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AbStrAct

the network of scientific collaboration in viticulture and oenology between the United States 
and the European Union was studied for the period 1991-2010. A total of 498 articles were pub-
lished collaboratively during this time. the most collaborative institutions in the US were the Uni-
versity of california Davis and cornell University (New York), and the most collaborative institu-
tions in the EU were Institut Nationale de la recherche Agronomique (France), the Italian univer-
sities of Milan, bologna and Udine, and the Spanish University of barcelona. We note a consider-
able increase in collaboration in recent years, with the University of california Davis situated in 
a central position in the network.
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INtrODUctION

the European Union is the largest producer of 
wine in the world. It is also the largest exporter 
and importer of wine in the world, highlighting 
the socio-economic importance of the wine sec-
tor in this area. Wine consumption in the Unit-
ed States has increased over the last ten years 
at a constant rate of approximately 3% per year, 
which is slightly lower than the consumption in 
France and Italy. In the coming years, the Unit-
ed States is expected to overtake these countries 
to become the largest wine market in the world. 
Although the total consumption of wine is con-
siderable, consumption per capita in the United 
States remains below countries with older tra-
ditions of winemaking. this phenomenon may 
be considered an indicator of growth potential 
(FErNÁNDEZ et al., 2006).

Wine imports have increased significantly in 
recent years from the European Union, which is 
the main supplier of wine to the United States. 
three quarters of the wine consumed in the 
United States is of domestic origin, whereas im-
ported wines have a quota of 25% (cbI, 2009). 
these commercial transactions make scientific 
and technical cooperation between the European 
Union and the United States increasingly more 
important. Extensive collaboration in research 
in this area has produced large numbers of col-
laborative journal articles on the wine trade.

this study provides a bibliometric analysis of 
collaborative research on wine and grapes pub-
lished in the United States of America and the 
European Union during the 1991-2010 period. 
According to GLÄNZEL and VEUGELErS (2006), 
bEAVEr and rOSEN (1979) and LUUKKONEN et 
al. (1992), international collaboration allows re-
searchers to exchange scientific information with 
their international colleagues on the latest sci-
entific developments, to gain access to the best 
equipment, facilities, and talent, and to partic-
ipate in large-scale research projects that are 
beyond the financial capabilities of individual 
countries.

MEtHODS AND DAtA SOUrcES

the articles under analysis were obtained from 
the Science citation Index Expanded (ScIE) da-
tabase, accessed via the Web of Knowledge plat-
form from terminals at the Universidad Politécni-
ca of Valencia (Spain). Only “citable documents” 
were considered (that is, papers published as ar-
ticles, letters, notes or reviews), excluding docu-
ments such as book reviews, summaries of com-
munications at conferences, reprints, news and 
bibliographic articles.

to define the field of “wine research”, we 
used the same strategy employed by GLANZEL 
and VEUGELErS (2006) in a previous paper and 
combined three components: a) specific search 

words, b) institutional addresses, and c) Euro-
pean Union countries combined with the Unit-
ed Sates.

First, for the specific search words, we used 
the following strategy: 

tS = (grapevin* or wines or “wine grap*” or 
“wine pro*” or “red wine*” or “white wine*” or 
winemaking or enolog* or viticult* or oenolog* or 
“wine cell*” or “wine yeast*” or winery or wineries).

the search was restricted to the field “topic”, 
which retrieved records if the above-mentioned 
terms were included in the titles, keywords or 
abstracts of articles.

Second, for institutional addresses, we used 
the following strategy:

AD = (enolog* or viticult* or oenol*), where 
AD was the label of the authors’ institutional 
address.

Finally, we limited the search to articles that 
were signed by at least one European Union 
country and United States in the ‘address’ field 
of the search options of the ScIE database. the 
current European Union countries are Aus-
tria, belgium, bulgaria, cyprus, czech repub-
lic, Denmark, Estonia, Finland, France, Ger-
many, Greece, Hungary, Ireland, Italy, Latvia, 
Lithuania, Luxembourg, Malta, Netherlands, 
Poland, Portugal, romania, Slovakia, Slovenia, 
Spain, Sweden, and the United Kingdom (which 
includes England, Scotland, Wales, and North-
ern Ireland). 

For some terms, the root was used (truncat-
ing the word with an asterisk) to obtain all of the 
documents associated with the derived words 
(e.g., by using the truncation enolog*, the ScIE 
database finds enology, enological, enologist, 
and so on). 

the analysis was limited to 20 years (the pe-
riod from 1991 to 2010). In order to identify the 
institutions and countries with high and in-
creasing citation rates, the citation/document 
rates by 5-year period were calculated.

the final records were exported to a relation-
al database using the proprietary software bib-
liometrics. Variants of the names of authors or 
institutions were unified because this informa-
tion does not always appear standardised in 
ScIE. the following step was to analyse the in-
formation to obtain bibliometric indicators and 
to identify all combinations of pairs of authors 
and institutions in each paper to quantify the 
number of co-authorships (ie, the presence of 
joint signatures of authors or institutions in 
different articles). We examine publication pro-
ductivity using a normal count or full counting 
scheme, where equal credit is given to all con-
tributors; one full unit is assigned to each au-
thor, or each institution or country involved in 
a scientific paper, in opposition to the fraction-
al count (adjusted count), where each co-au-
thored paper are divided by the number of co-
authors. this information formed the basis for 
identifying research groups. the software Pa-
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jek, designed for the analysis and visualisation 
of networks, was used for the construction and 
graphical representation of the research groups 
(bAtAGELJ and MrVAr, 2001).

rESULtS

1. General data: annual productivity 
and journals

During the 1991-2010 period, 498 articles 
were published: 452 original articles (90.76%), 
34 reviews (6.83%), 8 notes (1.6%), and 4 let-
ters (0.8%). Most of them (43%) were published 
in the last five years, making 2009 the most pro-
ductive year (n=51) (Fig. 1). In contrast, 73% of 
papers were published during the 2001-2010 
decade, and the remaining 27% were published 
in the 1990s.

Papers were published in 237 different jour-
nals. the American Journal of Enology and Vit-
iculture was the most productive journal, with 
50 papers published, followed by the Journal 
of Agricultural and Food chemistry, with 33. 
both of these journals were edited in the Unit-
ed States. the VItIS German journal published 
29 articles, and 3 other journals published more 
than 10 articles: Phytopathology (n=14), Plant 
Disease (n=14) and Applied and Environmental 
Microbiology (n=11). table 1 shows the 33 jour-
nals with three or more published articles dis-
tributed by five-year periods and includes the 
2009 impact factor and country of publication.

the journals with the largest impact factors 
were the Proceedings of the National Acade-
my of Sciences of the United States of Amer-
ica (FI=9,771), followed by bMc Genomics 
(FI=4,206), edited in United Kingdom, and Jour-
nal of chromatography A (FI=4,194), edited in 
the Netherlands. As shown in the table, the most 
productive journals were published in the United 
States (8 journals), the United Kingdom (4 jour-
nals), Germany (3 journals), the Netherlands (2 
journals) and Italy (one journal). 

2. Publication output and citation impact 
by country 

For the comparative analysis of national pub-
lication activity and citation impact, table 2 
shows the countries with more than one pub-
lished paper and lists the number of papers pub-
lished during the period, citations and the rate 
of citations per document. the United States, 
which had the highest share of publication out-
put and citations (498 papers and 13,630 cita-
tions), was followed by Italy, France, Spain and 
Germany, with 146, 117, 73 and 50 papers, re-
spectively. this ranking is similar for citations, 
with the exception that Austria and the Unit-
ed Kingdom had more citations than Germa-
ny. Among the most productive countries, the 
highest rate of citations per papers belonged to 
Austria (102.3), followed by Spain (46.6). the 
UK is the country with the highest increase in 
the rate of citations per document in the 2006-
2010 period.

Fig. 1 - Evolution of publication output from 1991 to 2010.



6 Ital. J. Food Sci., vol. 25 - 2013

3. Institutional productivity 
and citations 

the published papers reflected 
involvement by 691 institutions, 
with the University of california Da-
vis contributing the most (149 pub-
lications). Other American institu-
tions that collaborated with the Eu-
ropean Union were cornell Univer-
sity (New York) through the depart-
ments of Food Science and tech-
nology, Plant Pathology and Horti-
culture Sciences and the Agricul-
tural research Service of the Unit-
ed States Department of Agriculture 
(n=27) (table 3). 

Among European Union institu-
tions, the most collaborative institu-
tions with the US were Institut Na-
tionale de la recherche Agronom-
ique (France), the Italian universi-
ties of Milan, bologna and Udine, 
and the Spanish University of bar-
celona. 

the literature search was limited 
to articles that were signed by Eu-
ropean Union and US institutions. 
therefore, institutions that did not 
belong to these countries included 
foreign institutions who had pub-
lished articles in conjunction with 
these countries, such as the Uni-
versity of Stellenbosch (South Afri-
ca; n=6), the Australian Wine re-
search Institute (Australia; n=3), 
and the University of basel (Swit-
zerland; n=2), among others. 

In terms of the citations re-
ceived, the most frequently cited 
institution was also the Universi-
ty of california (n=5,695), followed 
by the University of barcelona 
(Spain; n=1,931), the Institut Na-
tionale de la recherche Agronom-
ique (France; n=342), the Australi-
an res ctr GmbH (n=1,135) and the 
Agricultural research Service-Unit-
ed States Department of Agricul-
ture (US, n=1,029). Eighty institu-
tions received 100 or more citations 
(11.6%), 454 (65.7%) received 10 or 
more citations and only 28 received 
no citations. It should be stressed 
the fact some institutions such as 
the Agricultural research Service-
United States Department of Agri-
culture (Usa), the consejo Supe-
rior de Investigaciones científicas 
(Spain) and the University of Udine 
(Italy) have a remarkable growth in 
the rate of citations per document 
in the 2006-2010 period.t
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3. Authors’ productivity and citations

the 498 articles were published by 
2028 different authors, of whom 1629 
(80.3%) published a single article. table 
4 presents authors with five or more pub-
lished papers, the number of citations re-
ceived and the evolution of these varia-
bles from 1991 to 2010. the most pro-
ductive author was Dipak K Das (n=35), 
followed by Andrew L Waterhouse (n=25) 
and two authors with 20 articles respec-
tively, carole P Meredith and Marc Fuchs.

regarding the citations (table 2), five 
authors received more than one thou-
sand citations. the most frequently 
cited authors were rosa M Lamuela-
raventos (n=1,847), followed by Andrew 
L Waterhouse (n=1,751), Dipak K Das 
(n=1,299), VL Singleton (n=1,140) and 
r Orthofer (n=1,123). Singleton and Or-
thofer are not included in table 3 be-
cause they published only two and one 
articles, respectively; 95% of the au-
thors were cited at least once, and the 
remaining 5% received no citations. 

4. Indicators of collaboration 
and networks

the collaboration index (average 
number of authors per paper) was 6.2 
for the entire period, increasing from 4.7 
in the first five years to 7.4 in the lat-
ter five-year period (results not shown). 
regarding collaboration between the US 
and European countries, the coun-
try with the most papers was Italy 
(n=146), followed by France (n=117), 
Spain (n=73) and Germany (n=50). Oth-
er countries that published articles in 
collaboration with the US and at least 
one EU country (that is, a triple collab-
oration) were Australia (n=14), Switzer-
land (n=13), canada (n=11), South Af-
rica (n=9), Israel (n=6) and the People’s 
republic of china (n=5), among others.

For the representation of networks 
of collaboration, a threshold of 5 co-
authored articles was used. Eighteen 
groups were created with different com-
ponents or numbers of authors in each 
group (Fig. 2). the largest group had 19 
components and two nuclei: in the first 
one (with a stellar structure), the central 
author was Meredith, whereas in the 
second one (with a spherical structure 
due to the high degree of collaboration 
between members), the central authors 
were Velasco and traggio. the authors 
that linked both nuclei were this and 
Grando. In the second group, with 13 t
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table 4 - Authors with more than 5 papers.

