythrodiol + uvaol 
content were quite different (table 4). the Kho-
deiri and Doebli cultivars had relatively high D-
7-stigmastenol values, followed by the cultivars 
Insassy and sorani.

the average values of all the parameters (acid-
ity, peroxide value, absorbencies in ultra-violet, 
fatty acid composition, sterol composition and 

content, erythrodiol + uvaol content) used to 
evaluate oil characteristics were within the IOc 
trade standards, with the exception of those of 
the D-7-stigmastenol in the cultivars Khodeiri 
and Doebli that were higher than 0.5%, which 
is the maximum value allowed by IOc trade 
standards. It should be noted that the average 
values of the cultivars Insassy and sorani were 
as high as 0.5% or very close to 0.5%, respec-
tively, indicating that, also for these cultivars, in 
some cases (replicates) the values were higher 
than 0.5%. In all the oils, on average, the con-
tent of apparent b-sitosterol (b-sitosterol + D-5-
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avenasterol + D-5-23-stigmastadienol + cleros-
terol + sitostanol + D-5-24-stigmastadienol) was 
higher than 93.0%, the IOc trade standard for 
this parameter.

DIscussION AND cONcLusIONs

the fresh fruit weight and oil content in Zai-
ty, sorani and Kaissy were substantially similar 
to values reported in the literature for the same 
cultivars (tubeILeH et al., 2004, 2008a,b). the 
cultivar Dan showed a lower oil content than that 

table 3 - Fatty acid composition of oils of eleven syrian olive cultivars. Average values of the three-year period 2004-06±stand-
ard error. the IOc trade standard (ts) values for extra virgin olive oils are reported in the last line. Oils were extracted from 
olive samples collected in November for all the cultivars with the exception of those of the cultivars Khodeiri and Doebli which 
were extracted from olive samples collected in October.

	 	 Palmitic	 Palmitoleic	 Stearic	 Oleic	 Linoleic	 Linolenic	 Arachidic
Area	 Cultivar	 (%)	 (%)	 (%)	 (%)	 (%)	 (%)	 (%)

Aleppo	 Kaissy	 11.9±0.4	 0.69±0.17	 3.07±0.26	 72.4±1.0	 9.7±0.2	 0.65±0.03	 0.44±0.03
	 Zaity	 13.8±0.2	 0.75±0.05	 3.65±0.13	 71.8±1.8	 8.8±0.2	 0.61±0.04	 0.54±0.01

Damascus	 Dan	 13.7±0.4	 0.60±0.03	 2.14±0.02	 71.2±0.9	 10.1±0.5	 0.71±0.04	 0.35±0.02
	 Hemplasi	 12.7±0.3	 0.88±0.03	 2.86±0.13	 73.7±0.9	 7.8±0.1	 0.69±0.08	 0.45±0.01
	 Souri	 12.7±0.4	 0.67±0.13	 2.90±0.21	 72.7±1.7	 9.4±0.3	 0.61±0.09	 0.41±0.03

Idleb	 Insassy	 11.5±0.3	 0.36±0.02	 3.66±0.12	 71.6±0.9	 11.5±0.2	 0.55±0.01	 0.46±0.01
	 Karamani	 18.4±0.3	 1.66±0.11	 2.33±0.15	 59.9±1.9	 14.4±0.6	 0.79±0.03	 0.42±0.03
	 Sorani	 14.6±0.5	 0.72±0.07	 3.40±0.19	 68.2±1.9	 11.3±0.7	 0.70±0.04	 0.47±0.03

Lattakia	 Khodeiri	 13.4±0.3	 0.50±0.05	 3.93±0.32	 71.4±1.7	 9.1±0.5	 0.55±0.05	 0.53±0.02

Mousiaf	 Safrawi	 12.9±0.4	 0.98±0.08	 2.69±0.09	 70.6±1.2	 11.1±0.4	 0.50±0.03	 0.50±0.01

Tartous	 Doebli	 14.6±0.2	 0.73±0.04	 2.97±0.02	 69.7±0.8	 11.0±0.4	 0.53±0.05	 0.43±0.02

IOC-TS	 	 7.5-	20.0	 0.3-3.5	 0.5-5.0	 55.0-83.0	 3.5-21.0	 ≤1.0	 ≤0.6

table 4 - sterol composition and content and erythrodiol + uvaol content in the oils of eleven syrian olive cultivars. Average 
values of the three-year period 2004-06±standard error. the IOc trade standard (ts) values for extra virgin olive oils are re-
ported in the last line. Oils were extracted from olive samples collected in November for all the cultivars with the exception 
of those of the cultivars Khodeiri and Doebli which were extracted from olive samples collected in October.

	 	 Cholesterol	 Brassicasterol	 Campesterol	 Stigmasterol	 b-sitosterol	 Δ-7-	 Apparent	 Total	sterol	 Erythrodiol	+
Area	 Cultivar	 (%)	 (%)	 (%)	 (%)	 (%)	 Stigmastenol	 b-sitosterol	 (mg/kg	oil)	 Uvaol
	 	 	 	 	 	 	 (%)	 (%)	 	 (%	total	sterols)

Aleppo	 Kaissy	 0.05±0.03	 0.00±0.00	 3.48±0.30	 0.67±0.13	 86.7±0.4	 0.32±0.01	 95.0±0.2	 1,361±45	 1.20±0.10
	 Zaity	 0.05±0.02	 0.00±0.00	 3.66±0.31	 0.72±0.12	 86.4±0.8	 0.25±0.03	 93.9±0.3	 1,270±62	 1.38±0.28

Damascus	 Dan	 0.04±0.02	 0.00±0.00	 2.76±0.31	 0.88±0.16	 89.4±0.2	 0.30±0.12	 95.5±0.3	 1,398±132	 1.80±0.16
	 Hemplasi	 0.04±0.02	 0.01±0.00	 3.28±0.22	 0.44±0.11	 89.2±0.4	 0.28±0.10	 95.0±0.4	 1,704±161	 1.69±0.15
	 Souri	 0.02±0.01	 0.00±0.00	 2.30±0.12	 0.70±0.10	 88.8±0.3	 0.37±	0.06	 95.7±0.3	 1,105±82.2	 1.10±0.15

Idleb	 Insassy	 0.05±0.02	 0.00±0.00	 3.55±0.45	 0.78±0.02	 88.8±1.1	 0.50±0.02	 93.3±0.3	 1,382±55	 1.90±0.15
	 Karamani	 0.05±0.02	 0.00±0.00	 2.61±0.28	 0.72±0.15	 85.8±0.2	 0.30±0.02	 95.6±0.2	 1,219±85	 1.78±0.16
	 Sorani	 0.05±0.02	 0.00±0.00	 3.67±0.22	 0.71±0.08	 88.6±0.3	 0.46±0.02	 94.4±0.2	 1,363±105	 1.90±0.50

Lattakia	 Khodeiri	 0.01±0.01	 0.00±0.00	 2.55±0.23	 0.80±0.19	 87.0±0.8	 0.57±0.03	 95.2±0.2	 1,126±60	 2.08±0.20

Mousiaf	 Safrawi	 0.05±0.02	 0.00±0.00	 3.45±0.2	 0.72±0.06	 90.1±0.2	 0.28±0.06	 94.6±0.2	 1,770±111	 1.70±0.70

Tartous	 Doebli	 0.04±0.01	 0.00±0.00	 2.60±0.25	 0.84±0.31	 88.7±0.2	 0.57±0.05	 94.3±0.2	 1,449±182	 1.08±0.30

IOC-TS	 	 ≤0.5	 ≤0.1	 ≤4.0	 <campesterol	 	 ≤0.5	 ≥93.0	 ≥1,000	 ≤4.5

reported by tubeILeH et al. (2004); this differ-
ence could be due to harvesting time/ripening 
stage of the olives, since significant increases in 
oil content can be obtained by delaying harvest-
ing (AbDINe et al., 2007).

the high-medium oil content in Zaity, sora-
ni, Khodeiri and Doebli indicates their high ef-
ficiency in accumulating oil in the fruit which is 
in agreement with the fact that these cultivars 
are the main ones for oil production in syria 
(these 4 varieties cover about 85% of the total 
area cultivated with olive) (AL IbrAHeM, 2006). 
the medium or high fresh fruit weight, as well 
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as the moderate oil content of the varieties Kai-
ssy, Karamani and safrawi, justify their use as 
dual purpose cultivars, with Kaissy being the 
main syrian cultivar used for the production 
of table olives (AbDINe et al., 2007). the rela-
tively good fruit weight of the cultivar sorani 
justifies the use of the drupes also as table ol-
ives. Indeed, while most of the fruit of the vari-
ety sorani is used for oil production, sorani is 
also among the main syrian cultivars used for 
the production of table olives, especially black 
ones (AbDINe et al., 2007). the dry environmen-
tal conditions of the Damascus area have prob-
ably contributed to determining the relatively 
low oil content in the cultivars Dan, Hempla-
si and souri.

As far as oil characteristics are concerned, low 
acidity and peroxide values were also observed 
in another study concerning the cultivars Kai-
ssy, Zaity and sorani (tubeILeH et al., 2008b). 
With respect to the present work, tubeILeH et 
al. (2008b) reported slightly higher values for 
palmitic acid and lower values for oleic acid for 
the cultivars Kaissy and Zaity; these differences 
could be due to the different environmental con-
ditions, especially temperature, and fruit ripen-
ing stage, that can affect fatty acid composition 
(INGLese et al., 2009).

the Karamani cultivar had relatively low oleic 
acid values and high palmitic and linoleic acid 
values. It is known that high environmental 
temperatures tend to reduce the oleic acid con-
tent and increase the palmitic and linoleic acids 
(INGLese et al., 2009) but, since the Idleb area 
is not the warmest among those considered, it 
seems that the observed fatty acid composition 
is mainly a characteristic of the variety.

the sterol composition and content as well 
as the erythrodiol + uvaol content differed in 
the cultivars; this is in agreement with the fact 
that these compounds are greatly dependent 
on cultivar (APArIcIO et al., 1997; rANALLI et 
al., 2002; sÁNcHeZ cAsAs et al., 2004; QuesLA-
tI et al., 2009).

All the oils produced by the olive cultivars 
considered meet the IOc trade standards ap-
plied to extra virgin olive oils, except the culti-
vars Khodeiri and Doebli, which showed aver-
age of D-7-stigmastenol values that were high-
er than the IOc limit. Also in some replicates 
of the cultivars Insassy and sorani the values 
were higher than 0.5%; indeed, the reported 
average values were 0.5% or very close to this 
value. In this regard, also other measurements 
for the cultivar sorani, recorded in 2008 and 
2009, were between 0.4 and 0.6, and, there-
fore, in some cases the values were higher than 
0.5% (Jbara, unpublished data). It is impor-
tant to note that this value is used as an indi-
cator of the purity of the oil, because it can in-
dicate possible adulteration (admixtures with 
other vegetable oils), but some varieties natu-
rally have relatively high contents. Apart from 

the cultivars taken into account in the present 
work, values higher than 0.5% have been ob-
served in oils of other varieties, such as Neb-
bio (rANALLI and ANGerOsA, 1996), empeltre 
(GóMeZ, 2001), especially in extremely dry sea-
sons, cornicabra (sALVADOr et al., 1998; rIV-
erA DeL ÁLAMO et al., 2004), Nociara and ter-
mite di bitetto (LOMbArDO et al., 2004) and 
colombaia (LANterI et al., 2003; bOGGIA et al., 
2005). besides being affected by the variety, the 
sterol content and composition have also been 
reported to be affected by fruit ripening (De 
LA tOrre-bOrONAt et al., 1985; GutIérreZ et 
al., 1999; sALVADOr et al., 2001) and agro-en-
vironmental conditions (steFANOuDAKI et al., 
2001; cecI and cAreLLI, 2007; beN teMIMe et 
al., 2008). In the hot, arid region of catamar-
ca in Argentina oils from coratina showed a D-
7-stigmastenol value that was higher than the 
IOc limit (cecI and cAreLLI, 2007), whereas 
this value was within the IOc limit in the oils 
obtained in Italy (LOMbArDO et al., 2004). With 
reference to environmental conditions and ol-
ive ripening, the cultivars Doebli and Khodeiri 
showed average D-7-stigmastenol values that 
were higher than 0.5% also in oils obtained 
from olives produced in different areas in syr-
ia (Jbara, unpublished data) or from olives har-
vested in periods different from that considered 
in the present work (AbDINe et al., 2007). How-
ever, in 2009, a cool and rainy year, the Khodeiri 
cultivar showed relatively lower values (Jbara, 
unpublished data). In other studies, values ex-
ceeding the upper limits established by the IOc 
standards were also found for other sterol com-
pounds, such as campesterol (rIVerA DeL ÁLA-
MO et al., 2004).

the overall results regarding the oil charac-
teristics are very important because of the in-
creasing amounts of syrian olive oil that will be 
available for export in the coming years.

It should be noted that the different culti-
vars were studied in order to obtain informa-
tion about characteristics of the olives and the 
olive oils obtained in syria. the study consid-
ered all the main syrian olive varieties in the 
areas where they are mostly located. the olives 
were harvested according to the normal local 
practices. the different cultivars were cultivat-
ed in different environments and the ripening 
stage of olives was not uniform. therefore, the 
results reported are dependent on the cultivar 
and could also have been affected by the dif-
ferences in the environmental conditions in the 
different areas considered as well as the ripen-
ing stage of the olives.

In conclusion, the results of the study show 
that good fruit and oil can be produced with 
the main olive cultivars cultivated in syria; 
the olive oil produced meets the IOc stand-
ards. One concern regards the D-7-stigmaste-
nol content; some cultivars had values high-
er than 0.5%, the maximum value established 
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by the IOc trade standards. the results of this 
study should be considered when updating the 
international rules/standards regarding the 
trading of olive oil.
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AbstrAct

Extra virgin olive oil obtained from the olive cultivar Koroneiki from different regions of south-
ern Greece was analysed for acidity, peroxide value and specific extinction coefficients (K232, K270). 
Fatty acids, total phenols and o-diphenols, the phenolic profile and oxidative stability were deter-
mined. sensory analysis of the oil was carried out. the oils had fatty acid compositions similar 
to a commercial extra virgin olive oil. the oxidative resistance and the content of phenols and o-
diphenols were higher in the olive oils produced by the low-scale mill compared to the commer-
cial extra virgin olive oils produced by the industrial plant. Determination of sterols was also car-
ried out on olive oil obtained from mature and immature fruit. Acidity, K232 and K270 and perox-
ide values were within the limits of extra virgin olive oil. the sterol content of the extra virgin ol-
ive oils from November 2008, December 2008 and January 2009 all fell within permissible lev-
els. Hence, olive oil produced in 2009 and 2008 came from fruit that contained fully developed 
oil since the sterol fractions were balanced. No qualitative differences were reported in extra vir-
gin olive oil samples obtained from different regions of southern Greece, showing a good homo-
geneity of the fruit. With reference to orthonasal perceptions, extra virgin olive oils from the Ko-
roneiki variety, (either mature or immature) were well balanced between grassy (39%) and green 
tomato (16.2%). considering the flavors retronasally perceived, the Koroneiki oils showed a good 
balance between grassy and green almond (10%) and green tomato (25%), with the presence of 
artichoke flavor (approx. 15%).
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INtrODUctION

Olive oil is one of the most precious products 
in Greece. Over 350,000 families earn their liv-
ing from olive oil production, with 200,000-
300,000 tons produced annually, amounting to 
about 18% of the total world production. 30% 
of the Greek olive oil is produced on the island 
of crete Island, 26% in Peloponnisos, 10% on 
the island of Lesvos, 10% on the Ionian Islands 
and the remaining 24% is scattered around the 
rest of Greece. Greeks are listed as the highest 
per capita consumers of olive oil at 20 liters per 
person per year, twice as much as Italians and 
spanish (KIrItsAKIs, 1998).

Of the many oil producing cultivars of Olea 
europaea in Greece, the most common and com-
mercially important ones are Koroneiki, Man-
aki, Mastoidis, Megaritiki, Valanolia chondro-
lia with Koroneiki being the most popular and 
widely grown (KIrItsAKIs, 2007). In the Messinia 
area every year approximately 50,000 tonnes of 
olive oil are manufactured, with Koroneiki being 
the most common cultivar of the region (92%), 
followed by Mavroelia, Mastoidis and the table 
olive cultivar, chondrolia. Koroneiki is a culti-
var widely distributed around the world, pro-
ducing olive oil of a shiny green colour with a 
rich aroma, delicate odour and low acidity. Of 
the oil produced, 95% is extra virgin, since the 
acidity is much lower than the maximum per-
missible level (0.8% oleic acid) of the EU (cOUN-
cIL rEGULAtION (Ec) No 865/2004) and other 
parameters such as the peroxide number and 
the specific extinction coefficients which are 
also below the maximum permissible EU lev-
els. Fatty acid analysis of Messinian olive oil is 
70-80% mono-unsaturated, whereas only 10% 
is polyunsaturated, which corresponds to the 
composition of maternal milk. the European 
Union recognized the special characteristics of 
Messinian virgin olive oil and awarded the dis-
tinction of protected designation of origin (Ec 
rEGULAtION 1065/97).

Four principal classes of steroidal alcohols can 
be found: 4-desmethylsterols (also called ster-
ols), 4-monomethylsterols, 4,4’-dimethylster-
ols (also called triterpenic alcohols) and triter-
penic diols. According to VLAHAKIs and HAEZ-
brOEK (2000), evaluation of the total sterol con-
tent and the sterol profile is a suitable tool to as-
sess the authenticity of fats and oils. there are 
three major phytosterols (β-sitosterol, stigmas-
terol, campesterol), two of which, β-sitosterol 
(c29H50O) and stigmasterol (c29H48O), are Δ5-
sterols. the former is the principal sterol of a 
large number of vegetable oils, while the latter 
is an important sterol for authenticity assess-
ment and is present in several oils, e.g. soybean, 
castor, grape seed, palm, palm kernel, rice bran, 
safflower and sunflower.

According to KIrItsAKIs (1998, 2007), Greek 
olive oils contain traces of cholesterol, campes-

terol, sigmasterol, β-sitosterol (90% of the total 
sterols) and anemasterol. the total percentage 
of sterols in olive oil ranges from 180 to 265 mg 
per 100 g of oil. In the case of olives, stigmasterol 
and Δ5-avenasterol increase as the fruit matures 
up to a point which coincides with the maximum 
oil content of the olive fruit (cIMAtO, 1990).

the aim of this work was to analyse a number 
of olive oil samples of the Koroneiki variety cul-
tivated in different regions of Messinia in Pelo-
ponnisos (Greece) and describe the quality pro-
file of these oils in terms of acidity, peroxide 
value and extinction coefficients, c18:1/c18:2, 
oleic acid and the linoleic acid ratio; OsI, oxida-
tive stability index; tP, total phenols; o-diphe-
nols determined by spectrophotometry; sP, sim-
ple phenols (hydroxytyrosol and tyrosol) ana-
lyzed by HPLc.

sterols were also determined in both mature 
and immature olive oil samples and mature and 
balanced extra virgin olive oil from 2008 was 
compared with that of 2009.

MAtErIALs AND MEtHODs

sampling

Olive samples were collected from the north-
western part of Messinia to the southern part 
of the Koroni area. sampling took place in two 
stages, one between the 18th of November and 
15th of December 2008 and the other one from 
the 16th of December 2008 until the 20th of Jan-
uary 2009, with a total number of samplings of 
262. three replicates were taken for each dif-
ferent sample.

Olive fruit of the Koroneiki variety (Olea euro-
paea var. microcarpa alba) (tHErIOs, 2009) was 
collected at the mature stage only. the olives 
were picked by hand from three trees at each 
location. Only undamaged, fresh and healthy 
drupes, were selected. From all olive trees of 
each region, a representative 5 kg sample was 
collected and immediately transported to the 
laboratory mill where they were processed into 
oil within 24 h.

Oil extraction

Olives were processed in a low-scale extrac-
tion plant (Olio Mio baby 50, toscana Enologi-
ca Mori, Firenze, Italy) at the technological In-
stitute of Kalamata, Greece. the unit consisted 
of the mill, the thermo-mixer, and the pulp cen-
trifuge. the low-scale mill was equipped with a 
hammer crusher, a vertical malaxer (at a tem-
perature of 18°c), and a two-phase decanter. Af-
ter processing in the mill, the oil was separat-
ed in the two-phase decanter, transferred into 
dark glass bottles, and stored in the dark at 4°c 
until analysis. Malaxation lasted for 40 minutes 
between 20°- 22°c.



Ital. J. Food Sci. n. 4, vol. 22 - 2010  403

Analytical methods

Measurements refer to Κ232 and Κ270 coeffi-
cients, acidity and peroxide values (expressed 
as meq O2 /kg). sterol determination was also 
carried out on oil extracted from early harvest-
ed olives on the 18th November 2008 and ma-
ture olives on the 15th January 2009.

Finally, determinations were carried out on 
the commercially available olive oil named “DAN-
AI” (Lot L05354 and L06345) produced by the As-
sociation of Agricultural Union of Messinia, com-
paring samplings from 2008 with that of 2009. 

Acidity, peroxide value 
and specific extinction determination

titratable acidity, peroxide value, and the co-
efficients of specific extinction at 232 and 270 
nm were determined according to Ec methods 
(cOMMIssION rEGULAtION (Ec) No 1065/97; KI-
rItsAKIs and MArKAKIs, 1991; KIrItsAKIs and 
cHrIstIE, 1998).

sterol determination

the identification and determination of sterols 
by GLc was carried out according to the meth-
od reported by LALAs and tsAKNIs (2002). Five 
replications for each sample were carried out.

sensory evaluation

sensory analysis was performed by a fully 
trained analytical taste panel recognized by the 
International Olive Oil council (IOOc). A pan-
el test was established using a standard pro-
file sheet (IOOc, 2000). the sensory profile of 
the oil was determined. According to this meth-
odology both defects and merits of the olive oil 
are reported on a scale between 0 and 100 mm, 
where 0 mm represents the absence of orga-
noleptic characteristics, and 100 mm repre-
sents the highest value. Different pleasant fla-
vour intensities perceived by orthonasal, retro-
nasal routes were obtained.

spectrophotometric determination 
of total phenols

the total phenol (tP) content was determined 
using Folin-ciocalteau reactive substance by 
spectrophotometry (UV-VIs Uvikon 1031 spec-
trophotometer (contron, Milano, Italy)) at 750 
nm (PIrIsI et al., 2000). the total phenols are 
expressed as mg gallic acid/kg oil (calibration 
curve with r2 = 0.996). the spectrophotometric 
analysis was repeated three times for each type 
of extract.

the gallic acid standard used for the spectropho-
tometric phenol quantification and the 2,2-diphe-
nyl-1-picrylhydrazyl (DPPH) were obtained 
from sigma-Aldrich, Inc. (st. Louis, MO, UsA).

O-diphenols

A 0.5-mL sample of each phenolic extract was 
dissolved in 20 mL methanol/water (1:1, v/v). 
Of the resulting solution, 4 mL was added to 1 
mL of a 5% solution of sodium molybdate dihy-
drate in ethanol/water (1:1, v/v) and shaken vig-
orously. After 15 min, the absorbance at 370 nm 
was measured using gallic acid for the calibra-
tion curve (r2=0.998). the results are expressed 
in mg gallic acid/kg oil. the spectrophotomet-
ric analysis was repeated three times for each 
type of extract.

Fatty acid methyl esters analysis

Fatty acid methyl esters (FAME) from the oil 
samples were obtained by alkaline treatment 
with 1 M KOH in methanol (cHrIstIE, 1998). 
Gas chromatographic analyses were carried out 
according to cErrEtANI et al. (2004) using an 
HP 7890A gas chromatograph (Agilent Wallborn, 
Germany). the average was calculated from four 
replications for each sample.

Oxidative stability 
by oxidative stability instrument index

the oxidative stability index (OsI) was meas-
ured using a rancimat apparatus (Metrohm 
Ltd., cH-10101, Herisau, switzerland). the in-
strument was set at 110°c and 20 L/h air flow 
rate. the OsI was determined five times for each 
sample, and the mean value is expressed as OsI 
time in hours.

chromatographic analysis

HPLc analyses were carried out in reverse 
phase using a c-18 LunatM column, 5 mm, 25 
cm x 3.00 mm i.d. (Phenomenex, torrance, cA, 
UsA), according to cErrEtANI et al. (2004). the 
average of phenolic compounds was calculated 
from five replications for each sample and re-
sults are expressed as area in mAU at 280 nm 
at room temperature.

Gas-chromatography 
mass spectrometry (Gc-Ms)

Analyses were carried out using a HP 5975c 
mass quadrupole spectrometer coupled to a HP 
7890A gas chromatograph with a G1888 network 
headspace sampler (Agilent, Wallborn, Germany) 
located at the Dept. of Food technology, Quali-
ty control Lab, Kalamata. Helium was used as 
the carrier gas with a linear velocity of 38 mL/
sec. sample aliquots of 1 µL were injected. Gc 
injector temperature was 250°c and transfer line 
temperature was held at 320°c. Prior to GcMs 
dried methanolic extracts were derivatized by 
addition of 100 µL bstFA at room temperature 
for 15 min.
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rEsULts AND DIscUssION

Determination of acidity, Κ232, Κ270 
and peroxide number

table 1 showed that there were small dif-
ferences in the values of acidity, Κ232, Κ270 and 
peroxide number for olives sampled in 2008-
2009. Most of the values were within the lim-
its set by the EU with acidity <0.8% and per-
oxide values (expressed as meq O2/kg of oil) 
<20, K270<0.22, K232<2.5 for extra virgin olive oil 
(cOMMIssION rEGULAtION (Ec) No 2568/91). 
the small discrepancy shown for some values 
could be due to the altitude of some regions or 
the different cultivation techniques. However, 
there was a similarity in all measured which is 
evidence of the homogeneity of the olive variety 
Koroneiki throughout the region of Messinia.

Moreover, in table 1 a descriptive statistical 
analysis is shown for the above-mentioned pa-
rameters. the low values of sD show the small 
differences in the measurements of the acidity, 
Κ232, Κ270 and peroxide values. All acidity values 
were below 0.5%, and 90% of them were between 
0.280 and 0.390%. the peroxide values were be-
low 10.65, 90% of which were between 5.534 and 
9.633. All K232 values were below 1.75 with 90% 
of them being between 1.450 and 1.660. All K270 
values were below 0.16 with 90% of them falling 
between 0.110 and 0.140.

sterols in mature and immature olive oil

table 2 shows the analysis of the sterol con-
tent of extra virgin olive oil produced from early 
harvested olives in 2008 (mature olives harvest-
ed at the end of December 2008) and from ful-
ly mature olives harvested at the end of Janu-
ary 2009. Values reported are means of 5 meas-
urements ± sD.

sterol content values fell within permissi-
ble limits. Hence, it can be concluded that 

mature olive oil samples produced both in 
2008 (December) and 2009 came from ful-
ly formed olive fruit. Mature olive oil means 
oil fully formed and with the characteris-
tic of dark colour. It would be expected that 
the mature or immature olive oil produced 
in 2008 would not be so comparable regard-
ing the sterol fraction compared to the ma-
ture olive oil produced in 2009 because it is 
well known that ripening affects the phenol-
ic content (KIrItsAKIs, 1998, 2007). Howev-
er, the content of sterols seemed unaffected 
by the time of harvesting.

tEMIME et al. (2008) studied the sterol pro-
file of tunisian virgin olive oils produced from 
the chetoui cultivar, the second main varie-
ty cultivated in the north of the country. As 
expected for virgin olive oil, the main sterols 
found in all chetoui olive oils were β-sitosterol, 
Δ5 avenasterol, campesterol and stigmaster-
ol. total sterol amounts were higher than the 
minimum limit set by legislation, ranging from 
1,017 to 1,522 mg/kg. two triterpenic dialco-
hols (erythrodiol and uvaol) were also detected 
besides the sterolic components. several fac-
tors are known to affect the quantitative sterol-
ic profiles of olive fruits. Among these factors, 
the ripening cycle of the fruit and the nature 
of the cultivar (GUtIErrEZ et al., 1999; KOUt-
sAFtAKIs et al., 2000), oil extraction and refin-
ing procedures and storage conditions (GrA-
cIA, 2001). the effects of agronomic and cli-
matic conditions were also studied by stE-
FANOUDAKI et al. (2001).

the mature olive oil produced in 2009 was 
shown to be a fully balanced mature olive oil. 
Despite this, it was believed that further anal-
ysis should be carried out on all the samples 
taken throughout the whole region of Messin-
ia to confirm the conclusions from sterol de-
termination.

β-sitosterol and campesterols, which are 
structurally related to cholesterol, dominated 

table 1 - Descriptive statistics for acidity, peroxide value and coefficients Κ232 and Κ270 for olive oil samples during 2008-
2009, N=270.

	 Percentiles
	 Mean	 Min	 Max	 SD
	 (95%	Conf.	Interval)	 	 	 	 5	 10	 25	 50	 75	 90	 95

Acidity	%	 0.320	 0.25	 0.50	 0.033	 0.280	 0.280	 0.300	 0.320	 0.340	 0.350	 0.390
	 (0.318,	0.323)

Peroxide	 7.387	 5.18	 10.65	 1.251	 5.534	 5.840	 6.398	 7.325	 8.183	 9.186	 9.633
value	 (7.299,	7.475)

K232	 1.579	 1.39	 1.75	 0.065	 1.450	 1.490	 1.540	 1.590	 1.630	 1.650	 1.660
	 (1.574,	1.584)

K270	 0.125	 0.10	 0.16	 0.011	 0.110	 0.110	 0.120	 0.120	 0.130	 0.140	 0.140
	 (0.124,	0.126)
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the sterol fraction as can be seen in table 2. 
the content of sterols in the extra virgin olive 
oil samples was comparable (ANOVA), a con-
clusion in line with findings reported by GOrIN-
stEIN et al. (2003). the highest mean per cent 
value of β-sitosterol was observed in mature 
extra virgin olive oil (95%, January 2009) com-
parable to testour oil (84.4%) as reported by 
tAMIME et al. (2008). these values are similar 
to those reported for other olive oil varieties 
(PArDO et al., 2007; rIVErA DEL ALAMO et al. 
2004). According to GUtIErrEZ et al. (1999), 
the content of β-sitosterol generally decreas-
es during ripening, while Δ5 avenasterol in-
creases. KOUtsAFtAKIs et al. (1999) reported 
that β-sitosterol is minimal and Δ5 avenaster-
ol is at a maximum when olives are harvested 
at their optimum.

Low levels of stigmasterol were detected which 
is an indication that the oil came from healthy 
fruit (KOUtsAFtAKIs et al., 1999). High levels 
correlate with high acidity and low organoleptic 
quality (GrAcIA, 2001).

In the chetoui variety, the highest phytoster-
ol levels were found for β-sitosterol, followed by 
Δ5 avenasterol (tEMIME et al., 2008). All the ol-
ive oil samples analysed showed a low level of 
campesterol ranging from 2.45% (bou Arada) to 
2.84% (testour). the campesterol content was 
below the threshold established by EU regula-
tions (4%) in all of the oils studied. In our oils, 
campesterol levels fell within the range of 3.70 
to 3.87%, indicating a close similarity to the tu-
nisian oils.

comparison of commercial olive oil 
“DANAI” produced in 2008 and 2009

comparing the results from the analysis of 
olive oil samples produced in both years (ta-
ble 3), there was an increase in Κ232 for olive oil 
produced in 2008 compared to that produced 
in 2009, along with an increase in the peroxide 
values. both results are absolutely normal and 
are due to the level of oxidative degradation of 
the olive oil during the year.

sensory results

sensory characteristics tested by IOOc meth-
odology showed no defects in the oils and they 
are classified as extra virgin olive oils. Fruity 
sensation, bitterness and pungency had sim-
ilar values for both immature and mature ex-
tra virgin olive oils. the Koroneiki olive varie-
ty gave to the extracted oil a well-balanced sen-
sory profile between bitterness and sweetness, 
together with a pleasant flavor of grassy, green 
tomatoes and artichoke. there was an increase 
in the percentage of assessors who perceived a 
grassy aroma in the oils processed in the low-
mill scale (table 4).

With reference to orthonasal perceptions, ex-
tra virgin olive oils from the Koroneiki varie-
ty, (either mature or immature) showed a good 
balance between grassy (39%) and green toma-
to (16.2%). considering the flavors retronasally 
perceived, the Koroneiki variety extra virgin ol-
ive oils showed a good balance between grassy 

table 2 - sterol content, organoleptic traits, c18:1/c18:2, oleic acid and linoleic acid ratio; OsI, oxidative stability index; tP, 
total phenols; o-diph, o-diphenols determined by spectrophotometry; sP, simple phenols (hydroxytyrosol and tyrosol) ana-
lyzed by HPLc comparison between extra virgin olive oil produced from mature and immature olive fruit.

Sterol	 IMMATURE	olive	oil	 MATURE	olive	oil	 MATURE	extra	virgin	olive	oil
	 (November	2008)	 (End	December	2008)	 (Mid	January	2009)
	 %	 %	 %
	 in	the	unsaponifiable	part	 in	the	unsaponifiable	part	 in	the	unsaponifiable	part

Cholesterol	 0.5±0.05	 0.50±0.05	 0.50±0.05
Brassicasterol	 0.10±0.01	 0.10±0.01	 0.10±0.01
Campesterol	 3.80±0.41	 3.87±0.4	 3.70±0.4
Stigmasterol	 0.82	±0.9	 0.85±0.9	 0.84±0.9
Δ7-stigmasterol	 0.31±0.03	 0.35±0.03	 0.30±0.03
β-sitosterol	 93.63±10.1	 94.12±10.1	 94.89±10.2
Organoleptic	traits
Fruiting	(mm)	 23	 22	 24
Bitterness	(mm)	 6	 4	 4
Pungency	(mm)	 10	 8	 7
C18:1/C18:2	 10.8±0.1	 11.2±0.1	 11.2±0.1
OSI	Time	[h]	 38.5±0.2	 38±0.3	 38.5±0.2
TP	[mg	of
gallic	acid/kg]	 350±18	 380±18	 380±18
o-diph	[mg	of
gallic	acid/kg]	 200±10	 210±10	 210±10
SP	[Area	in	mAU]	 800±80	 1200±100	 1200±	100

Values	are	means	of	5	determinations	±	SD.
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and green almond (10%) and green tomato (25%), 
with the presence of artichoke flavor (approx. 
15%) (table 4). An apple flavour was also de-
tected by some panelists. results are in good 
agreement with data presented by (cErrEtA-
NI et al., 2005).

Oxidative stability results

It is important to highlight that in the Koro-
neiki olive oil samples obtained from the low-
scale mill, the OsI time values were particularly 
high (5 h higher) compared to those of the com-
mercial extra virgin olive oils (Danai) (tables 2 
and 3). the high oxidative stability of the sam-
ples may be due to both the higher total phenol 
and o-diphenol contents.

It is important to observe that the production 
of a typical olive oil in a low-scale mill permits 
the exaltation of the characteristics related to 
the phenolic content and the shelf life of an oil 
(higher stability to the accelerated oxidation). 
the difference can be explained by the differ-
ent conditions of malaxation (see Materials and 
Methods). In fact, in the low-scale mill, both the 
use of lower temperature and lower contact sur-
face with the air cause a lower tendency to oxi-
dative processes.

Fatty acid composition

the olive oils originating from the Koroneiki 
cultivar showed similar fatty acid compositions 

(particularly the c18:1/c18:2 ratio) compared 
to the commercial extra virgin olive oils. the re-
sults are in good agreement with those present-
ed by cErrEtANI et al. (2005) and stEFANOU-
DAKI et al. (1999). the latter determined the fat-
ty acid composition of 105 virgin olive oil sam-
ples of the two dominant cretan olive cultivars, 
Koroneiki and Mastoides, harvested from dif-
ferent areas of production at different maturi-
ty stages. the oils of the Koroneiki cultivar were 
characterized by lower concentrations of oleic 
and decaheptanoic and higher concentrations 
of linoleic and palmitic acids. they also proved 
that fatty acid compositional data have a signif-
icant discriminating power even within close ge-
ographical areas.

cONcLUsIONs

the chemical characteristics of Messinian ol-
ive oil are more or less similar throughout the 
whole region of Messinia due to the same olive 
cultivar (Koroneiki variety) found everywhere 
and due to the similar climatological conditions. 
there was a small discrepancy in the peroxide 
values which is due to the altitude of some re-
gions or the different cultivation techniques 
that might have been used. However, there is 
homogeneity in all other parameters showing 
the homogeneity in the olive cultivar Koroneiki 
throughout the region of Messinia.

sterol content values fell within permissible 
limits showing that mature olive oil samples pro-
duced both in 2008 (December) and 2009 came 
from fully formed olive fruit. similar results for 
non mature olive oil produced in 2008 showed 
that the oil inside the fruit mass was also fully 
formed. comparing mature olive oil produced 
in 2009 with non mature olive oil produced in 
2008, it was shown that the content of sterols 
in all extra virgin olive oils was not statistically 
different (ANOVA, p=0.05).

regarding the analysis of peroxide number 
and Κ232 of olive oil “DANAI” produced in 2008 
and 2009, there was an increase in both per-
oxide number and K232 values. these differenc-
es were expected due to olive oil oxidation dur-
ing bad storage conditions. However, the values 
fell within the limits of extra virgin olive oil. the 
very high percentage in mono-unsaturated fat-
ty acids indicates that ‘DANAI’ olive oil is a well 
balanced olive oil of high quality.

table 3 - Analytical results of the commercially produced 
virgin olive oil ‘‘DANAI’’ from 2008 and 2009.

Analytical	parameters	 “DANAI”	 “DANAI”
	 lot	L05354	2008	 lot	L06345	2009
	 (%)	 (%)

Acidity	 0.38	 0.31
Κ232	 1.95	 1.64
Κ270	 0.16	 0.13
ΔΚ	 0.004	 0.005
Peroxide	value	(meq	O2/kg)	 14	 6.5
C18:1/C18:2	 11.2±0.1	 11.1±0.1
ΟSI	time	(h)	 33.5±0.2	 35.5±0.2
TP	[mg	of	gallic	acid/kg]	 230±10	 250±15
o-diph	[mg	of	gallic	acid/kg]	 100±5	 110±5
SP	[Area	in	mAU]	 400±50	 500±50

Values	are	means	of	3	determinations	±	SD.

table 4 - Percentages of different attributes orthonasally and retronasally perceived in extra virgin olive oils from the Koro-
neiki variety extracted from a low-scale mill.

Perception	 Artichoke	 Grassy	 Green	almond	 Green	tomato	 No	perception

Orthonasal	 5.2	 39.1	 5.0	 16.0	 34.7
Retronasal	 15.1	 10.2	 10.0	 25.0	 39.7
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the oils originating from the Koroneiki culti-
var of olive fruit showed similar fatty acid com-
positions (particularly the c18:1/c18:2 ratio) to 
the commercial extra virgin olive oils. the oxida-
tive resistance and the content of phenols and o-
diphenols were higher for the olive oils produced 
by the low-scale mill compared to the commer-
cial extra virgin olive oils produced by the in-
dustrial plant.

With reference to orthonasal perceptions, ex-
tra virgin olive oils from the Koroneiki variety, 
(either mature or immature) balanced well be-
tween grassy (39%) and green tomato (16.2%). 
considering the flavors retronasally perceived, 
the Koroneiki variety oils balanced well between 
grassy and green almond (10%) and green to-
mato (25%), with the presence of artichoke fla-
vor (approx. 15%)

In conclusion the Koroneiki olive variety af-
fects the phenolic content and sensory profiles 
to a great extent, whereas the different extrac-
tion systems (low-scale or large-scale) exert a mi-
nor effect, although this needs to be confirmed 
in future studies.
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AbstrAct

During the harvest season of two consecutive years, the total phenols, flavonoids, anthocyanins 
and antioxidant capacity of five strawberry cultivars (‘Arosa’, ‘Elsanta’, ‘Marmolada’, ‘Miss’ and 
‘raurica’), grown in the continental part of the republic of croatia, were examined. Each year, 
fruit was harvested three times, at the beginning, at the midpoint and at the end of the harvest-
ing season. results showed that in both years, differences in the phenolic compound content de-
pended on cultivar and harvest time. In both years, fruit of cultivar ‘Arosa’ had the highest total 
phenol content. Over three consecutive harvest times, the quantity of phenolics did not show any 
regularity, but most of the cultivars at early harvest time had the highest amounts. Most of the 
cultivars had the lowest quantity of total anthocyanins at the third harvest time.
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INtrODUctION

strawberry (Fragaria x ananassa Duch.) is a 
very popular and widely consumed fresh fruit 
and is used in various food products such as 
preserves, jams, yogurts and ice-creams. It is re-
ported that strawberries have antioxidant, anti-
carcinogenic, anti-inflammatory and anti-neu-
rodegenerative biological properties. Determi-
nation of the phytochemical content in straw-
berries is necessary to evaluate the effect that 
the consumption of strawberries has on human 
health (LAUGALE and bItE 2006; rUtKOWsKI et 
al., 2006; sEErAM et al., 2006; KAFKAs et al., 
2007; bAttINO et al., 2009).

strawberries are a good source of natural 
antioxidants. In addition to the usual nutrients, 
such as vitamins and minerals, strawberries 
are rich in anthocyanins, flavonoids and phe-
nolic acids (AYALA-ZAVALA et al., 2004; tAVArINI 
et al., 2008). Phenolic substances such as fla-
vonoids are the most common compounds in 
fruits and vegetables; they have a high antioxi-
dant capacity (scALZO et al., 2005; VOcA et al., 
2008; KOVAc et al., 2010). Phenolic compounds 
are abundant in highly colored berry fruits, and 
because of their great popularity and vast con-
sumption, these berries are one of our most 
important dietary sources of phenolics (sEEr-
AM et al., 2006; WANG et al., 2002; YUrDUGÜL, 
2008). berry fruits are reported to contain a 
wide spectra of phenolics, including hydroxy-
benzoic and hydroxycinnamic acid derivatives, 
anthocyanins, flavonols, flavanols, condensed 
tannins (proanthocyanidins) and hydrolyzable 
tannins (LAUGALE and bItE 2006; rUtKOWsKI 
et al., 2006; sEErAM et al., 2006; VOcA et al., 
2009a). Anthocyanins are water-soluble pig-
ments that are located in the vacuoles and are 
responsible for a wide range of colors, from or-
ange to purple. the colorless phenolic com-
pounds can act as co-pigments and provide 
protection against UV radiation and insect at-
tack, but they can also be substrates for en-
zymatic browning reactions of strawberry fruit 
flesh (GIL et al., 1997).

Many authors have studied factors which 
could have an effect on the quantity of to-
tal phenols in different strawberry cultivars. 
they discovered that the most influential fac-
tors are cultivar, climatic conditions, cultiva-
tion systems and harvest times (cOrDENUN-
sI et al., 2005; scALZO et al., 2005; ZHENG et 
al., 2007). tÖrrÖNEN and MÄÄttÄ (2002) ex-
amined different strawberry cultivars and re-
ported total phenol values that ranged from 
96 to 133 mg/100 g f.w.

Antioxidative capacity has been studied by 
several authors on many fruit and vegetable 
species using different methods for determining 
antioxidative capacity (cOrDENUNsI et al., 2005; 
scALZO et al., 2005; HANsAWAsDI et al., 2006, 
JAKObEK et al., 2007a,b; VOcA et al., 2009b).

strawberry is a non-climacteric fruit and, to 
achieve the maximum quality in terms of fruit 
flavor and color, it must be harvested at full ma-
turity. the main changes in fruit composition 
that are associated with ripening, take place 
when the fruit is still attached to the mother 
plant. consequently, strawberries should be har-
vested when ready for consumption. this means 
that there is a very short time when the fruit is 
at its best quality (cOrDENUNsI et al., 2003).

In this study changes in the quantity of total 
phenols, flavonoids, anthocyanins and the anti-
oxidant capacity of five strawberry cultivars were 
investigated during the harvest season. In an 
attempt to prolong the consumption season of 
fresh strawberries and still maintain high qual-
ity fruit, five different cultivars, from very ear-
ly ripening (‘Miss’), to late ripening (‘raurica’), 
were included.

MAtErIALs AND MEtHODs

cold-stored (frigo) strawberry plants of culti-
vars ‘Arosa’, ‘Elsanta’, ‘Marmolada’, ‘Miss’ and 
‘raurica’ were planted in black plastic foil in Au-
gust 2004. Fertilizers and water were provided 
by fertirigation. the strawberries were planted 
at a planting density of 40,000 plants/ha in an 
open field on alluvium soil in the Zagreb area. 
the experiment was designed as a random block 
design with three blocks. Each block consisted 
of five plots and each plot consisted of 50 straw-
berry plants per cultivar.

Fruits were harvested at the beginning, the 
midpoint and at the end of the harvest season, 
during June 2005 (with 29.9 mm precipitation) 
and June 2006 (with 85.8 mm precipitation). At 
full maturity (when fruit had reached full red 
color) 500 g of randomly selected fruit samples 
were harvested from each plot. Fresh fruit sam-
ples were analyzed and the following quality pa-
rameters were determined: total phenols, total 
flavonoids, total anthocyanins and total antioxi-
dant capacity.

Determination of total phenolic content

total phenolics (tP) were determined using the 
Folin-ciocalteu colorimetric method described 
by OUGH and AMErINE (1998) with some modi-
fications. Fruit phenolics were extracted from 10 
g of fresh samples using 40 mL of 80% (by vol-
ume) aqueous ethanol. the mixture was extract-
ed (in a water bath at 80°c), kept for 20 min in 
inert atmosphere, and filtered through a What-
man filter paper using a büchner funnel. Extrac-
tion of the residue was repeated under the same 
conditions. the filtrates were combined and di-
luted to 100 mL in a volumetric flask with 80% 
aqueous ethanol. this extract was used to de-
termine the total phenolics (tP) and total flavo-
noids (tF).
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Determination of total flavonoids

Formaldehyde precipitation was used to deter-
mine total flavonoids (tF) in fruit samples (KrAM-
LING et al., 1969). A mixture of 10 mL strawberry 
fruit extract, 5 mL of 25% Hcl aqueous solution 
(1:4) and 5 mL of formaldehyde was prepared in 
a 25 mL flask. In order to remove air, nitrogen 
gas was injected and the stoppered flask was 
left in the dark for 24 h at 22°c. the next day 
it was filtered; and the clear liquid was used in 
the same procedure as the one used to prepare 
samples for tP determination.

the tP content was measured as follows: 0.5 
mL of diluted extract was added to a 50 mL vol-
umetric flask containing 30 mL of double dis-
tilled water. then 2.5 mL of Folin-ciocalteu rea-
gent was added to the mixture and shaken. After 
5 min, 7.5 mL of 7% Na2cO3 solution were add-
ed with stirring; this solution was then diluted 
with double distilled water to 50 mL. After 2 h 
of incubation at 20°c, the absorbance of the so-
lution was measured at 760 nm. tP and tF are 
expressed as mg of gallic acid equivalents (GAE)/
kg of fresh mass of edible fruit. the extract of to-
tal phenolics was also used for the DPPH assay.

Determination of anthocyanin content

the total anthocyanin content in the extract 
was determined using the bisulphite bleaching 
method (PELLEGrINI, 1965). Fruit anthocyanins 
were extracted from 2 g of fresh samples using 
2 mL of 0.1% Hcl (by volume) in 96% ethanol 
and 40 mL 2% aqueous Hcl (by volume). this 
mixture was then centrifuged at 5500 rpm for 
10 min. the supernatant was used for the de-
termination of total anthocyanins. the total an-
thocyanin content was measured as follows: 10 
mL of extract were put into two test tubes, and 
then 4 mL of 15% sodium bisulphite were added 
to one tube and 4 mL of double distilled water 
to the other. After 15 min of incubation at room 
temperature, the absorbance of each mixture 
was measured at 520 nm. the molar absorb-
ance value for cyanidin-3-diglucoside was used 
as the standard value. results are expressed as 
mg of cyanidin-3-diglucoside equivalents/kg of 
fresh mass of edible fruit.

Determination of antioxidant capacity

the free radical scavenging capacity of fruit 
phenolic extracts was determined using the sta-
ble 2,2-diphenyl-1-picrylhydrazyl (DPPH•) radi-
cal scavenging method (brAND-WI LLIAMs et al., 
1995.) the method is based on the reduction of 
stable DPPH• nitrogen radicals in the presence 
of antioxidants.

the antioxidant capacity of fruit extracts was 
measured spectrophotometrically with a UV-Vis 
spectrophotometer (shimadzu UV 1650 Pc, Kyo-
to, Japan). Five dilutions of fruit extract were 

analyzed with the DPPH• method. Fifty µL of di-
luted fruit extract were mixed with 300 µL of 
methanolic DPPH• solution (1 mmol/dm3) and 
brought to 3 mL with methanol. the solution 
was left in the dark for 15 min at room temper-
ature. the absorbance (Aextract) was read against 
the prepared blank (50 µL of diluted fruit ex-
tract, 2,950 µL of methanol) at 517 nm. DPPH• 
blank solution was prepared fresh each day (300 
µL of 1 mmol/dm3 DPPH•, 2.7 mL of methanol) 
and its absorbance (ADPPH) was measured daily. 
trolox standards of the final concentration of 
0-2,500 µmol/dm3 were prepared in methanol 
and assayed under the same conditions. Fifty µL 
of trolox were mixed with 300 µL of methanolic 
DPPH• solution (1 mmol/dm3) and topped to 3 
mL with methanol. After 15 min, the absorbance 
(Atrolox) was read against the prepared blank at 
517 nm. A calibration curve of trolox was calcu-
lated by linear regression of the absorbance val-
ue (Atrolox) vs. concentration. the trolox calibra-
tion curve was used to calculate the antioxidant 
capacity of each diluted fruit extract and to ex-
press the antioxidant activity in mmol of trolox 
equivalent (tE) per kg of fruit. Using the curve 
obtained, the results are expressed as mmol of 
tE per kg of fruit needed to reduce DPPH• rad-
ical by 50%.

the ability of fruit extract to act as a free rad-
ical scavenger against DPPH• radical was test-
ed by measuring the disappearance of the ab-
sorbance at 517 nm after the addition of fruit 
extract, and by comparing it with the disappear-
ance of the absorbance produced by the addition 
of known amounts of trolox, a water-soluble vi-
tamin E analogue, under the same conditions.

the results are expressed as mmol trolox 
equivalents per kg of fresh mass of the edible 
fruit.

statistical analysis

According to a randomized block design (with 
three replicates), ANOVA and Duncan’s multiple 
range test were performed to determine the sig-
nificance of differences within the factors exam-
ined (harvest time and cultivar) and between the 
combination of factors (where interaction was 
proven significant), using the commercial soft-
ware sAs 8.0 (sAs Institute: cary, Nc). Values 
are presented as the mean±sD of three replica-
tions. P-values lower than 0.05, either from ANO-
VA or Duncan’s multiple range test were consid-
ered statistically significant.

rEsULts AND DIscUssION

climatic data were provided by the croatian 
Meteorological and Hydrological service. the av-
erage air temperature during the strawberry har-
vest was higher in the first year (2005) than in 
the second. And there was less rainfall during 
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the harvest season in the first year. the differ-
ences in the contents of the compounds stud-
ied could have been due, in part to the different 
climatic conditions (listed in tables 1, 2 and 3). 

the fruits of the strawberry cultivars had a 
high average total phenolic content, of which the 
total flavonoids made up a relatively small por-
tion (table 4). cultivar ‘Arosa’ had the highest 
tP content in both years (248.86 in the first year 
and 352.34 mg/kg f.w. in the second year). It 
was followed by cultivars ‘Elsanta’ (237.96 mg/
kg f.w.), ‘Marmolada’ (217.34 mg/kg f.w.), ‘rau-
rica’ (186.71 mg/kg f.w.) and ‘Miss’ (166.44 mg/
kg f.w.) in the first year, and by cultivars ‘Elsanta’ 
(348.26 mg/kg f.w.), ‘Marmolada’ (345.02 mg/
kg f.w.), ‘Miss’ (269.96 mg/kg f.w.) and ‘rauri-

ca’ (261.69 mg/kg f.w.) in the second year. the 
literature data report that the quantities of tP 
in strawberry fruits of different cultivars range 
from 276.90 to 285.45 mg/kg f.w. (DrAGOVIć-
UZELAc et al., 2007).

In the first year of the study the amounts of 
total phenols were similar at all three harvest 
times in fruits of cultivar ‘Elsanta’, ‘Marmola-
da’ and ‘Miss’, while a somewhat higher value 
was measured in fruits of cultivar ‘Arosa’ at the 
third harvest time (288.21 mg/kg). Values ob-
tained in the second harvest time were similar in 
the varieties ‘Arosa’, ‘Marmolada’ and ‘Elsanta’ 
cvs, while those of cultivars ‘Miss’ and ‘raurica’ 
were somewhat lower. At the third harvest time, 
the total phenolic content was similar among 

 table 1 - Harvest date of the strawberry cultivars in two years of study.

	 Year of research

 2005 2006

Cultivar Harvest time Harvest time

 1. 2. 3. 1. 2. 3.

Arosa	 02	June	 10	June	 17	June	 29	May	 06	June	 12	June
Elsanta	 02	June	 10	June	 17	June	 24	May	 31	May	 07	June
Marmolada	 02	June	 10	June	 17	June	 29	May	 06	June	 12	June
Miss	 02	June	 10	June	 17	June	 24	May	 31	May	 07	June
Raurica	 02	June	 10	June	 17	June	 01	June	 07	June	 12	June

table 2 - Precipitation (mm) at the experimental field.

Year Ten days Harvest time Jan. Feb. Mar. Apr. May Jun.

2005	 I	 2.4	 11.0	 13.4	 37.5	 40.5	 24.4
	 II	 7.5	 26.7	 9.7	 21.3	 42.4	 3.4
	 III	 17.8	 36.2	 33.1	 12.0	 0.0	 2.1
 Total 27.7 73.9 56.2 70.8 82.9 29.9

2006	 I	 53.1	 0.6	 27.6	 52.5	 23.5	 54.5
	 II	 0.6	 7.2	 24.9	 37.4	 2.6	 17.1
	 III	 0.1	 33.4	 19.6	 40.6	 68.4	 14.2
 Total 53.8 41.2 72.1 130.5 94.5 85.8

table 3 - Average air temperatures (°c) measured at the experimental field.

Year Ten days Harvest time Jan. Feb. Mar. Apr. May Jun.

2005	 I	 2.8	 -6.6	 -3.8	 10.0	 14.1	 15.7
	 II	 -1.7	 1.2	 7.5	 11.5	 14.8	 20.1
	 III	 -3.5	 -1.0	 11.3	 13.5	 21.2	 23.9
 Mean -0.7 -2.2 5.0 11.4 16.7 19.9

2006	 I	 0.4	 -2.3	 1.4	 10.6	 13.2	 13.4
	 II	 -1.5	 3.9	 2.6	 12.2	 17.8	 22.3
	 III	 -3.8	 2.1	 10.4	 14.2	 18.0	 25.8
 Mean -1.7 1.2 5.0 12.3 15.8 20.5
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cultivars ‘Elsanta’, ‘Marmolada’ and ‘raurica’, 
while ‘Arosa’ had the highest value (288.21 mg/
kg) and cultivar “Miss” had the lowest (table 5).

the tP content in all the cvs was lower in the 
first year of the study. the values ranged from 
143.8 to 288.2 mg/kg in the first year, and from 
229.3 to 389.9 mg/kg in the second year. Fruits 
of cultivars ‘Elsanta’, ‘Marmolada’ and ‘Miss’ had 
uniform tP contents at all three harvest times. 
somewhat higher values were noted in culti-
var ‘Arosa’ at the third harvest time in the first 
year of the study. In the second year the culti-
vars ‘Marmolada’ and ‘raurica’ had very simi-
lar values at all three harvest times, while cul-
tivars ‘Arosa’, ‘Elsanta’ and ‘Miss’ had the high-
est values at the first harvest time. On average, 
the highest tP values were recorded at the first 
harvest time, with the exception of cultivar ‘rau-
rica’ which had uniform values at all three har-
vest times. tP values at the second harvest time 

were uniform for all cultivars, except for culti-
vars ‘Miss’ and ‘raurica’ that had significantly 
lower values. statistical analysis showed that the 
tP content differed significantly within cultivars 
independent of the year and harvest time (table 
4). the analysis also showed that harvest time 
had no statistically significant influence on tP 
content, but the differences between the years 
were statistically significant.

the quantity of tF was different for the vari-
ous harvest times, with substantial differences 
between the cultivars. In both years, the highest 
values were recorded at the first harvest time. 
the average tF values in the first year were the 
highest for cultivar ‘Elsanta’ (57.13 mg/kg f.w.), 
followed by cultivars ‘Arosa’ (53.26 mg/kg f.w.), 
‘Marmolada’ (40.42 mg/kg f.w.), ‘Miss’ (27.64 
mg/kg f.w.) and ‘raurica’ (22.04 mg/kg f.w.). In 
the second year, the highest values were noted 
for cultivar ‘Arosa’ (106.08 mg/kg f.w.), followed 

table 4 - Effects of cultivar and harvest time on average total phenolic content (tP), total flavonoids (tF) and total anthocy-
anins (tA) in strawberries in the first and second years of the study.

	 Total	phenolic	content	 Total	flavonoids	 Total	anthocyanins
	 (mg/kg)	 (mg/kg)	 (mg/kg)

	 	 1st	year	 2nd	year	 1st	year	 2nd	year	 1st	year	 2nd	year

Cultivar P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001
Arosa		 248.9a±36.76	 352.3a±32.83	 53.3a±39.2	 106.1a±70.87	 233.2a±76.04	 266.3c±27.74
Elsanta	 238.0b±10.28	 348.3b±25.38	 57.1a±33.4	 38.3c±15.68	 193.2d±89.89	 280.1b±25.31
Marmolada	 217.3c±14.57	 345.0b±9.25	 40.4b±37.3	 57.3b±15.79	 218.3b±60.56	 299.0a±41.94
Miss	 	 166.4e±17.44	 270.0c±35.59	 27.6c±19.1	 28.8d±9.32	 141.7e±38.03	 284.2b±33.23
Raurica	 186.7d±28.23	 261.7d±4.79	 22.0d±22.8	 54.9b±27.03	 199.5c±71.21	 186.2d±32.51

Harvest time P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001
	 1	 214.7c±29.11	 335.5a±48.51	 78.6a±24.6	 84.7a±46.43	 222.6a±66.12	 288.3a±38.01
	 2	 198.9b±34.69	 310.1b±54.21	 27.7b±16.1	 62.8b±40.17	 217.1b±55.95	 271.7b±51.40
	 3	 220.8a±48.26	 300.7c±33.18	 14.1c±8.9	 23.8c±9.88	 151.8c±77.69	 229.5c±45.79

Int. C×Ht P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001

C	=	cultivar;	Ht	=	harvest	time;	Int.	C×Ht	=	interaction	Cultivar×Harvest	time.
Within	each	column	and	effect,	different	letters	indicate	significant	differences	between	means	at	P≤0.05	according	to	Duncan’s	multiple	range	test.

table 5 - Average total phenolic content (mg/kg) in five strawberry cultivars during three harvest times during two years of 
study. Values are the means of three replicates ± sD.

 1st year 2nd year
 Harvest time Harvest time

Cultivar 1 2 3 1 2 3

Arosa	 254.4b±1.50	 204.0fg±0.60	 288.2a±4.22	 389.9a±4.61	 352.8c±1.45	 314.4g±2.60
Elsanta	 238.7c±0.10	 248.2b±8.49	 227.0d±3.45	 378.5b±5.54	 344.9d±8.32	 321.3f±1.17
Marmolada	 202.8g±1.31	 213.9e±5.49	 235.3c±0.73	 336.8e±1.73	 357.0c±1.33	 341.3de±0.08
Miss	 176.8h±4.65	 178.7h±5.99	 143.8i±1.97	 310.9g±7.89	 229.3k±0.79	 269.6h±1.70
Raurica	 200.7g±4.84	 149.7i±3.94	 209.7ef±1.01	 261.4ij±1.33	 266.6hi±4.19	 257.0j±2.01

Within	each	year,	different	letters	indicate	significant	differences	between	means	at	P≤0.05	according	to	Duncan’s	multiple	range	test.
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by cultivars ‘raurica’ (69.88 mg/kg f.w.), ‘Mar-
molada’ (57.19 mg/kg f.w.), ‘Elsanta’ (38.30 mg/
kg f.w.) and ‘Miss’ (28.83 mg/kg f.w.).

changes in the quantity of total flavonoids 
(tF) followed the same pattern in both years. For 
all the cultivars, the highest values were noted 
at the first harvest time, and subsequently de-
creased in the second and third harvest times. 
At the first harvest time in the first year, the 
tF values ranged from 50.08 mg/kg for culti-
var ‘Miss’ to 103.87mg/kg for cultivar ‘Arosa’. 
However, the tF content in cultivars ‘Miss’ and 
‘raurica’ were significantly lower. the total fla-
vonoid contents were significantly lower at the 
second and the third harvest times. they ranged 
from 11.27 to 49.93 mg/kg at the second har-
vest time, and from 3.58 to 23.80 mg/kg at the 
third harvest time. In the second year the high-
est total flavonoid values were recorded in the 
fruits of cultivar ‘Arosa’, while the tF content 
in the other cvs. was somewhat lower, ranging 
from 39.05 to 84.81mg/kg. At the third harvest 
time the tF content decreased, and ranged from 
13.38 to 41.02 mg/kg. In both years the lowest 
tF values were noted at the third harvest for all 
five cultivars (table 6).

Analysis of the data showed that the tF con-
tent within selected cultivars had significant dif-
ferences independent of year and harvest time, 
while both harvest time and year influenced the 
tF content among the cultivars in a statistical-
ly significant manner (table 4).

the quantity of total anthocyanins (tA) is 
shown in table 7. the quantity of total anthocy-
anins varied with respect to harvest time and 
cultivar. the data are consistent with the data 
of other researchers (GIL et al., 1997, LOPEZ DA 
sILVA et al., 2007; ZHENG et al., 2007; JAKObEK 
et al. 2007a,b). In the first year relatively large 
and statistically significant differences among 
cultivars were observed, the total anthocyanin 
content was dependent on harvest time; in the 
second year those differences were somewhat 
smaller but still statistically significant. Lower 
values for total anthocyanin content were noted 
at the third harvest time in both years, except 

for cultivar ‘Marmolada’ in the first year of the 
research. Values for the other cultivars ranged 
from 76.6 to 175.0 mg/kg. In the second year at 
the third harvest time the tA values were simi-
lar for cultivars ‘Arosa’, ‘Miss’ ‘Marmolada’ and 
‘Elsanta’ and ranged from 232.4 to 272.5 mg/
kg, while the tA values in cultivar ‘raurica’ at 
the third harvest time were significantly lower 
(145.50 mg/L). Values obtained at the first har-
vest time in the first year were scattered wide-
ly and ranged from 139.46 do 334.16 mg/kg, 
while in the second year they were more simi-
lar and ranged from 219.05 to 320.86 mg/kg. 
the results are in agreement with the results of 
other researchers. GIL et al. (1997) studied the 
total anthocyanin content in fresh strawberry 
fruits and obtained a value of 120.2 µg/g f.w. 
LOPEZ DA sILVA et al. (2007) extracted the an-
thocyanins from five different strawberry culti-
vars and the total anthocyanin content ranged 
from 200 to 600 mg/kg. Very similar results 
(from 150 to 350 mg/kg, f.w.) were obtained by 
cLIFFOrD (2000). studies of different strawber-
ry cultivars show that the anthocyanin content 
differs among cultivars. MEYErs et al. (2003) 
studied eight different strawberry cultivars and 
found an average anthocyanin concentration of 
414 mg/kg, with marked differences among cul-
tivars; the cultivar ‘Earliglow’ had twice the con-
centration of ‘Allstar’. cultivar ‘camarosa’ was 
also studied by other researchers; and their an-
thocyanin content values were somewhat lower 
(482.00 mg/kg) (cAstrO et al., 2002). Differenc-
es in concentration of certain compounds within 
each cultivar can be explained by the influence 
of climatic conditions and by the use of differ-
ent extraction methods.

statistical analysis showed that there was a 
significant difference in total anthocyanin con-
tent between selected cultivars, independent 
of year and harvest time. From the all that has 
been stated above, it can be concluded that the 
harvest date has a considerable influence on the 
concentration of total anthocyanins (table 7).

the antioxidative capacity was higher in the 
first year and it ranged from 3.25 to 4.46 µmol 

table 6 - Average total flavonoids (mg/kg) in five strawberry cultivars during three harvest times during two years of study. 
Values are the means of three replicates ± sD.

 1st year 2nd year
 Harvest time Harvest time

Cultivar 1 2 3 1 2 3

Arosa	 103.9a±6.56	 37.1d±2.83	 18.8ef±8.20	 168.0a±3.24	 136.8b±2.76	 13.4h±2.84
Elsanta	 97.7ab±2.61	 49.9c±12.84	 23.8e±8.40	 55.3e±5.20	 39.4f±5.17	 20.2gh±0.19
Marmolada	 90.0b±0.99	 15.7efg±4.50	 15.6efg±4.86	 76.1d±4.07	 54.8e±3.94	 41.0f±5.16
Miss	 50.1c±9.01	 24.3e±7.51	 8.6gh±2.31	 39.1f±9.13	 26.6g±1.33	 20.8gh±1.51
Raurica	 51.3c±7.32	 11.3fgh±6.77	 3.6h±2.02	 84.8c±2.88	 56.4e±8.87	 23.4g±2.27

Within	each	year,	different	letters	indicate	significant	differences	between	means	at	P≤0.05	according	to	Duncan’s	multiple	range	test.
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tE /mL. In the second year it ranged from 2.47 
to 3.19 µmol tE /mL (table 8). the values for 
antioxidative capacity were uniform among the 
cultivars independent of harvest time. A some-

table 7 - Average total anthocyanins (mg/kg) in five strawberry cultivars during three harvest times during two years of study. 
Values are the means of three replicates ± sD.

 1st year 2nd year
 Harvest time Harvest time

Cultivar 1 2 3 1 2 3

Arosa	 334.2a±4.46	 190.5fg±1.28	 175.0h±1.96	 291.5d±0.82	 274.8e±16.81	 232.4gh±3.40
Elsanta	 227.6d±2.52	 275.4c±3.24	 76.6m±1.54	 310.4bc±15.28	 257.5f±9.13	 272.5e±4.31
Marmolada	 220.8e±4.18	 147.2i±1.46	 286.9b±1.71	 299.7cd±3.22	 346.5a±10.48	 251.0f±8.51
Miss	 139.5j±0.93	 186.6g±1.37	 98.9l±1.91	 320.9b±10.88	 285.7de±3.20	 246.1fg±9.73
Raurica	 191.2f±2.53	 285.5b±1.62	 121.7k±1.44	 219.0h±5.03	 194.2i±1.23	 145.5j±0.97

Within	each	year,	different	letters	indicate	significant	differences	between	means	at	P≤0.05	according	Duncan’s	multiple	range	test.

table 8 - Average total antioxidant capacity (µmol/g) in five strawberry cultivars in three harvest times during two years of 
study. Values are the means of three replicates ± sD.