 Documents (D) Cites (C)

Author 1991-1995 1996-2000 2001-2005 2006-2010 Total 1991-1995 1996-2000 2001-2005 2006-2010 Total

Das, Dipak K. - 4 12 19 35 - 576 391 332 1,299
Waterhouse, Andrew L. 6 9 6 4 25 596 936 187 32 1,751
Meredith, Carole P. - 4 13 3 20 - 325 553 73 951
Fuchs, Marc - - 4 16 20 - - 36 64 100
Burr, Thomas J. 3 8 3 4 18 32 176 10 5 223
Walker, M Andrew 4 4 7 1 16 35 59 136 2 232
Lamuela-Raventos, Rosa M. 4 7 3 1 15 502 1280 49 16 1847
Martelli, Giovanni P. 2 2 5 4 13 63 32 53 113 261
Davis, R.E. 3 4 5 1 13 185 77 77 7 346
Boulton, Roger B. 2 3 5 2 12 22 34 92 4 152
Kovacs, Laszlo G. 3 - 1 7 11 58 - 1 21 80
Edwards, Charles G. - 6 2 2 10 - 128 14 15 157
This, Patrice - 1 3 6 10 - 138 290 180 608
Vigne, Emmanuelle - - 1 9 10 -  14 37 51
Noble, A.C. 3 4 3 - 10 83 101 48 - 232
Gonsalves, D. 3 2 4 1 10 71 46 42 6 165
Bertelli, Alberto A.E. - 2 4 4 10 - 288 151 80 519
Demangeat, Gerard - - 1 8 9 - - 14 15 29
Intrigliolo, Diego S. - -  9 9 - - - 38 38
Sule, Sandor 3 4 1 1 9 38 51 4 1 94
Frankel, E.N. - 8 1 - 9 - 809 11 - 820
Credi, R. 7 1 1 - 9 218 9 14 - 241
Barka, Essaid Ait - - 6 3 9 - - 518 42 560
Bertelli, A. - 2 4 3 9 - 288 223 55 566
Fidelibus, Matthew W. - - 2 6 8 - - 10 13 23
Rowhani, Adib 2 4 1 1 8 23 74 2 5 104
Maulik, Nilanjana - 1 4 3 8 - 73 112 70 255
Velasco, Riccardo - - - 8 8 - - - 425 425
Tosaki, Arpad - - 5 3 8 - - 166 47 213
Di Gaspero, Gabriele - - - 7 7 - - - 128 128
Lemaire, Olivier - - - 7 7 - - - 15 15
Reisch, Bruce I. 2 3 - 2 7 44 155 - 28 227
Minafra, Angelantonio 3 2 - 2 7 84 40 - 9 133
Mortimer, R.K. 2 5 - - 7 131 185 - - 316
Cortesi, P. - 4 2 1 7 - 60 28 2 90
Mills, David A. - - 4 3 7 - - 128 252 380
Smart, David R. - - 6 1 7 - - 66 8 74
Szegedi, Erno - 2 1 4 7 - 16 4 9 29
Spencer, Robert G.M. - - - 7 7 - - - 117 117
Troggio, Michela - - - 7 7 - - - 286 286
Kikkert, Julie R. 2 2 - 2 6 44 78 - 28 150
Komar, Veronique - - 1 5 6 - - 14 16 30
Dangl, G.S. - - 5 1 6 - - 322 1 323
Boursiquot, J.M. 1 1 3 1 6 15 138 132 3 288
Forneck, A. - 3 3 - 6 - 44 25 - 69
Vezzulli, Silvia - - - 6 6 - - - 219 219
Das, Samarjit - - 1 5 6 - - 46 102 148
Kocsis, L. - 2 4 - 6 - 19 43 - 62
Ebeler, Susan E. - 1 4 1 6 - 14 182 10 206
Lakso, Alan N. 2 - - 4 6 57 - - 13 70
Polsinelli, M. 2 4 - - 6 131 156 - - 287
Pindo, Massimo - - - 6 6 - - - 245 245
Jones, G.V. - - 2 4 6 - - 54 52 106
Meyer, A.S. - 5 1 - 6 - 523 11 - 534
Balestrieri, Maria Luisa - - - 6 6 - - - 47 47
Bagchi, D. - - 5 1 6 - - 218 41 259
Napoli, Claudio - - - 6 6 - - - 68 68
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Fig. 2 - Author’s network (1).

members, Das was the central author and was 
linked to 11 other authors. Fig. 2 also presents 
a group of 9 components, for which the central 
authors were balestrieri and crimi, and other 
smaller groups: two with seven members, two 
with six members and three with five members. 

Fig. 3 represents the collaborative relationships 
between institutions. A threshold of three co-au-
thored signed articles was established. the Uni-
versity of california Davis is situated in a central 
position in the network, and its most intense col-
laborations have been with the Institute Nation-

ale de la recherche Agronomique (France), with 
16 articles signed jointly, and the University of 
barcelona (Spain), with 13 articles. Other centres 
that occupy a central, although less intense, po-
sition are cornell University (US), with 16 arti-
cles signed jointly with the Institute Nationale de 
la recherche Agronomique and 10 with the Uni-
versity of Strasbourg; the University of connect-
icut, with 12 papers signed in collaboration with 
the University of Milan; the Agricultural research 
Service-United States Department of Agriculture 
(US); the University of bologna (Italy); consiglio 

Fig. 3 - Institutions network.
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Nazionale delle ricerche (Italy); and University of 
Udine. Fig. 4 presents the collaborative network 
among countries with the USA in a central po-
sition, as well as United Kingdom, Italy, France, 
Spain, Germany, and Australia.

5. Most cited papers

 the 28 papers that received 100 or more cita-
tions (hot papers) are presented in table 5. the 
most frequently cited paper was by Singleton, 
Orthofer and Lamuela-raventos, published in 
1999 in the journal Flavonoids and other Poly-
phenolsse Methods in Enzymology, which has 
received 1,123 citations. this is the only paper 
with more than one thousand citations. two oth-
er papers received more than three hundred cita-
tions and were published by Gil and colleagues 
in the Journal of Agricultural and Food chem-
istry in 2000 and by rimm and colleagues in 
the journal Annals of Internal Medicine in 1996. 

DIScUSSION

this paper analysed collaboration in scientific 
journals between the United States and the Eu-
ropean Union in the field of viticulture and oe-
nology and identified the most productive jour-
nals and the institutions and authors with the 
greatest impact. Furthermore, this paper exam-
ined the composition of research groups that 
have significant collaboration and, according to 
NEWMAN (2004), can be considered the elite or 
the leaders of research on this topic. 

In the annual distribution of published arti-
cles, an increasing trend can be seen during the 

20 years studied, especially from the second half 
of the 1990s, with a peak of 51 articles in 2009. 
two distinct periods in the evolution of the an-
nual number of published articles can be ob-
served, one extending to the end of the first dec-
ade, with moderate production (27% of the pa-
pers published during this period) and an aver-
age of 13 articles per year, and another that runs 
from the beginning of the second decade, with 
an average of 36 papers per year (73%). 

reasons for this increase may include the 
growing importance of trade relations between 
the US and the EU-27 (FErNÁNDEZ et al., 2006; 
GLANZEL and VEUGELErS, 2006). Other reasons 
may include the overall growth of the ScIE da-
tabase, where an increasing number of journals 
have been added during last decades, which im-
plies a rising number of retrievable relevant lit-
erature, and the increasing number of oenolo-
gy and viticulture journals included in ScIE. In 
2000, there was only one specific journal, the 
American Journal of Enology and Viticulture, 
whereas in 2010, there were 5 more: Australian 
Journal of Grape and Wine research (Australia), 
ciencia e tecnica Vitivinicola (Portugal), Journal 
International des Sciences de la Vigne et du Vin 
(France), South African Journal of Enology and 
Viticulture (South Africa) and VItIS (Germany). 

the analysis of the subjects of journals can 
indicate the areas covered in articles in the cur-
rent multidisciplinary viticulture and oenology 
field. It has been observed that researchers pub-
lish not only in journals that are specific to the 
area but also in other areas, such as food sci-
ence and technology (Journal of Agricultural and 
Food chemistry and Food chemistry), plant sci-
ences (Plant Disease, Plant Pathology and Jour-

Fig. 4 - countries network.
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nal of Plant Pathology), microbiology and biotech-
nology (Applied and Environmental Microbiolo-
gy, Journal of Applied Microbiology), and health 
sciences (Journal of cardiovascular Pharmacol-
ogy), among others. this diversity of subject ar-
eas should alert researchers seeking information 
on viticulture and oenology to not only investi-
gate the specific journals in this area but to ex-
pand their search to other related journals, such 
as those identified in this study (KLEIN, 1996). 

the University of california Davis takes a lead-
ership role in the collaboration with European Un-
ion countries in this area, mainly through the de-
partments of Viticulture and Enology, Plant Sci-
ences, Plant Pathology and Microbiology. the goal 
of the Uc Davis Viticulture and Enology Depart-
ment is to develop a knowledgeable workforce to 
form the basis of the state’s wine industry and to 
make california wine more approachable to con-
sumers. Although the program dates back 120 
years, the current Uc Davis Department of Vit-
iculture and Enology was established in 1935. 
Many disciplines are studied in the department’s 
complex curriculum. One of the department’s in-
novations was emphasising communication be-
tween the vineyard and the winery. this commu-
nication effectively bridged the gap that had de-
veloped in california between grape growing and 
winemaking. At cornell University, several depart-
ments have participated, mainly the Department of 
Plant Pathology & Plant Microbe biology, the De-
partment of Food Science & technology and the 
Department of Ecology & Evolutionary biology.

the existence of many Italian, French and 
Spanish institutions that collaborate with the 
US is not surprising, for two reasons. the first 
reason is that these countries are the most im-
portant producers of wine in Europe and, conse-
quently, have developed an important research 
structure in this area. the second reason is that 
it is very common among European researchers 
to maintain contact and active research collab-
orations with many national and internation-
al universities and research organisations from 
the United States. this collaboration involves 
agreements related to the exchange of students 
and foreign researchers as well as many collab-
orative research projects. the promotion of res-
idency in foreign research centres is considered 
crucial for promoting the internationalisation of 
science in any country (PONDS, 2009), and the 
United States is one of the preferred destina-
tion countries for European researchers. In this 
work, we have seen a steady increase in collabo-
ration within this area, consistent with the data 
provided by GLÄNZEL and VEUGELELrS (2006). 
this study identified other non-American and 
European institutions that collaborated in the 
retrieved papers, usually from countries that 
also have a tradition of wine production, main-
ly Australia and South Africa (ALEIXANDrE-bE-
NAVENt et al., 2012). With regard to indicators, 
particularly citation impact indicators, they 

should be carefully interpreted because may fail 
to compare large and small institutions or na-
tions (cOStAS et al., 2009; KAtZ, 2000).

regarding the authors of published articles, 
the top producer of collaborative articles was 
Das, who is currently a researcher at the Uni-
versity of connecticut (cardiovascular research 
center, School of Medicine, Farmington, Usa). 
this researcher specialises in wine and health 
and focuses on the beneficial effects of resvera-
trol, a red wine- and grape-derived polyphenol-
ic antioxidant that prevents cardiovascular dis-
eases. Waterhouse is a professor in the Depart-
ment of Viticulture & Enology of the Universi-
ty of california Davis, specialising in research 
on the health and taste effects of phenolics and 
other components of wine and their antioxidant 
activity. the main line of research of Meredith, 
who also belongs to the Department of Viticul-
ture & Enology at the University of california 
Davis, is genetics in grape species. 

this study identified the research front in the 
collaboration between the US and the EU in this 
area by applying social network analysis be-
cause this method allowed us to detect the main 
groups of researchers with scientific collabora-
tions (GEOrGHIOU, 1998; GLÄNZEL and ScHU-
bErt, 2004). Knowledge of these groups has sev-
eral advantages for researchers. First, it provides 
researchers with trustworthy information about 
existing teams that have high research activity. 
this information provides the opportunity to ex-
pand researchers’ networks and to participate in 
discussion forums and exchanges of ideas on sig-
nificant topics (GONZÁLEZ-ALcAIDE et al., 2008; 
ScOtt, 2001; WAGNEr and LEYDESDOrFF, 2005). 
Second, this knowledge allows researchers to de-
termine which organisations work together and 
which ones occupy central places in the network, 
which is helpful in choosing which institutions 
may be suitable for collaborative activities and 
multicentre studies. Some authors argue that col-
laborative networks with many links are prefer-
entially selected by new research groups to begin 
scientific relationships, and a group rich in con-
nections will increase its influence more quickly 
due to its leading role in this area (WAGNEr and 
LEYDESDOrFF, 2005). As an additional advan-
tage, collaboration between teams with analogous 
interests and research topics prevents repetition 
of experiments, increasing research effectiveness 
(bArAbÁSI, 1999; FIGG et al., 2006; GEOrGHIOU, 
1998; tEASLEY and WOLINSKY, 2001). Smaller 
groups consisting of a small number of authors 
with no links to other groups may reflect teams 
at the beginning of their research activity in this 
area (bEAVEr, 2001; MErrILL and HrIPcSAK, 
2008; SAEGUSA, 1999). 