 1st year 2nd year
 Harvest time Harvest time

Cultivar 1 2 3 1 2 3

Arosa	 4.44a±0.025	 4.36bc±0.020	 4.46a±0.030	 3.19a±0.211	 2.80cd±0.045	 2.86cd±0.040
Elsanta	 4.39b±0.020	 4.35bc±0.040	 4.35bc±0.030	 2.61f±0.000	 2.89c±0.031	 2.63f±0.032
Marmolada	 4.05d±0.046	 4.33c±0.035	 4.32c±0.010	 2.91bc±0.010	 2.82cd±0.057	 3.02b±0.084
Miss	 3.54g±0.045	 3.61f±0.010	 3.30h±0.030	 2.61f±0.006	 2.62f±0.006	 2.75de±0.006
Raurica	 3.95e±0.055	 3.25i±0.040	 4.02d±0.026	 2.47g±0.072	 2.59f±0.026	 2.66ef±0.015

Within	each	year,	different	letters	indicate	significant	differences	between	means	at	P≤0.05	according	to	Duncan’s	multiple	range	test.

table 9 - Effects of cultivars and harvest time on average to-
tal antioxidant capacity (tAc) in strawberry in the first and 
second years of study.

	 Total	antioxidant	capacity
	 (µmol/g)

	 1st	year	 2nd	year

Cultivar P<0.0001 P<0.0001
Arosa	 4.42a±0.050	 2.95a±0.213
Elsanta	 4.36b±0.034	 2.71b±0.139
Marmolada	 4.23c±0.142	 2.91a±0.101
Miss	 3.48e±0.144	 2.66b±0.065
Raurica	 3.74d±0.371	 2.57c±0.091

Harvest time P<0.0001 P=0.3481
1	 4.07a±0.338	 2.76±0.282
2	 3.98b±0.481	 2.75±0.126
3	 4.09a±0.436	 2.78±0.152

Int. C×Ht P<0.0001 P<0.0001

C	=	cultivar;	Ht	=	harvest	time;	Int.	C×Ht	=	interaction	Cultivar×Harvest	time.
Within	each	column	and	effect,	different	letters	indicate	significant	differenc-
es	between	means	at	P≤0.05	according	to	Duncan’s	multiple	range	test.

what lower value of antioxidative capacity was 
noted for cultivar ‘Miss’ in the first year of the 
study. Values recorded in the second year were 
more uniform. research conducted on different 
fruit species (strawberry, sour cherry, cornelian 
cherry, blackthorn), confirms the results of this 
study and shows that the antioxidative capaci-
ty measured depends greatly on the method of 
determination (DrAGOVIć-UZELAc et al., 2007).

the statistical analysis showed that the anti-
oxidant capacity significantly depended on cul-
tivar but not on year or harvest time. Harvest 
time had no significant influence on the antiox-
idative capacity of the strawberry cultivar fruit 
studied, but there was a significant difference 
between the research years (table 9).

cONcLUsIONs

strawberry fruits are a good source of anti-
oxidative compounds. the results of this study 
confirm that climatic conditions during the rip-
ening of fruits (mainly frequency and quanti-
ty of rainfall) significantly effected on the con-
centration of antioxidative compounds. statis-
tical analysis of differences between the culti-
vars showed that cultivar has the main impact 
on the concentration of antioxidative compounds 
and their antioxidative activity, and that the dif-
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ferences between cultivars did not depend on 
harvest time. It was also shown that strawber-
ry fruits with higher phenolic compound val-
ues, especially those with a higher anthocyanin 
fraction, had higher antioxidant activity. straw-
berry fruits can therefore be considered to be a 
good source of natural antioxidant compounds.
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AbstrAct

some physical and chemical characteristics of cactus cladode powder and the influence of con-
centration, temperature and pH on the viscosity of a water suspension were studied. the powder 
showed low water activity (0.53). the total dietary fiber content was 42.99%, and the ratio of insol-
uble fiber to soluble fiber was 2:1. the pH significantly influenced the viscosity of the powder sus-
pensions at low concentration and temperature. the concentration significantly affected the vis-
cosity at all temperatures and pH values. the IDF/sDF ratio suggests that the main physiological 
effect would be to regulate intestinal functioning, depending on other factors such as daily intake.



Ital. J. Food Sci. n. 4, vol. 22 - 2010  417

INtrODUctION

In recent years, interest in healthy foods has 
increased markedly. consumers prefer low-
cholesterol, low-fat, low-calorie and high-fiber 
foods. there are many studies about the effects 
of fiber in humans (GAllAHer and scHNee-
mAN, 2001; cHAU et al., 2004; NAs, 2005; Nel-
sON, 2001). consumers are aware of the rela-
tionship between fiber consumption and the 
control of cholesterol and the prevention of ill-
nesses such as diabetes and obesity. Dietary 
fiber can also contribute to the prevention, or 
treatment of illnesses, like gastrointestinal dis-
orders, that are associated with a lack of die-
tary fiber intake. thus, the trend is to search 
for new, natural sources of dietary fiber for the 
development of food ingredients. cactus clado-
de (Opuntia ficus-indica) powder appears to be 
a promising source to obtain this kind of ingre-
dient. this powder could be considered a natu-
ral food supplement to be used in solid or liq-
uid foods. the age or size of the cladodes and 
the climatic conditions prevailing when they are 
harvested have some influence on their phys-
ical and chemical composition (rODríGUez-
GArcíA et al., 2007). betANcOUrt-DOmíNGU-
ez et al. (2006) observed that during the de-
velopment of young cladodes (called “nopali-
tos” in mexico), the insoluble fiber increased 
from 29.87 to 41.65% and the soluble fiber de-
creased from 25.22 to 14.91% in cladodes from 
60 to 200 g, respectively. PImIeNtA (1990) re-
ported an increase in crude fiber as a function 
of their maturation, from 12 to 17% in 1- and 
3-year-old cladodes, respectively.

zAmbrANO et al. (1998) studied some prop-
erties of young cladodes (1-3 months), as a 
source of fiber. the dried product had 20.4% 
dietary fiber as well as other interesting phys-
ico-chemical characteristics: water absorption 
(5.8 ml/g), water retention (4.7 g/g), organic 
molecule absorption (0.69 g/g), and cation ex-
change (0.49 meq H+/g), which could explain 
the role of “nopalitos” in intestinal health. 
HerNáNDez et al. (1998) and DUQUe et al. 
(1998) tested the effects of blanched “nopali-
tos” (11% fiber) consumption in rats and ob-
served that while the amount of fiber in the 
diet increased, the deposition production in-
creased, but the rats lost weight and showed 
some signs of malnutrition. HerNáNDez et 
al. (1998) concluded that the consumption of 
fresh “nopalitos” must be carefully controlled 
in humans. the use of cactus cladode powder 
in food is completely different depending if the 
prepared food is a solid or a liquid. sáeNz et al. 
(2002a) replaced a portion of wheat flour with 
nopal powder (from old cladodes) in biscuits 
and got good results with up to 15% addition, 
but also observed that the use of nopal pow-
der in preparing a vegetable soup had a neg-
ative effect on the viscosity of the soup when 

the amount of powder approached 15% (sáeNz, 
2006). Other studies in powdered dessert for-
mulations showed that the use of up to 16% 
of nopal powder gave products with good tex-
ture (sáeNz et al., 2002b). recently, in méxi-
co, young cladodes (“nopalitos”) have been in-
cluded in typical “tortillas” (a thin bread made 
with corn flour), in order to increase the dietary 
fiber intake because this product is massive-
ly consumed, instead of bread, in this country 
(sáeNz et al., 2006). In a complete review about 
the chemistry of cactus stems, stINtzING and 
cArle (2005) concluded that much research is 
needed to get an insight into the multitude of 
bioactivity properties reported in the literature.

the objectives of this study were to deter-
mine the physical and chemical characteristics 
of cactus cladode powder, from mature pads, as 
a source of natural dietary fiber for foods and 
the effect of the concentration, temperature and 
pH on the viscosity of the powder suspensions 
in water.

mAterIAl AND metHODs

cactus cladodes (1-, 2- and 3-year-old, 
blends in the same ratio) from Opuntia ficus-
indica from an orchard located in the semiarid 
central region of chile were used. the flour was 
obtained according to the method described by 
sePúlveDA et al. (1995), which involves drying 
the cladodes in a forced air tunnel (70°-80°c 
for 6-8 h; 2 ms-1) and milling. the milling was 
done first, using a knife mill with a 1 mm di-
ameter sieve and then in a lab mill (mills 3800) 
with a 150 µm sieve.

Physical and chemical analysis

the following analyses were performed on the 
cactus cladode powder: particle size using the 
official method of the A.A.c.c. (1989); moisture 
(A.O.A.c.,1996), water activity (aw), with a lufft 
equipment model 5830 (Fellbach, Germany); 
color parameters (l*, a*, b*, c* and hº) with a 
reflectance colorimeter minolta cr-200b (Osa-
ka, Japan); water absorption index (W.A.I.) ac-
cording to the method described by QUINN and 
PAttON (1978); total dietary fiber, soluble (sDF) 
and insoluble (IDF) (lee et al.,1992); calcium, 
sodium, potassium and phosphorus (A.O.A.c, 
1996); and calorie content using the FAO Atwa-
ter factors (FAO, 2002).

All the physical and chemical analyses were 
done in triplicate and the coefficient of variation 
was calculated.

microbiological analyses

A total count of aerobic microorganisms, to-
tal yeast and molds were determined (PAscUAl, 
1982).
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viscosity measurements

the effect of the concentration (2.5, 5.0 and 
7.5%), temperature (10°, 20°, 40° and 70ºc) and 
pH (4.0, 6.0 and 7.0) on the viscosity of a cactus 
cladodes powder/water suspension was meas-
ured with a brookfield viscometer model rvt 
(middleboro, mA, UsA), with different spindles 
according to the concentration.

the experimental design for the viscosity ef-
fects was totally random, with a factorial ar-
rangement (3x3x4) with 4 replications. the 
results were analyzed by ANOvA applying a 
Duncan test when differences were detected 
(p ≥0.05).

resUlts AND DIscUssION

the cactus powder had 77.5% of the particles 
between 150 and 190 µm and about 7.5%, of 
the particles larger than 190 µm. these results 
agree with lArrAUrI (1994), who reported that 
products with high fiber content generally have 
particle sizes between 150 and 430 µm.

the water activity (table 1) was 0.53, similar 
to that reported by lAHsAsNI et al. (2003) for de-
hydrated cladodes. the low aw value indicates 
that this powder will be stable during storage 
mainly against microbiological attack.

the color parameters (table 1), represent-
ed by l*, a*, b*, c* and hº, show that the pow-
der is light green with a high l* value; simi-
lar to that reported by sePúlveDA et al. (1995) 
in a powder prepared with mature cladodes as 
in this study. the chroma (c*) and the hº val-
ue indicate a pale, yellow-greenish color. these 
parameters are important when the powder is 
used as a food ingredient. this green color may 
need to be masked in some foods, such as bis-
cuits, in order to make them more acceptable. 
However, if the powder is used in a liquid, the 
pale color is consistent with the color of other 
vegetable fibers.

the water absorption index (5.6 ml/g) was 
lower than that reported by rOsADO and DíAz 
(1995) for dehydrated cactus cladodes and for 

table 1 - Physical characteristics of cactus cladode powder.

Analysis	 Value	 c.v.

aw	 0.53	 0.3
Color

L*	 73.37	 0.13
a*	 -5.20	 0.9
b*	 26.1	 0.02
C*	 5.6*	 ---
h°	 101.3*	 ---

W.A.I.**	(mL/g)	 5.6	 3.46

*Determined	by	calculus;
**W.A.I.	=	Water	Absorption	Index.

cactus cladode fiber isolates 11.1 and 7.1 ml/g, 
respectively. this can be attributed to the dif-
ferent raw material used, the cladode age, or to 
the particular analytical techniques applied in 
this study.

table 2 shows some chemical characteristics 
of cactus cladodes powder. the water content 
(7.14%) was similar to that reported by sePúlve-
DA et al. (1995) and assures a good blend with 
other kinds of flour. Wheat flour commonly has 
a water content close to 12-13%, while flour 
from legumes has a lower water content (9.2-
9.6%), suggesting the possibility of mixing cac-
tus powder with legume flour, rather than with 
wheat flour, without caking or microbiological 
problems.

the total dietary fiber of cactus cladode pow-
der was 43%, where 28.45% was insoluble die-
tary fiber (IDF), and 14.5% was soluble dietary 
fiber (sDF). the insoluble/soluble dietary fib-
er ratio was 2:1; which is a little lower than the 
3:1 reported by sAlAs-sAlvADÓ et al. (2006) for 
most vegetable products and for a powder pre-
pared with from 2- to 3-year-old tunisian vari-
eties cladodes reported by AYADI et al. (2009). It 
is generally accepted that fiber suitable for use 
as a food ingredient should have an IDF/sDF 
ratio close to 2:1 (JAIme et al., 2002; scHeeN-
Am, 1987). rODríGUez-GArcíA et al. (2007) re-
ported that dried young cladodes (7.31% mois-
ture) from Opuntia ficus-indica, redonda varie-
ty, harvested after 65 days had a total dietary 
fiber content of 56.56%, with 41.65% IDF and 
14.91% sDF. the IDF content was greater than 
that observed in the present study with mature 
cladodes; the sDF contents were similar. the 
IDF/sDF ratio was close to 2.8:1, greater than 
that observed in the present study. 

total dietary fiber was similar to the 41.8% 
reported by AYADI et al. (2009) for dehydrated 
spineless cladodes. rOsADO and DIAz (1995) re-
ported values of 50.4% and near 56.7%, in de-
hydrated cactus cladodes and isolated cactus 
cladodes, respectively. the variability between 
these values can be attributed to the climat-
ic conditions where the plants were grown and 

table 2 - chemical characteristics of cactus cladode pow-
der (g 100 g-1).

Analysis	 Value	 c.v.

Water	 7.14	 0.29
Protein	(x	6.25)	 3.87	 7.42
Fat	 1.85	 3.86
NNE*	(x	difference)	 28.29	 0.41
Crude	Fiber	 6.76	 3.29
Total	dietary	fiber	 42.99	 6.21

Insoluble	dietary	fiber	(IDF)	 28.45	 5.79
Soluble	dietary	fiber	(SDF)	 14.54	 13.08

*Non-nitrogen	extract.
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also to the methods of preparation, as well as 
to the age and variety of the Opuntia cladodes 
used. the ratio between insoluble and soluble 
fiber was similar between the dehydrated cac-
tus cladodes (rOsADO and DíAz, 1995) and the 
cactus cladode powder obtained in this study. 
the isolated cactus cladode fiber ratio was high 
(9:1), probably due to the ethanol used to ex-
tract the fiber which caused a loss of some sol-
uble fiber. the cactus powder showed a high-
er value of dietary fiber compared with whole 
wheat flour (12.57%) and wheat flour (2.78%). 
there are many products with much higher di-
etary fiber contents, for example: Psillium plan-
tago (87.3%), glucomannan (83.4%), and soy-
bean extracts (68.8%) (rOsADO and DíAz, 1995). 
Among these three sources of dietary fiber, only 
glucomanann provides an appreciable propor-
tion of soluble fiber, with an insoluble and sol-
uble fiber ratio of 32:1. FIGUerOlA et al. (2005) 
reported total fiber contents between 60.7 and 
89.8% for concentrated apple pomace, of which 
4.14 to 14.33% was soluble fiber. the physio-
logic effect of cactus powder is not easy to de-
fine because it depends on many factors, such 
as the amount consumed, and also the other 
food constituents of the diet. IbAñez-cAmAcHO 
et al. (1983), using another species of Opuntia, 
Opuntia streptacantha, reported a hypoglycemic 
effect in rabbits, associated with the soluble fiber 
content. more recently, GAlAtI et al. (2007) pro-
posed the protective effect of carbohydrate pol-
ymers from Opuntia cladodes against ethanol-
induced ulcers in rat.

Dietary fiber is associated with several phys-
iological effects, such as decreasing cholesterol 
levels in the blood GAllAHer and scHNeemAN 
(2001). there is a widespread conviction that 
the effect of dietary fiber on plasma cholesterol 
concentration may be largely mediated by en-
hanced fecal excretion of bile acids. many types 
of dietary fibers show hypocholesterolemic ac-
tivity in human, increasing fecal bile acid out-
put. However, increased bile output due to fib-
er is not always accompanied by a reduction in 
plasma cholesterol. therefore, the mechanism 
by which fiber exerts its hypercholesterolemia 
effect remains an intriguing question (GAllAHer 
and scHNeemAN, 2001, cHAU et al., 2004, mc 
PHersON, 1992). Dietary fiber is also associat-
ed with glucose control and thus with diabetes 
(GAllAHer and scHNeemAN, 2001; IbAñez-cA-
mAcHO et al., 1983; GAlAtI et al., 2003) and may 
play a role in reducing the risk of certain types 
of cancer, particularly colon cancer, and reduce 
symptoms of chronic constipation, diverticular 
disease and hemorrhoids (mc PHersON, 1992; 
ANDersON et al., 1994).

there have been several studies on the possi-
ble uses of fresh young cactus cladodes (“nopali-
tos”) in medicine (FrAtI-mUNArI et al., 1992), as 
well as some studies directly related to the con-
sumption of “nopal” powder capsules (FrAtI-mU-

NArI et al., 1989). studies on the use of cactus 
cladode powder in foods are very scarce. Never-
theless, this possibility is an interesting alterna-
tive for increasing fiber consumption, which is 
known to be frequently below the recommend-
ed dietary intake in most countries.

Other nutritional components in the cactus 
powder studied were ash and minerals (table 
3). the calcium content could be considered 
high and similar to that reported by rODrIGU-
ez-GArcíA et al. (2007), 3.30 mg/100 g in of 65-
day harvested cactus pads (200 g). However, the 
availability of this mineral is not clear; some au-
thors report that calcium is in the form of cal-
cium oxalate in the cladodes (PImIeNtA, 1990), 
which would limit its bioavailability. mccONN 
and NAkAtA (2004) suggested that although the 
cactus pear pads are enriched in a number of 
minerals, the calcium is not freely available be-
cause it is present as calcium oxalate crystals. 
rODríGUez-GArcíA et al. (2007) reported that 
when the maturity stage of cladodes increases, 
calcium oxalate content decreases and calcium 
increases. this would favor calcium absorption. 
On the other hand, in studies on the bioavaila-
bility of calcium salts cited by WeAver (2003), 
it was reported that calcium does not need to 
be dissociated from low molecular salts, such as 
oxalates, to be absorbed.

the caloric value of the powder was 6.9 kJ/g. 
this value was less than that of wheat flour or 
legume flour 15.33 and 14.95 kJ/g, respectively 
(FAO/lAtINFOODs, 2002). the caloric value of 
cladode powder was about 40.0% that of wheat 
flour and is in the range suggested by lArrAU-
rI (1999) for commercial dietary fiber powder, 
close to 8.00 kJ/g.

the microbiological analysis showed that the 
total aerobic mesophylic count was 3.3 c.f.u./g 
and the total yeast and mold count was 4.6 
c.f.u./g. these values are low. In addition, the 
“nopal” powder will not be consumed directly, 
but rather will be used as an ingredient in foods 
that are generally thermally treated.

the viscosity behavior of cactus cladode 
powder suspensions and the effect of pH, con-
centration and temperature can be observed, 
respectively, in Figs. 1, 2 and 3, along with the 
corresponding regression equations. the prop-
erty of certain types of dietary fiber (pectins, 
mucilages, gums, carrageenan, etc.) to form 

table 3 - Ash and mineral content in cactus cladode powder.

Analysis	 g	100	g-1	 c.v.

Ash	 15.86	 1.96
K	 2.05	 0.00
Ca	 3.43	 0.55
Na	 0.02	 0.00
P	 0.11	 1.30



420  Ital. J. Food Sci. n. 4, vol. 22 - 2010

Fig. 1 - viscosity behavior of a cactus cladode powder (water suspension) at different temperatures and concentrations at pH 4.

Fig. 2 - viscosity behavior of a cactus cladode powder (water suspension) at different temperatures and pHs at 5.0% con-
centration.

Fig. 3 - viscosity variation of a cactus cladode powder (water suspension) at different concentrations and pHs at 20ºc.
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highly viscous solutions is widely known (GAl-
lAHer and scHNeemAN, 2001). viscosity is an 
important characteristic for the formulation of 
foods and for their influence on intestinal bow-
el formation and transit. keNDAll and JeNkINs 
(2004) recommended increasing consumption 
of viscous fibers to promote heart health. the 
viscosity of a nopal powder suspension, as in 
other types of polymer solutions, is affected 
significantly by temperature (Fig. 1). At higher 
temperatures the effect on viscosity is less af-
fected by the concentration of the nopal pow-
der, the slopes of the curves are less at high-
er temperatures (70°c) than at lower temper-
atures (10°c). the viscosity is also influenced 
by the concentration of the powder and the 
pH of the sample (Fig. 2). According to sáeNz 
et al. (1992), the change observed at different 
pH values can be attributed to the ionization 
of carboxylic groups at high pH and the repul-
sion of negative charges, maintaining the mu-
cilage molecule extended with the consequent 
increase in the viscosity. the slopes at pH 6 
and 7 were similar (19.23 and 16.49, respec-
tively) and greater than that at pH 4 (7.27). 
this behavior gives useful information for the 
potential addition of this kind of fiber to some 
foods because many foods have a pH close to 
4.0. the effect of concentration on the viscos-
ity (Fig. 3) shows that independent of temper-
ature, the viscosity increased when the con-
centration increased. this behavior was also 
observed in cereal and legume flour suspen-
sions (6.8 and 5.8%, respectively), where the 
viscosity ranged from 12 to 405 mPa s depend-
ing on whether the flours were uncooked or 
extruded. but when the concentration was in-
creased from 7.5 to 12%, the viscosity values 
increased significantly, from 1,000 to 14,000 
mPa s (reYes, 1984).

the temperature always affected the viscosi-
ty at all pH and concentrations assayed. As can 
be expected, the lower viscosity values are as-
sociated with higher temperatures. the nopal 
powder concentration influenced the viscosity 
at all the temperatures and pH values assayed, 
showing a direct relationship between concen-
tration and viscosity.

At a constant pH, as the concentration in-
creased, the viscosity also increased. In a 7% 
nopal powder water suspension, the viscosity 
reached a high value (1726.1 mPa s at 20°c); a 
product with these characteristics could be dif-
ficult to manage. For this reason, the recom-
mended concentration in fluid food formulations 
should be close to 5%. this amount will contrib-
ute only a proportion of the recommended daily 
dietary fiber intake, but it would help increase 
the low dietary fiber intake of many people. this 
study and those cited above suggest that a pu-
rified cladode powder, using cladodes without 
the epidermis, could be used as a food additive 
that would give a different final product having 

other physical characteristics such as viscosi-
ty, color and aroma, allowing for greater addi-
tion to foods.

In conclusion, the cactus powder obtained 
from mature cladodes is a low calorie food ingre-
dient with high fiber content, making it a good 
source of alternative dietary fiber. the IDF/sDF 
ratio suggests that the main physiological ef-
fect could be to regulate intestinal function-
ing, depending on other factors, such as the 
amount of intake. this aspect needs further 
study. the viscosity produced by this powder 
is an important property to be considered dur-
ing the formulation and preparation of foods, 
especially liquids.
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AbstrAct

the aim of this work was to evaluate some attributes associated with the quality of four species 
of nopalito (O. robusta, O. ficus-indica, O. undulata x O. tomentosa and N. cochenillifera) at three 
growth stages produced under hydroponic and greenhouse conditions. the following attributes 
were evaluated: resistance to longitudinal and transversal flexion and penetration, color, muci-
lage content and pH at the time of harvest. O. robusta ssp. larreyi showed the highest values of 
longitudinal and transversal flexion, while N. cochenilliefera presented the highest resistance to 
penetration, mucilage content and pH.
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INtrODUctION

Nopalitos are vegetative sprouts or young 
cladodes of cactus pear that are from 15-days to 
4-months old (FIGUErOA, 1984). Depending on 
the production system, season of the year and 
climate, nopalitos need 20 to 30 days to reach 
commercial size, which ranges from 10 to 26 
cm in length in Opuntia and from 5 to 20 cm 
in Nopalea (rODrÍGUEZ-FÉLIX and cANtWELL, 
1988; OcHOA et al., 2004; rAMÍrEZ-tObÍAs et 
al., 2007). the main species used for nopalito 
production are: Nopalea cochenillifera, Opuntia 
albicarpa, O. ficus-indica, O. fuliginosa, O. hyp-
tiacantha, O. leucotricha, O. lindhemeiri, O. meg-
acantha, O. undulata x O. tomentosa, O. robus-
ta and O. strepthacantha (rODrÍGUEZ-FÉLIX and 
cANtWELL, 1988; FLOrEs-HErNÁNDEZ et al., 
2004; bELLÓN et al., 2009).

In Mexico, nopalito has been part of the na-
tional cuisine since pre-columbian times. It is 
generally served boiled or in a variety of dish-
es. It is consumed both for its good taste and its 
beneficial health properties (rODrÍGUEZ-FÉLIX 
and VILLEGAs-OcHOA, 1997). Nopalitos have a 
high dietary fiber content and therefore the re-
lationship to the control of cholesterol and the 
prevention of some diseases like diabetes and 
obesity have been developed and investigat-
ed in recent years (sÁENZ, 2000; sÁENZ et al., 
2004; PAÍZ, 2007). this has fostered an increase 
in nopalito production and commercialization 
which in turn, has increased the demand for a 
high-quality product. Hence it is necessary to 
identify the characteristics associated with con-
sumer quality and production processes.

the term “food quality” comprises a set of fea-
tures that are real, assumed or perceived by the 
consumer, which enable him or her to judge and 
score a given product as equal, better or worse 
than other similar products (WALDrON et al., 
2003). According to FIGUErOA (1984), nopalito 
quality depends on consumer preferences which 
are evident in the selection of certain species 
with characteristics that are seemingly more at-
tractive than those of others.

Nopalitos grown in hydroponics are an impor-
tant source of protein, fiber and minerals; they 
contain 19.2% crude protein, 29.5% neutral-
detergent fiber (NDF), 16.3% dietary fiber (ADF) 
and 29.4% ash (rAMÍrEZ-tObÍAs et al., 2007). 
However, consumer acceptance also depends 
on other quality indicators such as the amount 
of fiber (soluble or insoluble), flavor and color, 
which, similar to the chemical composition, vary 
according to growth stage (rODrÍGUEZ-FÉLIX 
and cANtWELL, 1988; rAMÍrEZ-tObÍAs et al., 
2007; bEtANcOUrt-DOMÍNGUEZ et al., 2006). 
Mucilage content can be considered as an indi-
cator of soluble fiber, whereas resistance to flex-
ion and penetration may indirectly indicate the 
amount of insoluble fiber. Nopalito taste also de-
pends on acidity, which varies throughout the 

day, due to the crassulacean Acid Metabolism 
(cAM) (rODrÍGUEZ-FÉLIX and cANtWELL, 1988; 
cOrrALEs-GArcÍA et al., 2004). the consumer 
also considers color as a visual quality indicator; 
cANtWELL (1995) pointed out that high-quality 
nopalitos must be bright green in color. thus, 
the aim of this study was to assess some qual-
ity indicators of four nopalito species (N. coche-
nillifera, O. robusta ssp. larreyi, O. ficus-indica 
and the hybrid O. undulata x O. tomentosa) at 
three growth stages and grown in hydroponics 
and greenhouse conditions.

MAtErIAL AND MEtHODs

Four variants of cactus pear, cultivated inten-
sively to produce nopalitos throughout various 
climatic regions of Mexico, were assessed: N. co-
chenillifera cv. tamazunchale, from warm and 
humid regions; O. robusta ssp. larreyi cv. tapón 
pelón, from areas with a temperate and semi-arid 
climate; O. ficus-indica cv. tlaconopal, from re-
gions with a temperate and sub-humid climate, 
and the hybrid O. undulata x O. tomentosa cv. 
Valtierrilla, grown in an area with a semi-warm 
to temperate climate. Nopalitos were collected 
from these different plants, growing in a hydro-
ponic medium in a tunnel-shaped greenhouse 
with an east-west orientation, at san José de la 
Peña, Villa de Guadalupe county in san Luis 
Potosí state, Mexico. A nutrient solution was 
applied through sub-irrigation. Irrigation was 
supplied twice (09:00 and 13:00 h) on alternate 
days. the pH of the nutrient solution was kept 
at 5.8 by adding sulfuric acid. the nutrient so-
lution was recycled for 15 days and then totally 
replaced (OLMOs et al., 1999; rAMÍrEZ-tObÍAs 
et al., 2007). the region has a semiarid climate 
with rain in the summer and extremely hot tem-
peratures and cool winters. the mean tempera-
ture inside the greenhouse (measured with a hy-
grothermograph) was 22°c, with an 8°c range, 
and 61.5% relative humidity.

Nopalitos were harvested upon reaching a cer-
tain growth stage (Gs) depending on the spe-
cies and treatment (table 1). the growth stage 
was established by dividing the mean length of 
mature cladodes by four for each species.  this 
number, when multiplied by 1, corresponded to 
Gs1, to Gs2 when multiplied by 2, and to Gs3 
when multiplied by 3 (table 1). For example, in 
O. ficus-indica the mean length at maturity was 
40 cm, with a quarter being 10 cm; thus, the 
Gs1 was 10±1.5; the Gs2 was 20.0±1.5 and 
Gs3 was 31.0±1.5. the nopalitos were harvest-
ed between 13:00 and 14:00 because Opuntia 
and Nopalea have an acid crassulacean metab-
olism and their acidity changes during the day. 
With the increase in acid content during clado-
de development, the pH decreases (rODrIGUEZ-
FELIX and cANtWELL, 1988), so the measure of 
pH was used as an indirect method to determine 
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the acidity. the variables assessed were resist-
ant to flexion and penetration, mucilage content, 
color and pH. resistance to flexion and penetra-
tion measurements were carried out the day af-
ter harvesting, using a universal testing machine 
(Instron® model 1000, Grove city, PA, UsA). re-
sistance to flexion was assessed as the strength 
needed to bend the nopalito lengthwise (longitu-
dinal flexibility) and widthwise (transverse flex-
ibility) by 18.5% (rODrÍGUEZ-FÉLIX and VILLE-
GAs-OcHOA, 1997). the fiber arrangement is in 
a rhomboid form, therefore the resistance is dif-
ferent in each of the longitudinal and transverse 
planes. resistance to penetration was measured 
at the base, center and apex with a 1.5 mm di-
ameter awl working at a speed of 100 mm/min 
(rODrÍGUEZ-FÉLIX and VILLEGAs-OcHOA, 1997; 
GUEVArA et al., 2003; ANZUrEZ-sANtOs et al., 
2004), and a mean resistance was calculated for 
each nopalito. to determine mucilage content, 
nopalitos were chopped into small pieces, kept in 
separate bags inside an ice cooler with a refrig-
erant gel during transportation, and were then 
kept at -20°c in the lab. these were then dried 
in a laboratory lyophilizer (ilshin® Europe mod-
el tFD5505, Ede, the Netherlands) and ground 
in a mortar. Mucilage extraction was conducted 
according to the procedure described by PEÑA-
VALDIVIA and sÁNcHEZ-UrDANEtA (2006). to 
this end, 1 g of freeze-dried sample was placed 
in a test tube with 10 mL water in a water bath 
for 15 min. the tube was centrifuged (thermo 
IEc model 120, Waltham, MA, UsA) at 1951.6 
G for 15 min and the liquid was transferred to 
another test tube. the precipitate was re-sus-
pended in 5 mL hot water and centrifuged again. 
cold ethanol was added and acidified (to reach a 
pH of 5.8) using a 4:1 ratio, and refrigerated for 
24 h. the substance was then centrifuged un-
til the liquid was clear. to remove ethanol resi-
dues, the material obtained was dehydrated in 
an oven at 85°c to achieve a constant weight. 
the final residue is expressed as percent of mu-
cilage in dry matter.

color was determined the day after harvest 
according the Hunter system (MAcDOUGALL, 
2002) using a Hunterlab colorimeter (Accu-
ProbetM model HH06, Pittsford, NY, UsA). the 
measurements were taken at the apex, center 
and base of the nopalito. Lightness values (L*) 

were obtained, using the red-green (a*) and yel-
low-blue (b*) dimensions and an average was cal-
culated for each of these measurements for each 
nopalito; the hue angle [hº= arctan (b*/a*)] and 
chroma [C*= (a* 2 + b* 2)0.5] were also calculated 
(sÁENZ, 2000; MAcDOUGALL, 2002).

the pH was evaluated in situ with a portable 
potentiometer (Oacton®, Ayer rajah crescent, 
singapore); to this end, the glass electrode and 
the temperature probe were introduced through 
an incision into a piece of nopalito (FLOrEs-
HErNÁNDEZ et al., 2004). Measurements were 
taken between 13:00 and 14:00 h (cOrrALEs-
GArcÍA et al., 2004).

A random full-block experimental design was 
used, with a factorial arrangement of treat-
ments (12) with four replicates. Factors and lev-
els were: cactus pear species (four) and growth 
stage (three). A total of 48 experimental units 
were assessed. the GLM procedure and the Ls-
MEANs test for comparing means were used to 
analyze the results (sAs, 1990).

rEsULts AND DIscUssION

the species growth-stage interaction was sta-
tistically significant (p < 0.05) for resistance to 
longitudinal and transversal flexion, whereas it 
was highly significant for the other variables (p 
< 0.001) (table 2). thus, the results obtained for 
each attribute depended on both the species and 
the developmental stage of the nopalito. Matura-
tion of nopalitos resulted in an increased resist-
ance to longitudinal flexion in O. robusta ssp. lar-
reyi (p < 0.05) from Gs1 to Gs3, whereas nopali-
tos from other species did not require a great-
er force to bend (Fig. 1A). Lateral flexibility was 
statistically similar (p > 0.05) in Gs1 and Gs2 
nopalitos of the four species; while, Gs3 nopali-
tos of the four species required a greater force 
to bend transversally (Fig. 1b).

resistance to flexion is related to turgidity as 
well as to the arrangement of fibers associated 
with vascular bundles. similar relations were 
observed by bEtANcOUrt-DOMÍNGUEZ et al. 
(2006). Greater turgidity might result in great-
er resistance, since parenchyma cells are filled 
with water in the absence of hydric stress. the 
fibers run diagonally from one cladode edge to 

table 1 - Growth stage (cm) of nopalitos in four species of Opuntia spp. and Nopalea sp. (rAMÍrEZ-tObÍAs et al., 2007).