Some of the following limitations of this study 
should be discussed: 

1. the ScIE database does not incorporate all 
published scientific papers on viticulture and oe-
nology, and other complementary sources of in-



Ital. J. Food Sci., vol. 25 - 2013 15

formation could have been used. Nevertheless, 
the use of ScIE has several advantages:

a) ScIE is extensively used in studies investi-
gating scientific activity in science and technol-
ogy because it includes the highest-impact in-
ternational journals. consequently, the use of 
ScIE allows us to focus on the most important 
researchers and organisations. b) ScIE provides 
all of the authors who signed the papers and all 
of their institutional affiliations, allowing us to ob-
tain indicators of collaboration between authors 
and institutions. c) ScIE provides the number of 
citations received by the articles, allowing us to 
determine the number of citations for their au-
thors and institutions. d) the additional resource 
Jcr provides the impact factor of journals, infor-
mation not usually present in other databases. 

2. the social network analysis based on co-
authorship of scientific papers has only recent-
ly been employed. For this reason, we have not 
found similar papers in the scientific literature 
that analyse the social networks for viticulture 
and oenology to explain these results. 

3. the papers, authors and groups identified 
in this study did not allow us to examine their 
contributions to the development and dissem-
ination of knowledge beyond their citations in 
later publications (GArFIELD, 2006). 

cONcLUSIONS

this study offers indicators to measure the state 
and evolution over the past 20 years of collabora-
tive research in viticulture and oenology between 
United States of America and the European Union 
based on articles published in the high-impact in-
ternational scientific journals included in the ScIE 
database. this study identified the journals, sub-
ject areas, scientific productivity and impact of re-
searchers and organisations. collaboration pat-
terns between these researchers and organisations 
were also established, identifying those that were 
most significant, central and connected to one an-
other. We note a considerable increase in collab-
oration in recent years, with American, French, 
Italian and Spanish institutions leading this col-
laboration. Future lines of research could ana-
lyse the behaviour and changes of the identified 
groups, the increase or decrease in the number 
of researchers in each group, the quality of pub-
lished papers based on the number of citations re-
ceived, and emerging groups and their evolution.
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AbStrAct

the study aim was to assess the behaviour of Listeria monocytogenes during the production and 
shelf life of artisan water buffalo mozzarella cheese (WbMc) under different storage conditions. raw 
milk was deliberately contaminated by L. monocytogenes and the evolution of L. monocytogenes 
count during production and shelf life was monitored. In traditional WbMc production technol-
ogy L. monocytogenes can multiply in the curd during ripening, but its growth rate expressed in 
log cFU/g/h is lower than the growth rate reported by theoretical predictions. Stretching proved 
to be a process with good repeatability and able to reduce L. monocytogenes contamination by 
about 2 Log cFU/g. the intrinsic characteristics of traditional WbMc proved to be able to obsta-
colate the growth of L. monocytogenes during storage even in the case of severe thermal abuse.
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INtrODUctION

Water buffalo mozzarella cheese (WbMc) is a 
fresh “pasta filata” cheese produced from whole 
chilled buffalo milk moulded into various shapes, 
most commonly oval-spherical. Although pas-
teurization of milk and the use of defined starter 
cultures are recommended, traditional technol-
ogy involving the use of unpasteurized milk and 
natural whey cultures is still employed for WbMc 
production in Italy. the production process was 
described by ADDEO and cOPPOLA (1983) and VIL-
LANI et al. (1996). In the artisan mozzarella cheese 
factory, mozzarellas are stored at room tempera-
ture in a conditioning liquid commonly composed 
of water resulting from stretching, acidified with 
whey from the previous manufacture (VILLANI et 
al. 1996) or, more recently, by tap water salted 
and acidified with lactic or citric acid.

Foodborne diseases associated with cheese 
consumption are reported worldwide but diseas-
es associated with the consumption of cheeses 
produced by pasteurized milk are less common. 
the main concerns related to the use of unpas-
teurized milk for making WbMc are the patho-
genic bacteria Salmonella spp. and Listeria mono-
cytogenes, which may contaminate raw milk and, 
consequently, be harboured in the cheese. Listeria 
monocytogenes has been implicated in a number 
of food poisoning outbreaks involving milk, dairy 
products, meat products and vegetables. between 
1988 and 2007 dairy products accounted for 
41.5% of 53 foodborne outbreaks of listeriosis re-
ported internationally and L. monocytogenes was 
involved in 6.6% of foodborne outbreaks caused 
by the consumption of dairy products (GrEIG and 
rAVEL, 2009). the notification rate in the EU in 
2008, independently by the food involved, was 
0.3 cases per 100,000 population (ANON, 2010). 
Several listeriosis outbreaks involving cheese as 
a vehicle have been reported in the EU in recent 
years (KOcH et al., 2010). the incidence of lister-
iosis in Europe appears to increase among per-
sons over 60 years of age (GOULEt et al., 2008).

Potential sources of contamination of WbMc 
by L. monocytogenes are raw milk (LOVEtt et al., 
1987; rYSEr, 1999), natural whey starter cul-
tures, whey used as an ingredient of the condi-
tioning liquid (VILLANI et al., 1996), not sanitized 
surfaces or dairy tools or equipment, and han-
dlers (D’AMIcO and DONNELLY, 2009).

According to regulation (Ec) 2073/2005, 
ready to eat food in which L. monocytogenes can 
grow must not contain the bacterium in 25 g at 
the time when the food leaves the production 
plant and L. monocytogenes must not be pre-
sent in levels above 100 colony Forming Units 
(cFU)/g during shelf life. In addition, produc-
ers should be able to make the decision on the 
shelf life assigned to food, and the indication 
on duration and storage temperature should be 
based on a product-specific risk analysis, tak-
ing into account reasonable storage conditions 

and use by consumers. the regulation suggests 
specific challenge tests to be carried out on ex-
perimentally contaminated food. Producers’ in-
structions on the storage conditions of artisanal 
WbMc during shelf life differ widely: some pro-
ducers claim a shelf life of five days keeping the 
product at room temperature, others claim stor-
age at refrigerator temperature for up to three 
weeks, and yet others a shelf life of five to ten 
days storing the product at room temperature for 
one to three days and in a refrigerator thereafter.

the purpose of this study was therefore to as-
sess the behaviour of L. monocytogenes during 
production and shelf life of WbMc under four 
different storage conditions assuming raw milk 
as the source of contamination.

MAtErIALS AND MEtHODS

All experiments were carried out for four 
batches: three inoculated batches and one non-
inoculated batch for control.

bacterial strains

the following five strains of L. monocytogenes 
were evaluated: L. monocytogenes: Atcc strain 
n. 19115 (Id. riboprinter DUP1042, EcOrI 189-
11-S-1); field strain IZSLEr n. 2007/34985/2 
isolated from cheese (Id. riboprinter DUP 1042 
EcOrI 189-11-S-1); field strain IZSLEr n. 
2007/32929/2 isolated from cheese (Id. ribo-
printer DUP 1060, EcOrI 189-15-S-4); field 
strain IZSLEr n. 2008/323272/2 isolated from 
raw milk (DUP 1046, EcOrI 189-554-S-3); 
field strain IZSLEr n. 2008/148454/2 isolated 
from raw milk (DUP 1044, EcOrI 189-939-S-
1). Strains were grown separately on blood agar 
base with 5% defibrinated sheep blood (Oxoid, 
basingstoke, United Kingdom) incubated at 37°c 
for 24 h; bacterial colonies were collected by 
washing with saline (Nacl 0.85%, VWr Interna-
tional, Milan, Italy) and 5 mL of suspensions ob-
tained were used to inoculate 1 L of brain heart 
infusion broth (Oxoid, basingstoke, United King-
dom). the broth inoculated was incubated under 
stirring conditions at 37°c for 24 h. cells were 
collected by centrifugation (3,000 g for 1 h) and 
the pellet was resuspended in 100 mL of saline 
(Nacl 0.85% VWr International, Milan, Italy). 
Milk was contaminated by adding equal parts of 
each bacterial suspension to obtain a final den-
sity of about 106 cFU/mL of milk of each bac-
terial strain. the contamination was performed 
after heating the milk to 38°-40°c and before 
the natural whey starter and rennet addition.

Water buffalo mozzarella cheese production

to avoid unknown contamination during pro-
cessing tools used for the experimental produc-
tions were sterilized by autoclaving; the surfaces 
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in contact with milk, curd or cheese were sani-
tized by 94° ethanol and by steaming; all workers 
wore sterile gloves during production. Mozzarella 
was produced according to the traditional tech-
nology using 50 litres of unpasteurized milk and 
natural whey culture as starter for each batch. 
briefly the raw milk was heated to 38°-40°c; the 
natural whey starter and rennet were added and 
the curd was left to ripen at 35°-38°c for about 
4 hours. the curd was extracted from the whey 
and stretched in hot water (85°-90°c) for about 2 
min. the stretched curd was then molded in the 
traditional round shape. Each mozzarella weighed 
250 g. the conditioning liquid was prepared with 
tap water, salt up to 2° bé and lactic acid 80% to 
a final pH of 2.79 and a titratable acidity of 5.5° 
SH/50 mL. Single 250 g WbMc were packaged 
in trays completely covered by the conditioning 
liquid. the temperature of the curd during pro-
duction and stretching was measured by a Hobo 
H08-002-02 data logger.

Storage test

For each batch 60 packaged WbMc were divid-
ed into four groups (15 WbMc for each group) for 
the storage tests at four different temperatures (5°, 
10°, 15°, and 20°c) for 12 days. the storage condi-
tions were chosen to simulate optimal storage con-
ditions (5°c), domestic storage (10°c, bEAUFOrt 
et al., 2008) and thermal abuse (15° and 20°c).

L. monocytogenes count

before inoculating L. monocytogenes, each 
batch of raw milk and natural whey starter was 
tested as described by ISO 11290-2:1998 in or-
der to exclude the presence of unknown strains 
of L. monocytogenes.

L. monocytogenes count for each batch was per-
formed in duplicate for inoculated raw milk, curd 
at the end of ripening, curd after stretching and 
WbMc after 60 minutes of packaging and during 
shelf life at 0, 1, 3, 5, 7 and 12 days. curd and 
WbMc were homogenized by a stomacher, then 
serially diluted and plated on Agar Listeria Otta-
viani Agosti (ALOA) (biolife, Milan, Italy). Plates 
were incubated aerobically at 30°c for 48 h.

Determination of cell density 
of lactic acid bacteria, pH and aw

the following samples were collected in dupli-
cate from each batch: natural whey starter, raw 
milk after L. monocytogenes inoculation, milk after 
natural whey starter addition, curd at the end of 
ripening; curd after stretching, WbMc 60 min after 
packaging in the conditioning liquid and packed 
WbMc at 0, 1, 3, 5, 7 and 12 days at each stor-
age temperature (5°, 10°, 15°, and 20°c). the fol-
lowing analyses were made on each sample: count 
of mesophilic and thermophilic lactococci by deci-
mal dilution and inclusion in M17 agar plates (Ox-

oid, basingstoke, United Kingdom) incubated aer-
obically at 30° and 42°c respectively for 48 hours; 
count of mesophilic and thermophilic lactobacil-
li by decimal dilution and inclusion in MrS agar 
plates (Oxoid, basingstoke, United Kingdom) in-
cubated under microaerophilic conditions at 30° 
and 42°c respectively for 48 hours; pH was meas-
ured by an instrument with automatic tempera-
ture compensation (Hanna Instruments HI 223); aw 
was determined by AquaLab model series 3 (Dec-
agon Devices Inc. Pullmann, Usa).