	 Species
Growth
stage	 N. cochenillifera	 O. robusta ssp.	 O. undulada x O. ficus-indica
  larreyi	 O. tomentosa

GS1	 6±1.5	 8±1.5	 8±1.5	 10±1.5
GS2	 12±1.5	 17±1.5	 16±1.5	 20±1.5
GS3	 17±1.5	 25±1.5	 24±1.5	 31±1.5
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table 2 - Effect of species and growth stage on attributes related with the nopalito quality. Means with different letters in a 
column are statistically different (p<0.05).

	 Attribute

	 Flexion	(N)	 Color
Factor
	 Longa	 Transb	 Penc	 Mucd	 h*e	 C*f	 L*g	 pH
	 	 	 (N)	 (%)

	 Species
Nocoh	 2.94b	 6.77b	 2.77a	 8.27a	 111.14c	 30.18a	 43.20a	 4.77a
Ficui	 2.19bc	 12.22a	 2.91a	 5.34c	 112.90b	 20.46c	 38.96c	 4.52bc
Robuj	 5.20a	 10.70a	 2.39b	 6.76b	 114.15a	 21.13c	 41.05b	 4.63ba
Unxtk	 1.40c	 5.51b	 2.52b	 6.93b	 113.51ab	 24.26b	 40.20b	 4.47c

	 Growth	stage
GS1	 2.88ab	 5.72b	 2.58b	 6.87a	 111.30c	 27.73a	 41.49a	 4.69a
GS2	 2.32b	 6.80b	 2.41c	 7.31a	 113.16b	 24.23b	 41.48a	 4.43b
GS3	 3.44a	 14.62a	 3.00a	 6.36a	 115.67a	 19.20c	 38.61b	 4.63a

	 Significance
SEl	 0.2	 0.49	 0.03	 0.22	 0.16	 0.34	 0.19	 0.02
SPm	 **	 ***	 ***	 ***	 ***	 ***	 ***	 ***
GSn	 ***	 ***	 ***	 NS	 ***	 ***	 ***	 ***
SP*GSo	 *	 *	 ***	 ***	 ***	 ***	 ***	 ***

1Long	=	resistance	to	the	longitudinal	flexion	expressed	in	Newtons	(N);	2Trans	=	resistance	to	the	transversal	flexion	in	N;	3Pen	=	resistance	to	the	penetra-
tion	in	N;	4Muc	=	content	of	mucilage	expressed	in	percentage	referred	to	the	dry	matter;	5h*	=	hue	angle	expressed	in	degrees;	6C*	=	chroma;	7L*	=	luminosi-
ty;	8Noco	=	N. cochenillifera;	9Ficu	=	O. ficus-indica;	10Robu	=	O. robusta ssp.	larreyi;	11Unxt	=	O. undulata x	O. tomentosa;	12SE	=	standard	error;	13SP	=	species;	
14GS	=	growth	stage;	15SP*GS	=	interaction	species*growth	stage.
***,	p≤0.001;	**,	p≤0.01;	*,	p≤0.05;	NS,	p≥0.05.

the other, crossing over one another, forming a 
net with diamond-shaped spaces (GIbsON and 
NObEL, 1986). Likewise, the length and width of 
these spaces are seemingly associated with the 
width:length ratio of the cladode. thus, in O. ro-
busta ssp. larreyi nopalitos, characterized by a 
width:length ratio that is close to 1 (0.66), fib-
ers form nets with the smallest spaces relative 
to those of the other species studied. In an in-
vestigation by rODrÍGUEZ-FÉLIX and VILLEGAs-
OcHOA (1997) of 20 cm O. ficus-indica nopali-
tos (equivalent to Gs3) grown outdoors, the re-
sistance to flexion (longitudinal and transver-
sal) was greater than that in this study (table 
2). the greater resistance of field-grown nopali-
tos, which lack a continuous water supply and 
are subjected to greater mechanical stress, is 
explained by the fact that, under those condi-
tions, fibers associated with vascular bundles 
are more robust than those of nopalitos grown 
in a hydroponics system in a protective green-
house environment.

the resistance to penetration (Fig. 1c) ob-
served in O. ficus-indica and N. cochenillifera 
nopalitos (Gs1 and Gs2) was similar (p > 0.05) 
and higher (p < 0.05), respectively, than the one 
in O. undulata x O. tomentosa and O. robusta 
ssp. larreyi. Opuntia ficus-indica Gs3 nopalitos 
displayed the highest resistance to penetration 
(p < 0.05), while there were no significant dif-
ferences among the other species. this overall 

increase in resistance to penetration while de-
veloping from Gs2 to Gs3 might have derived 
from an increase in cellulose and lignin content 
(GArcÍA and PEÑA, 1995). Indeed GUEVArA et al. 
(2003) observed a lower resistance to penetra-
tion in O. ficus-indica nopalitos associated with 
a lower crude fiber content (consisting of lignin, 
mostly cellulose and, in some cases, a small por-
tion of hemicellulose, according to GArcÍA and 
PEÑA, 1995). resistance to penetration can also 
be associated with the hydric stress of a plant, 
since stored water causes a reduction in resist-
ance to penetration (GIbsON and NObEL, 1986). 
In fact, rODrÍGUEZ-FÉLIX and VILLEGAs-OcHOA 
(1997) found a higher resistance to penetration 
in partially dehydrated nopalitos.

bEtANcOUrt-DOMINGUEZ et al. (2006) sug-
gested that hardness of nopalitos could be as-
sociated with their anatomy. to observe the ef-
fect of the cuticle on the resistance to penetra-
tion, its thickness was measured in 1-year-old 
cladodes from each species. the cellulose and 
lignin distribution was also observed in trans-
versal sections after staining with safranin and 
fast green respectively (rUZIN, 1999). Micro-
scopic measurements were made; N. cochenil-
lifera had the thinnest cuticle (4.10±0.99 µm), 
while O. ficus-indica (17.45±3.53 µm) has the 
thickest. Hypodermis cell walls displayed the 
greatest safranin staining; furthermore, there 
were five to six rows of hypodermal cells, and 
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Fig. 1 - resistance to the longitudinal (A) and transversal flexion (b) and 
penetration (c) in four species of nopalitos at three growth stages produced 
in hydroponics. (l) N. cochenillifera, () O. ficus-indica, (s) O. robusta ssp. 
larreyi and (¯) O. tomentosa x O. undulata.

druses (calcium oxalate crystals) in 
cells in the row closest to the epi-
dermis.  Likewise, parenchyma cells 
appeared to have the highest cellu-
lose content. the resistance to pen-
etration was lower than the values 
recorded in nopalitos grown in the 
field without irrigation (rODrÍGUEZ-
FÉLIX and VILLEGAs-OcHOA, 1997; 
GUEVArA et al., 2003). thus, resist-
ance to penetration seems to depend 
more on hypodermal cell-wall lignifi-
cation and the chain of druses than 
on the characteristics of the cuticle 
and epidermis.

Mucilage content in the Opuntia 
species studied was similar to that 
reported previously (PEÑA-VALDIV-
IA and sÁNcHEZ-UrDANEtA, 2006; 
sÁENZ et al., 2004); however, each 
displayed a different pattern in rela-
tion to the stage of maturity (Fig. 2). 
O. undulata x O. tomentosa nopali-
tos showed an increase in mucilage 
content that corresponded directly 
to the maturity level. As for the other 
species, O. ficus-indica showed the 
lowest mucilage content (p < 0.05) 
in the three growth stages. Mucilage 
content in O. robusta ssp. larreyi and 
O. ficus-indica Gs1 and Gs2 nopali-
tos was statistically similar, and de-
creased in Gs3 nopalitos in both 
species. this decrease might have 
been due to the increase in the pa-
renchyma/chlorenchyma ratio and 
fiber content (rODrÍGUEZ-FÉLIX 
and cANtWELL, 1988). N. cochenil-
lifera nopalitos had a higher muci-
lage content than those of Opuntia, 
but the values were lower than 
those reported for the same species 
in the literature (NErD et al., 1997). 
No significant differences were ob-
served between the three Gs. N. co-
chenillifera showed the highest neu-
tral-detergent insoluble fiber con-
tent (rAMÍrEZ-tObÍAs et al., 2007) 
and an increase in dietary fiber from 
Gs2. Other studies have shown that 
nopalitos contain little insoluble fib-
er in contrast to soluble fiber (PEÑA-
VALDIVIA and sÁNcHEZ-UrDANEtA, 
2006). the above seems to indicate 
that the soluble fiber content de-
creases as the content of insoluble 
fiber content increases with maturi-
ty. Mucilage content may influence 
consumer acceptance, which may 
vary regionally or according to cul-
tural factors, but no data are avail-
able on the optimum mucilage con-
tent.
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the color of the four species of nopalitos in-
creased in hue angle from Gs1 to Gs3 (Fig. 
3A). N. cochenillifera nopalitos had the low-
est hue angle in the three Gs; however, these 
also had the highest chroma (Fig. 3b) and lu-
minosity (Fig. 3c) values. In contrast, O. ro-
busta ssp. larreyi nopalitos had the highest 
hue angle and the lowest intensity from Gs2; 
both attributes displayed intermediate values 
in Gs1. the shift in hue angle from yellow to 
green observed in nopalitos from Gs1 to Gs3 
could be related to the increase in chlorophyll 
content (LADYGIN et al., 2004; GIbsON AND NO-
bEL, 1986). the shift in cladode color seems 
to be correlated to the increased chloroplast 
content and rate of photosynthesis, which, 
in turn, might be related to cladode develop-
ment. GEOrGE et al. (2004) reported that con-
sumers prefer nopalitos with a hue angle near 
114º and a chroma and luminosity of 30 and 
43, respectively. In this investigation, none of 
the species displayed the color attributes that 
GEOrGE et al. (2004) considered to be indic-
ative of the highest quality. Only two species 
had similar values in the color attributes, O. 
robusta ssp. larreyi in hue and N. cochenillif-
era in chroma and lightness. the waxy cuti-
cle and pubescence in O. robusta spp. larreyi 
and O. undulata x O. tomentosa, respectively, 
probably influenced the chroma and luminos-
ity values, which may explain the greener hue 
angle and the lower chroma.

the pH values recorded were similar to those 
obtained by GEOrGE et al. (2004), OcHOA et 
al. (2004) and bEtANcOUrt-DOMINGUEZ et al. 

Fig. 2 - content of mucilage in four species of nopalitos at three growth stages produced in hydroponics. (l) N. cochenillifera, 
() O. ficus-indica, (s) O. robusta ssp. larreyi and (¯) O. tomentosa x O. undulata.

(2006), but were lower than those reported by 
rODrÍGUEZ-FÉLIX and cANtWELL (1988) and 
FLOrEs-HErNÁNDEZ et al. (2004). the pH values 
decreased from Gs1 to Gs2 and then increased 
from Gs2 to Gs3 in N. cochenillifera, O. ficus-
indica and O. undulata x O. tomentosa nopali-
tos (Fig. 4). these values were significant in the 
latter two species. bEtANcOUrt-DOMINGUEZ et 
al. (2006) reported similar trends. In contrast, 
the pH values in the nopalitos of O. robusta ssp. 
larreyi remained constant and were not signifi-
cantly different (p > 0.05) during development. A 
study on pH rODrÍGUEZ-FÉLIX and cANtWELL, 
1988 reported that the pH decreased in nopali-
tos as growth progressed; a different pattern 
was observed in this investigation.

A shift from the cAM to c3 metabolic path-
way was observed in nopalitos grown under ir-
rigation (PIMIENtA-bArrIOs et al., 2005) and 
the pH values increased. this metabolic shift 
from cAM to c3 has already been related to wa-
ter availability (cUsHMAN, 2001). Gs1 and Gs3 
showed c3 metabolism, which may have led to 
a higher pH in these stages; the decrease in pH 
in Gs2 in three of the four species may have 
been due to a hydric stress caused by an in-
crease in temperature. studies on other spe-
cies (Phaseolus vulgaris, Lolium temunentum, 
Zea mays and Commelina communis) as well 
as in cactus pear under non-irrigation and ir-
rigation, by NIEDDU et al. (1997) and tHOMP-
sON et al. (1997), showed that the hydric and 
acidity levels in plants were related to hormo-
nal function, specifically in relation to auxins 
and abscisic acid (AbA). NIEDDU et al. (1997) 
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Fig. 3 - Hue angle (A), chroma (b) and luminosity (c) in four species of no-
palitos at three growth stages produced in hydroponics. (l) N. cochenil-
lifera, () O. ficus-indica, (s) O. robusta ssp. larreyi and (¯) O. tomento-
sa x O. undulata.

and tHOMPsON et al. (1997) ob-
served that plants developed un-
der adequate irrigation have a lower 
pH in the leaves compared to plants 
grown under drought conditions. 
Gs2 nopalitos from N. cochenillif-
era, O. ficus-indica and O. undulata 
x O. tomentosa showed a decrease 
in AbA concentration in xylem flu-
ids (HArtUNG and rADIN, 1989, 
cited in tHOMPsON et al., 1997; 
NIEDDU et al., 1997), since, accord-
ing to the findings of rAMÍrEZ-tO-
bÍAs et al. (2007), Gs1 showed the 
highest percentage of dry matter, 
which dropped significantly in Gs2. 
Gs1 had the highest relative wa-
ter content coupled with the high-
est nopalito quality is determined 
by features perceived through the 
senses; it is also influenced by an-
atomical and physiological differ-
ences inherent in each species, as 
well as by its availability and abun-
dance in different regions (FIGUEr-
OA, 1984). In other words, nopalito 
quality is determined by a set of an-
atomical and physiological features 
that result in perceptible attributes, 
which allow the consumer to devel-
op certain preferences for the vari-
ous nopalito species available in a 
particular region.

cONcLUsIONs

resistance to flexion and pene-
tration, mucilage content, chroma, 
hue angle, lightness and acidity in 
nopalitos depends mostly on the 
species, stages of development and 
hydric status.

the quality features preferred by 
consumers have been determined 
in the regions where the species 
are found. N. cochenillifera nopali-
tos are moderately firm, with a high 
mucilage content. they have an in-
tense and luminous color and a low-
er pH. O. ficus-indica nopalitos have 
a greater resistance to penetration, 
lower mucilage content, a medium 
green color, a lower intensity and 
lightness and mean pH values. O. 
robusta ssp. larreyi nopalitos have 
a greater resistance to flexion, a 
lower resistance to penetration, a 
medium mucilage content, a more 
greenish color with an intense and 
luminous color, and a medium pH. 
O. undulata x O. tomentosa, have a 
lower resistance to flexion and pen-
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etration, an intermediate mucilage content, and 
a relatively intense, luminous green color and 
lower pH.
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AbstrAct

Moisture equilibrium data of persimmon pulp powders with 50% maltodextrin (dry basis) ob-
tained with different drying methods were determined at 20, 30, 40 and 50°c. the spray-dryer 
gave a dry product with a higher adsorption capacity than the other methods. the vacuum- and 
freeze-dried products had the same adsorption capacity. the highest isosteric heat of sorption 
was observed for powders produced by spray-drying. the isokinetic temperature (T

B
) calculated 

for persimmon pulp powder obtained by vacuum-, spray- and freeze-drying were 541.4 K, 616.3 
K, 513.2 K, respectively. the sorption process was spontaneous and enthalpy controlled.
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INtrODUctION

the world’s persimmon production in 2008 
was 3,627,575 tons, which was an increase of 
about 7% with respect to 2007. china produced 
about 70% of the world annual crop (2,533,899 
tons), followed by Korea (430,521 tons), Japan 
(244,800 tons) and brazil (around 169,000 tons 
from an area of 8,650 ha) (FAOstAt, 2010).

A number of persimmon varieties have a 
marked astringency due to their highly soluble 
tannin contents, but this undesirable attribute 
can be removed by several methods, such as 
exposing the fruit to anaerobic conditions or to 
products of anaerobic respiration, or even by 
immersion in water at moderate temperatures 
(40° to 60°c). the relatively high temperatures 
commonly applied during convective drying also 
lead to tannin degradation, whereas sugars 
present in the fruit exude to the surface where 
they crystallize. the result is a sweet, tasteful, 
and non-astringent dried product, which is al-
ready traditionally consumed in oriental coun-
tries (NIcOLEtI et al., 2007).

Persimmon is rich in ascorbic acid (15 mg/100 
g of edible portion) and vitamin A (2710 IU/100 
g of edible portion) (tOUs and FErGUsON, 1996). 
It is also rich in phenolic compounds, other than 
tannins, and antioxidant effects have been as-
sociated with these compounds (GOrINstEIN et 
al., 2000).

the development of adequate drying tech-
niques has received special attention focused on 
preserving the sensorial and nutritional quality 
of the dried fruit. In addition to adding commer-
cial value to the fruit, drying reduces waste and 
post-harvest losses, and could allow them to be 
marketed for extended periods of time, with minor 
dependence on seasonal conditions (MArQUEs et 
al., 2007). Powders obtained from fruit pulp are 
interesting products because they are good alter-
natives for convenient and health food products 
or ingredients in formulated foods. their physical 
form provides a stable, natural ingredient, which 
may be easily dosed and used to impart color and 
taste to food products (bHANDArI et al., 1993).

several types of dryers can be used in food 
drying and they are selected based on a number 
of factors, including process characteristics and 
the desired form of the final product. For paste 
drying, the diversity of physical characteristics of 
the materials makes it difficult to recommend a 
specific type of dryer (FrEIrE, 1992). In accord-
ance with tsAMI et al. (1999), the final product 
characteristics such as water sorption ability, 
porosity, and color depend on the drying meth-
od used. several changes can occur during dry-
ing, including changes in solubility, rehydration 
and shrinkage, alteration in shape, size, poros-
ity and density reduction, which can influence 
the adsorption capacity of the dried products. 
spray-dryers are used to dry solutions, suspen-
sions, emulsions, pulps and pastes. Fruit pow-

ders produced by spray-drying usually present 
small (10-100 µm), amorphous particles that are 
susceptible to glass transition related changes. 
these changes include stickiness, caking and 
collapse that lead to poor handling and recon-
stitution properties (FUcHs et al., 2006; cANO-
cHAUcA et al., 2005). Vacuum-drying has been 
successfully applied to many fruits and vegeta-
bles. Vacuum-dried products are characterized 
by a better quality retention in relation to hot air-
drying at atmospheric pressure (JAYA and DAs, 
2005; WANG et al., 2007). Freeze-drying results 
in high-quality dehydrated products due to the 
absence of liquid water and the low tempera-
tures required in the process. the solid state of 
water during freeze-drying protects the prima-
ry structure and minimizes changes in product 
shape, with minimal reduction of volume, pro-
viding a dry product with porous structure (rAt-
tI, 2001). Fruit juices and pulps produced by 
freeze-drying have high contents of amorphous 
sugars that favor high water adsorption (cAr-
LOs et al., 2005).

Water sorption isotherms are useful thermo-
dynamic tools for predicting the interaction be-
tween food components and water. sorption iso-
therms can also be used to investigate the struc-
tural features of a food product, such as specif-
ic surface area, pore volume, pore size distri-
bution and crystallinity. such data can be used 
when selecting appropriate storage conditions 
and packaging systems that optimize aroma re-
tention, color, texture, nutrients and biological 
stability and that optimizes the drying or rehy-
dration conditions of a product (rIZVI, 1995). 
sorption isotherms of some fruits and vegetables 
dried by different methods have been studied, 
including freeze-drying and vacuum shelf drying 
(DEbNAtH et al., 2002; GAbAs et al., 2007; MAr-
tINELLI et al., 2007), spouted bed drying (cOs-
tA et al., 2003), and foam-mat drying (ALEXAN-
DrE et al., 2007).

the net isosteric heat of sorption (q
st
) is a ther-

modynamic function that can be calculated from 
water sorption isotherms obtained at three or 
more temperature levels; it is related to the energy 
needed to remove water from a solid matrix, i.e., 
it is related to the water-solid binding strength. 
Knowledge of the net isosteric heat of sorption 
is of practical value when completing the drying 
calculations and modeling the energy require-
ments. In addition, it provides important infor-
mation about the state of water in food products 
(McLAUGHLIN and MAGEE, 1998; AL-MUHtAsEb 
et al., 2004; KAYA and KAHYAOGLU, 2005).

the enthalpy-entropy compensation or isoki-
netic theory investigates physical and chemical 
phenomena involved in water sorption (AGUErrE 
et al., 1986; MADAMbA et al., 1996). changes in 
enthalpy (DH) may provide a measure of the en-
ergy changes that occur during sorption process-
es. Entropy changes (DS) may also be associated 
with the binding or repulsive forces in the system. 
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Gibbs free energy (DG) may be indicative of the af-
finity of sorbents for water and provides a criteri-
on as to whether water sorption occurs as a spon-
taneous (-DG) or non-spontaneous process (+DG).

considering that sorption isotherms are gen-
erally affected by drying methods, the objec-
tive of this work was to determine and compare 
sorption isotherms and thermodynamic prop-
erties of persimmon pulp powder produced by 
freeze-drying, vacuum-drying and spray-drying 
in order to obtain information about the effect 
of drying method on the sorption properties of 
the powdered fruit pulp.

Mathematical development

the Guggenheim, Anderson and de boer (GAb) 
isotherm equation has been widely used to de-
scribe the sorption behavior of foods, especial-
ly fruit (LOMAUrO et al., 1985; IGLEsIAs and 
cHIrIFE, 1995; MArOULIs et al., 1998; GAbAs et 
al., 2000; tELIs et al., 2000). Having only three 
parameters, the GAb equation adequately repre-
sents the experimental data in the range of wa-
ter activity (a

w
) which is of most practical inter-

est in food, i.e., 0.10 ≤ aw ≤ 0.90. It is a relatively 
simple model with parameters that have a phys-
ical meaning. Mathematically, it is expressed as 
follows (rIZVI, 1995):

 

 (1)

where X
eq

 is the equilibrium water content (dry 
basis) at water activity a

w
, X

m
 is the water con-

tent (dry basis), corresponding to an adsorbed 
monolayer (bEt), and C and K are the GAb mod-
el constants related to the temperature effect.

the net isosteric heat of sorption (q
st
) is defined 

as the difference between the isosteric heat of 
sorption (Q

st) and the heat of vaporization of pure 
water (l

w
). It can be determined from the follow-

ing equation, which is derived from the clausi-
us-clapeyron equation (rIZVI, 1995):

 

 (2)

where q
st
 is the net isosteric heat of sorption (J/

mol), Q
st
 is the isosteric heat of sorption (J/mol), 

l
w
 is the heat of vaporization of pure water (J/

mol), R is the universal gas constant (8.314 J/
mol K) and T is the absolute temperature (K).

the change in molar entropy can be calculat-
ed according to rIZVI (1995):

  (3)

where DS is the change in specific entropy 
(J/mol K), DH is the change in enthalpy (J/

mol), and DG is the free energy (J/mol) cal-
culated as

 

€ 

DG = RT lnaw (4)

substituting equation (4) in (3) and rearrang-
ing results in:

 
 (5)

the changes in enthalpy and entropy can be 
calculated from equation (5) by plotting ( )waln  
versus ( )T1  for a given water content, with the 
slope of the regression line ( )RHD−  provid-
ing a measure of the sorption enthalpy, where-
as the intercept ( )RSD  gives the sorption en-
tropy. this procedure is repeated for several val-
ues of moisture content in order to detect the 
dependence of these quantities on water con-
tent (tsAMI, 1991).

A plot of DH versus DS using the values ob-
tained from equation (5) for the persimmon pulp 
powder can be built for each set of sorption data. 
these values can be correlated according to the 
following equation:

  (6)

where T
B
 is the so-called isokinetic temperature 

that corresponds to the temperature at which 
all reactions involved in the sorption process 
proceed at the same rate. since there is a high 
degree of linear correlation between enthalpy 
and entropy, the compensation theory was as-
sumed to be valid for sorption (MADAMbA et al., 
1996). KrUG et al. (1976) recommended a sta-
tistical analysis test for the compensation theo-
ry, which involves comparing the isokinetic tem-
perature with the harmonic mean temperature 
T

hm
 as defined by:

  (7)

where n is the number of available isotherms. 
If T

B
 > T

hm
, the process is enthalpy controlled, 

while if the opposite condition is observed, the 
process is controlled by entropy (GOULA et al., 
2008).

MAtErIALs AND MEtHODs

raw material

samples of persimmon (Diospyros kaki) with 
moisture content of (84.4±1.3)% (wet basis) were 
obtained at a local market (são José do rio Pre-
to, sP, brazil) and stored at 7°c prior to their 
use. A batch of persimmon pulp was prepared 
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in a pilot plant finisher and sieved through a 
1.6 mm-mesh.

An aqueous solution with 50% solids (mass 
basis) was prepared by dispersing commercial 
maltodextrin MOr-rEX® 1910 (corn Products, 
Mogi Guaçu, brazil) in distilled water at 40°c, 
using a mechanical stirrer. this solution was 
added to persimmon pulp and the mass ratio 
between maltodextrin solution and pulp was 
adjusted to give a final ratio of 1.0 kg maltodex-
trin/1.0 kg soluble solids (50% maltodextrin in 
a dry solids basis).

Drying methods

Spray-dryer
the spray-dryer (model sD 5.0, Labmaq do 

brasil Ltda., ribeirão Preto, brazil) operates 
with concurrent flows and has a spray nozzle 
with an orifice of 2 mm in diameter. the inlet 
air temperature was about 140°c and the out-
let air temperature was about 102°c. the liq-
uid feed to the dryer was between (1.27±0.16) 
L/h. the drying air-flow was about 12 m3/h 
(MArtINELLI, 2008). the experiments were per-
formed at constant process conditions. the dry 
powder was carried out of the drying chamber 
along with the exhausted air, and collected in 
a cyclone. the material obtained was placed in 
plastic bags, which were stored in a desiccator 
containing silica gel until later use.

Freeze-dryer
the persimmon pulp was put into three stain-

less steel trays and frozen before drying in a 
freezer (LIOtOP, FV500, LIObrAs, são carlos, 
brazil) at -40°c. Freeze-drying was carried out in 
a freeze-dryer model L101 (LIObrAs, são car-
los, brazil) at a total pressure and temperature 
of 500 µHg and −45ºc, respectively, in the vac-
uum chamber for 48 hours.

the freeze-dryer is made up of a cylindrical 
transparent acrylic drying chamber (35 cm in di-
ameter) covered with a stainless steel top with 
eight silicone faucets to fit glass bottles with 
round bottoms (vacuum relief system). In or-
der to connect bottles to faucets there is a sili-
ca adapter and a stainless steel pipe that con-
nects the faucets and bottles. Inside the dry-
ing chamber there is a shelf that supports four 
stainless steel trays. samples can be placed on 
the trays or in the bottles. the vacuum is pro-
duced by a vacuum pump connected to the dry-
ing chamber by a hose. At the end of the proc-
ess, the dried product is removed and ground 
in a hammer mill.

Vacuum chamber dryer
samples of pulp were dried on a stainless 

steel tray inserted in a vacuum chamber (MA 
030, MArcONI, Piracicaba, brazil) at 60°c for 48 
h (GAbAs et al., 2007). the dried product was 
ground in a hammer mill.

sorption isotherms

Equilibrium moisture contents of pulp powder 
at several water activity values were determined 
by the static gravimetric method (JOWItt et al., 
1983) at 20°, 30°, 40° and 50ºc. ten saturat-
ed salt solutions [NaOH, Licl, Kc2H3O2, Mgcl2, 
K2cO3, Mg(NO3)2, NaNO2, Nacl, Kcl and bacl2] 
were prepared that corresponded to a range of 
water activities from 0.06 to 0.90. Each solu-
tion was transferred to separate jars in a quan-
tity sufficient to occupy a space of about 1.5 cm 
depth at the jar bottom. triplicate samples of 
about 1 g of persimmon powder were weighed 
and put into small plastic receptacles and placed 
on tripods in the jars, which were then tightly 
closed and placed in a temperature-controlled 
chamber. the required equilibration time was 4 
to 5 weeks. It was based on the change in sam-
ple weight expressed on a dry basis, which did 
not exceed 0.1% (0.001 g/g dry solids). the equi-
librium moisture content was determined by the 
gravimetric method, in a vacuum oven at 60°c 
for 48 h (AOAc, 1990).

rEsULts

sorption isotherms

the experimental moisture sorption data de-
termined at 20°, 30°, 40° and 50°c for persim-
mon pulp powder with 50% of maltodextrin (dry 
basis) obtained using different dryers are shown 
in table 1. the moisture content for each lev-
el of water activity represents the mean value 
of three replicates. the standard deviations be-
tween triplicates were within a maximum limit 
of 4% from the average X

eq
 value, except for val-

ues corresponding to the lowest a
w
, where the 

standard deviations attained up to 9% from the 
average X

eq
 value.

the isotherms obtained are of type III, accord-
ing to brunauer’s classification, for most of the 
temperatures and all drying methods examined. 
the sorption isotherms demonstrate an increase 
in equilibrium water content with increasing wa-
ter activity (Fig. 1).

the typical effect of temperature on the iso-
therms is shown for powders produced in the 
spray-dryer (Fig. 1). the shape of the curves is 
characteristic of foods with high sugar content, 
which sorbs small amounts of water at low wa-
ter activity and large amounts of water at high 
water activity. the explanation for the nature of 
the isotherms may be that at low water activities, 
physical sorption on strongly active sites occurs, 
since water can be sorbed only to surface – OH 
sites of crystalline sugar (GOULA et al., 2008).

the effect of the equilibration temperature on 
the sorption isotherms is of great importance 
given that foods are exposed to a range of tem-
peratures during storage and processing, and 
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table 1 - Equilibrium water content (% dry basis) of persim-
mon pulp powders with 50% (dry basis) maltodextrin 10 DE 
using different dryers.

	 Vacuum-dryer	 Spray-dryer	 Freeze-dryer

Temperature	(ºC)	 aw	 Xeq	 Xeq	 Xeq

	 	 0.070	 0.048	 0.076	 0.049
	 	 0.113	 0.056	 0.094	 0.053
	 	 0.246	 0.081	 0.123	 0.081
	 	 0.331	 0.089	 0.138	 0.088
	 20	 0.446	 0.108	 0.167	 0.109
	 	 0.547	 0.125	 0.202	 0.124
	 	 0.655	 0.167	 0.252	 0.172
	 	 0.754	 0.221	 0.347	 0.219
	 	 0.853	 0.311	 0.518	 0.300
	 	 0.907	 0.378	 0.544	 0.400
	
	 	 0.069	 0.041	 0.067	 0.041
	 	 0.112	 0.048	 0.080	 0.048
	 	 0.223	 0.083	 0.132	 0.081
	 	 0.324	 0.082	 0.137	 0.080
	 30	 0.439	 0.101	 0.168	 0.102
	 	 0.526	 0.110	 0.184	 0.111
	 	 0.635	 0.183	 0.290	 0.183
	 	 0.756	 0.211	 0.348	 0.211
	 	 0.835	 0.264	 0.438	 0.266
	 	 0.9	 0.398	 0.703	 0.395

	 	 0.066	 0.036	 0.060	 0.037
	 	 0.111	 0.047	 0.074	 0.046
	 	 0.206	 0.067	 0.107	 0.066
	 	 0.319	 0.081	 0.127	 0.078
	 40	 0.432	 0.100	 0.164	 0.100
	 	 0.506	 0.111	 0.178	 0.111
	 	 0.615	 0.147	 0.242	 0.148
	 	 0.753	 0.215	 0.345	 0.214
	 	 0.82	 0.266	 0.422	 0.265
	 	 0.893	 0.361	 0.603	 0.359

	 	 0.059	 0.033	 0.053	 0.034
	 	 0.110	 0.041	 0.067	 0.040
	 	 0.189	 0.058	 0.095	 0.057
	 	 0.314	 0.070	 0.113	 0.066
	 50	 0.432	 0.101	 0.162	 0.102
	 	 0.489	 0.107	 0.173	 0.106
	 	 0.599	 0.149	 0.242	 0.150
	 	 0.746	 0.206	 0.333	 0.205
	 	 0.809	 0.254	 0.412	 0.253
	 	 0.884	 0.376	 0.609	 0.373

Fig. 1 - Influence of temperature on sorption isotherms of 
persimmon pulp powder containing 50% (dry basis) malto-
dextrin 10 DE produced by spray-drying.

water activity for the same moisture content 
changes with temperature (GOULA et al., 2008). 
the equilibrium moisture content tends to de-
crease with increasing temperature at constant 
water activity. the extent of the decrease de-
pends on the nature or constitution of the food 
(rIZVI, 1995). For persimmon pulp powder, this 
behavior was not very pronounced, and was in-
dependent of the dryer used to obtain the pow-
der. this result was in agreement with results 
for passion fruit pulp obtained by using differ-
ent dryers (PEDrO, 2009). GOULA et al. (2008) 
reported that for spray-dried tomato pulp the 
temperature effect was not dependent on water 
activity but rather that it might be due to the 
fact that tomato powder contains high levels of 
protein and insoluble solids. GAbAs et al. (2007) 
compared isotherms of vacuum-dried pineapple 
pulp powder and MArtINELLI et al. (2007) com-
pared isotherms of vacuum-dried lemon pulp 
powder, both were determined between 20 and 
50°c. they reported that the sorption data was 
only slightly dependent on temperature.