Data, including calculation of L. monocytogenes 
generationtime were calculated using programs 
available on www.combase.cc. Statistical analysis 
was performed by t-test using SPSS software 12.0.

rESULtS

L. monocytogenes behaviour

L. monocytogenes was not detected in non-in-
oculated raw milk or natural whey starter.

L. monocytogenes count showed a moderate 
but significant increase (p < 0.01) during curd 
ripening (from 7.13 to 7.39 Log cFU/g in about 
4 h) (table 1); the combase theoretical predicted 
growth rate was 0.45 Log/cFU/h at pH 5 and 
0.79 log cFU/g/h at pH 6. A decrease (about 1 
Log cFU/g) of L. monocytogenes count was ob-
served at the end of curd stretching. Sixty min 
after packaging in the conditioning liquid a fur-
ther, but not significant 1 Log cFU/g decrease 
of L. monocytogenes count was observed.

During storage test, after a moderate increase 
for one day at all storage temperatures consid-
ered, L. monocytogenes count at 5°c storage de-
creased by about 0.5 Log cFU/g; increasing the 
storage temperature enhanced the decrease of 
L. monocytogenes count (up to 1.58 Log cFU/g 
at 20°c storage) (table 2). by contrast, com-
base prediction reported a theoretical growth 
of L. monocytogenes at all storage temperatures 
ranging from a generation time of 3 days and 20 
h at 5°c storage to 9 h at 20°c storage.

pH, aw and temperature profile

From inoculation of raw milk to the end of rip-
ening pH decreased from 6.89 to 5.18; a further 
decrease to 5.08 was observed in WbMc at 60 
min after packaging in the conditioning liquid 
(table 1). During the first days of storage test 
pH dropped to about 5.0, 4.8, 4.7 and 4.4 dur-
ing storage at 5°, 10°, 15°, and 20°c respective-
ly and then remained unchanged till the end of 
the storage test (table 2). aw values remained 
substantially unchanged during storage test at 
all temperatures ranging from an initial value 
of 0.979 to a final value of 0.974. No significant 
differences were observed in the pH and aw val-
ues of the inoculated and non-inoculated batch-
es (data not shown).

http://www.combase.cc


Ital. J. Food Sci., vol. 25 - 2013 19

table 1 - Evolution of pH and of Listeria monocytogenes and lactic acid bacteria populations count (Log cFU/g) during wa-
ter buffalo mozzarella cheese traditional production process (Mean of 3 batches ± standard deviation).

Sample L. monocytogenes pH Mesophilic Thermophilic Mesophilic Thermophilic
   lactobacilli lactobacilli lactococci lactococci

Raw milk n.d.1 6.89±0.00 n.a.2 n.a. n.a. n.a.
Natural whey starter n.d. 4.00±0.17 8.21±0.59 8.52±0.25 9.16±0.06 9.18±0.08
Inoculated raw milk 7.13±0.06a 6.89±0.00  4.25±0.54  3.11±0.45  4.86±0.38  4.32±0.57 
Raw milk after natural whey n.a. 6.40±0.01 5.98±0.46 a 6.98±0.06 a 7.76±0.08 a 7.73±0.05 a

starter addition
Curd at the end of ripening 7.39±0.04b 5.18±0.36 7.91±0.62 b 8.38±0.36 b 8.64±0.34 b 8.67±0.29 b

Curd after stretching 6.21±0.27 c 5.21±0.14 5.92±0.65 c 5.26±0.23 c 4.11±0.53 c 4.33±0.16 c

WBMC 60 min after packing 5.14±1.45 c 5.08±0.09  5.56±1.18 c 1.55±0.29 d 3.33±1.46 d 2.85±1.06 d

in conditioning liquid

1: not detected;
2: not analysed.
Different letters in a column show significant differences (p < 0.01).

the temperature reached by the curd dur-
ing stretching of inoculated curds is reported in 
Fig. 1. the maximum temperature reached dur-
ing curd stretching was 71.6°c±1.6. curd tem-
perature during stretching remained over 65°c 
for 3 min in all four batches (data not shown).

Evolution of lactic acid population

During curd ripening an increase of 4-5 Log 
cFU/g was observed in all lactic acid bacteri-
al populations. the heat treatment of stretch-
ing reduced the counts of the different lac-
tic acid bacteria populations by about 1.99 to 
4.5 Log cFU/g (table 1). During the storage 

test thermophilic lactobacilli and thermophilic 
lactococci counts remained substantially un-
changed at regardless of the temperature (data 
not shown). Mesophilic lactococci count de-
creased by 0.96 Log cFU/g when WbMc was 
stored at 5°c but was unaffected by higher 
storage temperatures (data not shown). Mes-
ophilic lactobacilli count showed a not signifi-
cant increase (p > 0.01) during storage at 5°c, 
but a significant increase (p < 0.01) was ob-
served at 10°, 15°, and 20°c (table 2). No sig-
nificant differences were observed in the evo-
lution of lactic acid bacteria populations of the 
inoculated and non-inoculated batches (data 
not shown).

table 2 - Evolution of pH and of Listeria monocytogenes and mesophilic lactobacilli count (Log cFU/g) during water buffalo 
mozzarella cheese storage test at 5°, 10°, 15°, and 20°c (Mean of 3 batches ± standard deviation).

 Storage temperature 5°C Storage temperature 10°C

Days L. monocytogenesa pH Mesophilic lactobacillib L. monocytogenesc pH Mesophilic lactobacillic

after packaging

 0 5.14±1.45 5.08±0.14 5.56±1.18 5.14±1.45 5.08±0.14 5.56±1.18
 1 5.51±0.41 5.14±0.08 6.95±0.34 5.53±0.76 5.07±0.11 6.89±0.40
 3 5.04±0.42 5.09±0.11 7.40±0.28 5.22±1.36 4.88±0.15 6.76±1.05
 5 5.02±0.92 4.99±0.11 6.63±0.37 5.19±1.06 4.83±0.16 7.14±0.13
 7 5.01±1.49 4.97±0.13 6.60±1.25 4.33±0.93 4.83±0.15 7.73±0.11
12 4.97±1.46 4.83±0.12 6.56±0.60 3.46±1.61 4.82±0.15 7.66±0.13

 Storage temperature 15°C Storage temperature 20°C

Days L. monocytogenesc pH Mesophilic lactobacillic L. monocytogenesc pH Mesophilic lactobacillic

after packaging

0 5.14±1.45 5.08±0.14 5.56±1.18 5.14±1.45 5.08±0.14 5.56±1.18
1 5.29±1.13 4.93±0.11 6.87±0.96 5.95±0.47 4.81±0.09 7.41±0.31
3 5.19±1.00 4.72±0.09 6.86±0.66 5.22±0.95 4.42±0.11 7.53±0.40
5 4.34±0.89 4.71±0.13 7.76±0.24 3.48±1.42 4.41±0.17 7.91±0.47
7 5.26±0.26 4.70±0.11 7.67±0.38 3.23±3.21 4.40±0.18 8.06±0.22
12 3.33±2.14 4.71±0.12 7.87±0.23 3.56±1.89 4.41±0.17 8.18±0.09

a: a non significant reduction in L. monocytogenes count was shown by T test (p > 0.01);
b: a non significant increase in mesophilic lactobacilli count was shown by T test (p > 0.01);
c: a significant increase was shown by T test (p < 0.01).
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Fig. 1 - Evolution of the temperature during stretching of experimentally contaminated water buffalo mozzarella cheese (3 
batches).

DIScUSSION

the results of this study show that if contam-
ination levels are high, stretching cannot ensure 
the complete destruction of L. monocytogenes in 
traditional WbMc. Many authors have argued 
that although stretching is capable of destroy-
ing pathogenic bacteria, the variability of fac-
tors such as temperature, time and initial lev-
el of milk contamination do not allow to consid-
er the stretching process as a substitute of the 
pasteurization (ADDEO and cOPPOLA, 1983; KIM 
et al., 1998; MUrrU et al., 1999a). Stretching, 
however, is a very important stress factor for L. 
monocytogenes: a study conducted by bUAZZI 
et al. (1992) proved that the stretching phase in 
mozzarella cheese is able to eliminate L. monocy-
togenes contamination if the curd retains a tem-
perature of 77°c for three to four minutes. MUr-
rU et al. (1999a) claim that a stretching phase 
run at a temperature between 65°c and 69°c for 
five minutes cannot eliminate L. monocytogenes 
contamination in WbMc if the initial contami-
nation level of the pathogen is higher than 4 Log 
cFU/g. the contamination of raw milk, if pre-
sent, is assumed to be low because the few avail-
able studies on water buffalo raw milk contami-
nation reported the absence of L. monocytogenes 
(HAN et al. 2007; MUrrU et al. 2009b); neverthe-
less it must be evaluated that Listeria spp., in-
cluding outbreak strains of L. monocytogenes, 
are regularly isolated from dairy processing and 
cheese-making environments (D’AMIcO and DON-
NELLY, 2009) and the ability of L. monocytogenes 
to adhere to many materials found in food-pro-
cessing environments (bErESFOrD et al. 2001) 
may represent a significant source of contami-
nation increasing the natural contamination of 
milk or of the curd in non-experimental condi-

tions. In our study the temperature of the curd 
reached a maximum of 71.6°c and the tempera-
ture remained above 65°c for three minutes. the 
decrease of 2 Log cFU/g of L. monocytogenes (1 
Log cFU/mL during stretching and 1 Log in the 
following 60 min) is in agreement with the data 
reported by VILLANI et al. (1998). Although ac-
cording to regulation (Ec) 2073/2005, WbMc 
could be considered a ready to eat food able to 
support the growth of L. monocytogenes (pH < 
4.4 or aw < 0.92 or pH <5.0 and aw < 0.94), un-
der our experimental conditions Listeria mono-
cytogenes was not able to grow during storage of 
WbMc, even in the case of severe thermal abuse. 
L. monocytogenes is known to grow over a wide 
range of temperatures (-1.5° to 45°c) and pH (4.3 
to 9.4) (tE GIEFFEL and ZWIEtErING, 1999). MIL-
LEt et al. (2006) reported a pH growth/no growth 
limit in Saint-Nectaire-type cheese of 5.2. Oth-
er authors reported a pH growth limit of 4.6 in 
cottage cheese and in feta cheese (PEArSON and 
MArtH, 1990). the ability to grow at different 
temperatures was strictly correlated with the pH 
of the cheeses. A decrease of pH value coincides 
with an inhibition of L. monocytogenes growth as 
reported by rOGGA et al. (2005) and UHLIcH et 
al. (2006) in Queso blanco, whereas an increase 
in pH leads to an increase of L. monocytogenes 
cell density (bAcK et al., 1993; MENDOZA-YEPES 
et al., 1999; GENIGEOrGIS et al., 1991); rAMSA-
rAN et al. (1998) observed an increased num-
ber of L. monocytogenes during initial ripening 
of feta cheese followed by a growth arrest after 
24 h when the pH value dropped down. 