A marked intersection of the isotherms and the 
inverse temperature effect were observed for per-
simmon pulp powders above 0.8. some research-
ers have reported this inversion in the tempera-
ture effect at water activities above 0.7 for prod-
ucts with high sugar content, such as fruit (tE-
LIs-rOMErO et al., 2005; tsAMI et al., 1990). this 
can be explained by an increase in sugar solubil-
ity in water as a result of increasing temperature.

the results of the fitting procedure of the GAb 
model to the experimental data of the equilibri-
um water content versus water activities at dif-
ferent temperatures are presented in table 2, 
which shows the values of the fitting parame-
ters calculated by non-linear regression. the ad-
equacy of GAb models was evaluated by the de-
termination coefficient (R2) and the magnitude 
of the sum of square of residuals (SSR) that are 
also reported.

the value of the monolayer moisture content 
(X

m
) is of particular interest because it indicates 

the amount of water that is strongly adsorbed to 
specific sites on the food surface; it is considered 
the optimum value to assure food stability. be-
low this water content level, the rates of deterio-
rative reactions, except the oxidation of unsatu-
rated fats, are minimal (GOULA et al., 2008). Es-
timated values of X

m
 for persimmon pulp pow-

ders were found to be lower than the values re-
ported for other fruit, which varied from 10 to 
15% (dry basis) (KIrANOUDIs et al., 1993). the 
X

m
 values obtained by vacuum- and freeze-dry-

ing were lower than those for spray-dried persim-
mon. the monolayer values for persimmon pulp 
powder obtained by the different drying meth-
ods were not temperature dependent.

tELIs et al. (2000) obtained monolayer val-
ues of 0.109 and 0.113 (dry basis), respective-
ly, for persimmon pulp and skin without previ-
ous drying of samples. sObrAL et al. (2001) de-
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Parameter K was practically unaffected by the 
drying method.

the effect of dryer types on the sorption iso-
therms at 20°c is shown in Fig. 2, and at 50°c 
in Fig. 3. the effect of drying method on the be-
havior of the isotherms was the same at both 
temperatures.

the spray-dryer provides a dry product with 
higher adsorption capacity than the other meth-
ods. Freeze- and vacuum-dried products had the 
same adsorption capacity. these drying meth-
ods have some similarities. both are based on 
drying in the absence of air, which gives prod-
ucts with a very porous structure. Nevertheless, 
the adsorption capacity may not be directly re-
lated to porosity, since in order to obtain pow-
ders, the products obtained from the freeze- and 
vacuum-drying processes were ground. this fac-
tor could also be responsible for the similar ad-
sorption capacity observed between powders ob-
tained by these two drying methods.

tONON et al. (2008) reported that the materi-
als produced by spray-drying were made up of 
spherical particles, which had a larger surface 
area than the other irregular shaped particles 
(for the same particle volume). this is probably 
the reason for the highest adsorption capacity 
shown by spray-dried materials.

sorption thermodynamic properties

Isosteric heat of sorption
the dependence of the net isosteric heat of 

sorption on the moisture content of persimmon 
pulp powder with 50% maltodextrin is shown in 
Fig. 4. the results illustrate a progressive increase 
of the heat of sorption in relation to the decreas-
ing moisture content. AL-MUHtAsEb et al. (2004) 
stated that this behavior may be due to the fact 
that at the initial stages of sorption (low moisture 
content), there are highly active polar sites availa-
ble on the surface of the food material, which are 

table 2 - Estimated GAb parameters at different tempera-
tures for persimmon pulp powders obtained with different 
drying methods.

Parameter	 Temperature

	 20°C	 30°C	 40°C	 50°C
	
	 Vacuum-dryer
C	 22.326	 23.709	 14.710	 13.609
K	 0.900	 0.927	 0.913	 0.941
Xm	 0.070	 0.064	 0.067	 0.063
R2	 0.997	 0.985	 0.999	 0.997
SSR	 0.235E-03	 0.169E-02	 0.678E-04	 0.256E-03

	 Spray-dryer
C	 18.047	 30.997	 16.387	 13.732
K	 0.8787	 0.949	 0.925	 0.941
Xm	 0.118	 0.100	 0.105	 0.102
R2	 0.982	 0.987	 0.999	 0.997
SSR	 0.467	E-02	 0.446	E-02	 0.259E-03	 0.671E-03

	 Freeze-dryer
C	 26.593	 21.835	 14.192	 13.609
K	 0.916	 0.924	 0.912	 0.941
Xm	 0.067	 0.065	 0.067	 0.063
R2	 0.998	 0.986	 0.999	 0.997
SSR	 0.193E-03	 0.151	E-02	 0.788E-04	 0.256E-03

Fig. 2 - Influence of different drying methods on sorption 
isotherms of persimmon pulp powder determined at 20°c.

termined a monolayer value of 0.131 (dry basis) 
for freeze-dried pieces of persimmon. the differ-
ences between these values and those obtained 
in the present work could be attributed to com-
positional differences in the raw material, main-
ly the sugar content.

Parameter C showed distinct trends for the 
different drying methods. For vacuum- and 
freeze-dried materials, the C values decreased 
as temperature increased. For spray-dried 
products, the C parameter showed no clear 
temperature dependence. In accordance with 
GOULA et al. (2008) the K values were small-
er than unity as dictated by the GAb equation. 

Fig. 3 - Influence of different drying methods on the sorption 
isotherms of persimmon pulp powder determined at 50°c.
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covered with water molecules to form a monomo-
lecular layer. this results in stronger water-sol-
id interactions. GOULA et al. (2008) reported that 
the main water-adsorbing constituents in foods 
are various polymers (proteins, starch, cellulose, 
hemicellulose, etc.) and sugars. the different po-
lar groups of the polymers provide energetically 
different sites for sorption. As the water content 
increases, the covering of less active adsorption 
sites and the formation of multilayers are mani-
fested by the decrease in the heat of sorption (PÉ-
rEZ-ALONsO et al., 2006).

Over almost the entire range of moisture con-
tent, the highest q

st
 values corresponded to the 

powders produced by spray-drying. this sug-
gests that the spray-dried product has more 
polar surface sites than products obtained 
by the other drying methods. these results 
are in agreement with those for passion fruit 
pulp powders obtained using different dryers 
(PEDrO, 2009). the elevated heat of sorption 
values of water at low moisture content are an 
indication of strong water-food component in-
teractions in the fruit.

the q
st
 values were correlated with Equation 

(8) (tsAMI et al., 1990); the q
0
 and X

0
 constants 

and the determination coefficient values (R2) are 
shown in table 3. the determination coefficient 
of the adjustment was found to be satisfactory 
(R2 > 0.94).

  (8)

where X is the water content (dry basis).

Enthalpy-entropy compensation theory

the plots of differential enthalpy (DH) and 
differential entropy (DS) of sorption for persim-

Fig. 4 - Influence of drying methods on the net isosteric heat 
of sorption of persimmon pulp powders.

mon pulp powder obtained by using different 
dryers are shown in Fig. 5. Linear relationships 
were exhibited by the correlation of these varia-
bles and the compensation theory was assumed 
to be valid for water adsorption by persimmon 
pulp powder.

the T
B
 and DG

B
 parameters were calculated 

by linear regression based on equation (6). the 
isokinetic temperatures for water sorption by 
dehydrated persimmon pulp are shown in ta-
ble 4. Persimmon pulp powder obtained by vac-
uum- and freeze-drying presented lower isoki-
netic temperatures than persimmon pulp pro-
duced by spray-drying. McMINN et al. (2005) re-
ported that the isokinetic temperature usually 
varies with the material composition, and does 
not depend on whether the material is under-
going adsorption or desorption. there is not 
much information about the isokinetic temper-
ature for fruit pulp powders in the literature. 
GAbAs et al. (2000) reported that the isokinetic 
temperature for the desorption process in plum 

table 3 - Estimated parameters of the empirical Equation 
(8) for samples dried with different methods.

Drying	Method	 q0	(kJ/mol)	 X0	(dry	basis)	 R2

Vacuum-dryer	 27.263	 0.058	 0.967
Spray-dryer	 18.755	 0.113	 0.940
Freeze-dryer	 33.429	 0.049	 0.973

Fig. 5 - Enthalpy-entropy relationship for water sorption in 
vacuum-, spray- and freeze-dried persimmon pulp.

table 4 - Isokinetic temperatures and Gibbs free energy for 
vacuum-, spray-, and freeze-dried persimmon pulp.

Drying	Method	 TB	(K)	 DGB	(kJ/mol)

Vacuum-dryer	 541.4	 -0.796
Spray-dryer	 616.3	 -1.631
Freeze-dryer	 513.2	 -0.725
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pulp was 473.1 K, and tELIs et al. (2000) ob-
tained approximately the same isokinetic tem-
perature (475 K) for persimmon pulp during the 
desorption process. tELIs-rOMErO et al. (2005) 
reported the isokinetic temperature for the ad-
sorption and desorption of mango, 463 K and 
501 K, respectively.

the harmonic mean temperature (T
hm

) was cal-
culated from equation (7) and resulted in 307.7 
K. this value is significantly different from all T

B
 

values reported in table 4. KrUG et al. (1976) 
pointed out that a linear chemical compensa-
tion pattern exists only if T

B
 ≠ T

hm
 and, accord-

ing to LEFFLEr (1995), if T
B
 > T

hm
 the process is 

enthalpy-driven, whereas if the opposite condi-
tion is observed (T

B
 < T

hm
), the process is consid-

ered to be entropy-controlled. comparison of the 
results presented in table 4 and the resulting 
value for T

hm
 thus confirms the applicability of 

the isokinetic theory. It also indicates that the 
sorption processes for persimmon pulp powder 
obtained by vacuum-, spray- and freeze-drying 
are enthalpy-driven.

tELIs et al. (2000) suggested that the sorp-
tion process for persimmon pulp might be en-
thalpy-controlled. GAbAs et al. (1999) also re-
ported an enthalpy-controlled mechanism in 
the sorption behavior of grapes and plums. 
Moreover, McMINN et al. (2005) suggested that 
sorption behavior of starchy materials was like-
wise enthalpy-controlled. Most of the sorption 
processes can therefore be considered to be en-
thalpy-controlled.

Finally, table 4 shows the negative values of 
ΔG

B
 for persimmon pulp powder obtained by 

using the three different drying methods: vac-
uum-, spray- and freeze-drying. the results in-
dicate that the sorption processes are sponta-
neous in the studied materials. McMINN et al. 
(2005) reported a spontaneous sorption proc-
ess for starchy materials, whereas McMINN et al. 
(2007) suggested that water sorption by oatmeal 
and oat flakes was not spontaneous.

cONcLUsIONs

the results obtained in the present work offer 
evidence of the effects of different drying meth-
ods on the water sorption behavior of persim-
mon pulp powder. the drying method signifi-
cantly affected the sorption ability of the dried 
products and spray-drying provided powdered 
persimmon pulp that had a higher adsorption 
capacity than the other methods studied. On the 
other hand, the water sorption ability was sim-
ilar in the products obtained by vacuum- and 
freeze-drying.

the sorption isotherms and thermodynamic 
properties determined for persimmon pulp pow-
der produced by vacuum-, freeze- and spray-dry-
ing processes provide information that is use-
ful for defining the packaging and storage re-

quirements for each type of dried pulp powder. 
this information should be taken into account 
when choosing the most suitable drying meth-
od for the desired product.
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AbstrAct

Torrone is a typical Italian confection prepared from almonds, honey, sugars and/or choco-
late. A textural attribute assessment of puncture and cutting forces, hardness, adhesiveness, co-
hesiveness, springiness and chewiness was performed on two types of Italian torrone, “vaniglia 
duro” and “gianduja tenero”, by means of puncture test, cutting test and texture Profile Analysis 
to characterize and identify the particular aspects of these local products. besides the softer tex-
ture of the “gianduja tenero”, there was a remarkable manufacturing variability; these differenc-
es were probably due to different manufacturing conditions (heating times and/or temperatures).
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INtrODUctION

Torrone is a typical Italian confectionery prod-
uct, very well-known and appreciated by Ital-
ian consumers living in Italy and abroad. It is 
made from high quality toasted almonds, hon-
ey, sugar and egg-whites, and is still manu-
factured in a traditional way. It is considered 
a purely seasonal product and, in fact, it is the 
most widespread christmas sweet in Italy. For 
this reason, over 60% of torrone consumption 
is concentrated in December (tAVErNA, 2009).

All christmas confections yielded a turnover 
of around 650 million Euro in the 2001-2002 
season, with torrone representing approximate-
ly 10% or 65 million Euro (sPErLArI, 2009). It 
is very interesting to note that there has been 
a renewed interest in torrone, with an increase 
in sales of about 9.4% between the 2000 and 
the 2001 season (AcNIELsEN, 2003). the in-
crease in the sales of this traditional Italian 
confection is due, at least in part, to the re-
discovery by consumers of traditional foods. 
Local raw materials (almonds and honey) are 
used in the manufacturing of this confection. 
In taurianova (reggio calabria, southern Ita-
ly), torrone quality depends mainly on both the 
quantity and quality of the almonds and hon-
ey used to make it. the most popular raw ma-
terials are orange honey and almonds from si-
cilia or Puglia (cultivar Pizzuta d’Avola) (tAVEr-
NA, 2009; VOLPE, 2007).

In the manufacturing of Italian torrone, honey 
and sugars (glucose and sucrose) are warmed 
in a copper container at low temperature and 
mixed at uniform speed for 2 h in the “torroni-
era”, with the addition of fresh egg-whites. After 
this time, the caramel (previously prepared in 
another copper container), natural vanilla ex-
tract, pistachios, and toasted almonds (toasted 
at 60ºc for 48 h) are added. When all the ingre-
dients are properly mixed, the mass is trans-
ferred to a marble table and manually mixed 
to confer the desired shape using wood frames 
or appropriate moulds. to obtain the so-called 
torrone vaniglia (vanilla torrone) the product is 
covered on both surfaces with wafer and is cut 
and then packed. If the mixture is covered with 
chocolate, then the resulting product is called 
torrone gianduja (chocolate torrone). In gener-
al, there are compositional and operational dif-
ferences between these two types of torrone. 
For instance, the vanilla torrone is heated for a 
longer time and has a higher almond content, 
which leads to a harder texture, while the choc-
olate torrone is cooked for only 3 h with no ad-
dition of caramel (tAVErNA, 2009).

typical confectionery products similar to tor-
rone can be found throughout the Mediterrane-
an countries such as spain, with turrón (VEr-
DU et al., 2008; MArtINEZ-NAVArrEtE et al., 
2006) and France with nougat, (bLANcHEt and 
tZOUKErMANN, 1979; bErNArDIN, 1981). such 

products have a structure that leads to partic-
ular properties (LAZPItA et al., 1991; MArtIN-
EZ-NAVArrEtE et al., 1996; VAsQUEZ-ArAÚJO 
et al., 2006). the textural properties of com-
mercial torrone are therefore quite heterogene-
ous (LAZPItA et al., 1991) due to several causes:

- Each manufacturer uses different temper-
atures and times during the heating steps, ac-
cording to their own experience, leading to dif-
ferent final textures. the manual control over 
operational conditions (temperature and time) 
also leads to different final textures.

- the micro-structural parameters of the 
product and therefore its textural properties are 
affected by the degree of homogenization of the 
final product (a highly viscous mass), that de-
pends on the industrial equipment and the op-
eration variables (e.g. rotation speed).

- compositional factors also influence the fi-
nal texture of the products. small variations in 
moisture content and sugar composition will 
affect the structural characteristics of vanilla 
and chocolate torrone.

Even though most torrone samples have the 
same composition and are manufactured in a 
similar way, their final textures are quite dif-
ferent. therefore, the aim of this study was to 
increase the knowledge about typical southern 
Italian torrone products by analyzing the influ-
ence of the manufacturing company (6 compa-
nies) and the manufacturing year (2 seasons: 
2007 and 2008) on the final texture of commer-
cially available samples of vanilla and choco-
late torrone.

MAtErIALs AND MEtHODs

Materials

In this study, two different types of torrone 
were studied: 1) “vaniglia duro” or hard torrone 
with vanilla flavor (type 1: hard vanilla torrone), 
and 2) “gianduja tenero” soft torrone covered with 
a layer of chocolate (type 2: soft chocolate tor-
rone). Torrone samples were provided by 6 differ-
ent artisanal manufacturers of taurianova (reg-
gio calabria, southern Italy). samples were letter 
coded (A, b, c, D, E and F) to avoid using com-
pany names. the last producer (F) only manu-
factures vanilla torrone. the samples, consist-
ing of 6 samples of type 1 and 5 samples of type 
2 torrone, were collected during the 2007 and 
2008 seasons (september-December: time of the 
year when the largest stocks of these products 
are available in Italy). samples were of different 
sizes, with mean dimensions of 52 mm × 34 mm 
× 33 mm, and a mean weight of 20 g.

texture

Final product texture was assayed on 10-mm 
cubes, obtained by cutting the product with a 
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sharp knife, using a texture Analyzer tA-Xt2i 
(stable Micro systems, surrey, UK) equipped 
with a 25 kg load cell capacity.

In order to select the most appropriate test 
for this special type of confection, three different 
tests were used with commercial samples of tor-
rone: a) puncture test (Pt), b) cutting test (ct), 
and c) texture Profile Analysis (tPA).

Puncture test (Pt) is an empirical indicator 
of food hardness, particularly of the food sur-
face, and measurements are recorded using a 
2-mm diameter cylindrical probe (P/2). this test 
included both compression and cutting efforts. 
the penetration rate was 0.3 mm/s for 5 mm af-
ter contacting the surface of the confection cube 
and results are expressed in N (stAbLE MIcrO 
sYstEMs, 1996b).

cutting test (ct) is an empirical indicator of 
the force needed to cut a particular food and 
measurements are recorded using a knife blade 
(HDP/bs). this test only included cutting effort. 
cutting was performed at 1 mm/s until the con-
fection cube was fully cut; results are expressed 
in N (stAbLE MIcrO sYstEMs, 1996a).

texture Profile Analysis (tPA). In this case, 
two full compression cycles were performed to 
give an instrumental texture profile as described 
by bOUrNE et al. (1978) and bOUrNE (1978). All 
instrumental texture analyses were conducted 
at room temperature 24°±2°c. At least 15 cubes 
were measured for each type of sample (6 man-
ufacturing companies x 2 manufacturing sea-
sons). the samples were compressed to 25% of 
their original height with a 10 cm diameter cy-

table 1 - Main compositional characteristics of vanilla torrone as affected by manufacturing season and company.

Product	 	 	 Chemical	parameters

	 Dry	Matter	 Moisture	 Fat	 Protein	 Sugars	 Almond

	 	 	 (%)

A	2007	 97.6±0.1†	 2.37±0.04	 33.7±0.1	 10.0±0.5	 53.8±0.1	 45.25±1.51
A	2008	 98.2±0.1	 1.72±0.14	 31.1±0.3	 12.3±0.4	 49.1±2.0	 56.56±3.10
B	2007	 98.5±0.1	 1.54±0.08	 27.2±1.9	 7.82±0.13	 57.2±7.1	 42.38±0.75
B	2008	 97.5±0.1	 2.52±0.09	 37.5±0.3	 11.0±0.1	 47.8±1.1	 52.97±2.77
C	2007	 97.1±0.1	 2.90±0.12	 35.3±4.6	 12.2±0.2	 48.1±2.0	 51.13±2.04
C	2008	 97.3±0.1	 2.63±0.09	 35.6±0.1	 13.6±0.4	 35.5±0.3	 63.91±1.71
D	2007	 97.0±0.1	 2.96±0.04	 33.2±0.7	 10.1±0.2	 59.9±0.8	 40.95±1.33
D	2008	 97.6±0.1	 2.21±0.00	 39.0±0.3	 10.3±0.2	 45.9±1.5	 51.19±0.95
E	2007	 98.5±0.1	 1.55±0.06	 25.6±0.1	 7.28±0.17	 70.4±1.2	 31.74±0.21
E	2008	 98.0±0.1	 1.81±0.08	 26.9±0.2	 9.47±0.10	 55.9±0.5	 39.67±0.23
F	2007	 96.4±0.4	 3.64±0.35	 30.4±0.9	 7.40±0.10	 70.2±1.9	 35.96±0.45
F	2008	 97.9±0.1	 1.94±0.14	 31.8±0.5	 9.80±0.13	 55.6±0.4	 44.95±0.17

	 	 	 	 ANOVA	Test

Variation	Source

Year		 **‡	 ***	 **	 ***	 ***	 ***
Manuf.	Company	 ***	 ***	 ***	 ***	 ***	 ***
Year	x	Company	 ***	 ***	 **	 ***	 ***	 ***

Tukey’s	Multiple	Range	Test

Year

2007		 97.5	b¥	 2.49	a	 30.9	b	 9.13	b	 60.0	a	 41.2	b
2008		 97.7	a	 2.14	b	 33.6	a	 11.1	a	 48.3	b	 51.5	a

Manuf.	Company

A	 	 97.9	a	 2.04	b	 32.4	ab	 11.1	b	 51.4	b	 50.9	ab
B	 	 98.0	a	 2.03	b	 32.3	ab	 9.40	cd	 52.7	b	 47.7	b
C	 	 97.2	b	 2.77	a	 35.4	ab	 12.9	a	 42.2	c	 57.5	a
D	 	 97.3	b	 2.59	a	 36.1	a	 10.2	c	 52.5	b	 46.1	b
E	 	 98.2	a	 1.68	b	 26.2	c	 8.37	e	 63.2	a	 35.7	c
F	 	 97.1	b	 2.79	a	 31.1	b	 8.60	de	 62.9	a	 40.5	bc

†	Treatment	means	of	the	ANOVA	test	(values	are	the	mean	value	of	15	replications);	“±	values”	are	standard	errors.
‡	N.S.	=	not	significant	F	ratio	(p	<	0.05);	*,	**,	and	***,	significant	at	p	<	0.05,	0.01,	and	0.001,	respectively.
¥	Values	followed	by	the	same	letter,	within	the	same	source	of	variation,	are	not	significant	different	(p	<	0.05),	Tukey’s	multiple-range	test.
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lindrical probe at a speed of 10 mm/min. sim-
ilar test conditions were used by MArtÍNEZ-NA-
VArrEtE et al. (1996) and VÁZQUEZ-ArAÚJO et 
al. (2006). texture profile parameters were de-
termined as described by bOUrNE et al. (1978), 
bOUrNE (1978) and rOsENtHAL (1999):

- Hardness (N) is defined as the maximum 
force required to compress a sample and is cal-
culated as the peak force of the first compres-
sion of the product.

- Adhesiveness (N x s) is defined as the work 
needed to detach a product stuck to the com-
pression plate; it is assumed to measure the ad-
hesiveness of a sample to palate and teeth and 
is calculated as the negative area between the 
first and second compression cycles.

- cohesiveness (%) is a measure of how well 
the product withstands a second deformation 
relative to how it behaved under the first defor-
mation (A2/A1, A1 being proportional to the total 
energy required for the 1st compression and A2 

being proportional to the total energy required 
for the 2nd compression).

- springiness (%) is a measure of how well a 
product physically springs back after it has been 
deformed during the first compression and is cal-
culated as the ratio between the distance of the 
second compression peak/distance of the first 
compression peak.

- chewiness (N) is assumed to be a measure 
of the work to masticate the sample for swallow-
ing (springiness x hardness x cohesiveness, with 
springiness and cohesiveness being expressed 
as fractional numbers between 0 and 1).

chemical analyses

the AOAc Official Methods (HOrWItZ, 
2000) were used for moisture (925.40), protein 
(950.48), oil (963.15) and sugar (977.20) anal-
yses, respectively. samples were ground in a 
grinder before being used for chemical analysis. 

table 2 - Main compositional characteristics of chocolate torrone as affected by manufacturing season and company.

Product	 	 	 Chemical	parameters

	 Dry	Matter	 Moisture	 Fat	 Protein	 Sugars	 Almond

	 	 	 (%)

A	2007	 96.3±0.1†	 3.69±0.07	 29.2±1.9	 9.26±0.10	 59.1±1.0	 32.7±1.8
A	2008	 95.7±0.1	 4.25±0.20	 33.7±1.1	 10.5±0.3	 39.1±1.3	 40.8±3.1
B	2007	 97.2±0.1	 2.84±0.13	 29.6±2.1	 6.94±0.13	 57.6±1.4	 26.4±1.6
B	2008	 97.7±0.2	 2.04±0.21	 35.3±0.1	 9.23±0.37	 44.0±0.1	 33.0±2.8
C	2007	 95.8±0.1	 4.25±0.08	 36.5±0.2	 8.32±2.55	 40.0±0.6	 31.1±0.5
C	2008	 96.2±0.1	 3.62±0.07	 35.5±0.2	 10.9±0.3	 39.8±0.5	 38.8±1.1
D	2007	 98.3±0.1	 1.67±0.04	 31.1±1.0	 7.93±0.07	 41.9±0.7	 29.8±1.3
D	2008	 97.7±0.2	 2.10±0.15	 40.4±2.4	 8.53±0.09	 40.5±0.4	 37.2±0.6
E	2007	 97.6±0.1	 2.43±0.07	 28.3±0.3	 9.03±0.23	 71.0±2.6	 21.8±0.9
E	2008	 96.8±0.3	 3.03±0.30	 28.8±0.4	 6.76±0.08	 55.1±3.2	 27.3±0.7

ANOVA	Test

Variation	Source
	 	 	 	 	 	
Year	 N.S.	‡	 N.S.	 ***	 *	 ***	 ***
Manuf.	Company	 ***	 ***	 ***	 **	 ***	 ***
Year	x	Company	 ***	 ***	 **	 **	 ***	 ***

Tukey’s	Multiple	Range	Test

Year
	 	 	 	 	 	
2007	 97.0	a¥	 2.98	a	 30.9	b	 8.30	b	 53.9	a	 28.3	b
2008	 96.8	a	 3.00	a	 34.7	a	 9.18	a	 43.7	b	 35.4	a

Manuf.	Company

A	 96.0	c	 3.97	a	 31.4	bc	 9.89	a	 49.1	b	 36.8	a
B	 97.4	b	 2.44	b	 32.4	ab	 8.08	b	 50.8	b	 29.7	ab
C	 96.0	c	 3.93	a	 35.9	a	 9.60	ab	 39.9	c	 34.9	a
D	 98.0	a	 1.88	c	 35.7	a	 8.23	b	 41.2	c	 33.5	a
E	 97.2	b	 2.73	b	 28.5	c	 7.89	b	 63.0	a	 24.5	b

†	Treatment	means	of	the	ANOVA	test	(values	are	the	mean	value	of	15	replications);	“±	values”	are	standard	errors.
‡	N.S.	=	not	significant	F	ratio	(p	<	0.05);	*,	**,	and	***,	significant	at	p	<	0.05,	0.01,	and	0.001,	respectively.
¥	Values	followed	by	the	same	letter,	within	the	same	source	of	variation,	are	not	significant	different	(p	<	0.05),	Tukey’s	multiple-range	test.
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the equipment used for sugar analyses was an 
HP series 1100 HPLc (Hewlett Packard, Wald-
bronn, Germany), with a refractive index de-
tector (HP Model 1100 series); the column was 
a supelcogel c-610H column, 30.0 cm x 7.8 
mm (id) with a supelguard c-610H guard col-
umn, 5.0 cm x 4.6 mm (id). Fructose, glucose, 
sucrose, and maltose standards were used for 
sugar quantification. Almond content was ana-
lysed in both types of torrone (vanilla and choc-
olate) because it is considered one of the key in-
gredients; besides, fat and protein content de-
pend mainly on the almond content. All chemical 
analyses were run, at least, in three replicates.

statistical analyses

All data were subjected to analysis of vari-
ance, ANOVA [two factors: 1) year: 2007 and 
2008, and 2) manufacturing companies: A, b, 
c, D, E and F]. tukey’s least significant differ-
ence multi-comparison test was used to deter-
mine significant differences among treatments. 
significance of differences was represented as 
p ≤ 0.05. the statistical analyses were done us-

ing statgraphics Plus 5.0 software (Manugistics, 
Inc., rockville, MD, UsA.).

rEsULts AND DIscUssION

tables 1 and 2 report the chemical composi-
tion of the samples. In general and during both 
seasons, protein, almond and sugar contents 
were higher in the vanilla samples. besides, 
2007 samples of both types of torrone, vanilla 
and chocolate, showed lower contents of fat, pro-
tein and almond and higher content of sugars, 
indicating that fewer almonds and more sugars 
were used in 2007.

Puncture and cutting force

As expected, both the puncture strength and 
the cutting force were significantly higher in va-
nilla torrone compared to chocolate torrone (Fig. 
1); this is due to the longer cooking time during 
caramelization of the sugars and honey. this is 
the reason why the vanilla torrone is also classi-
fied as hard torrone, while the chocolate torrone 
is classified as soft torrone. 

In vanilla torrone, the puncture and cutting 
forces were significantly affected by both man-
ufacturing season and company (Fig. 2A). the 
2008 products were significantly harder and 
more difficult to cut than those from 2007 (table 
3). this could be due, at least in part, to two dif-
ferent factors: a) longer cooking times at a sim-
ilar temperature were used in the 2008 season, 

Fig. 1 - Puncture and cutting forces of vanilla (A) and choc-
olate (b) torrone from different manufacturing companies. 
Values represented here are the means of samples from 
2007 and 2008†.
† The letters on the bars are used to explain the grouping of 
values for similitude in the Tukey’s multiple-range test. table 3 - statistical analysis of texture data of torrone va-

niglia.

Variation	Source	 Force

	 Puncture	 Cutting

	 (N)

	 ANOVA	Test

Year	 ***	 ***
Manufacturing	Company	 ***	 ***
Year	x	Company	 ***	 ***

	 Tukey’s	Multiple	Range	Test

Year

2007	 23.3	b	 175	b
2008	 39.5	a	 210	a

Manufacturing	Company

A1	 37.8	b	 167	c
B1	 23.3	cd	 206	b
C1	 28.9	c	 163	c
D1	 29.8	c	 164	c
E1	 52.6	a	 286	a
F1	 16.1	d	 169	c
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and/or b) there was a higher almond content in 
the 2008 products (this statement is supported 
by sensory data).

In vanilla torrone and regarding the manu-
facturing companies, the hardest and most dif-
ficult samples to cut were those manufactured 
by company E (Fig. 2A and table 3). the hard-
ness of these samples could be related to their 
low moisture, fat and protein contents and high 
sugar content. this specific composition plus 
long heating times could be the main reasons 
for the hardness of the E samples. On the other 
hand, companies F, c and D manufactured the 
softest and easiest-to-cut products.

the puncture strength was significantly affect-
ed by both manufacturing season and company 
in chocolate torrone (Fig. 2b); however the cut-
ting force was only dependent on the manufac-
turing company. the 2008 products were signif-
icantly harder than those from 2007; however, 
the energy needed to cut the products was sta-
tistically equal in products from both seasons 
(table 4). Again, higher almond contents and 
longer heating times could be the reasons be-
hind the hardness of the 2008 products.

table 4 - statistical analysis of texture data of torrone gi-
anduja.

Variation	Source	 Force

	 Puncture	 Cutting

	 	 (N)

	 ANOVA	Test

Year	 ***	 N.S.
Manufacturing	Company	 ***	 ***
Year	x	Company	 ***	 **

Tukey’s	Multiple	Range	Test

Year	 	
2007	 7.03	b	 86.5
2008	 	9.49	a	 75.7

Manufacturing	Company	 	

A2	 6.78	c	 77.9	b
B2	 14.0	a	 173	a
C2	 8.87	b	 50.4	cd
D2	 4.40	d	 69.9	bc
E2	 7.25	bc	 34.4	d

table 5 - texture Profile Analysis (tPA) parameters of chocolate torrone samples from different manufacturing companies 
during the 2007 and 2008 seasons.

Variation	Source	 Hardness	(N)	 Adhesiveness	(N	s)	 Cohesiveness	(%)	 Springiness	(%)	 Chewiness	(N)

A	2007	 43.7±6.5†	 -1.24±0.17	 24.2±2.3	 34.6±3.6	 3.73±0.73
A	2008	 31.1±7.6	 -0.38±0.07	 15.3±0.9	 30.5±1.6	 1.59±0.55
B	2007	 127±27	 -3.49±0.57	 12.6±1.5	 88.0±28.7	 11.1±2.8
B	2008	 273±22	 -0.63±0.11	 20.9±1.0	 42.2±2.4	 25.0±3.4
C	2007	 42.2±11.3	 -1.53±0.43	 13.6±1.1	 64.0±2.7	 5.00±1.61
C	2008	 36.8±13.9	 -0.28±0.14	 19.3±1.9	 48.3±2.7	 3.65±1.54
E	2007	 15.1±1.7	 -2.20±0.53	 18.5±1.4	 69.6±2.7	 1.79±0.18
E	2008	 59.4±12.4	 -0.74±0.14	 15.0±0.7	 39.5±2.7	 3.55±0.78

	 	 ANOVA	Test

Year	 ***‡	 ***	 N.S.	 **	 *
Manufacturing	Company	 ***	 **	 N.S.	 *	 ***
Year	×	Company	 ***	 N.S.	 N.S.	 N.S.	 ***

Tukey’s	Multiple	Range	Test

Year

2007	 57.0	b¥	 -2.11	b	 17.2	 64.0	a	 5.40	b
2008	 100	a	 -0.51	a	 17.6	 40.1	b	 8.46	a

Manufacturing	Company

A	 37.4	b	 -0.81	a	 19.7	 32.6	b	 2.66	b
B	 200	a	 -2.06	b	 16.7	 65.1	a	 18.1	a
C	 39.5	b	 -0.90	a	 16.4	 56.1	ab	 4.33	b
E	 37.2	b	 -1.47	ab	 16.7	 54.6	ab	 2.67	b

†	Treatment	means	of	the	ANOVA	test	(values	are	the	mean	value	of	15	replications);	“±	values”	are	standard	errors.
‡	N.S.	=	not	significant	F	ratio	(p	<	0.05);	*,	**,	and	***,	significant	at	p	<	0.05,	0.01,	and	0.001,	respectively.
¥	Values	followed	by	the	same	letter,	within	the	same	source	of	variation,	are	not	significant	different	(p	<	0.05),	Tukey’s	multiple-range	test.
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results for chocolate torrone were more diffi-
cult to interpret and perhaps the only conclu-
sion to be drawn is that the hardest and most 
difficult to cut samples were those manufactured 
by company b (Fig. 2b and table 4).