During WbMc storage we observed a growth 
of mesophylic lactobacilli accompanied by a drop 
in pH value more enhanced at higher storage 
temperatures. the growth/no growth interfaces 
of Listeria reported by LE MArc et al. (2002) are 
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5.50, 4.6-4.7, 4.50 and 4.4-4.5 respectively at 5°, 
10°, 15°, and 20°c. In our study these no growth 
pH limits were reached after 3 days of storage at 
20°c, whereas they were never reached at 10° 
and 15°c. therefore an increase in L. monocy-
togenes count rather than a decrease should 
be observed, as calculated by combase predic-
tion. ScHVArtZMAN et al. (2010) demonstrat-
ed that the growth limits of L. monocytogenes 
are matrix-dependent and that solid foods may 
limit the diffusion rate of organisms through-
out space in food and this can be an additional 
factor limiting the growth of L. monocytogenes 
in WbMc. the literature reports additional fac-
tors influencing the growth of L. monocytogenes 
in milk and dairy products. the inhibitory effect 
of natural microbiota, namely lactic acid bacte-
ria, lead to a longer lag phase and higher gen-
eration time of L. monocytogenes in pasteurized 
milk with respect to UHt milk or autoclaved 
milk (rOSENOW and MArtH, 1987; WALKEr et 
al., 1990; bOVILL et al., 2000). the addition of 
organic acids or starter cultures in cheeses in-
creased the minimal growth temperature of L. 
monocytogenes or negatively affected its surviv-
al (EL-SHENAWY and MArtH, 1990; GLASS et al., 
1995; MENDOZA-YEPES et al., 1999). Addition-
al hurdles, due to the effect of lactic acid add-
ed to the conditioning liquid and to the growth 
of lactic acid bacteria (competition for carbohy-
drates, acids and bacteriocins production) may 
be hypothesized, but are difficult to evaluate in 
a product made with raw milk and natural whey 
cultures. Lactic acid bacteria are known to in-
hibit different pathogens (NUÑEZ et al., 1997; 
rODrIGUEZ et al., 2005) and a study conducted 
by GAY and AMGAr (2005) found that lactic acid 
bacteria have a twofold higher inhibitory activi-
ty towards pathogenic microorganisms in prod-
ucts derived from raw milk (like artisan WbMc) 
than in products derived from pasteurized milk. 
However, because the inhibitory activity of lac-
tic acid bacteria in dairy products depends on 
the biotype and cell density of lactic acid bac-
teria, this feature should be further investigat-
ed in WbMc.

cONcLUSIONS

In traditional WbMc production technolo-
gy L. monocytogenes can multiply during curd 
ripening, but its growth rate is lower than the 
growth rate reported by the theoretical predic-
tions. therefore, it is expected that, if the con-
tamination level of milk is low, during curd rip-
ening L. monocytogenes will not reach values of 
cell density so high to represent a risk for con-
sumers’ health. Under our experimental con-
ditions, curd stretching proved to be a process 
with good repeatability and able to decrease L. 
monocytogenes cell density of curd by about 2 
Log cFU/g. because the intrinsic characteris-

tics of traditional WbMc were able to limit the 
growth of L. monocytogenes during storage (even 
in the case of severe thermal abuse), it may be 
issued that the key factor for reducing the risk 
for consumers’ health is the implementation of 
appropriate hygiene measures to minimize the 
contamination of raw milk and post processing 
contamination.
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AbStrAct

the Parmigiano-reggiano cheese is sold more and more as grated cheese and in 2002 the of-
ficial certification body of Parmigiano-reggiano added the sensory analysis to its array of analyt-
ical tools. the scorecard is quantitative-descriptive with 21 descriptors. the scorecard has also 
4 qualitative evaluation (appearance, smell, texture, and taste) for the compliance with the reg-
ulations. the scorecard was evaluated tasting twice 24 samples of grated Parmigiano-reggiano. 
Analysis of variance showed that all the descriptors discriminate well among the samples. the 
results measured with GPA showed a good agreement between assessors for every modality and 
only some problems for the “odour”.
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INtrODUctION

the Parmigiano-reggiano (original Parmesan) 
cheese traditionally was sold in wheels by the 
producer to the retailer which were then cut at 
the counter. In the ’70s pre - (vacuum) packed 
slices became popular with consumers and in 
the ’90s the grated form packed in modified at-
mosphere.

currently grated Parmigiano-reggiano is the 
market segment growing fastest, in fact the 
quantity has risen from 4.323 tonnes in 2002 to 
10.996 tonnes in 2010, an increase of 154% in 8 
years. commercial firms are increasingly inter-
ested in this product which has a high service 
element. the interest in the grated form of the 
cheese by the consumer can stimulate produc-
tion of counterfeit Parmigiano-reggiano cheese 
or the production of a poor quality product by 
less scrupulous processors. 

Some research about grated Parmigiano-reg-
giano cheese was carried out for chemical (free 
aminoacids) (rESMINI and PELLEGrINO, 1986) 
(PELLEGrINO and HOGENbOOM, 2007) and micro-
biological (bOttAZZI et al., 2001) characteristics.

Sensory features of grated Parmigiano-reg-
giano cheese were nevertheless dealt only with a 
paper introducing the method for sensory quali-
ty control of this kind of cheese (ZANNONI, 2006). 
bibliographic research shows that papers about 
grated cheese are rare, also sensory analysis is 
used together other analytical methods as a tool 
to evaluate packaging conditions (trObEtAS et 
al., 2008; MEXIS et al., 2011).

Grated Parmigiano-reggiano is under the 
control of Protected Designation of Origin (PDO) 
regulations (OFFIcIAL JOUrNAL OF tHE EUrO-
PEAN UNION, 2006). the official regulation for 
this PDO cheese provides regulations for milk 
production, cheese making and features of the 
cheese at point of sale.

the control body of the PDO Parmigiano-reg-
giano the “Organismo controllo Qualità Produzio-
ni regolamentate” (OcQ Pr) is in charge of im-
plementing the official PDO regulations and this 
is done by control of documentation, inspections 
of the production sites and testing of the cheese 
prior to marketing.

According to the regulations, the grated cheese 
shall have the typical features of Parmigiano-
reggiano. clearly the grating process changes 
the sensory characteristics of the cheese, for in-
stance the odours are more rapidly lost due to 
the large surface area in contact with air. the 
texture is different and the solubility is increased 
due to the very small particles which “melt” in 
the mouth.

Sensory analysis of Parmigiano-reggiano in 
blocks (i.e. not grated) is today carried out using 
a specific scorecard developed in 90s (LAVANcHY 
et al., 1994; bErODIEr et al., 1997; NIELSEN and 
ZANNONI, 1998; ZANNONI et al., 2006; GArAVAL-
DI et al., 2010).

In 1993, the consorzio Parmigiano-reggiano 
defined another sensory scorecard specifical-
ly for evaluating the grated form of the cheese 
(ZANNONI, 2006). In 2002 the OcQ Pr adapted 
the scorecard for regulatory purposes by add-
ing compliance with the standards. the quan-
titative descriptive scorecard now has 21 de-
scriptors but also 4 evaluations of compliance 
(appearance, smell, texture and taste) with a 7 
points scale. these latter are useful for deter-
mining the quality of the product and the min-
imum level acceptable for the PDO. this ad-
dition was introduced because of the require-
ments of the processors to directly assess the 
quality of their product rather than indirect-
ly with a spider plot using an array of descrip-
tors whose interpretation is not clear to them. 
the boundaries between the product accepta-
ble for PDO and those not acceptable were set 
using the experience of the consorzio, the or-
ganization of producers, and that of the OcQ 
Pr, the control body, both having many years 
of experience with the product including the 
grated form.

Grated Parmigiano-reggiano cheese has been 
found to be a delicate product subject to rap-
id change and thus the grating and packaging 
processes have to be carried out with great care. 
the quality of the raw material also has a ma-
jor influence on the quality of the final product. 
the aim of this paper is to first test the validity 
of the scorecard for the grated form of Parmi-
giano-reggiano whilst also evaluating the per-
formance of the sensory panel.

MAtErIAL AND MEtHODS

A) cheese samples

According to the regulations only certified 
PDO Parmigiano-reggiano can be used for grat-
ing purposes, so the minimum age of the prod-
uct is 12 months but a maximum age is not de-
fined. the grated cheese can be produced only in 
plants authorized by the control body, the OcQ 
Pr. the processor’s grating plant requires to be 
located in the production area of Parmigiano-
reggiano and is required to follow the produc-
tion regulations. the processing plants use nor-
mal industrial graters and modified atmosphere 
packaging equipment. the most common size of 
pack is 100 g of grated cheese in plastic bags. 
there are 29 such plants active in the produc-
tion area. For this research 24 samples of 400 g 
of freshly grated Parmigiano-reggiano were col-
lected from 24 different plants.

b) Sample preparation and testing

Each of the 24 products was divided into two 
parts for sensory analysis, products were coded 
A-X. thus there were 48 samples to be evaluat-
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ed each labelled with a unique accession num-
ber. Four of these samples were evaluated in 
each of 12 sessions by the assessors, samples 
were randomly split. Unknown to the assessors 
two of the samples in a session were from the 
same product thus testing the assessors ability 
to rate the cheeses consistently. A set of three 
mutually orthogonal latin squares of 4 rows and 
4 columns were used to order the samples so 
that each assessor rated the samples in a differ-
ent order. the samples were refrigerated to 2°-
8°c and stored for about 25 days before senso-
ry analysis, the expiry date of the products be-
ing between 2 and 4 months hence. the evening 
before tasting, the samples for tasting that day 
were transferred to a cabinet at 13°c to allow 
them to slowly reach the temperature of tasting. 
Half an hour before the test, the samples were 
put at room temperature in order to reach the 
tasting temperature of about 16°c. the tasting 
room was prepared according to the norm ISO/ 
8598, in the booths the neutralizing agent was 
low salt mineral water and un-salted crackers. 
When the bags were opened for the tasting ses-
sion 200 g of sample was put on a plastic dish 
and mixed, then quantities of 20 g were put in 
plastic Petri dishes and submitted to the tasters.

c) Scorecard and references

the modalities of evaluation were appearance, 
odour, texture and taste (as basic taste plus aro-
ma by way of back of the nose). the descriptors 
were chosen using previous work (bÉrODIEr et 
al., 1997; LAVANcHY et al., 1994) (ZANNONI and 
PIGONI, 2006). the grated form of the cheese sug-
gested the introduction of three new descriptors 
for appearance viz. particle size, large grains and 
long threads. For texture the descriptors rind 
particles and sandy were introduced.

the 20 descriptor scorecard for Parmigiano-
reggiano (table 1) was tested extensively with 
samples of PDO and non PDO grated cheese 
and this experience confirmed it’s suitability. 
Four descriptors for compliance with the reg-
ulations were then added at the request of the 
control body of Parmigiano-reggiano who need-
ed to have a score to define the compliance of 
the sample with the PDO sensory description. 
For some descriptors the 1-7 scale, used also 
for the scorecards of Parmigiano-reggiano in 
blocks, was retained but for descriptors con-
nected to defects a 1-4 scale was better accept-
ed by the panellist.

the training of the panel was done with ref-
erences taken by the two “guides” (bÉrODIEr et 
al., 1997; LAVANcHY et al., 1994). For the ap-
pearance, photographs were used as referenc-
es. Digital photographs proved to be an effective 
way to show colour tonalities and particle sizes. 
to assess the presence of rind, panellist were 
trained to taste a mixture of grated rind com-
ing from 2 different 24-months Parmigiano-reg-

giano wheels. to set the standard for the pan-
el for the 4 evaluations of compliance (appear-
ance, odour, texture, taste) a mixture of two 24 
months good quality Parmigiano-reggiano grat-
ed cheese was used.

two sessions of panel training were organ-
ized before starting to assess the 24 products. 
In each of these a sample of grated Parmigiano-
reggiano, another of Parmigiano-reggiano plus 
about 10% rind scraps and another of imitation 
Parmigiano-reggiano were assessed. these ses-
sions were held to familiarize with the product 
of good quality i.e. D.O. and products of inferi-
or quality.

D) Sensory panel

the 9 panellists were aged between 34 and 69 
years with an experience of sensory analysis of 
cheese from 5 to 18 years. According to the in-
ternal procedures of the OcQ Pr the panel was 
periodically assessed with reference substanc-
es for cheese; 7 tests a year were done covering 
appearance, odour/aroma, taste and texture.

E) Statistical data analysis

the data were analysed one variable at a time 
(univariate analysis) and also by groups of var-
iables (multivariate analysis) e.g. compliance. 
these are different ways of looking at the data 
giving different information about the samples 
and about the performance of the panel.

For colour, Appearance, Odour, texture, Aro-
ma/taste essentially there is an intensity meas-
urement followed by measurements of defects. 
the data are in the form of a small number of 
points on a scale which is then converted to the 
numbers 1, 2, 3...... (half points being allowed 
in intensity attributes).

In order to make the most of the complicat-
ed structure of the data, and bearing in mind 
that this is a research project, a linear mixed 
model was fitted to each variable in turn using 
the technique of residual Maximum Likelihood 
(rEML) to estimate the parameters of the mod-
el. the main purpose of rEML is to estimate 
sample means (i.e. sample x replicate means) 
free of Assessor and Order (of presentation) ef-
fects. this technique is an advance on analysis 
of variance and regression and yet also provides 
tests of significance and estimates of (corrected) 
means. It thus allows more complex models to 
be fitted to large data sets. the technique is im-
plemented in Genstat (VSN International), and 
in other statistical packages (GALWEY, 2006).