As previously explained, both composition 
and manufacturing conditions played predom-
inant roles in determining the puncture and 
cutting forces of torrone; however, further stud-
ies are needed to study these factors in detail. 
For instance, composition was not included in 
the product labels and manufacturing compa-
nies did not provide detailed information about 
the manufacturing conditions or product com-
positions.

the external layer of chocolate in the gianduja 
torrone, without any doubt, influenced the tex-
tural tests. this influence was particularly im-
portant in the puncture test, because the cy-
lindrical probe used in this analysis penetrated 
only 5 mm into the sample (the chocolate lay-
er plus the external surface of the internal tor-
rone). consequently, the puncture and cutting 
forces depended on both the processing condi-
tions and the composition (including the nature 
of the chocolate layer).

texture Profile Analysis (tPA)

this test was only carried out on samples of 
chocolate torrone (companies A, b, c and E) be-
cause the samples of vanilla torrone and even 
chocolate torrone from company D proved to fall 
outside the operating range of the 25 kg texture 
analyser load cell (table 5).

samples from company b were characterized 
by the highest values of hardness, (which com-
pletely agreed with results previously discussed 
on puncture and cutting forces), adhesiveness, 
springiness and chewiness, while samples from 
company A had the lowest values for these pa-
rameters.

Hardness. there were differences in hardness 
for both year and manufacturing company (ta-
ble 5). Hardness was higher in samples from 
2008 and in both years, samples from company 
b were significantly (p < 0.001) higher (200 N) 
than those of the other manufacturing compa-
nies (mean of 38.0 N). No significant differenc-
es were found for products from the other three 
manufacturing companies.

Adhesiveness. Adhesiveness is defined as 
the “work required to pull the food away from 
a surface”, particularly teeth and/or palate 
(rOsENtHAL, 1999). It is quite reasonable that 
this parameter would be better correlated with 
the degree of heating during the initial con-
centration of sugars, honey and water than 
with compositional factors, such as protein or 
fat contents. these ingredients are cooked to 
a lower degree in chocolate torrone than in va-
nilla torrone and perhaps the cooking condi-
tions (lower temperature and/or shorter cook-

ing time) led to more adhesive products (com-
pany b). In addition, it is well-known that hon-
ey is a hygroscopic material and adsorbs water 
from the surrounding environment, making the 
products stickier.

cohesiveness. rOsENtHAL (1999) defined this 
attribute as “the strength of the internal bonds 
making up the food”. In this particular study, 
neither season nor manufacturing company 
significantly affected the values of this texture 
parameter. However, samples from company A 
showed slightly higher values.

springiness. springiness is defined as “the 
extent to which a compressed food returns 
to its original size when the load is removed” 
(rOsENtHAL, 1999). samples from 2007 showed 
significantly (p < 0.01) higher springiness values 
than 2008 products. the springiness values of 
samples from company b (65.1%) were signif-
icantly higher than those of the other compa-
nies (mean of 47.8%). both composition and ex-
perimental conditions of the main unit opera-
tions could be responsible for these differences.

chewiness. both year and the manufacturing 
company significantly affected chewiness of the 
confections. A similar pattern to those previous-
ly discussed for hardness and springiness was 
also observed for chewiness. samples of com-
pany b and company E obtained for 2008 pre-
sented higher values of chewiness than those of 
2007, and without any doubt, samples of com-
pany b can be considered as the most chewa-
ble ones (18 N) compared with the rest of prod-
ucts (mean of 3.2 N).

cONcLUsIONs

In general, both factors under study (produc-
tion year and manufacturing company) signif-
icantly influenced the instrumental texture of 
torrone. the results of puncture (Pt) and cut-
ting (ct) tests showed that samples of vanilla 
torrone were significantly harder than those of 
chocolate torrone in both 2007 and 2008. sam-
ples of company b had the highest values of 
puncture and cutting forces and tPA also dem-
onstrated that these samples were the hard-
est and the most adhesive, springy and chewa-
ble. tPA appears to be, among the three proce-
dures used to study the texture of the torrone, 
the most comprehensive testing procedure, be-
cause it allows the examination of many differ-
ent textural parameters, such as hardness, ad-
hesiveness, cohesiveness, springiness, chewi-
ness, while Pt and ct only measure hardness. 
this study also showed that texture attributes 
are mainly affected by manufacturing condi-
tions (especially heating times and/or temper-
atures). However, further study is required to 
establish clear relationships among texture pa-
rameters, composition, and experimental con-
ditions of the main unit operations involved 
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in torrone manufacture. Local torrone manu-
facturers desire to increase their internation-
al market shares; this could be better accom-
plished with greater control over manufactur-
ing conditions, in order to obtain more homo-
geneous products.
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AbstrAct

the effect of the microbiological transglutaminase (mtGase) treatment of milk on the main phys-
icochemical and sensory properties of acid curd cheese (tvarog) was analysed. Protein polymeri-
sation was carried out prior to the fermentation process. three variants of tvarog were produced: 
(i) one from milk containing inactivated mtGase (the enzyme was added to the base milk in active 
form and subsequently inactivated by heating), (ii) one with active mtGase and (iii) a control sam-
ple (without mtGase). the tvarog samples produced under laboratory conditions were vacuum-
packed in polyethylene foil and stored for 21 days at 5°c (±1°c). the organoleptic properties of the 
cheeses were assessed. changes in the water, fat, titratable acidity and pH were measured. More-
over, the cheese hardness was determined by means of a double compression test (tPA). During 
storage, the cheese that was produced from milk containing inactivated mtGase was judged as 
having better organoleptic attributes, although it also had more whey leakage than tvarog made 
with active mtGase or the control sample. the storage time and treatment of the base milk con-
taining mtGase (active or inactivated) did not have a significant effect on the fat content in the 
cheeses produced. the water content was only affected by storage time. the titratable acidity, pH 
and hardness of the samples analysed depended significantly on how the base milk was prepared 
for the tvarog (the presence of an active or inactive enzyme in the milk) and on the storage time.
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INtrODUctION

the most important stage in the production 
of acid curd cheese (Acc) production is obtain-
ing a curd that has the appropriate consisten-
cy. this process is influenced by many factors 
including the quality of the base milk, the pro-
duction conditions and the use of certain ad-
ditives. During the production and storage of 
Acc, certain defects may occur such as an un-
usual taste and/or aroma in the final product, 
excessive whey leakage and an unsuitable tex-
ture or loose consistency. According to consum-
er opinion, the most important defects are a lack 
of typical taste and aroma, a non-typical after-
taste and a defective texture. In practice, con-
trolling the texture of dairy products is often as-
sociated with controlling the chemical composi-
tion. texture is also correlated with the degree 
of interaction among the chemical components 
(ŻbIKOWsKI and ŻbIKOWsKA, 2003).

Proteins impart the structural basis for the 
various properties of a wide range of foodstuffs, 
and by modifying them, several physicochemi-
cal characteristics can be manipulated. In the 
last few years, enzymatic cross-linking of pro-
teins has gained increasing importance in food 
technology (DIcKINsON, 1997; GErrArD, 2002; 
rAsIAH et al., 2005; HINZ et al., 2007; LANttO 
et al., 2007). In particular, tGase is an enzyme 
that has recently received much attention due to 
its ability to crosslink proteins (scHOrscH et al., 
2000a,b; O’sULLIVAN et al., 2002b; WALsH et al., 
2003; VAsbINDEr et al., 2003; KOŁODZIEJsKA et 
al., 2004; YOKOYAMA et al., 2004; ÖZrENK, 2006; 
sMIDDY et al., 2006; HILLEr and LOrENZEN, 
2009; WrÓbLEWsKA et al., 2009). this enzyme 
catalyses the acyl transfer reactions between 
the γ-carboxyamide groups of peptide-bound 
glutamine residues and the ε-amino groups of 
lysine residues, leading to the formation of in-
tra- and intermolecular isopeptide bonds. the 
enzyme reaction results in the formation of cov-
alently cross-linked protein polymers (MILANOVIĆ 
et al., 2007). the introduction of additional cov-
alent cross-linkages by using tGase is a promis-
ing tool for improving certain functional proper-
ties, such as solubility, water-binding or emulsi-
fying capacity, viscosity, elasticity, gelation, and 
the rheological or renneting properties of food 
proteins where the use of chemical reagents for 
modification is not acceptable (MOtOKI and sE-
GUrO, 1998; FAErGEMAND and QVIst, 1999; JA-
rOs et al., 2006; HINZ et al., 2007; trEsPALAcI-
Os and PLA, 2007).

the cross-linking of proteins is determined 
by the molecular structure and accessibility of 
glutamine and lysine residues. therefore, the 
mtGase-catalysed reaction can be influenced by 
various parameters, such as pressure, chemi-
cal reagents and heat. In studies on the effect 
that the enzyme has on the quality attributes 
of dairy products, researchers have focused 

their attention on various procedures applied 
in dairy technology that may affect mtGase-in-
duced reactions. some of these are: incubating 
the milk with mtGase prior to fermentation fol-
lowed by inactivation (or no inactivation) (MAUt-
NEr et al.; 1999, LAUbEr et al., 2000; LOrEN-
ZEN et al., 2002a; JArOs et al., 2010), the con-
comitant addition of the enzyme and the start-
er (FAErGEMAND et al., 1999; NEVE et al. 2001; 
JArOs et al., 2006), prolonging the time of in-
cubation of the base milk with mtGase (LOrEN-
ZEN and NEVE, 2003), adding varying amounts 
of mtGase (FArNsWOrtH et al., 2006), applying 
mtGase prior to and concomitantly with rennet 
to milk cheese (HAN and sPrADLIN, 2000; LOrEN-
ZEN, 2000a; LOrENZEN et al., 2002b; HAN et al., 
2003) and adding mtGase after clotting and curd 
cutting (cOZZOLINO et al., 2003).

A review of the available literature shows that 
tGase is a relatively universal food modifier; it 
cross-links most plant and animal proteins (PI-
EtrAsIK, 2003; MYLLÄrINEN et al., 2007). there 
are many patents on the use of mtGase in plant 
and animal technologies, e.g., in bread, fish, 
meat and dairy products (HAN and sPrADLIN, 
2000; HAN et al., 2003; scHAEFFEr and FUN-
DA, 2004; KUMAZAWA and MIWA, 2005). However, 
there is little information in the literature about 
the influence of cross-linking on the properties 
of dairy products and acid cheese curd. Hence, 
the aim of the present study was to examine the 
use of mtGase in the production of Acc.

MAtErIALs AND MEtHODs

cheese preparation

three variants of Acc produced under labora-
tory conditions were used. the base milk, con-
taining 3.2% fat, 3% protein and 4.3% lactose, 
was homogenised (15 MPa/55°c) and pasteur-
ised at a high temperature (85°c/15 s).

the first and second variants of the Acc (A 
and b, respectively) were obtained by using a 
lyophilised and concentrated mesophilic culture 
for direct vat inoculation (DVI) (Danisco biol-
acta Ltd., Olsztyn, Poland) known as cHOOZ-
It tP°3 LYO 300 DcU, and tGase of microbio-
logical origin in the preparation of Activa MP®. 
the enzyme (ca+2-independent transglutam-
inase), derived from Streptoverticilium mober-
ansae (1% tGase, 99% maltodextrin), was ob-
tained from Ajinomoto co. Inc. (tokyo, Japan). 
the enzyme preparation was used in the origi-
nal form without any further purification. the 
inoculum cultures used contained the following 
bacterial strains: Lactococcus lactis ssp. cremo-
ris, L. lactis ssp. lactis, L. lactis ssp. lactis var. 
diacetylactis, and Leuconostoc mesenteroides 
ssp. mesenteroides.

the third type of Acc (variant c) was used as 
the control. It was produced by using the tradi-
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tional technology of Acc production (Manufac-
turing Instruction cZsM Nr 342/88), using only 
a lyophilised dairy culture (the same as in vari-
ants A and b). the production of cheeses A and 
b differed with respect to milk processing. the 
method for preparing the base milk was in ac-
cordance with the producer’s recommendations 
(AJINOMOtO, 2000), data from the literature 
(LOrENZEN, 2000b; LOrENZEN et al., 2002a, b; 
LOrENZEN, 2007) and the author’s own research.

In the first variant, the pasteurised base milk 
was heated to 40°c, and a 0.06% Activa MP® 
preparation was added; the milk was then in-
cubated at this temperature for two hours. Af-
terwards, the milk was heated to 80°c, and the 
temperature was maintained for 1 min to in-
activate the enzyme. After cooling to 23°c, the 
milk was inoculated with a starter (2.5% of the 
milk volume). Variant b cheese was produced in 
a similar fashion, except that after incubation 
at 40°c, the processed milk was not subjected 
to mtGase inactivation; the milk was cooled to 
23°c and inoculated by adding a 2.5% starter. 
the control Acc was made without the addition 
of mtGase (variant c) and was prepared by add-
ing a starter (2.5%) to the pasteurised base milk 
that had been previously heated to 23°c. All of 
the cheeses were kept at this temperature until 
curd formation began (approximately ten hours). 
the matured curd (pH 4.6) was gently heated to 
separate it from the tank walls; then it was cut 
into cubes (120 x 120 mm). After flipping them 
over, it was warmed and gently stirred; the tem-
perature was raised at a rate of 1°c/min. the 
warming process was stopped after the temper-
ature in the centre reached 45°c. the slurry ob-
tained after straining out the whey with a sieve 
was poured into aseptic single-use PE sacks 
(FPH Piotr szymczak, Kępice, Poland). the sam-
ples were then pressed for 1 h with a 1-kg load 
for every kg of tvarog.

Packaging and storage of cheese

the cheese samples, (about 150 g each) were 
vacuum-packed (turbovac sb-420, HFE vacu-
um systems by Hs-Hertogenbosch, the Neth-
erlands). the vacuum packing system used a 
vacuum pressure of 15 mbar for 2.5 s and a 
400 mbar ‘soft-air’ option. the foil used was 
40 µm of PE/PA foil with EVOH (PPH Gąsior 
sp z o.o., bydgoszcz, Poland). the packaged 
Acc (60 wedge-shaped portions) was kept at 
5º±1ºc for 21 days.

Organoleptic assessment

the samples were subjected to an organolep-
tic assessment using a five-point scale (PN-IsO 
6658, 1998; PN-IsO 4121, 1998). the struc-
ture, consistency, colour, taste and aroma of 
the cheeses were evaluated by a nine-member 
panel trained in the sensory evaluation of Acc. 

the samples used for the analysis were select-
ed randomly. the organoleptic assessment was 
performed using scales, categories and cen-
tre-punching. the results for particular vari-
ants of tvarog were added together and are ex-
pressed as an arithmetic mean (PIEcZONKA, 
1995; DMYtrÓW et al., 2007; 2009). the evalu-
ation was carried out in a room that was free of 
any foreign odours; each panellist had a sepa-
rate test stand and distilled water to rinse their 
mouths.

characterisation of the product

the following characteristics of the tvarogs 
were analysed in accordance with Polish stand-
ards (PN-73/A-86232): water content was meas-
ured by using a drying method, fat content was 
determined by the Gerber’s method, and titrat-
able acidity was measured in°sH and pH. the 
whey leakage was determined in relation to the 
Acc weight by using percentages. samples were 
weighed in their wrapping (with a precision of 
0.01 g) and weighed again after unwrapping. the 
wrapping was dried with a paper-towel. based 
on the differences in weight, the percentage of 
whey outflow was determined (ZIÓŁKOWsKI et 
al., 2004).

rheological analysis

the rheological analysis of the experimen-
tal Acc was based on an evaluation of hard-
ness. this analysis was conducted by means 
of a double compression test tPA using a tex-
ture analyser tA.Xt Plus (stable Micro system 
Ltd., Godalming, UK.). the samples were pen-
etrated with a pressure of 1G and a velocity of 
5 m/s up to a depth of 20 mm. the diameter 
of the aluminium pin was 6 mm (DMYtrÓW et 
al., 2007; 2009).

All analyses were performed on the day of pro-
duction and then on the first, third, seventh, 
fourteenth and twenty-first days of storage.

statistical analysis

the results were subjected to a statistical 
analysis carried out with Microsoft Excel using 
a two-factor analysis of variance with repetition 
and significance tests for dependent means. All 
of the tests were performed at a significance lev-
el of α = 0.05.

rEsULts AND DIscUssION

the scores from the organoleptic assessments 
clearly show that the presence of mtGase and 
base milk processing with the enzyme influ-
enced the organoleptic attributes of the Acc. the 
cheeses were characterised by appropriate orga-
noleptic attributes, with the greatest differenc-
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es being found in the taste, structure and sam-
ple consistency (Fig. 1).

According to the test panel, the Acc produced 
from milk in which mtGase had been inactivat-
ed by heating (tvarog A) was the most desirable 
one. As storage time increased, the organoleptic 
attributes of the samples gradually deteriorated. 
the colour of the Accs stayed uniformly white 
and received a maximum score (5 points) until 
the end of the storage period. similarly, the aro-
ma of the samples was described as very good, 
clean and aromatic, even after 21 days of storage 
(5°±1°c). In the first week of the study the taste 
of all of the variants was rated very good. After 14 
days of storage, the taste of variant A (with inac-
tivated mtGase) was still rated very good (due to 
its softness), but variants b (active mtGase) and 
c (control sample) were slightly worse in this re-
gard and were described as typical but quite sour 
(4.5 points). On the last day of the study variant 
b had the highest rated flavour. the remaining 
two samples (A and c) were given 4 points each.

the best structure and consistency was ob-
served in the Acc made with inactivated mtGase 
(variant A). During the study, variant A consist-
ently received a maximum score of 5 points. the 
structure and consistency of the remaining var-
iants worsened slightly over time. On the last 
day of the analysis, the consistency and struc-
ture of variants b and c obtained 4 points each. 
It should be noted that the structure and con-
sistency of variant b (with active mtGase) were 
judged as being too hard and gummy.

several authors (bOrOWsKI, 2006; sZPEN-
DOWsKI et al., 2005; ŚMIEtANA et al., 2003; 
stEINKA and PrZYbYŁOWsKI, 1997) have ob-
served that the organoleptic features of Accs 
remain very stable during cool storage. the ap-
pearance of tvarog does not change, but its con-

sistency becomes more compact; the colour be-
comes less uniform, and the structure becomes 
grainier. Moreover, the intensity of the taste and 
the aroma become increasingly sour and slightly 
acidic. the gradual worsening of the organoleptic 
characteristics of Acc has also been described 
by KOrNAcKI et al. (1999). their organoleptic 
evaluation showed that the tvarogs analysed im-
mediately after production had a pleasant but 
slightly sour taste and a concise and easy-to-
smear consistency. these characteristics grad-
ually worsened over time.

the literature lacks information on the in-
fluence of mtGase on the organoleptic features 
of Acc. Most of the available reports on using 
mtGase in dairy technologies refer to the use of 
this enzyme in yoghurt production (LOrENZEN 
2002a, b; MILANOVIĆ et al., 2007). According to 
the above-mentioned authors, when the enzyme 
is used, the appearance of the product changes 
from a typical acid-induced casein gel to that of 
heat-induced whey protein gels. the hard and 
gummy texture of variant b could have been 
caused by continued cross-linking that occurred 
during the cooling period (NEVE et al., 2001). An 
increased softness in the cheese containing in-
activated mtGA, in contrast, could be explained 
by the fact that acid gels from the mtGase-treat-
ed milk had a finer protein network with thin-
ner protein particles than the untreated sam-
ples (FAErGEMAND and QVIst, 1997).

During Acc storage (5°±1°c), a general de-
crease in whey leakage was observed for vari-
ant A, a slight increase was observed for vari-
ant b, and a two-fold increase was recorded for 
the control sample, variant c (Fig. 2).

Whey leakage from tvarogs is due to syneresis, 
which occurs as a result of local stresses in the 
gel network, leading to rearrangements and the 

Fig. 1 - results of organoleptic assessment scores for acid curd cheese stored at 5°±1°c (5-point scale).
(A) tvarog with mtGase with inactivation, (b) tvarog with mtGase without inactivation, (c) tvarog without mtGase (control).
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Fig. 2 - changes in the whey leakage from acid curd cheese stored at 5°±1°c. 
(A) tvarog with mtGase with inactivation, (b) tvarog with mtGase without inactivation, (c) tvarog without mtGase (control). 
Error bars show standard deviations.

local expulsion of whey. GErtNEr et al. (1980) 
reported that whey leaks during refrigeration 
and transport. It is caused by changes in the col-
loid system of the tvarog and the self-pressing 
of the cheese mass. An increase in whey leak-
age can also be due to a decrease in the cheese’s 
ability to retain water and the progressive dry-
ing out of the surface (LItWIŃcZUK et al., 2003). 
the whey outflow is very often caused by exces-
sive vacuum pressure during packaging (PLUtA 
et al., 2003). However, the whey leakage found 
in the samples is not associated with the pack-
aging conditions because this effect was mini-
mised by using the “soft air” packaging option, 
which circumvents the unfavourable influence 
of packaging on product quality. According to 
ZANDEr (2005), vacuum packaging of cheese 
does not significantly affect water content or 
the amount of whey leakage during storage. the 
decreased permeability of curd caused by en-
zyme activity and the finding that protein net-
working strengthens the cheese protein matrix 
and reduces syneresis were probably the cause 
of the decrease in whey loss during storage of 
the tvarog that contained inactivated mtGase. 
this phenomenon was confirmed by FAErGE-
MAND and QVIst (1997), who proved that there 
was less permeability in gels from enzyme-treat-
ed milk. the slight whey leakage in the sample 
containing the active enzyme could be associat-
ed with the continued cross-linkages that took 
place during the cooler storage phase of the fi-
nal product. When there is excessive network-
ing, the milk gel may show symptoms of syner-
esis (NONAKA et al., 1992; NEVE et al., 2001).

the analysis of the basic chemical composi-

tion of the Acc examined showed that all three 
variants conformed to the Polish Norm (PN-
91/A-86300/A2) with respect to the water and 
fat contents (Figs. 3 and 4). According to this 
Norm, with respect to the class of Acc (I or II), 
the water content must be within a 65-75% 
range, and the fat content should be between 
15-45% range. In the case of skim tvarog, the 
Norm for fat content is not defined.

storage time and the method of treating the 
base milk containing mtGase did not have a 
significant effect on the fat content of the Acc, 
whereas the water content depended significant-
ly on the storage time (table 1). statistically sig-
nificant increases in the water content in all of 
the samples analysed and a decrease in the fat 
content of sample b were observed. the chang-
es observed in the fat content of tvarogs A and 
c were not statistically significant.

several authors have affirmed that success 
in cheese production depends on how well the 
maximum admissible moisture content is main-
tained. However, they have also indicated that 
small increases in the water content of the prod-
uct and the joining of protein masses have a 
favourable influence on cheese yield and eco-
nomic effectiveness. In the literature, a report-
ed increase in the water content in some ana-
lysed tvarogs could have been caused by protein 
swelling and free water absorption (ŚMIEtANA 
et al., 1998, 2003; cAIs and WOJcIEcHOWsKI, 
1997). the cross-linking of proteins may lead 
to increased water content in the product be-
cause, as stated by LAUbEr et al. (2000), mt-
Gase can form a stable protein network by im-
mobilising water.



454  Ital. J. Food Sci. n. 4, vol. 22 - 2010

the cool storage of the samples was associat-
ed with changes in the titratable acidity in all of 
the variants of Acc (Fig. 5). statistical analysis 
showed that the storage time of the samples and 
the treatment of the base milk containing mt-
Gase significantly influenced the titratable acid-
ity. Moreover, the combined influence of these 
two factors was significantly greater than each 
of them taken separately (table 1).

the highest acidity value recorded during 
the study was observed in variant A (inactivat-

Fig. 3 - changes in the water content changes in acid curd cheese stored at 5°±1°c.
(A) tvarog with mtGase with inactivation, (b) tvarog with mtGase without inactivation, (c) tvarog without mtGase (control). 
Error bars show standard deviations.

Fig. 4 - changes in the fat content changes in acid curd cheese stored at 5°±1°c.
(A) tvarog with mtGase with inactivation, (b) tvarog with mtGase without inactivation, (c) tvarog without mtGase (control). 
Error bars show standard deviations.

ed mtGase). the curves showing changes in 
the titratable acidity were essentially the same 
for the cheeses made from milk with mtGase. 
the acidity of these samples decreased rapidly 
on the first day of storage and then fluctuated 
during further storage. the acidity of the con-
trol sample, after a similar initial decrease, in-
creased steadily until the end of the storage pe-
riod. Despite the observed fluctuations in acid-
ity, a statistically significant increase in this pa-
rameter was recorded for variant A (by about 
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Fig. 5 - changes in the titratable acidity of acid curd cheese stored at 5°±1°c.
(A) tvarog with mtGase with inactivation, (b) tvarog with mtGase without inactivation, (c) tvarog without mtGase (control). 
Error bars show standard deviations.

table 1 - results of analysis of variance for the effects of microbiological transglutaminase (mtGase) and storage time on se-
lected qualitative attributes of acid curd cheeses (tvarogs).

Source of variation p values

 pH Titrable acidity Water content Fat content Hardness

Storage time 1.30E-025* 2.07E-041* 2.82E-012* 0.353 1,36E-085*
Cheese type 1.38E-006* 1.40E-028* 0.0263 0.283 5.63E-146*
Interaction 3.86E-023* 3.86E-023* 3.01E-009* 0.023* 1.09E-063*

Where: p - probability of the first-kind error (significance level α = 0.05);
* - p ≤ α, significant influence of source of variation on an attribute.

3.9%) while the acidity decreased for variant b 
(about 6.1%). the change in the potential acidi-
ty of the control sample (variant c) was not sta-
tistically significant (table 2).

An increase in pH was observed in all of the 
variants (Fig. 6, table 2). the highest pH was 
recorded in the tvarog that was produced from 
milk containing active mtGase (variant b), while 
the lowest value was observed in variant A, con-
taining inactivated mtGase. the correlation be-
tween pH and the use of mtGase and storage 
time was statistically significant. the interac-
tion between these factors was also statistically 
significant (table 1).

A similar increase in pH was explained by 
MOLsKA et al. (1996), with protein changes and 
the formation of ionised groups. Decreases in 
the titratable acidity of Acc during storage un-
der cooling conditions were described by cAIs 
and WOJcIEcHOWsKI (1997) and GErtNEr et 

al. (1980). the potential acidity of Acc was as-
sociated with the inhibition of the lactic strep-
tococci activity, and even with their partial ex-
tinction during the cooling storage of tvarog. 
In their study, after the third day of storage, 
an initial increase was followed by a steep de-
crease in acidity, which was associated with the 
peptonisation of casein. the decrease in acidi-
ty was accompanied by an increase in pH and 
a disappearance of lactose. FAErGEMAND et al. 
(1999) stated that the growth and vitality of lac-
tic acid bacteria introduced with a starter in the 
base milk depends on the presence of various 
amino acids that arise from the degradation of 
milk proteins. the addition of mtGase results 
in a decrease in the availability of low-molecu-
lar peptides that are essential for the produc-
tion of proteinases by starter bacteria. NEVE et 
al. (2001) and FAErGEMAND and QVIst (1999) 
stated that the addition of mtGase to base milk 
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table 2 - results of the statistical analysis of the relative mean values (student’s t-test).

	 Tvarog A Tvarog B Tvarog C
 (inactivated mTGase) (active mTGase) (control)

	 Storage time (days) Storage time (days) Storage time (days)

 0 21 0 21 0 21

Titrable acidity x 	 70.50  73.25 73.25  68.75 69.75  68.25
(°SH) t	 	 4.371   9.000   2.324
 tα	 	 3.182*   3.182*   3.182

pH x 	 4.28  4.42 4.28  4.56 4.25  4.49
 t	 	 3.417   13.236   10.556
 tα	 	 3.182*   3.182*   3.182*

Water content (%) x 	 68.20  68.46 63.72  72.29 70.64  70.94
 t	 	 3.532   3.917   3.811
 tα	 	 3.182*   3.182*   3.182*

Fat content (%) x 	 8.75  8.13 10.50  9.38 9.00  9.25
 t	 	 2.324   3.576   0.322
 tα	 	 3.182   3.182*   3.182

Hardness (N) x 	 1.95  6.49 3.67  10.99 1.41  1.84
 t	 	 43.628   20.769   2.495
 tα	 	 2.228*   2.228*   2.228*

Where: * - on the basis of Student’s t-test, change of analysed attribute is significant, x  - mean value of the analysed indicator, t - value of testing statistics, 
tα -  critical value for significance level α = 0.05.

Fig. 6 - changes in the active acidity (pH) of acid curd cheese stored at 5°±1°c.
(A) tvarog with mtGase with inactivation, (b) tvarog with mtGase without inactivation, (c) tvarog without mtGase (control). 
Error bars show standard deviations.

causes a minor imbalance in the associative 
growth of bacteria, as well as the viable lacto-
bacilli counts, which are slightly less than in 
products that are made from untreated milk. 
the influence of cross-linking on the process 
of acidification was also observed in the case 
of mesophilic starter cultures used in the man-

ufacture of cottage cheese. Higher enzyme-to-
substrate ratios resulted in a slower decrease 
in the pH. Accordingly, it can be stated that the 
differences in the acidities of Acc were due to 
the presence of an enzyme and by using dif-
ferent methods of treatment for the base milk 
containing mtGase. the decrease in titratable 
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Fig. 7 - changes in the hardness of acid curd cheese stored at 5°±1°c.
(A) tvarog with mtGase with inactivation, (b) tvarog with mtGase without inactivation, (c) tvarog without mtGase (control). 
Error bars show standard deviations.

acidity in tvarog b (active mtGase) may be ex-
plained by the fact that, apart from the cross-
linking reaction, two other reactions are cata-
lysed by mtGase: deamidation and amine in-
corporation. All three reactions result in an in-
crease the amount of free ammonia (DE JONG 
and KOPPELMAN, 2002; sHArMA et al., 2001; 
MOtOKI and sEGUrO, 1998). by increasing this 
amount, acidity (increase of pH) is reduced.

A rheological analysis showed a statistically 
significant increase in the hardness of all of the 
variants of Acc during storage as well as a sta-
tistically significant influence of mtGase on the 
hardness of the samples. throughout the study, 
the highest hardness values were observed in 
tvarog that was manufactured with active mt-
Gase (Fig. 7, table 1). these phenomena are 
confirmed in the literature. It is well known that 
milk protein gels made by traditional methods 
are stabilised mainly through weak non-cova-
lent interactions. Microbiological transglutami-
nase can form covalent bonds between protein 
molecules. the introduction of these new cov-
alent bonds leads to gels that are different in 
structure (scHOrscH et al., 2000a).

the increased hardness of tvarog observed 
in the experiment was also confirmed by 
ZIÓŁKOWsKI et al. (2004); the observed phe-
nomena were explained by whey leakage. they 
also emphasised that the leakage was slight, 
and therefore, the differences in hardness were 
minimal. According to PrENtIcE (1987), the 
rheological properties of different cheeses de-
pend mostly on their protein and water con-
tents. the author states that when protein con-
tent in cheeses increases, the hardness of the 
cheese increases.

the study performed by DMYtrÓW et al. (2007, 
2009) and bONcZAr and WALcZYcKA (2001) 
showed that water content was negatively cor-
related with almost all texture parameters, in-
cluding hardness. this means that as the wa-
ter content in the cheeses decreases, the hard-
ness of the product increases. Unfortunately, 
for the tvarogs, the inversely proportional rela-
tionship between water content and hardness 
was not observed.

there is a lack of information about the influ-
ence of the enzyme on the rheology of the Acc; 
however, according to JArOs et al. (2006), the po-
lymerisation of milk proteins by tGase results in 
an increased water holding capacity, increased 
gelation and gel strength, and higher rheologi-
cal and emulsifying properties. Moreover, vari-
ous authors have reported enhanced gel strength 
and firmness for the yoghurt made from mt-
Gase-treated milk (MAUtNEr et al., 1999, LAU-
bEr et al., 2000, KUrAIsHI et al., 2001).

the application of mtGase without inacti-
vation had a greater impact on the texture of 
the final product compared to the product that 
was produced after enzyme inactivation (NEVE 
et al., 2001). the greater hardness of tvarog b 
could be ascribed to increased cross-linking 
during cold storage. O’sULLIVAN et al. (2002a) 
demonstrated that mtGase treatment makes 
casein micelles extremely stable in the pres-
ence of a range of disruptive forces. therefore 
they are suitable for applications in which the 
increased physical stability of dairy products is 
required. LOrENZEN et al. (2002a, b) and rO-
DrIQUEZ-NOGALEs (2006), for example, con-
cluded that gel strength in the mtGase-treat-
ed samples was approximately double that in 
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the untreated samples. In addition, the cross-
linking of proteins in milk prior to lactic acid 
fermentation resulted in improved gel firmness 
and a reduction in whey syneresis of the acid–
induced gel (FAErGEMAND et al., 1999; LOrEN-
ZEN et al., 2005).

the rheological properties of goat milk yoghurt 
with mtGase added were studied by FArNs-
WOrtH et al. (2006). they ascertained that, along 
with an increase upon addition of mtGase (af-
ter inactivation), a significant increase in the vis-
cosity of the samples was also observed. FAEr-
GEMAND and QVIst (1997) investigated the ef-
fects of mtGase-catalysed cross-linking on the 
rheology and structure of acidic skim milk gels 
acidified chemically with glucono-delta-lactone 
(GDL). they found that the enzymatic cross-
linking of skim milk prior to acidification gave 
much stronger gels than those created in the ab-
sence of the enzymatic treatment. Furthermore, 
cross-linked gels had much lower permeabilities 
than the non-treated acidic skim milk gels. this 
was correlated with a much finer microstruc-
ture, with smaller pores in the protein network 
of the cross-linked gels. the simultaneous ad-
dition of bacteria and mtGase (without inacti-
vation) had a greater influence on the texture 
of the final product than the addition of starter 
bacteria (inoculum) after a previous inactivation 
of the enzyme (NEVE et al., 2001).

the results of this study show that mtGase 
mainly affected the organoleptic attributes of 
Accs, its pH, potential acidity and the hard-
ness. summing up, the use of mtGase pro-
vides an interesting variation in the produc-
tion of Acc.

cONcLUsIONs

- the examined Accs had the appropriate or-
ganoleptic attributes and the proper chemical 
compositions.