For multivariate analysis Generalised Pro-
crustes Analysis (GPA) was used (DIJKStErHU-
IS and GOWEr, 1991-2; GOWEr and DIJKStEr-
HUIS, 2004).

Using the GPA scores for the samples an 
analysis of variance gives the 95% confidence 
estimate for the products means. the usual way 
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table 1b* - Scorecard for grated Parmigiano-reggiano cheese. tasting assessment.

*Note: in bold underscored the intensities considered as defects.

table 1a* - Scorecard for grated Parmigiano-reggiano cheese. Visual assessment.

*Note: in bold underscored the intensities considered as defects.
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table 2a - Statistical tests of Sample (Product) Effects. 
Discrimination level of descriptors.

Modality Attribute Sample (Product) (23 df)

  F prob

Colour Intensity 17.77 <0.001
 Brown 3.9 <0.001
 Lemon yellow 2.38 <0.001
 Other colours 1.84 ns

Appearance Particles size 15.03 <0.001
 Large grains 29.01 <0.001
 Long threads 23.46 <0.001

Odour Intensity 3.64 <0.001
 Rancid 5.59 <0.001
 Rind 9.04 <0.001
 Sour 2.32 <0.001

Texture Solubility 19.87 <0.001
 Dryness 14.07 <0.001
 Rind particles 16.68 <0.001
 Sandy 10.93 <0.001

Aroma/Taste Intensity 6.80 <0.001
 Salty 3.17 <0.001
 Pungent 3.95 <0.001
 Sour 3.07 0.010
 Rancid 8.21 <0.001
 Rind 13.84 <0.001

Compliance Visual 20.96 <0.001
 Odour 6.40 <0.001
 Texture 30.45 <0.001
 Aroma/ taste 12.29 <0.001

of displaying the results for each pair of dimen-
sions, is to plot a map of the Products. Adding 
a 95% confidence ellipse for the products to the 
bottom right corner of these diagrams (Fig. 1) 
is a way of dealing with the problem of the var-
iability being very different for each dimen-
sion of the diagram, and thus it facilitates in-
terpretation of the results in the way that con-
fidence intervals for means helps the interpre-
tation of tables.

In order to study differences between Asses-
sors the entirely different multivariate tech-
nique of Principal co-ordinate Analysis (PcO) 
was used. A matrix of dis-similarities between 
each pair of Assessors was formed (rather like 
a road atlas which gives a table of the distances 
between all pairs of cities). PcO allows the table 
to be used to plot (map) co-ordinates of each as-
sessor, thus presenting all assessors in a single 
map. On the assumption that the co-ordinates 
are normally distributed possibly with outliers, 
using a robust estimates of variance, a 95% con-
fidence ellipse was super imposed on the map of 
assessors. It then becomes clear which asses-
sors (if any) are alike and which have a differ-
ent view of the samples. 

rESULtS AND DIScUSSION

results

UNIVARIATE

A mixed model with fixed effects for Assessor, 
Order (of presentation), Sample and Session and 
with random effects for Assessor by Session (a 
measure of the extent to which assessors vary 
from session to session) and for Sample (the var-
iation between replicate Samples) was fitted to 
each variate in turn. 

the discriminating abilities of each descrip-
tor are given in table 2a, Statistical tests of 
Sample (Product) effects. All attributes dif-
ferentiate between the products except Oth-
er colours. Overall, Appearance and texture 
differences were perceived to be larger than 
Odour and Aroma/taste. In Appearance dif-
ferences between products in Colour intensi-
ty was perceived to be large but differences 
in Brown, Lemon yellow and Other colours are 
much smaller though the first two are signifi-
cant at p<0.001. For modality compliance the 
differences between Products for Compliance 
texture (F=30.45) and for Compliance visual 
(F=20.96) are greater than Compliance aroma/
taste (F=12.29) which is greater than for Com-
pliance odour (F=6.40).

the full results of F-tests of the fixed effects 
and t-tests of the random effects are given in 
table 2b.

Assessor effects, the tendency of assessors to 
consistently score high or low for a variate are 

often statistically important. the difference be-
tween the maximum and minimum mean can 
be as great as one scale point but is generally 
much lower. Only for compliance variables are 
there relatively small consistent Order of test-
ing effects. this emphasises the importance of 
building in procedures to control order of tast-
ing in the sensory laboratory.

the effects of Session are partly confounded 
(5 df ) with product but 6 df remain to test this 
effect. the results can be interpreted as mean-
ing the panel do not drift from session to ses-
sion. Alongside the other results for Assessors 
and Session this is evidence that the assessors 
fix a personal scale and adhere to it.

the Assessor by Session effect, the amount by 
which Assessors vary from session to session is 
not significant.

the absence of a Sample effect within prod-
ucts is evidence that the products were homo-
geneous.

the relatively high variation of F values relat-
ed to product effect across some variables can 
be explained considering that there are variables 
influenced by process choices (i.e. Particles size-
visual, Large grains, Long threads, Rind odour, 
Rind particles) or quality problems of raw mat-
ter (i.e. Rancid).
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Fig. 1 a,b,c,d,e,f - GPA scores, sample plots for: a) colour, b) Appearance, c) Odour, d) texture, e) Aroma/taste, f) compli-
ance. Letters are the samples and standard error of each cheese is given by the ellipse.
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table 2b - results from univariate (rEML) analysis of sensory data.

a. Colour

 Fixed effects Random effects

 Assessor Order Sample Session Assessor. Sample
 (8 df) (3 df) (Product) (6 df) Session (Replicate)
   (23 df)

Variable Mean F prob F prob F prob F prob t prob t prob

Intensity 3.19 25.91 <0.001 1.57 ns 17.77 <0.001 2.85 0.030 2.270 0.05 0.540 ns
Brown 0.07 1.93 0.067 1.88 ns 3.90 <0.001 0.33 ns 1.160 ns 0.000 ns
Lemon yellow 0.09 4.38 <0.001 2.67 0.048 2.38 <0.001 2.01 0.066 1.370 ns 0.000 ns
Other colours 0.08 3.22 0.003 0.76 ns 1.84 ns 0.18 ns 0.080 ns 0.000 ns

b. Appearance

 Fixed effects Random effects

 Assessor Order Sample Session Assessor. Sample
 (8 df) (3 df) (Product) (6 df) Session (Replicate)
   (23 df)

Variable Mean F prob F prob F prob F prob t prob t prob

Particles size 3.29 26.01 <0.001 2.47 0.062 15.03 <0.001 0.65 ns 3.56 <0.001 1.46 ns
Large grains 0.31 1.54 ns 0.08 ns 29.01 <0.001 1.05 ns 1.40 ns 0 ns
Long threads 0.49 2.68 0.012 2.09 ns 23.46 <0.001 0.60 ns 2.12 ns 0.86 ns

MULTIVARIATE

the data were divided into the modalities iden-
tified in table 1. A GPA analysis was carried out 
for each modality. the results are summarised in 
tabular form in table 3 Generalised Procrustes 
Analysis of data (table 3a: percentage of varia-
tion for each modality accounted for by dimen-
sions of the GPA consensus, table 3b: scaling 
factor for each assessor for each modality, ta-
ble 3c: correlation of each assessors data with 
GPA consensus) the information from these ta-
ble, divided by every modality, is summarized 
as follows:

Colour
From table 3a, it is clear that colour is essen-

tially one dimensional, this dimension is mostly 
defined by Intensity.

Appearance
In contrast for Appearance three dimensions 

are needed to characterise the products (ta-
ble 3a) and so all three descriptors are required, 
thus showing a more complex modality.

Odour
the fact that three (4 descriptors) senso-

ry dimensions are required to characterise 
88.8% of the variation between products sug-
gests that the Assessors have found difficul-
ty with this modality or alternatively that it is 
intrinsically complex. the correlations of ta-
ble 3c (0.46-0.76) show that the consensus 
was only loosely correlated with the individu-

al Assessors data so there may be a case for 
more training and/or more (or different) sen-
sory descriptors.

Texture
Differences between products can be char-

acterised by two Sensory Dimensions. Solubili-
ty and Rind particles effectively define these di-
mensions; Dry and Sandy appear to be close-
ly related.

Aroma-taste
the fact that three (6 descriptors) sensory di-

mensions are required to characterise 77.6% of 
the differences between products points to the 
complexity of this modality. Although the corre-
lations for each individual Assessors data with 
the consensus are low they are marginally high-
er (0.52-0.72) than for Odour.

Compliance
three dimensions (4 descriptors) are required 

to characterise 98.0% of the variation in the 
compliance data. With the exception of Asses-
sor 2 (0.53), Assessors largely agreed with the 
consensus (0.71-0.84). All 4 descriptors ap-
peared to play a part in defining the sensory 
dimensions.

the (linear) correlations of descriptors scores 
with compliance calculated by rEML data 
showed (table 4) that some descriptors are sig-
nificantly correlated with compliance. the only 
positive significant correlation is that of Solu-
bility and negative correlations were found, ob-
viously, in descriptors (with the 4 points scale) 
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c. Odour

 Fixed effects Random effects

 Assessor Order Sample Session Assessor. Sample
 (8 df) (3 df) (Product) (6 df) Session (Replicate)
   (23 df)

Variable Mean F prob F prob F prob F prob t prob t prob

Intensity 3.56 9.20 <0.001 2.82 0.039 3.64 <0.001 1.13 ns 2.48 0.05 0.00 ns
Rancid 0.53 4.92 <0.001 0.76 ns 5.59 <0.001 0.55 ns 2.55 0.05 0.00 ns
Rind 0.76 10.91 <0.001 0.41 ns 9.04 <0.001 0.81 ns 1.68 ns 0.00 ns
Sour 0.23 0.60 ns 2.23 ns 2.32 <0.001 0.62 ns 2.23 0.05 0.00 ns

d. Texture

 Fixed effects Random effects

 Assessor Order Sample Session Assessor. Sample
 (8 df) (3 df) (Product) (6 df) Session (Replicate)
   (23 df)

Variable Mean F prob F prob F prob F prob t prob t prob

Solubility 3.90 8.02 <0.001 0.70 ns 19.87 <0.001 0.49 ns 2.79 0.050 0.00 ns
Dryness 0.83 12.59 <0.001 1.75 ns 14.07 <0.001 0.63 ns 1.38 ns 0.00 ns
Rind particles 0.62 4.85 <0.001 0.26 ns 16.68 <0.001 0.77 ns 2.25 0.050 0.00 ns
Sandy 0.63 7.21 <0.001 0.38 ns 10.93 <0.001 0.33 ns 3.39 0.050 0.00 ns

e. Aroma/Taste

 Fixed effects Random effects

 Assessor Order Sample Session Assessor. Sample
 (8 df) (3 df) (Product) (6 df) Session (Replicate)
   (23 df)

Variable Mean F prob F prob F prob F prob t prob t prob

Intensity 4.31 6.75 <0.001 0.62 ns 6.80 <0.001 0.88 ns 3.07 0.001 0.00 ns
Salty 0.60 2.54 0.016 0.37 ns 3.17 <0.001 1.25 ns 3.31 0.001 0.00 ns
Pungent 0.77 9.71 <0.001 4.56 0.00 3.95 <0.001 2.14 0.051 2.41 0.050 0.00 ns
Sour 0.70 16.70 <0.001 1.93 ns 3.07 0.010 0.70 ns 0.69 0.000 0.21 ns
Rancid 0.89 8.58 <0.001 0.55 ns 8.21 <0.001 0.27 ns 3.21 0.001 0.00 ns
Rind 1.11 1.95 0.059 0.74 ns 13.84 <0.001 0.51 ns 2.73 0.050 0.05 ns

f. Compliance

 Fixed effects Random effects

 Assessor Order Sample Session Assessor. Sample
 (8 df) (3 df) (Product) (6 df) Session (Replicate)
   (23 df)

Variable Mean F prob F prob F prob F prob t prob t prob

Visual 4.96 7.79 <0.001 6.66 <0.001 20.96 <0.001 1.06 ns 1.50 ns 0.000 ns
Odour 4.55 11.19 <0.001 5.49 0.001 6.40 <0.001 1.36 ns 1.75 ns 0.000 ns
Texture 4.68 5.90 <0.001 5.62 <0.001 30.45 <0.001 0.77 ns 3.35 0.001 0.000 ns
Aroma/Taste 4.38 6.62 <0.001 3.38 0.019 12.29 <0.001 1.61 ns 3.25 0.001 0.550 ns

table 2b - continues.
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considered defects: Large grains, Long threads, 
Rancid odour, Rind odour, Dry, Rind particles, 
Sandy, Rancid aroma, Rind aroma.