- the Accs produced with mtGase were not 
significantly different from those produced with-
out mtGase with respect to fat and moisture 
content.

- Accs made with mtGase, and subsequently 
inactivated, was judged to have the best struc-
ture and consistency. However they also had the 
greatest whey leakage.

- Accs containing mtGase after its inactiva-
tion had the highest titratable acidity and the 
lowest pH.

- the duration of storage and the use of mt-
Gase significantly affected the acidity of the 
Accs.

- the rheological analysis confirmed a statis-
tically significant increase in the hardness of all 
analysed Acc variants.

- the tvarog manufactured with mtGase with-
out inactivation had the highest hardness levels 
for the entire study period.

AbbrEVIAtIONs

tGase - transglutaminase; mtGase - microbiological trans-
glutaminase; Acc - acid curd cheese.
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AbstrAct

Insect attacks to food packages are a major concern for food producers, who are often blamed 
for being responsible for the occurrence of contamination which seriously affects the image of the 
company. Wheat semolina is commonly packed in paper bags, which do not always offer suffi-
cient protection against insect pests. the present research evaluated the performance of a new 
packaging alternative, consisting of paper laminated with polypropylene (P+cPP), in terms of re-
sistance to penetration by two common cereal product pests, namely Tribolium castaneum and 
Plodia interpunctella, and quality maintenance of the packaged product. Neither of the two pest 
species tested were able to pierce the P+cPP, while no differences were observed in the time re-
quired to penetrate other materials. Moreover, quality parameters, namely pH, acidity and color, 
did not differ significantly among samples packed in different materials. the new P+cPP combi-
nation is a promising alternative for the packaging of semolina, because it offers improved pro-
tection against pests compared with conventional materials, while maintaining the paper-appear-
ance of traditional packaging.
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INtrODUctION

Packaging is critical for preserving food qual-
ity and is the final defence against insect pests. 
Insect infestations are the main cause of loss 
in packaged foods both in terms of direct dam-
age (MULLEN, 1994) and the extra costs required 
to preserve and package foods (HANLON et al., 
1998). consumers tend to think that food manu-
facturers are responsible for any insect contam-
ination, independent of their real involvement 
(HOU et al., 2004). the argument has been ad-
dressed by several Authors, who evaluated the 
ability of insects to penetrate packaged foods 
(EssIG et al., 1943; GErHArDt and LINDGrEN, 
1954, 1955; bAttH, 1970; cLINE, 1978a) and to 
assess the resistance of various packaging ma-
terials (srEENAtHAN et al., 1960; DOMENIcHINI 
and FOrtI, 1975).

Packages have several points of weakness and 
almost every packaging material can be perforat-
ed by insects. Penetration depends on various 
factors, depending on the insect and the packag-
ing variables. Among the former, species and life 
stage of the insects involved must be considered 
(cLINE, 1978a; 1978b; bOWDItcH, 1997; rOb-
ErtsON, 1993; rIUDAVEts et al., 2007). regard-
ing the packaging features, the nature and struc-
ture of the packaging material, the combination 
of materials and the package design play a key 
role with respect to insect penetration. Package 
design parameters, such as folds and seals, can 
be points of weakness and may facilitate the for-
mation of holes which offer preferential access to 
the package contents. consequently, the design 
of a suitable package for each type of product is 
crucial for quality maintenance and an extended 
shelf-life. recently, there has been an increased 
availability of different materials for food pack-
aging, particularly multilayer films, which com-
bine various materials (e.g. aluminium and pa-
per with different polyolefines). researchers con-
tinuously try to improve the quality of complex 
multilayer films to guarantee food safety (rIUDAV-
Ets et al., 2007). the quality of the package seal 
is also fundamental for protecting foods from in-
sect infestations. Even packages that are perfect-
ly sealed can be attacked by insects, that are at-
tracted to the product by volatiles that permeate 
through the material (brOWN, 1992; NAVArrO et 
al., 2007). A study by YErINGtON (1978) demon-
strated the direct correlation between the pack-
age seal and the level of infestation.

the most destructive insect pests of stored 
products belong to the Orders coleoptera (bee-
tles) and Lepidoptera (moths) (rObErtsON, 
1993) and can be subdivided into “penetrators” 
and “invaders” (HIGHLAND, 1984). Penetrators 
bore holes through packaging materials. An ex-
ample is the Indian meal moth, Plodia interpunc-
tella (Hübner) (Lepidoptera Pyralidae), which is 
considered responsible for 98% of food infesta-
tion worldwide (sÜss and LOcAtELLI, 2001). In-

vader insects enter packages through existing 
holes; the red flour beetle Tribolium castaneum 
(Herbst), is an example (HIGHLAND, 1991). the 
presence of this pest in flour for 2 to 3 months 
permanently alters its quality (sÜss and LOc-
AtELLI, 2001). the above-mentioned subdivision 
however, should be considered with caution, be-
cause in some conditions invaders can behave as 
penetrators and vice versa (cLINE, 1978a; cLINE 
and PrEss, 1990; bOWDItcH, 1997).

Packaged foods can be attacked during the 
production phase or in the subsequent phases 
of distribution, such as transportation and stor-
age in warehouses, retail stores (trEMAtErrA, 
2009), and the home.

Durum wheat semolina is the main ingredient 
of pasta, and is used in the Mediterranean area 
for bread-making and in the preparation of piz-
za. It is commonly commercialized in kraft pa-
per which, despite being the most widely used 
material for flours and semolina, does not pro-
vide sufficient protection against pest infesta-
tions and absorption-desorption of moisture.

the aim of the present work was to assess the 
resistance of various materials commonly used 
to preserve flour and semolina, to the penetra-
tion of P. interpunctella and T. castaneum. In ad-
dition, a new combination of packaging mate-
rials for durum wheat semolina was evaluated. 
this alternative to the traditional kraft paper 
bags could extend the shelf-life of semolina and 
ensure resistance to pest attacks. the new bi-
layer material (paper laminated with cast poly-
propylene) was developed to satisfy the techni-
cal requirements of producers (i.e. printability, 
machinability, etc.), to fulfil the expectations 
of consumers, who are accustomed to packag-
es with a “paper look”, and to improve the over-
all performance in terms of quality preservation 
and resistance to external agents.

MAtErIALs AND MEtHODs

rearing conditions

tests were carried out using adults of T. casta-
neum and third and subsequent instar larvae of 
P. interpunctella. the colonies of the above-men-
tioned insects were established in the laboratory 
of the Dipartimento di scienze e tecnologie Fit-
osanitarie of the Università di catania in 2001, 
from specimens collected from infested wheat 
flour. the colonies are routinely reared in glass 
jars (25 × 17 cm), maintained in climatic cham-
bers with a constant temperature of 23°±1°c, 
70±5% rH and a L8:D16 photoperiod and are 
fed wheat flour. three months before the exper-
iment, a part of the T. castaneum colony was 
reared on durum wheat semolina to accustom 
the insects to this diet. P. interpunctella were con-
tinuously fed on durum wheat semolina.

to obtain similar experimental conditions, 



Ital. J. Food Sci. n. 4, vol. 22 - 2010  463

fine mesh nylon screen to assure ventilation. 
Each container was provided with 15 g of wheat 
flour to feed the insects after the start of the 
trial and to stimulate them to search further 
food in order to survive. All cages were kept in 
a climatic chamber at a constant temperature 
of 23°±1°c and 70±5% rH and in the dark to 
provide a favourable environment for pests.

Packages were examined daily for the first 
month and 3 times/week thereafter and the 
test was considered finished when the first 
hole was observed. the viability of the insects 
and their activity towards the packages were 
monitored. the pouches were visually inspect-
ed through the cages; there was no manipu-
lation in order to avoid disturbing the insect 
activity. this procedure was effective because 
most of the pest attempts were made at the 
same places on the bags, i.e. seals and folds, 
which were exposed to the observer’s view. the 
packages were monitored for a few days after 
the end of the trial in order to assess pest be-
haviour in package colonization. Insects that 
died within the first 72 h were replaced in or-
der to maintain a constant number.

shelf-life test

the assessment of the resistance of the new 
material to pest penetration should be consid-
ered together with its performance in terms of 
quality maintenance which was carried out by 
a parallel shelf-life simulation test of semolina 
packed in the various test materials. samples 
were stored for five months at 22°c and 22.7% 
relative humidity. the following chemical-phys-
ical parameters were monitored at 30-day in-
tervals: moisture content, pH, acidity and col-
our. Moisture content was determined by drying 
10 g semolina at 130°c until constant weight. 
the pH was measured on 4 g semolina to which 
100 mL of previously neutralized 50% ethanol 
were added, mixed and decanted for 3 h be-
fore filtration through filter paper. Acidity, ex-
pressed as mL of 1 N NaOH necessary to neu-
tralize 100 g semolina, was determined by ti-
tration of 50 mL filtrate with 0.5 N NaOH, us-
ing phenolphthalein as indicator. cIE Lab col-
our parameters were determined with a port-
able colorimeter Nr-3000 (Nippon Denshoku 
Ind. co. Ltd., Japan) with an illuminant type 
c/2°, previously calibrated with a white tile.

mature larvae of T. castaneum were collected and 
groups of 100 insects were put into plastic Petri 
dishes (9 cm diameter × 2 cm high), in which 
they were maintained until the adult stage. sec-
ond instar larvae of P. interpunctella were isolat-
ed in the same way and used in the experiment 
when they had reached the third instar.

Packaging materials

the packaging materials used for the tests 
were: kraft paper alone (P), bioriented polypro-
pylene laminated with coextruded polypropyl-
ene (bOPP+PP), cast polypropylene alone (cPP), 
and kraft paper coupled with cast polypropyl-
ene (P+cPP). the materials tested with their 
thickness and water vapour transmission rate 
(WVtr) values are reported (table 1). Paper 
bags were used as received and were identical 
to the ones commonly used for marketing sem-
olina. the other bags were made in our labora-
tory and had the same dimensions as the kraft 
paper ones (13 cm × 12 cm × 4 cm). Packages, 
made in our laboratory, were made from reels 
of test materials; three seals were applied, one 
for each short side (top and bottom) and one on 
the back side of the bags, using an industrial 
machine. the bags were filled with 250 g sem-
olina, bought from a local mill and visually in-
spected to exclude the presence of insects and, 
then, hermetically sealed using a method com-
monly used for commercial packaging.

Penetration tests

the test evaluated the ability of adult T. cas-
taneum and P. interpunctella larvae, to pierce 
and consequently penetrate the packaging ma-
terials. Insects collected from the colonies were 
grouped in plastic Petri dishes (40 individu-
als of each species). thirty adults of T. casta-
neum and third instar larvae of P. interpunctel-
la were randomly chosen and transferred into 
transparent plastic cages (30 cm × 18 cm × 6 
cm), each containing the semolina packages 
made with the different materials. Penetration 
tests were carried out using five cages, each 
containing 30 insects of each species. Experi-
ments were repeated three times, at 35-day in-
tervals. the investigation was carried out from 
October 1st 2008 to the end of January 2009.

the tops of the cages were covered with a 

table 1 - Packaging materials tested, with relative water vapour transmission rate (WVtr), density (for paper) and thick-
ness values.

	 Material	 WVTR	 Density/Thickness

	 P 8482	g/(m2	24	h) 30	g/m2

	 CPP 13.18	g/(m2	24	h) 30	µm
	 BOPP+PP 3.06	g/(m2	24	h) 25	µm	+	30	µm
	 P+CPP 1.19	g/(m2	24	h) 30	g/m2	+	30	µm
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statistical analysis

the time of penetration into the different pack-
ages of the species tested was analyzed using a 
one-way-analysis of variance (ANOVA) and the 
student’s t-test (p≤0.05) was used for post-hoc 
comparison. statistical analysis was performed 
using stAtIstIcA 8 for Windows (statsoft Inc., 
2008).

rEsULts AND DIscUssION

Microscopic inspection of the package surfac-
es carried out at the end of each trial, revealed 
numerous abrasions on every material tested, 
indicating the attempts of insects to pierce and 
penetrate the packages. On the whole, the cou-
pled materials were more resistant to penetra-
tion. table 2 reports the results relative to the 
time required for the insects to penetrate the 
semolina packages made with the different ma-
terials. Kraft paper was pierced by both insect 
species considered: T. castaneum needed a min-
imum of 12 days with an average of 16.0±3.6 
days, to penetrate the packages. In one repli-
cate, T. castaneum did not find a suitable point 
of surface weakness for a successful attack. In 
one case, the larvae of P. interpunctella needed 
9 days to pierce the packages, but on the aver-
age the species needed more days to penetrate 
(20.2±7.4) than T. castaneum. However, the dif-
ference in time needed for penetration among the 
species was not statistically significant (F=1.45; 
df=5.77; p>0.05). cPP packages showed little re-
sistance to pests. Even if the times were differ-

ent, both insect species were able to penetrate 
the packages. Larvae of P. interpunctella were 
quicker (minimum 9 days) than T. castaneum 
(15 days), but on the whole, there were no sig-
nificant differences (F=1.76; df=6.60; p>0.05). 
this finding disagrees with that of cLINE (1978b), 
who found PP to be the most resistant to the at-
tack of P. interpunctella larvae and T. castaneum 
adults. this contrasting result cannot be ex-
plained by the thickness of the package, given 
that the PP used by cLINE (1978b) was thinner 
(24 µm) than the one used in the present exper-
iment (30 µm). With regards to T. castaneum, a 
possible explanation could be that the observa-
tion time was less, but this is only a hypothe-
sis considering that the Author did not specify 
the length of time of the trial with the coleop-
tera adults. Moreover, the  Author reported that 
PP was bored only by adults of Lasioderma ser-
ricorne F. and Trogoderma variabile ballion (co-
leoptera Dermestidae).

Only T. castaneum succeeded in penetrating 
the bOPP+PP bags. On the average, penetra-
tion was achieved in 16.4±2.7 days, with a min-
imum of 13 days required to complete their at-
tack on the material, which was pierced in cor-
respondence with the seal zone. this was evi-
dently a point of weakness of the package made 
with this material which was probably due to the 
change in structure caused by the sealing tem-
peratures. this species showed a typical behav-
iour, in which the individuals scout the whole 
area carrying out isolated attempts to pierce the 
surface. DOMENIcHINI (1996) observed that if an 
individual finds a suitable place, other individu-
als would be drawn to it and together they would 
concentrate their efforts to penetrate the pack-
age. conversely, P. interpunctella did not suc-
ceed in getting into the packages, which dem-
onstrates that this material can protect the food 
from this species.

the results of the experiment showed that the 
P+cPP bi-layer was the most resistant to the 
insect attacks. the package surfaces and seal 
zones showed some abrasions but no species 
succeeded in piercing them. this result could 
be due to the lack of release of volatile odours, 
the primary factor of attraction for insect pests 
(bArrEr and JAY, 1980; DAVIs and PEttItt, 
1999) that are fundamental in the selection of 
a favourable place of development. the scarce 
release of volatiles from the new packaging ma-
terial could prevent infestations.

In assessing the suitability of a new materi-
al or packaging solution, all of the aspects in-
volved in food preservation should be considered 
with special regard to protection from external 
agents and quality maintenance of the packaged 
product. the shelf-life test of packaged semoli-
na considered three main quality parameters: 
pH, acidity and colour. the shelf-life test high-
lighted similar performances for all the plastic 
materials tested. With the exception of the pa-

table 2 - time required (days) for the insects to penetrate 
the semolina pouches made with different materials. 
No significant differences were found.

	 Tribolium	castaneum

	 P	 CPP	 BOPP+PP	 P+CPP

1 12 15 13 -
2 - 24 18 -
3 19 18 16 -
4 18 22 15 -
5 14 17 20 -
 16.0±3.6 19.2±3.7 16.4±2.7 -

Plodia	interpunctella

	 P	 CPP	 BOPP+PP	 P+CPP

1 29 9 - -
2 9 19 - -
3 19 11 - -
4 24 17 - -
5 20 23 - -
 20.2±7.4 15.8±5.8 - -
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per bags which, as expected, showed the high-
est moisture loss (i.e. around 6.5%), due to the 
highest WVtr (table 1), all of the other materi-
als preserved the initial moisture content of the 
semolina (Fig. 1). the final moisture content of 
semolina packed in paper bags (11.9%) was sig-
nificantly lower than that of semolina packed in 
the plastic materials (12.8-13.1%); no significant 
differences were observed among the latter. the 
pH and acidity values (Fig. 1) did not vary signif-
icantly throughout the storage time for samples 
packed in plastic packages, with only slight de-
creases in the acidity values. the pH and acid-
ity values were practically the same among all 
the samples packed in plastic throughout the 
sampling period. Only semolina packed in pa-
per bags showed significantly higher pH values 
after 60 days until the end (150 days) of storage, 
compared to the other samples. Differences ob-
served for samples packed in paper bags com-

pared to cPP, bOPP+PP and P+cPP could be at-
tributed to the much higher permeability of the 
former material to organic acids, cO2 and low-
molecular-weight compounds, which caused the 
increase in pH. Finally, the colour parameters 
(Fig. 2) were characterized by a similar trend (i.e. 
slight increase) during shelf-life, and no signifi-
cant differences were observed among the sam-
ples packed in different materials.

cONcLUsIONs

studies on food packaging and materials used 
to prevent insect infestations are of particular 
relevance for the food industry and the distri-
bution system. Insect-proof packaging can help 
reduce the use of insecticides to lower the risk 

Fig. 1 - changes in the values of moisture content, pH and 
acidity of semolina packed in different materials, as a func-
tion of storage time. P(■), cPP(), bOPP+PP(), P+cPP(▲).

Fig. 2 - changes in the cIE Lab colour parameters L* (light-
ness index), a* (red index) and b* (yellow index) in semolina 
packed in different materials, as a function of storage time. 
P(■), cPP(), bOPP+PP(), P+cPP(▲).
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of food losses due to insect contamination. Un-
til recently, pesticides were the most frequently 
used method to avoid it, but these are danger-
ous and have been banned in most parts of the 
world. the present study focused on the abili-
ty of P. interpunctella larvae and T. castaneum 
adults to pierce materials used for the packag-
ing of semolina, considering that these two spe-
cies are the most common pests in stored food. 
the results show differences in the resistance 
of materials but not in the time required for the 
two different species to pierce packages. No sig-
nificant difference was observed among the ma-
terials pierced (P and cPP) in terms of time re-
quired by the insects to penetrate the packages. 
On the other hand, bOPP+PP was pierced only 
by T. castaneum, while the new bi-layer P+cPP 
was not pierced by the species tested. Quality 
parameters did not differ significantly among 
samples packed in the different materials. the 
new P+cPP combination could be a promising 
alternative for the packaging of semolina, offer-
ing an improved protection against pests com-
pared with conventional materials while main-
taining the paper-appearance of the tradition-
al packages.

the trials performed in the present research 
are useful for testing the resistance of packag-
ing materials to insects and choosing the best 
materials for the packaging of pasta, cereals 
and other products that are subject to insect at-
tacks, such as bakery products, powdered milk, 
tea, etc. Further work is needed to determine 
the permeability of materials to volatiles and to 
study the correlations between this parameter 
and the susceptibility of packages to insect at-
tacks. Among the technical specifications of a 
material for food packaging, data concerning the 
permeability to aroma compounds are needed.
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AbstrAct

A total of 178 food samples (fresh soft cheese, raw milk, ice cream, sausage, chicken meat and 
minced beef meat) were investigated for Listeria monocytogenes. Of these, 29 (16.3%) were con-
taminated. 102 strains of L. monocytogenes were isolated and the susceptibility to 13 different an-
tibiotics was determined. Most of the isolates (57.8%) were resistant to amdinocillin; in contrast, 
all isolates were sensitive to chloramphenicol. Multiple antibiotic resistance (MAr) index values 
ranged from 0.21 to 0.43. results show that antibiotic resistant L. monocytogenes strains were 
easily isolated from selected foods and antibiotic resistance may become a potential food poison-
ing concern for public health.
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INtrODUctION

In the last decade the Gram-positive, motile, 
bacteria Listeria monocytogenes has become a 
major concern for the food industry and public 
health authorities in developed countries. this 
organism can persist within food processing en-
vironments for long periods of time, due, in part, 
to its ability to grow at a wide range of tempera-
tures and pH (0.4° to 45°c, pH 4 to 9.6) (bErEs-
FOrD et al., 2001). It is ubiquitous in the envi-
ronment (GUDbJÖrNsDÓttIr et al., 2004), and 
in different kinds of food (MIYAsAKI et al., 2009; 
AUrOrA et al., 2009).

L. monocytogenes is a model organism used 
in studies on the pathogenesis of intracellular 
parasites. It can penetrate, multiply and prop-
agate in various types of eukaryotic cells and is 
also able to overcome the three main barriers en-
countered in the host: the intestinal barrier, the 
blood-brain barrier and the placenta (POPOWs-
KA and MArKIEWIcZ, 2004). Most patients with 
listeriosis have an underlying condition which 
predisposes them to infection by interfering with 
t cell-mediated immunity (HOF et al., 1998). In-
fection causes mild symptoms including fever, 
febrile gastroenteritis, nausea, vomiting and di-
arrhea in healthy individuals, while the symp-
toms may be severe, e.g. meningitis, encephali-
tis or septicemia in infants, elderly and immu-
no-compromised persons. It may also cause in-
trauterine infection or spontaneous abortion in 
pregnant women (sWAMINAtHAN and GErNEr-
sMIDt, 2007).

Although the incidence of listeriosis in Europe 
is low, 2-3 cases/million inhabitants/year, the 
high mortality rate (up to 40%) requires early di-
agnosis and appropriate antimicrobial therapy 
(JONEs and MAcGOWAN, 1995). In 2005, liste-
riosis was reported in a 49-year-old female pa-
tient in turkey (AKtAs et al., 2005). In 2007, a 
local health officer in central Massachusetts con-
tacted the Massachusetts Department of Public 
Health (MDPH) to report listeriosis in an 87-year-
old man (MMWr, 2008). the number of Liste-
ria infections in humans in 2007 remained at 
the same level as in 2006 with 1,554 confirmed 
cases; Listeria also showed the highest mortali-
ty rate, especially among vulnerable groups (EF-
sA-EcDc, 2009).

Although Listeria spp. have been reported 
to be susceptible to antibiotics that are active 
against Gram-positive bacteria (HAWKINs et al., 
1984), there have been recent reports of antibi-
otic resistance (AbrAHIM et al., 1998; MArtÍN-
EZ and rODrÍGUEZ, 2005; YÜcEL et al., 2005). 
these increases in antibiotic resistance among 
Listeria spp. are in line with a general worldwide 
trend of an increasing prevalence of antibiotic 
resistance, including multiple antibiotic resist-
ance among many groups of bacteria.

Listeriosis usually occurs sporadically, al-
though at times it affects numerous patients 

simultaneously. Outbreaks of listeriosis occur 
most frequently after the consumption of con-
taminated milk, soft cheese, salads, and meat; 
and less often after the consumption of contam-
inated fruit or fish (DE VALK et al., 2000; LYY-
tIKÄINEN et al., 2000; VItAs et al., 2004). A large, 
multi-province outbreak of listeriosis associated 
with ready-to-eat meat products contaminated 
with Listeria monocytogenes serotype 1/2a oc-
curred in canada in 2008 (GILMOUr et al., 2010).

turkey has a very long tradition of producing 
a diversity of fermented dairy products, among 
which white cheese is one of the most signifi-
cant. the average annual consumption of white 
cheese was estimated to be around 243,000 tons 
in 2001 (DPt, 2001). In turkey, white cheese 
is usually manufactured from raw (unpasteur-
ized) milk in villages, small dairies and farms, 
with only 10% of the production occurring in 
big plants. such traditional cheese manufac-
ture from raw milk is a very common practice 
in many countries and the associated high inci-
dence of L. monocytogenes could pose a health 
hazard (ArsLAN and ÖZDEMIr, 2008).

Little information is available on the cases of 
listeriosis in turkey. Although 32 cases of hu-
man listeriosis with a mortality rate of 33% were 
reported for the period 1987 to 2001 in turkey 
(DOGANAY, 2003), information about the source 
of the infections was omitted. the present study 
is the first to determine the prevalence and re-
sistance to antimicrobial agents of L. monocy-
togenes isolated in Adana, turkey.

the objectives were: (i) to identify the L. mono-
cytogenes strains isolated from foods; (ii) evalu-
ate the susceptibility patterns of these bacteria 
against widely used antibiotics in turkey; and 
(iii) to evaluate multiple-antibiotic resistance 
(MAr) index for selected isolates.

MAtErIALs AND MEtHODs

A total of 178 food samples were collected 
from May to August 2008 from dairies, super-
markets, retail stores, and local butcher shops 
in Adana, in southern turkey. the samples in-
cluded fresh soft cheese 48, raw milk 32, ice 
cream 21, raw sausage 23, raw chicken meat 27 
and raw minced beef meat 27. All samples were 
brought to the laboratory in an ice chest, and 
were processed within 4 h of collection.

Examination of foodstuffs

Food samples (25 g) were homogenised with 
a stomacher in 225 mL Fraser pre-enrichment 
broths (Merck, Darmstadt, GErMANY) supple-
mented with ½ Listeria enrichment broth (Mer-
ck). After 48 h of incubation at 30°c, a culture 
was streaked in triplicate on Oxford- Listeria se-
lective agar (MErcK) containing selective supple-
ment (MErcK), and all plates were incubated at 
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37°c for 48 h. the plates were examined for typ-
ical Listeria colonies (black colonies with black 
sunken areas) and five suspicious colonies on 
each Oxford agar were sub-cultured on tryptic 
soy agar (AcUAMEDIA) supplemented with 0.6% 
yeast extract (DIFcO). After further incubation 
at 37°c for 24 h, the following biochemical iden-
tification tests were performed: Gram staining, 
nitrate reduction, beta haemolysis reaction, 
oxidase reaction, catalase reaction, motility in 
sIM medium, hydrolysis of esculin, Mr/VP and 
cAMP test, acid production from glucose, man-
nitol, rhamnose, xylose, and a-methyl-D-manno-
side. the isolates were identified using the bec-
ton Dickinson crystal GP ID system and identi-
fication software (bbL, sparks, MD, UsA).

Antibiotic resistance testing

susceptibility testing was performed for all 
strains (102) with an agar diffusion test (NccLs, 
1993), using Mueller–Hinton agar (DIFcO) and 13 
antibiotic discs representing 7 classes of antibi-
otics. the antibiotics and their sensidisk concen-
trations were: aminoglycosides: amikacin (AN, 
30 µg), gentamicin (GM, 10 µg), kanamycin (K, 
30 µg), streptomycin (s, 10 µg); carbapenems: 
meropenem (MEM, 10 µg); cephalosporins: ce-
fazolin (cZ, 30 µg), cefepime (FEP, 30 µg), cefti-
zoxime (ZOX, 30 µg), cefuroxime (cXM, 30 µg); 
chloramphenicols: chloramphenicol (c, 30 µg); 
penicillins: amdinocillin (AMD, 10 µg); tetracy-
clines: tetracycline (tE, 30 µg); and trimetho-
prim-sulphamethoxazoles: trimethoprim-sul-
phamethoxazole (sXt, 1.25 and 23.75 µg). the 
turbidity of the bacterial suspension was then 
compared with 0.5 MacFarland’s barium sul-
fate standard solution (corresponding to 1.5X108 

cfu/mL). If the bacterial suspension was turbid, 
autoclaved distilled water (0.85% saline) was 
added drop by drop; if less turbid, more bac-
teria were added to the tube or the inoculated 
tube was further incubated. After 24 h of incu-
bation at 30°c, the strains were characterized 
to determine if they were sensitive, intermediate 
or resistant, based on the size of the inhibition 
zones around each disc according to the manu-

facturer’s instructions. (bbL, sparks, MD, UsA).
reference strains of Staphylococcus aureus 

Attc 29213 and Enterococcus faecalis Attc 
29212 as recommended by NccLs (1997) were 
used as control organisms to verify the antibac-
terial effect of the discs on Mueller-Hinton agar 
plates. All discs were purchased from becton 
Dickinson (bbL, sparks, MD, UsA).

Multiple antibiotic resistance (MAr) index

the MAr index values were calculated for all 
isolates, (a/b, where ‘a’ represented the number 
of antibiotics the isolate was resistant to, and 
‘b’ represented the total number of antibiotics 
the isolate was tested against). A MAr index val-
ue >0.2 is observed when isolates are exposed 
to high risk sources of human or animal con-
tamination, where the use of antibiotics is com-
mon. In contrast a MAr index value ≤ 0.2 is ob-
served when antibiotics are seldom or never used 
(KrUMPErMAN, 1985).

rEsULts AND DIscUssION

L. monocytogenes in foods

A total of 102 isolates of L. monocytogenes 
were recovered from the six types of food. the 
percentage of positive samples varied marked-
ly between the different foods as follows: fresh 
soft cheese 12.5%, raw milk 3.1%, ice cream 
4.8%, sausage 21.7%, chicken meat 40.7%, and 
minced beef meat 18.5% (table 1).

A high incidence of L. monocytogenes in meat 
and meat products was also found by AUrE-
LI et al. (2003) (35.8% in poultry, and 33.1% in 
raw and cured meat samples), brAcKEtt (1988) 
(55.3% in raw chicken samples in switzerland), 
and by VItAs et al. (2004) (36.1% in poultry, and 
34.9% in minced pork and beef). Food process-
ing plants may become contaminated with L. 
monocytogenes from contaminated raw mate-
rials, equipment, personnel and traffic GUDb-
JÖrNsDÓttIr et al. (2004). Furthermore, con-
tamination may occur during processing, be-

table 1 - Incidence of Listeria monocytogenes in different foods in turkey.

Type of food N. of samples N. and (%) N. of L. monocytogenes
  of positive samples strains

Fresh soft cheese 48 6 (12.5) 26
Raw milk 32 1 (3.1) 3
Ice-cream 21 1 (4.8) 5
Sausage 23 5 (21.7) 23
Chicken meat 27 11 (40.7) 29
Minced beef meat 27 5 (18.5) 16
Total 178 29 (16.3) 102
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cause of the release of blood and tissue during 
cutting, deboning and grinding of meat, along 
with the large quantities of water used which fa-
vor the growth of Listeria GUDbJÖrNsDÓttIr et 
al. (2004). since moist environments create fa-
vorable conditions for survival and growth of this 
bacterium, it is important to keep the processing 
plants as dry as possible (sUtHErLAND and POr-
rIt, 1996). Although, L. monocytogenes has been 
isolated from many different types of raw and 
processed food (YÜcEL and ÇItAK, 2005; AUrELI 
et al., 2003; KELLs and GILMOUr, 2004; JALALI 
and AbEDI, 2008), the main sources and routes 
of contamination are still not fully understood.

there was a relatively low incidence of L. mono-
cytogenes contamination in fresh soft cheese, 
raw milk and ice cream in the present study. 
similar findings were also reported by AUrELI et 
al. (2003) (contamination in 24.3% in soft fresh 
cheese, and 6.8% in raw milk), bAEK et al. (2000) 
(6.1% in ice cream), sAGUN et al. (30) (1.2% of 
raw milk), and VItAs et al. (2004) (6.8% in raw 
cow milk and 3% in raw sheep milk).

Antibiotic resistance patterns

 In the present study, there was a common re-
sistance to certain antibiotics (table 2); 57.8% 
of the L. monocytogenes isolates were resistant 
to amdinocillin, 35.3% were resistant to strepto-
mycin, 32.4% to amikacin and 31.4 and 30.4% 
to ceftizoxime and cefuroxime, respectively. Lis-
teria resistance has previously been reported for 
streptomycin (cHArPENtIEr et al., 1995) and 
tetracycline (18.6% from processed bison meat) 
(LI et al., 2007).

Antibiotic resistance in Listeria species is due 
to the acquisition of self-transferable and mobi-
liszable plasmids, and conjugative transposons 
(cHArPENtIEr et al., 1995). In the present 
study, all strains were susceptible to chloram-
phenicol (100%), which is consistent with the 
findings of DHANAsHrEE et al. (2003), and sim-
ilar to those of LI et al. (2007). resistance to 
other antibiotics was relatively infrequent: ce-
fazolin (8.8%), trimethoprim-sulphamethoxa-
zole (8.8%), gentamicin (5.9%), and meropen-
em (2.9%). trimethoprim-sulphamethoxazole is 
used in the treatment of food-borne L. monocy-
togenes in patients who are allergic to penicil-
lin (LI et al., 2007)

there were some marked differences in the 
degree of antibiotic resistance between sam-
ples. Isolates from fresh soft cheese and raw 
milk showed a higher resistance to amikacin 
(76.9% and 66.6%, respectively) than did those 
from other samples, including the isolates from 
ice cream, none of which were resistant. Isolates 
from minced beef meat showed high resistance 
to amdinocillin (75.0%) and ceftizoxime (68.8%), 
and isolates from raw milk showed a high re-
sistance to streptomycin (66.6%). All isolates 
from fresh soft cheese, raw milk, ice cream and 
minced beef meat were susceptible to meropen-
em and trimethoprim-sulphamethoxazole. All of 
the isolates from raw milk, ice cream and minced 
beef meat were susceptible to gentamicin and ce-
fazolin; and all those from raw milk, ice cream 
and sausage were susceptible to tetracycline. 
In contrast, isolates from chicken meat showed 
variable resistance to the antibiotics (table 2).

the use and misuse of antibiotics contribute 

table 2 - source and percentage of Listeria monocytogenes strains resistant to 13 antibiotics.

Classes of
antibiotics Antibiotics

Aminoglycosides Amikacin (AN, 30 µg) 76.9 66.6 - 17.4 13.8 18.8 32.4
 Gentamicin (GM, 10 µg) 11.5 - - 4.3 6.9 - 5.9
 Kanamycin (K, 30 µg) 38.5 33.3 - 8.7 20.7 6.3 19.6
 Streptomycin (S, 10 µg) 61.5 66.6 20.0 - 58.6 6.3 35.3
Carbapenems Meropenem (MEM, 10 µg) - - - 4.3 6.9 - 2.9
Cephalosporins Cefazolin (CZ, 30 µg) 3.8 - - 4.3 24.1 - 8.8
 Cefepime (FEP, 30 µg) 7.7 33.3 80.0 30.4 10.3 18.8 20.6
 Ceftizoxime (ZOX, 30 µg) 3.8 - - 52.2 20.7 68.8 31.4
 Cefuroxime (CXM, 30 µg) 7.7 33.3 80.0 39.4 20.7 50.0 30.4
Chloramphenicol Chloramphenicol (C, 30 µg) - - - - - - -
Penicillin Amdinocillin (AMD, 10 µg) 50.0 33.3 20.0 60.9 62.1 75.0 57.8
Tetracycline Tetracycline (TE, 30 µg) 60.0 - - - 24.1 12.6 23.5
Trimethoprim- Trimethoprim-
sulphamethoxazole sulphamethoxazole
 (SXT, 1.25 and 23.75 µg) - - - 34.8 3.4 - 8.8
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to the development of resistance among bacte-
ria including food-borne pathogens.

Multiple antibiotic resistance index

the multiple antibiotic resistance (MAr) in-
dex values ranged from 0.23 to 0.38 for the 
isolates. resistance to five antibiotics was 
most common among the isolates, 20 isolates 
(19.6%) were resistant to five antibiotics (9, 7, 
4, from fresh soft cheese, chicken meat, and 
sausage samples, respectively); furthermore, 
18 (17.6%) isolates were resistant to three 
antibiotics and 13 (12.7%) to four antibiotics 
(data not shown).

there has been an increase in antibiotic re-
sistance among Listeria spp. (bArbUtI et al., 
1994; PAPA et al., 1996); this is in line with a 
general worldwide pattern of an increasing prev-
alence of antibiotic resistance, including mul-
tiple antibiotic resistance among many groups 
of bacteria (ArsLAN and ÖZDEMİr, 2008). High 
percentages of resistant strains of L. monocy-
togenes have been reported in dairy and meat 
products (rOtA et al., 1996), and since the in-
cidence of contamination of this bacteria is 
high in meat products in Adana, turkey, these 
foods are of particular concern. since the de-
tection in 1988 of the first clinical strain of L. 
monocytogenes multi-resistance to antibiotics, 
other strains of Listeria spp. resistant to anti-
biotics have been reported (cHArPENtIEr and 
cOUrVALIN, 1999).

the markedly different distribution of resist-
ance to antibiotics, among isolates from the six 
different foods, is shown in Fig. 1. the multiple 
antibiotic resistance (MAr) index values ranged 
from 0.23 to 0.38 for fresh soft cheese, chicken 

meat and sausage isolates; from 0.23 to 0.31 for 
minced beef meat isolates; and the MAr index 
value for milk and ice cream isolates was 0.31. 
the highest numbers of antibiotic-resistant iso-
lates were detected in cheese, chicken meat and 
sausage samples, 9 out of 26 isolates from fresh 
soft cheese, 7 out of 29 isolates from chicken, 
and 4 out of 23 isolates from sausage, were re-
sistant to five antibiotics; no other isolates were 
resistant to so many antibiotics.

this is the first report of antibiotic-resistant 
L. monocytogenes strains isolated from foods 
in Adana, turkey where L. monocytogenes-
contaminated food resistance to antibiotics is 
common. there have been numerous multiple 
antibiotic resistant isolates identified which is 
a major public health concern because of the 
high mortality rates associated with Listeriosis. 
L. monocytogenes can be avoided by vigorous 
scrupulous cleaning and sanitation practices; 
contamination prevention programs, food safe-
ty and HAccP programs must be required in 
all food-processing plants. strict standards for 
food safety practices are urgently needed. It is 
also important to reduce or eliminate the incor-
rect therapeutic use of antimicrobial agents in 
veterinary practice and human medicine. Fur-
thermore, studies are needed to elucidate the 
mechanisms of antibiotic resistance among L. 
monocytogenes isolates.
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AbstrAct

A method was set up to study the antigenotoxic property of the probiotic Lactobacillus rhamno-
sus IMc 501® against 4-nitroquinoline-1-oxide (4-NQO). the method is based on liquid-liquid ex-
traction followed by gas chromatography-mass spectrometry (Gc-Ms) analysis. the Gc-Ms anal-
ysis was used to determine the quantitative change of 4-NQO before and after co-incubation with 
Lactobacillus rhamnosus IMc 501®. the results from Gc-Ms analysis showed that 4-NQO gen-
otoxicity was inhibited and then converted to less toxic compounds. these preliminary results 
from Gc-Ms analysis indicate that the method described is able to detect physicochemical modi-
fications of the genotoxic agent, which occur after co-incubation with bacteria cells. the method, 
therefore, is a novel alternative to biological assays for detecting the antigenotoxicity of lactobacilli.
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INtrODUctION

Food contaminants entering the body 
through the oral route are directly exposed 
to the action of the gut microflora. Normal 
healthy intestinal microflora contains many 
strains of lactic acid bacteria (LAb), some of 
which have been identified, and termed pro-
biotic strains with ascribed health benefits 
(sALMINEN et al., 1998). Probiotic bacteria 
have generated much scientific and commer-
cial interest as ingredients in several foods. 
this interest is due to a range of possible 
health benefits of these bacteria, which in-
clude the improvement and balance of intes-
tinal microflora, suppressing enhanced in-
flammatory responses, immune system stim-
ulation, cholesterol lowering and prevention 
of cancer recurrence (bUrNs and rOWLAND, 
2000; MArtEAU, 2001). the protective effect 
of LAb against food mutagens such as hete-
rocyclic amines, N-nitroso compounds, and 
aflatoxins has also been reported (OrrHAGE 
et al., 1994; EL-NEZAMI et al., 2000). conse-
quently, the antigenotoxicity and antimuta-
genicity of LAbs begin to be considered when 
characterizing the functional properties of 
probiotic bacteria. remarkably, the inhibi-
tory activity of LAbs against some genotox-
ins has been shown for various strains of L. 
rhamnosus, L. casei, L. plantarum, L. brevis, 
L. acidophilus and Lactobacillus spp. isolat-
ed from dairy and pharmaceutical products 
or obtained from culture collections (cENcI et 
al., 2005; cALDINI et al., 2008). In these stud-
ies the antigenotoxicity was demonstrated by 
short-term biological assays (sOs-chromot-
est and comet assay) and was strain-depend-
ent. the mechanism of antimutagenic activ-
ities of probiotics is not clearly understood. 
there is, however, evidence to associate some 
known modes of activity such as binding of 
mutagens to microbial cells (OrrHAGE et al., 
1994), mutagen conversion or direct inhibi-
tion of tumorogenesis by these metabolites 
(HIrAYAMA and rAFtEr, 2000) to explain the 
mechanism of action. the antigenotoxicity of 
probiotics as evaluated by short-term biologi-
cal assays only reflects not more than the rel-
ative activity of probiotics, but no information 
about antigenotoxicity mechanisms could be 
obtained. In particular, it could not differen-
tiate between the absorption or the conver-
sion of the genotoxin.

the aim of the present work was to set-up 
a gas chromatography-mass spectrometry 
method that is able to delineate the mech-
anisms involved in the LAb inhibition of 
4-NQO, a direct-acting agent which produc-
es strand scission and formation of charge-
transfer adducts on DNA. specifically, the 
4-NQO antigenotoxicity of a LAb probiotic 
strain (Lactobacillus rhamnosus IMc 501®) 

revealed by short-term biological assays 
(data not shown), was evaluated by Gc-Ms 
analysis.

MAtErIALs AND MEtHODs

bacterial strain

Lactobacillus rhamnosus IMc 501® strain 
was used in this study. the bacterial strain 
was isolated in our laboratory from faecal 
samples of elderly Italian subjects during an 
EU project named crownalife, as previous-
ly described (sILVI et al., 2003; MUELLEr et 
al., 2006). L. rhamnosus IMc 501® has been 
studied for its probiotic properties such as 
gastro-intestinal transit (acid and bile tol-
erance), in vitro adhesion to cell line, anti-
microbial activity, antibiotic susceptibility, 
plasmid profile and in vivo colonization and 
persistence in the human gut. the bacterial 
strain was phenotypically and genotypically 
characterized and deposited in the culture 
collection Deutsche sammlung von Mikroor-
ganismen und Zellkulturen (DsMZ, Germa-
ny) with number DsM 16104 and it was as-
signed Italian patent no. rM2004A000166 
(VErDENELLI et al., 2009).

Viability

the viable number of L. rhamnosus IMc 501® 

after co-incubation with 4-NQO was determined 
by plate count on Mrs agar (Oxoid Ltd, basing-
stoke, Hampshire, UK) under aerobic incuba-
tion conditions. the experiment was conduct-
ed in triplicate.

chemicals

the genotoxin, 4-nitroquinoline-1-oxide, was 
obtained from sigma (cAs no. 56-57-5, sigma-
Aldrich, st. Louis, MO, UsA). stock solution (1 
mg/mL) was prepared in dimethyl sulphoxide 
(DMsO) and aliquots were stored at -20°c, until 
the test. Working solutions were obtained with 
suitable dilution in saline.

cell preparation and genotoxin-cell 
co-incubation

cultures were grown overnight in Mrs-broth 
at 37°c and harvested by centrifugation (6,000 
g for 15 min). the pellet was resuspended in 
physiological saline (108-109 cFU/mL) and 
4-NQO was added at a final concentration 
of 0.1 mM. co-incubation was carried out at 
37°c for 15, 30 and 135 min under agitation. 
the supernatant was recovered by centrifu-
gation followed by filtration through a 0.45 
µm membrane filter (sartorius AG, Göttingen, 
Germany).
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Physicochemical analyses

supernatants of 4-NQO-treated cultures 
were examined by both absorbance profiles 
(shimadzu UV-1204 spectrophotometer, co-
lumbia, MD, UsA) and gas chromatography/
mass spectrometry.

Fifty mL of 4-NQO-treated culture superna-
tant was extracted three times in a separatory 
funnel with dichloromethane by using 15, 15 
and 20 mL, respectively. the solvent was evap-
orated under vacuum and dried samples were 
re-dissolved in 1 mL of dichloromethane. the 
Gc-Ms analyses were performed on a gas chro-
matography (Agilent technologies 6890N, santa 
clara, cA, UsA) coupled to a mass spectrome-
ter (Agilent technologies 5973N). A HP-5Ms Ag-
ilent techonologies (30 m - 0.25 mm I.D. - 0.1 
µm film) column was used with helium as car-
rier gas (flow rate 1 mL/min). the sample (2.0 
µL) was injected in the splitless mode at 250°c 
(purge time 2.0 min). the Gc oven was operat-
ed with the following temperature program: ini-
tial temperature 70°c held for 3 min, increased 
to 320°c at 30°c/min and held at 320°c for 10 
min. the ionizing energy was 70 eV and all data 
were obtained by collecting full-scan mass spec-
tra at a scan range of 29-350 amu. the com-
pounds were identified with NIst 08 mass spec-
tra library using the chemstation software.

statistical analysis

the mean values and the standard deviation 
were calculated from the data obtained in three 
separate experiments. A student t-test was used 

Fig. 1 - the bacterial count of Lactobacillus rhamnosus IMc 501® after co-incubation with 0.1 mM 4-NQO at 37°c for 135 
min. Mean values ± standard deviation of three measurements.

to determine the significance of differences in 
bacterial counts before and after genotoxin-cell 
co-incubation.

rEsULts

survival of probiotic bacteria 
in the presence of 4-NQO

It was observed that the viability of the probiotic 
bacteria, L. rhamnosus IMc 501®, remained com-
paratively high after co-incubation with the gen-
otoxin. In fact, cell survival remained above 90% 
(Fig. 1) and there were no significant differences.

spectroscopic characteristics of 4-NQO before 
and after cell co-incubation

bacteria-mutagen co-incubation was accom-
panied by modifications in the spectroscop-
ic characteristics of the supernatants. repre-
sentative absorbance profiles indicate that the 
maximum absorbance peak of 4-NQO was shift-
ed to a short wavelength (hypsochromic shift), 
compared to the normality typical of the com-
pound (Fig. 2).

Fig. 3 illustrates mass spectral data from 
supernatants of the strain L. rhamnosus IMc 
501® treated with 4-NQO at different incuba-
tion times. the spectra showed the gradual dis-
appearance of 4-NQO and the appearance of 
4-aminoquinoline and 4-nitroquinoline at 15 
min as depicted in the standards shown in Fig. 
4. the concentration of these two products also 
showed a gradual reduction at 30 and 135 min. 
Fig. 5 shows the decrease of 4-NQO peak areas 
at different times of genotoxin-cell co-incubation.
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Fig. 2 - representative absorbance profiles of 4-NQO without and with Lactobacillus rhamnosus IMc 501® co-incubation at 
different times. (a) 15 min, (b) 30 min, (c) 135 min. the dashed profile represents genotoxin spectrum without bacteria co-
incubation.

Fig. 3 - Mass spectra of supernatants from the Lactobacillus rhamnosus IMc 501® strain co-incubated with 4-NQO for differ-
ent times of incubation (15, 30 and 135 min). A, 4-nitroquinoline; b, 4-aminoquinoline; c, 4-nitroquinoline-1-oxide.

cONcLUsIONs

the data from the study of the co-incuba-
tion of L. rhamnosus IMc 501® with the refer-
ence genotoxin 4-NQO shows that this probiot-
ic bacterial strain has potential inhibitory ac-
tivity against this genotoxin as revealed by Gc 
mass spectrometry. Lactic acid bacteria have 
been reported to have antimutagenic/anticar-
cinogenic properties in vitro and in vivo. the 
mechanisms for such effects have been hypoth-
esized to include the physical binding of the mu-
tagenic compounds to the bacteria, genotoxin 
bioconversion or conjugation (bUrNs and rOW-

LAND, 2000; cOMMANE et al., 2005). the Gc-Ms 
protocol set-up in this study has demonstrat-
ed the inhibition of 4-NQO genotoxicity by the 
strain L. rhamnosus IMc 501®, revealing physi-
cochemical modifications of the genotoxic agent 
that originated from bacterial preincubation. In 
fact, the spectra show appearance of 4-amino-
quinoline as a bioconversion product, which is 
a widely known inactive compound. First of all, 
the modification seen in the absorbance profile 
of 4-NQO after co-incubation with L. rhamno-
sus IMc 501® proves the involvement of chemi-
co-biological interactions. It is notable that the 
antigenotoxicity is a strain-dependent charac-
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teristic as demonstrated by the 
observable spectroscopic mod-
ification profile of the genotox-
ins during co-incubation with 
different bacterial strains (cOr-
sEttI et al., 2008). the results 
obtained in this study are in ac-
cordance with those of cALDINI 
et al. (2002) who demonstrated 
a blue shift in the maximum ab-
sorbance wavelength of 4-NQO 
after co-incubation with Bacil-
lus strains. Moreover, the Gc-
Ms method was able to mon-
itor the disappearance of the 
toxic agent and the appear-
ance of other possible meta-
bolic products, as also shown 
by other authors (cALDINI et 
al., 2002). In this study Gc-Ms 
spectra showed that the antige-
notoxic process was accompa-
nied by a decrease in the con-
tent of 4-NQO and a simultane-
ous appearance of a new prod-
uct peak. It could be deduced 
from the Gc-Ms results that 
the mechanism of antigenotox-
icity for L. rhamnosus IMc 501® 
was the conversion of 4-NQO to 
an inactive end product, and 
not the simple absorption or 
binding onto cell wall compo-
nents. In this context, it is in-
teresting to highlight that the 
inhibition of the tested genoto-
xin was related to the mainte-
nance of cell viability after co-
incubation. this fact, togeth-
er with the capability of resist-
ance to gastrointestinal stress 
by L. rhamnosus IMc 501® sug-
gests the possibility of using 
this probiotic strain as an in-
gredient in functional foods 
where it could serve as a source 
of protection against genotoxic 
risk in the human gut. these 
results are of considerable in-
terest with the increasing de-
mand for functional foods, es-
pecially dairy products, such as 
yoghurts and fermented milks, 
containing Lactobacillus and 
Bifidobacterium. results sug-
gest that Gc-Ms may be con-
sidered an excellent methodol-
ogy for revealing genotoxin de-
activation by probiotic bacte-
ria. the Gc-Ms analysis is in 
fact applicable to different ge-
notoxic compounds which may 
be present in foods or originate 

Fig. 4 - Mass spectra of 4-nitroquinoline-1-oxide (A), 4-aminoquinoline (b) and 
4-nitroquinoline (c).

Fig. 5 - Peak area reduction of 4-nitroquinoline-1-oxide after 15, 30 and 135 
min of co-incubation with Lactobacillus rhamnosus IMc 501®.



478  Ital. J. Food Sci. n. 4, vol. 22 - 2010

from cooking (exogenous genotoxins) and/or be 
produced by host metabolism (endogenous ge-
notoxins). Finally, with regard to the microor-
ganism used, the results of this in vitro study 
suggest that the incorporation of L. rhamnosus 
IMc 501® in the diet might be able to suppress 
or reduce the genotoxic activity of potentially 
harmful compounds. In this context it is im-
portant to emphasize the excellent tolerance to 
gastro-intestinal transit demonstrated by this 
microorganism (VErDENELLI et al., 2009). the 
evidence from the above-described in vitro ap-
proach, although not directly transferable to 
humans, is in line with the hypothesised effi-
cacy of probiotics in providing a protective ef-
fect against genotoxins in the gut. Further tri-
als are in progress to confirm in vivo antigeno-
toxicity of L. rhamnosus IMc 501® using an an-
imal rat model.
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AbstrAct

Various ethanol extracts of dried oregano samples purchased from international wholesale 
traders and from retail markets have been examined by Gc/Ms: the same procedure was con-
ducted with various samples of olive leaves. the extracts were studied in the chromatographic 
region where the volatile compounds of high mass can be eluted. the experiments revealed that 
two markers derived only from olive leaves were identifiable in oregano extracts containing olive 
leaves, also at very low levels. this paper describes the operating conditions useful to realize the 
test which permits to evidence the adulteration of commercial batches of ground oregano contain-
ing olive leaves added as bulking agents.
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INtrODUctION

Various species of commercially named “oreg-
ano” or “origanum” have achieved economic in-
terest and they are used indiscriminately for cu-
linary purposes. Oregano plant parts and bio-
chemical extracts (herb, leaf, essential oil, etc.) 
are also commonly used in the food industry as 
a spice. In Europe and throughout the world, 
the most commonly used oregano species be-
long to the genus Origanum. this genus is rep-
resented by various species and subspecies and 
many analytical investigations and morpholog-
ical studies of oregano have been undertaken 
to discriminate between numerous subspecies. 
the genus Origanum (Labiatae family) includes 
about 70 species, subspecies, varieties and hy-
brids, characterized by considerable morpho-
logical and chemical diversity (AZIZI et al., 2009; 
bArANskA et al., 2005; bAsEr et al., 1992; bAs-
Er et al., 1993; cArMO et al., 1989; EsEN et al., 
2007; kINtZIOs, 2002; NApOLI et al., 2009; OZ-
kAN et al., 2010; rUssO et al., 1998; tUckEr 
and MAcIArELLO, 1994).

Origanum vulgare L. ssp. hirtum is widely 
distributed in the Mediterranean basin and is 
termed “Greek oregano” while Origanum onites 
L. is commonly known as “turkish oregano” and 
also other subspecies of Origanum vulgare L. 
such as gracile, viride, virens, glandulosum are 
represented. the volatile compounds of ground 
oregano have been shown to vary significantly 
and the composition of these volatile substances 
has not been clearly correlated with individual 
genotypes. Indeed, the presence of some herbs 
of different genus in ground oregano cannot be 
easily identified or confirmed by evaluation of 
the volatile fraction conventionally considered.

the detection of Cistus incanus L., Rubus cae-
sius L. and Rhus coriaria L. has been indicat-
ed by MArIEschI et al. (2010) by scAr markers 
and by rApD-pcr techniques, while by rApD-pcr 
MArIEschI et al. (2009) previously proposed the 
identification of Satureja montana L. and Origa-
num majorana L. these earlier publications sug-
gested the identification of the aforementioned 
dried plants in Mediterranean oregano, but there 
is actually no evidence of scAr markers use-
ful to detect the adulteration of herbs with Olea 
europaea L. leaves. Moreover, as reported in a 
recent paper, the scAr markers have been de-
veloped for only a few medicinal herbs (kIrAN 
et al., 2010).

Morphological and botanical methodologies 
can often be conveniently adopted for quality 
control and we have previously reported suffi-
ciently extended data, obtained by a stereo zoom 
microscope system, to identify ground leaves 
of Olea europaea L. in commercially prepared 
ground oregano samples (bONONI et al., 2010).

preliminary hpLc analyses also evidenced the 
possibility to differentiate between the alcoholic 
extract of Olea europaea L. leaves, where oleu-

ropein represented the main phenolic compo-
nent, and the alcoholic extracts of oregano. In 
fact, the phenolic fraction is conveniently stud-
ied by high performance Liquid chromatography 
(hpLc) or Liquid chromatography/Mass spec-
trometry (Lc/Ms) (JApÓN-LUJÁN et al., 2006; 
LAGUErrE et al., 2009; pApOtI and tsIMIDOU, 
2009). On the contrary, the characterization of 
the compounds having molecular weight high-
er than 280 Da by Gas chromatography/Mass 
spectrometry (Gc/Ms) in olive leaves has not 
been studied before. however, in this paper, the 
authors describe an easy preliminary Gc/Ms 
test for the rapid identification of two markers 
probably derived from the phenolic fraction of 
Olea europaea L. leaves and sufficiently identi-
fied by their mass spectra.

An evaluation of phenolic compounds in vir-
gin olive oil by Gc/Ms was realized by ANGErO-
sA et al. (1995) but these Authors evidence the 
difficulty of the clear identification of the most 
of phenolic compounds with high molecular 
weights. the aim of this paper is not the charac-
terization of the phenolic fraction by Gc/Ms, but 
is to demonstrate that Olea europaea L. leaves, 
when added to oregano, produce clear modifi-
cations of the Gc/Ms trace of the alcoholic ex-
tract of the mixture: in fact, the presence of two 
characteristic markers can unequivocally put 
in evidence the presence of olive leaves used as 
bulking agents. 

In the near future we will publish two meth-
ods characterized by generalized applicability 
and based on the identification of oleuropein 
by hpLc/DAD and Lc/Ms/Ms-EsI(-) in dried 
herbs containing Olea europaea L. leaves.

MAtErIALs AND MEthODs

chemicals and reagents

Ethyl alcohol (99%) was purchased from sig-
ma-Aldrich (Milan, Italy). Filters Gh polypro (hy-
drophilic polypropylene Membrane Filter) 0.45 
µm pall were purchased from VWr Internation-
al (Milan, Italy).

plant material

Dried samples of different species of orega-
no were prepared from fresh plant material by 
drying at 40°c for ten days. Other dried sam-
ples of Mediterranean oregano were purchased 
from international wholesale traders. the sam-
ples were ground to a particle size diameter of 
1.0-5.0 mm as usually found in the retail mar-
ket. Various samples of ground and dried oreg-
ano were also purchased from retail markets. 

Dried leaves of Olea europaea L. of different 
origin, treated as previously described or col-
lected in various regions of Italy and dried in 
not controlled conditions, were studied. these 
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leaves were grounded to similar dimensions of 
oregano.

Extract production

All dried samples were treated separately as 
follows: ~1 g of each herb, ground as previous-
ly described, was mixed with 5 mL of ethyl al-
cohol at 20-25°c. After magnetic stirring for 10 
h, the extract was centrifuged at 500 rpm for 3 
min and the supernatant was filtered through 
a Gh polypro 0.45 µm filter. An aliquot (1 µL) of 
the extract was injected for the Gc/Ms analysis.

Gc/Ms analysis

Gc/Ms analyses were carried out with a shi-
madzu 2010 gas chromatograph coupled to a 
shimadzu 2010 MsD quadrupole mass spec-
trometer (shimadzu, Italy). helium was used as 
the carrier gas at a flow rate of 1 mL/min. suit-
able identification of the analytes was achieved 
using an EquitytM-5, a poly(5% diphenyl - 95% 
dimethylsiloxane) stationary phase column, 30 
m × 0.25 mm i.d., 0.25 µm film thickness (su-
pelco, Milan, Italy). the oven temperature pro-
gram was initially 60°c (held for 1 min.) then in-
creased to 240°c at a rate of 3°c/min (held for 
5 min). the injector temperature was 230°c and 
the split injection mode (1:5) was used. the ion 
source and the transfer line temperatures were 
200° and 250°c, respectively. the Ms instru-
ment was operated in positive electron ioniza-
tion mode (EI+) with automatic gain control, with 
70 eV of electron energy and 250 mA of emis-
sion current. the mass spectrometer was oper-
ated in the full scan mode from 40 to 300 m/z.

rEsULts AND DIscUssION

All the Olea europaea L. extracts produced 
Gc/Ms chromatograms that were strictly sim-
ilar from the qualitative point of view over the 
time range 35.0-50.0 min (Fig. 1). the two peaks 
A and b were characterized by Ms spectra (Fig. 
2) and were considered as markers of the Olea 
europaea L. leaves, because the traces produced 
by Gc/Ms from all extracts of oregano examined 
until today did not show similar trends and did 
not contain these two peaks. the two markers 

A and b eluted at reproducible retention times 
showing very characteristic mass spectra with 
the heaviest detectable m/z values 263 and 266, 
respectively. the mass spectra produced in the 
full scan mode from 100 to 400 m/z didn’t show 
heaviest fragments.

the two markers are probably generated from 
the biophenol fraction, well known to be present 
in olive leaves, as reported by various Authors 
which studied the biophenol fraction by hpLc 
and Lc/Ms (JApÓN-LUJÁN et al., 2006; LA-
GUErrE et al., 2009; pApOtI et al., 2009).

the identification of biophenols with high mo-
lecular weights, as mentioned in the Introduc-
tion section, is difficult since the fragmentation 
of complex phenolic compounds has been not 
yet studied by Gc/Ms and consequently lacks 
in the literature. In fact, the resulting Gc/Ms 
spectra derive from various fragmentations of 
complex phenolic compounds present as glyco-
sides and a lot of masses could be justified by 
the existence of the fragments that can be formed 
through Mc Lafferty rearrangements.

Fig. 3 compares the extracts of three sam-
ples of oregano purchased from the retail mar-
ket with one extract of Olea europaea L. leaves 
and clearly shows the absence of the two mark-
er peaks in the three chromatograms of samples 
of oregano (traces 2, 3 and 4).

In the Gc/Ms traces corresponding to three 
extracts of different samples of Olea europaea 
L. leaves (Fig. 4), the quantitative responses for 
the two marker peaks varied in intensity, but 
were strictly similar and reproducible from the 
qualitative point of view. the samples prepared 
for these studies were derived from olive leaves 
from Lake Garda region and treated as described 
in the “plant material” section. Other samples 
derived from the regions of Italy Apulia, tusca-
ny and Liguria were collected in August and De-
cember and dried under different drying condi-
tions. In some cases the drying treatment was 
spontaneous, as declared by suppliers, in other 
cases the drying treatment was realized in dry-
er for herbs at not strictly controlled conditions.

Mixtures of both olive leaves and oregano 
showed evidence of the presence of olive leaf 
markers A and b: a sample of oregano contain-
ing 12% olive leaves (Fig. 5, “Mix 12”) proved 
the usefulness of this test to identify adulterat-
ed preparations of the herb. 

the two markers of olive leaves are adequate-
ly characteristic to permit the selection of two 
ions, one for each marker, sufficient by a multi-
ple ion detection MID-Gc/Ms mode for the iden-
tification of olive leaves addition in oregano. the 
ions selected, previously termed “selected ion 
marker” in Fig. 2, have m/z values of 233 (from 
peak marker A) and 192 (from peak marker b). 
these ions were never present in Gc/Ms traces 
obtained with the described method in samples 
of only oregano leaves, but both were present 
in extracts of olive leaves. research previously 

Fig. 1 - typical Gc/Ms trace over the time range 35.0-50.0 
min of an alcoholic extract of Olea europaea L. leaves. two 
peaks indicated with markers A and b are used to identify 
the presence of olive leaves in oregano.
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mentioned demonstrated the large presence of 
phenolic compounds and of main glycosides in 
olive leaves as oleuropein, ligstroside, verbasco-
side, demethyloleuropein and others similar mol-
ecules identified in alcoholic extracts (JApÓN-LU-
JÁN et al., 2006 ; LAGUErrE et al., 2009). there-
fore, considering the ion masses of the com-
pounds extracted in the proposed test with etha-
nol and their elution in the range 35.0-50.0 min, 
it is probably possible to assign generically to bi-
ophenols derivatives the structure of the mark-
ers A and b.

During the quality control conducted in 2009 
on commercial batches of both ground and dried 
oregano, we identified various samples shipped 
mainly from foreign producers to the EU as be-
ing adulterated with olive leaves at different per-
centages, as evaluated by manual microscopic 

Fig. 2 - Gc/Ms spectra of two markers A and b evidenced in the olive leaves alcoholic extract.

Fig. 3 - comparison of Gc/Ms traces of an olive leaves extract 
(1) with three oregano extract traces (2, 3 and 4) produced 
from “pure” samples derived from retail market.

Fig. 4 - Gc/Ms traces of three extracts derived from different 
sources of ground olive leaves collected from the trees from 
various Italian regions, in different seasons and obtained with 
different drying treatments (O1, O2, O3).

Fig. 5 - Gc/Ms traces confirming the presence of olive leaves 
in a mixture of oregano containing 12% (w/w) added olive 
leaves (mix 12%). chromatogram O1 is from an extract of ol-
ive leaves alone.
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screening at levels of 10-20% (w/w). The meth-
od we present here can detect adulteration of 
oregano samples by olive leaves without micro-
scopic screening.

CONCLUSIONS

The GC/MS test described in this paper per-
mits the confirmation and the documentation 
of the irregularities in commercial batches of 
ground oregano due to the presence of ground 
olive leaves. The detection limit of the test, con-
firmed by analysis of different mixtures made 
with olive leaves of many origins and drying lev-
els, was as low as 1% and has also been applied 
to other studied cases to detect the adulteration 
of other herbs (example “Salvia officinalis L.”) 
with the same extraneous matter considered in 
this paper. In particular, until today the use of 
Olea europaea L. leaves as adulterant has been 
detected only in oregano and sage.

The commercial significance of the test results 
is obviously higher in all cases where the adul-
teration reached levels of 5% or more, and the 
experience of the analyst often permits the pro-
duction of a minimum quantitative evaluation 
of the adulteration level. A more specific study 
on the identity of biophenols by liquid chroma-
tography is possible, but for a more rapid and 
routinary application for quality control pur-
poses, the nonspecific identification of mark-
ers by GC/MS technique appears to be easy to 
conduct. As reported before, the reliability and 
reproducibility of the results from the proposed 
test has been supported by other contempora-
neous experiences conducted by the same Au-
thors. Using HPLC/DAD and LC/MS/MS-ESI(-) 
techniques it is possible to identify the oleuro-
pein, a coumarin-like compound abundant in 
Oleaceas, which is a very specific molecule de-
riving from olive leaves.
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First Announcement

10th International Symposium 
on Supercritical Fluids
San Francisco, CA, USA

13-16 May 2012

A continuation of the 20+ year symposia se-
ries – the 10th International Symposium on Su-
percritical Fluids (ISSF 2012) will be held at the 
Embarcadero Hotel on the Bay in San Francisco, 
California, USA, May 13-16, 2012. A full tradi-
tional 3-day format will feature plenary lectures, 
invited lectures, multiple poster sessions, a book 
of abstracts with proceedings on a CD disk, gala 
dinner, and much more.

Each day of the symposium will begin with a 
topical plenary lecture followed by parallel ses-
sions and all- day poster sessions to expose par-
ticipants to the current trends and applications 
of SCF technology.

Meeting participants will have the opportuni-
ty to interface with companies engaged in high 
pressure and critical fluid technology, instru-
mentation vendors, and journal and book pub-
lishers that will exhibit their latest offerings dur-
ing the symposium.

Some Selected Topical Areas: Material Sci-
ence and Nanotechnology, Biomass Conversion, 
Food Processing and Nutraceuticals, Thermo-
dynamics and Fluid Phase Equilibria, Polymer 
Processing, Chromatography, Reaction Chem-
istry, CO2 Sequestration, Ionic Liquids, Simu-
lations and Process Economics, Integrated Unit 
Operations

Organizing Committee:
Jerry King - University of Arkansas 
Mark McHugh -Virginia Commonwealth University
Feral Temelli - University of Alberta
For more informations: www.ISSF2012.com 
Contact: Janetbarr@aol.com
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and S. Pliestić ..................................................................................................................................................408

Chemical and Physical Characterization of Cactus Cladode (Opuntia ficus-indica) Powder
C. Sáenz, E. Sepúlveda, N. Pak and M. Lecaros ...............................................................................................416

Evaluation of Attributes Associated with the Quality of Nopalito (Opuntia spp. and Nopalea sp.)
C. López-Palacios, J.A. Reyes-Agüero, H.M. Ramírez-Tobías, B.I. Juárez-Flores, J.R. Aguirre-Rivera, 
L. Yañez-Espinosa and M.A. Ruíz-Cabrera .......................................................................................................423

Effect of Drying Method on the Sorption Isotherms and Isosteric Heat of Persimmon Pulp Powder
P.C. Benedetti-Damy, M.A.M. Pedro, J. Telis-Romero and V.R.N. Telis ...............................................................432

Instrumental Texture of Torrone of Taurianova (Reggio Calabria, Southern Italy)
M. Speziale, L. Vázquez-Araújo, A. Mincione and A.A. Carbonell-Barrachina ..................................................441

Effect of Microbiological Transglutaminase on Selected Physicochemical Properties of Tvarog
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