GPA samples plots
the plots for each modality (Figs. 1 a,b,c,d,e,f) 

show different levels of discrimination between 
Products. the modality compliance gives the 
clearest discrimination between products, the 
panel is able to discriminate among the most 
pairs of samples. the results for appearance, 
odour and texture shows that many Products 
are different. As expected the graphic that shows 
least discrimination is that of aroma/taste. How-
ever, this graphic does show that 10 Products are 
distinctly different from the other 14 Products.

Assessors plots
One of the great advantages of using multi-

variate techniques is that it provides techniques 
to monitor the Assessors (reference to Figs. 2 
a,b,c,d,e,f, PcO assessors plots).

Four plots calculated with Principal co-ordi-
nate Analysis (PcO) (colour, texture, aroma-taste 
and compliance) show a good agreement among 

tasters, only one of them being clearly out of the 
ellipse area where the 95% of the panel should 
lie. For appearance we have two tasters outside 
the area and for odour four. this last results 
confirms those of tab 3 c about the necessity to 
work with the tasters to improve the situation.

DIScUSSION

the assessors showed some limits during their 
activity in the use of scale, they had also some 
problems with odour evaluation both in finding 
a consensus and in discrimination among prod-
ucts. On the contrary the good results of com-
pliance give confidence in the competence of the 
panel in identifying the sensory characteristics 
which could drift from the traditional standard 
provided for by the official requirements of PDO 
Parmigiano-reggiano cheese.

the scorecard was developed bearing in mind 
such requirements. It has to be considered that 
in the process of grating the wheels of Parmi-

table 3 - Generalised Procrustes Analysis of data.

a. Percentage (%) variation accounted for by Dimensions of the GPA consensus.

Modality No. of descriptors 1st Dimension 2nd Dimension 3rd Dimension Sum Dimensions 1-3

Colour 4 91.4 6.3 1.9 99.6
Appearance 3 46.2 34.2 19.6 100.0
Odour 4 47.6 24.8 16.4 88.8
Texture 4 73.5 16.1 6.0 95.6
Aroma/Taste 6 43.5 20.9 13.2 77.6
Compliance 4 76.2 12.9 8.9 98.0

b. Scaling Factor for each assessor for each modality.

 Assessor

 2 3 5 6 7 10 15 16 17

Colour 1.06 0.87 1.02 1.51 0.88 1.06 0.96 1.12 0.87
Appearance 0.98 1.00 0.91 1.35 0.96 1.08 1.03 0.93 0.93
Odour 0.99 1.14 1.00 1.00 0.91 1.16 1.01 1.09 0.84
Texture 1.32 1.08 1.06 0.73 1.01 1.07 0.97 1.08 1.03
Aroma/ Taste 0.97 1.21 1.01 0.74 1.01 1.28 1.18 0.93 1.01
Compliance 1.41 0.98 0.93 1.00 0.77 1.14 1.21 1.09 0.87

c. Correlation of each assessors data with GPA consensus.

 Assessor

 2 3 5 6 7 10 15 16 17

Colour 0.68 0.63 0.79 0.68 0.86 0.78 0.72 0.70 0.77
Appearance 0.74 0.86 0.77 0.63 0.86 0.87 0.88 0.85 0.86
Odour 0.49 0.48 0.72 0.58 0.66 0.65 0.46 0.56 0.76
Texture 0.58 0.73 0.80 0.76 0.75 0.73 0.72 0.72 0.79
Aroma/Taste 0.63 0.56 0.70 0.72 0.70 0.52 0.58 0.60 0.69
Compliance 0.53 0.71 0.76 0.75 0.81 0.72 0.72 0.77 0.84
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table 4 - correlations of component data with compli-
ance data.

a. Colour with Compliance. Visual.

Variable Mean Corr Prob

Intensity 3.19 0.04 ns
Brown 0.07 -0.44 0.014
Lemon yellow 0.09 0.19 ns
Other colours 0.08 -0.45 0.013

b. Appearance with Compliance. Visual.

Variable Mean Corr Prob

Particles size 3.29 -0.05 ns
Large grains 0.31 -0.84 <0.001
Long threads 0.49 -0.47 0.009

c. Odour with Compliance. Odour.

Variable Mean Corr Prob

Intensity 3.56 0.06 ns
Rancid 0.53 -0.57 0.001
Rind 0.76 -0.39 0.028
Sour 0.23 -0.16 ns

d. Texture with Compliance. Texture.

Variable Mean Corr Prob

Solubility 3.90 0.92 <0.001
Dryness 0.83 -0.81 <0.001
Rind particles 0.62 -0.72 <0.001
Sandy 0.63 -0.61 0.001

e. Aroma/taste with Compliance. Aroma/Taste.

Variable Mean Corr Prob

Intensity 4.31 0.37  0.036
Salty 0.60 0.11 ns
Pungent 0.77 -0.04 ns
Sour 0.70 -0.07 ns
Rancid 0.89 -0.63 <0.001
Rind 1.11 -0.66 <0.001

f. Compliance means.

Variable Mean

Visual 4.96
Odour 4.55
Texture 4.68
Aroma/Taste 4.38

giano-reggiano cheese, the differences among 
the samples could be originated by: a) raw mat-
ter mostly in terms of odour, aroma/taste and 
less in terms of texture; b) processing technol-
ogy mostly in terms of texture than in terms of 
odour or aroma/taste.

In the first case we could have differences due 
to different aromatic composition of the original 
cheese (for aromas of quality products but also 
for off flavours), but the texture of the wheel be-
fore grating could also affect the sensory evalua-
tion, for instance by moisture content or prote-
olysis. On the other hand the technology could 
influence the percentage of rind presented in 
the grated cheese that, according to regula-
tions, should not exceed the 18% of the weight, 
but could be also inferior. Different percentage 
of rind in grated cheese affect dramatically the 
quality of the products. Other technological de-
cisions , for instance waiting too long between 
the opening of the wheels and the grating affect 
the quality of the grated cheese. too fine grat-
ing affect also the quality.

raw matter and technology conditions thus 
affect specific sensory quality characteristics of 
the cheese and the descriptors chosen in the 
scorecard were found useful in describing the 
important features and defects of grated Parmi-
giano-reggiano.

Some descriptors nevertheless which are not 
so useful in product discrimination (Other col-
ours) or difficult to assess (Salty, Sour) or redun-
dant (Sandy) could be removed bearing in mind 
the utility of reducing the length of the scorecard.

cONcLUSIONS

this research demonstrates that this score-
card can be used for the sensory analysis of grat-
ed Parmigiano-reggiano. It is shown to be ful-
ly “fit for the purpose” of differentiating between 
different samples of grated Parmigiano-reggiano 
and identifying the differences. As always the as-
sessors showed modest differences in personal 
performance, but in general excellent agreement 
was found. Overall, assessors clearly have more 
problems with the complex modalities i.e. Odour 
and Aroma/taste. this emphasizes the need for 
frequent training exercises and constant moni-
toring for this most demanding job.

the discrimination among products was par-
ticularly good for texture and compliance.

the results for compliance showed that the 
assessors have understood the proper meaning 
and use of this modality. these excellent results 
confirm the use of this scorecard by the official 
control body of the PDO Parmigiano-reggiano 
to test samples of grated cheese for compliance 
with PDO requirements. We suggest also that 
this scorecard could be used by the producers 
as useful tool to monitor their production in sen-
sory quality control.
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Fig. 2 a,b,c,d,e,f - PcO assessors plots for: a) colour, b) Appearance, c) Odour, d) texture, e) Aroma/taste, f) compliance. 
Numbers represent assessor and the ellipse encloses the area where 95% of the panel is expected to lie.
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AbStrAct

the work is devoted to understand how cheese making factors can influence the quality of cheese 
along ripening. the study is focused on a semi-hard cheese (toma). three parameters (type of 
milk, of curd and of starter bacteria) were studied by a full factorial experimental design, provid-
ing a set of eight cheese samples characterised, after one and two months of ripening respectively, 
by compositional parameters and the content of biogenic amines. Principal component Analysis 
and the regression models built for one and two months relating cheese making factors to quality 
parameters, allowed to point out important relationships existing between cheese making condi-
tions, ripening time and quality and led to suggest best practices in the cheese making procedure 
of toma cheese, according to the improvement in both food safety and quality.

the approach is intended as a guideline for product optimization taking into account the tech-
nological features of the product, food safety issues and the receipt constraints.
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INtrODUctION

the ripening process is responsible for the 
positive features of cheese involving flavour, tex-
ture and aroma; on the other hand, during rip-
ening the proteolytic process can lead to the for-
mation of compounds that are potentially toxic 
for humans (KALIt et al., 2005). the entire pro-
cess leads both to changes in the chemical-phys-
ical properties of cheese (pH, moisture, etc.) and 
to the formation of biogenic amines (bAs) due to 
the decarboxylation of free amino acids.

bAs are organic bases characterised by a bi-
ological activity as they play psycho- and vaso-
active effects on humans: the consumption of 
large amounts of bAs can in fact cause trou-
bles of different entity, from light illnesses as 
headache and nausea to more dangerous dis-
eases as hyper- and hypo-tension, cardiac pal-
pitation and anaphylactic shock syndrome (NO-
VELLA-rODrIGUEZ, 2000).

Many different factors have been studied to 
characterise cheese and also investigate varia-
tions during cheese ripening processes: mois-
ture, salt, proteins, D+L lactic acid, nitrogen 
fractions soluble in water and acid, free amino 
acids content, bAs profile and fatty acid methyl 
ester content, protein fractions (AttAIE, 2005; 
bArILE et al., 2006; GENNArO et al., 2003; KE-
bArY et al., 1999; KUcHrOO and FOX, 1982; PIN-
tADO et al., 2008; PUErtO et al., 2004; WAtKIN-
SON et al., 2001).

During ripening, changes are evident in mois-
ture, amount of proteins, salt, pH, nitrogen sol-
uble fractions and amount of bAs; all these pa-
rameters are influenced by cheese making pro-
cedures and storage conditions (GENNArO et al., 
2003; KEbArY et al., 1999; KUcHrOO and FOX, 
1982; MIcHAELIDOU et al., 2003; NIKOLAOU et al., 
2002; NOVELLA-rODrIGUEZ et al., 2004; SKEIE 
and ArDO, 2000; VArLIK and UGUr, 2002; WAL-
LAcE and FOX, 1997; WAtKINSON et al., 2001). 

In terms of food safety, a previous work (GEN-
NArO et al., 2003) carried out by our research 
group showed the correlation between amount 
of bAs and production conditions: this kind of 
knowledge can suggest optimal production and 
storage conditions to provide the minimization 
(and/or decrease) of the bAs content in cheese.

the aim of this work is deepening the knowl-
edge of the effect played by cheese making pa-
rameters on the quality parameters of the final 
product along with ripening, providing in the 
meantime information about the best practices 
in cheese production according to the improve-
ment of food quality and safety. the study is fo-
cused on a semi-hard cheese, namely “toma” 
by full factorial experimental design and Prin-
cipal component Analysis in order to point out 
relationships existing between cheese making 
conditions, ripening time and quality of the fi-
nal products.

the approach can be intended as a guideline 

for product optimization that allows to contem-
porarily consider the technological features of 
the product, food safety issues and the exist-
ence of receipt constraints.

MAtErIALS AND MEtHODS

Sample preparation

the cheese samples were prepared by varying 
three cheese making conditions according to a 
two-level full factorial design (bOX and HUNt-
Er, 1978; cArLSON, 1992; DEMING and MOr-
GAN, 1993): a) the milk pre-treatment (raw or 
pasteurised), MILK; b) the starter bacteria (ther-
mophile or mesophile), StrAIN; c) the treat-
ment of the curd (raw or heated curd), cUrD. 
the experiments required are 8 and three rep-
licates of the overall experimental plan were 
produced, thus providing a total of 24 cheese 
samples. Factorial design theory is not further 
deepened here since it is widely described else-
where (bOX et al., 1978; cArLSON, 1992; DEM-
ING and MOrGAN, 1993).

chemical and physico-chemical parameters 
were determined on each independent replica-
tion after one and two months ripening. Each 
set of cheese samples was obtained from sep-
arate batches of 50 litres of bovine whole milk, 
coagulation was obtained at 35°c by means of 
liquid bovine rennet (1:10000). In the case of 
“heated curd”, a temperature of 44°c was ap-
plied for 12 min. In all cases, curd was put in 
cylindrical moulds (diameter 25 cm) then salt-
ed in a 21% Nacl w/w brine for 12 h and rip-
ened at 10ºc and 85% r.H. up to two months.

bacterial cultures were two different commer-
cial starters, with different composition:
- Mesophilic strains: Lactococcus lactis (subspe-

cies lactis), Lactococcus lactis (subsp. cremo-
ris), Lactococcus lactis (subsp. biovar), Lacto-
coccus lactis (subsp. diacetylactis) and Leu-
conostoc mesenterioides (subsp. cremoris);

- Thermophilic strains: Streptococcus thermo-
philus and Lactobacillus delbreuckii (subsp. 
Bulgaricus).

Reagents

Ultrapure water from Milli-Q system (Milli-
pore), acetonitrile, Hcl 0.1 M and acetone HPLc 
grade were purchased from Merck. Histamine di-
hydrochloride, tyramine hydrochloride, putres-
cine dihydrochloride, cadaverine dihydrochlo-
ride, sodium hydrogen carbonate and dansyl-
chloride were Sigma-Aldrich reagents.

Instrumentation

An HPLc Lachrom, Merck-Hitachi (tokyo, Ja-
pan), equipped with a quaternary pump L-7100, 
an UV detector L-7400 and an interface L-7000 
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were used; the chromatographic column was a 
Merck Lichrospher 100 rP-18 250 x 4 mm (5 
µm) coupled with a guard column of the same 
material. A homogeneiser Ultraturrax t25 (IKA, 
Warke, Germany) and a centrifuge 5804 (Eppen-
dorf, Hamburg, Germany) were used. A crison 
pH2001 pH-meter equipped with a combined 
glass-calomel electrode was employed for the 
pH measurements.

Methods

Amine identification and quantification were 
made by HPLc, after extraction and dansyl-
chloride derivatization, performed according 
to the protocol from MOrEt and cONtE (1996). 
the mobile phase was a water/AcN mixture 
in the following gradient elution: 0-5 min wa-
ter/AcN 35/65, 5-20 min water/AcN 25/75. 
Flow-rate was 0.8 mL/min and UV detection 
was performed at 254 nm. pH and moisture 
determinations were performed according to 
FENELON and GUINEE (1999); water and acid 
soluble nitrogen were measured by the method 
reported by KUcHrOO and FOX (1982), while 
total nitrogen content was estimated by the 
AOAc standard method 2001.14. D+L Lactic 
acid was determined by a boehringer-Man-
nheim enzymatic kit and the total aminoac-
ids quantity was evaluated as in POLYcHrO-
NIADOU (1988).

Principal component Analysis, regression 
models and all graphical representations were 
performed by Statistica 7.1 (Statsoft Inc., USA) 
and Excel 2003 (Microsoft corporation, USA).

Data analysis

Principal component Analysis (PcA) (MASSArt 
et al., 1988; VANDEGINStE et al., 1998) was car-
ried out here to provide a dimensionality reduc-
tion; PcA was applied with a Varimax rotation 
of the relevant Pcs (i.e. the maximisation of the 
variances of all the original variables on each 
Pc), to obtain a clearer insight of the investigat-
ed phenomena (MASSArt et al., 1988; VANDEGIN-
StE et al., 1998). the Varimax rotation is par-
ticularly suitable for this application to identi-
fy the macro-variables hidden in the data struc-
ture, e.g. the ripening time or the content of bi-
ogenic amines.

the effect played by the factors investigated 
(MILK, cUrD and StrAIN) was studied by a two-
level full factorial design that allows the evalu-
ation of the effect of the principal factors and 
of their interactions (two- and three-way inter-
actions) on the investigated responses. Eight 
cheese samples corresponding to the experi-
ments deriving from a 23 full factorial design 
were performed (replicated three times to pro-
vide 24 final products). the samples obtained 
were ripened for two months and analyzed after 
one and two months respectively by the compo-

sitional parameters (moisture, pH, lactic acid, 
aminoacids, nitrogen fraction soluble in water 
and in trichloroacetic acid (tcA)) and the bAs 
content (cadaverine, histamine, putrescine and 
tyramine).

the Ordinary Least Squares (OLS) regression 
model that can be investigated by the 23 full fac-
torial design applied in this case is:

where the coefficients bi measure the effect of 
the corresponding variable and of their inter-
actions on the final response y. the variable y 
can be either a direct experimental measure-
ment (e.g. the concentration of investigated an-
alytes) or a variable taking into account the cor-
relation structure of the data (score on a sig-
nificant Pc). Here, the regression models were 
built for each Pc calculated by PcA after Var-
imax rotation. 

Data analysis consisted therefore in a multi-
step procedure:
1) Principal Component Analysis. 
 PcA was first applied to the overall dataset, 

provided in Supplementary Information 1, in 
which values lower than the LOD were set 
to 0. After autoscaling, the Varimax rotation 
was applied to the first four Pcs calculated, 
explaining about 85% of the total variance. 
this first step provides a reduced set of mac-
ro-variables. 

2) Evaluation of the experimental error. 
 For each regression model, the experimental 

error was obtained calculating the pooled var-
iance as:

where:
vi = n

i
-1 is the number of degrees of freedom of 

each estimate of the experimental error s2
i
 of 

the i-th replicated experiment (n is the number 
of replications; here n

i
=3 for each s2

i
). the sum 

runs on the N=8 experiments of the experimen-
tal design. 

3) Calculation of regression models
regression models were then built relating 

each rotated principal component to the inves-
tigated cheese making factors (MILK, StrAIN, 
cUrD) and their interactions. Statistically rel-
evant coefficients of factors and/or interactions 
to be included in the model were identified as 
in (bOX and HUNtEr, 1978),  comparing the co-
efficients to the corresponding standard error:
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where N is the number of experiments (here, 
N=24).

thank to the availability of several replicat-
ed experiments, each model containing only the 
relevant factors and interactions could be test-
ed for lack-of-fit. the test was carried out ac-
cording to ANOVA (ANalysis Of VAriance), by a 
Fisher F-test (bOX and HUNtEr, 1978) compar-
ing the residual information due to lack-of-fit, 
MSSlof (not accounted for by the), model to the 
residual information due to pure experimental 
error (MSSpe):

If the Flof,calc is smaller than the F-Fisher tab-
ulated for the corresponding degrees of freedom 
of MSSlof and MSSpe, at a significance level =0.05, 
no lack-of-fit is detected. 

the analysis of the regression models pro-
vides general information about the effect played 
by each factor on the general characteristics of 
cheese along ripening and allows the identifica-
tion of best practices in cheese making proce-
dures. Independent regression models for one 
and two months ripening times were built, in 
order to identify possible changes in the effect 
played by the cheese making conditions.

rESULtS AND DIScUSSION

Principal Component Analysis

PcA was applied to the overall dataset after 
autoscaling and Varimax rotation of the first 4 
factors, explaining about 85% of the total var-
iance.

Pc1 accounts for the largest amount of to-
tal variance (about 31%) and the corresponding 
loading plot (Fig. 1a) shows large positive weights 
of the variables related to the bAs content and 
at a lower extent, to the fraction of N2 extracted 
in water. this Pc therefore mainly accounts for 
the overall bAs content (more positive scores on 
Pc1 correspond to a larger bAs content). 

Pc2 (about 28% explained variance) shows a 
positive contribution (positive weight; Fig. 2a) of 
the amount of nitrogen extracted by tcA, ami-
no acids and pH; a lower but still positive con-
tribution is also present for nitrogen extracted 
in water. the amount of nitrogen extracted by 
tcA is usually related to non protein nitrogen, 
while N extracted in water is commonly consid-
ered to have a protein origin (KALIt et al., 2005; 
KUcHrOO and FOX, 1982) [1, 7]. the amount of 
variance accounted for by water soluble nitrogen 
is thus separated into two contributions: one re-

lated to proteolysis and one related to the bAs 
content. From this point of view, the generation 
of bAs can be looked at as a secondary product 
of proteolysis and an increase of pH and of the 
amount of N in tcA can be related to proteoly-
sis working-out (WAtKINSON et al., 2001) [10], 
i.e. to a correct ripening from the technological 
point of view. An increase of the scores on Pc2 
can therefore be related to the presence of a pro-
teolyc process.

Pc3 (13% explained variance) accounts for the 
information on moisture, showing a large nega-
tive weight (loading plot in Fig. 3a); more nega-
tive scores on this component are therefore re-
lated to a larger moisture.

the fourth Pc, explaining about 12% of total 
variance, accounts for the contribution of lactic 
acid (large negative weights). Since Pc4 does not 
show systematic variations among the samples, 
it is not discussed further here since no relevant 
models could be built. 

Regression models

table 1 reports the regression models calcu-
lated for each Pc after 1 and 2 months ripening: 
coefficients in parenthesis were not included in 
the final model (p-level > 0.05). r2 and Flof val-
ues refer therefore to the final model excluding 
not significant parameters and/or interactions. 
As it can be noticed good fitting abilities for all 
models were obtained (r2 values always > 0.92), 
with no evidence of lack-of-fit (Flof, calc < Flof, tab).

Hereafter, the models obtained are discussed 
in more detail for each Pc independently to 
extrapolate the effect played by each cheese 
making factor on the evolution of the physical-
chemical characteristics of the samples along 
ripening.  Models are discussed on the basis 
of surface response graphics showing the cor-
responding Pc score along the z-axis and the 
variation of two parameters at a time on the x 
and y axes respectively. All response surfac-
es are represented on a colour scale from red 
(large positive scores) towards blue (large neg-
ative scores).

- PC1: content of biogenic amines 
For what regards the 1st month ripening, the 

effect played by the cheese making conditions 
must be discussed on the basis of the three-way 
interaction, that appears relevant in the model 
(table 1). Fig. 1b represents the response sur-
faces illustrating the three way interaction. Pass-
ing from raw to pasteurised milk, bAs decrease 
(more negative scores) independently from the 
type of strain and curd. However, with heat-
ed curd, the effect of the type of milk is larger 
(steeper curve) with thermophile than for mes-
ophile strains.

therefore, the use of pasteurised milk, after 
one-month ripening, smoothes the effects of the 
other two variables on the bAs content. Either 
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c)

b)

a)

Fig. 1 - results obtained for Pc1 (biogenic Amines): loading plot (a); surface plots for the three-way interaction for raw and 
heated curd separately for the model after one month ripening (b); surface plots for the two-way interactions for the model 
after two months ripening (c).

heating or not heating the curd, it is useful to 
adopt pasteurised milk to obtain a minor con-
tent of bAs: this is true for both types of strain. 
the smallest possible concentration of bAs is ob-
tained with pasteurised milk, heated curd and 
mesophile strain.

If raw milk has to be used, instead, the in-
teraction between curd and strain becomes 
relevant: thermophile strains have to be used 
with raw curd and mesophile strains if curd is 
heated. 

For what regards the 2nd month regression 

model, the effects of the factors are discussed 
on the basis of the surface plots of all the rele-
vant two-way interactions (table 1 and Fig. 1c):
- MILK * STRAIN Interaction. With pasteurised 

milk, the change of the type of strain does 
not produce effects on the bAs content (they 
are in general at low levels), while the starter 
bacteria plays an effect with raw milk: pass-
ing from thermophile to mesophile strains, 
bA decrease. Passing from raw to pasteur-
ised milk produces a decrease of the bAs 
content with both thermophile and meso-
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phile strains but the effect is larger with the 
first ones. the smallest amount of amines is 
detected with pasteurised milk and thermo-
phile strains.

- MILK * CURD Interaction. Passing from raw to 
heated curd, bAs decrease with pasteurised 
milk and increase with raw milk. With both 
raw and heated curd, milk pasteurisation de-

creases amines but the effect is more evident 
if the curd is heated. the most different situ-
ations can be detected with heated curd: with 
pasteurised milk the content of amines is the 
smallest, with raw milk their content is the 
largest.

- STRAIN * CURD Interaction. Passing from 
raw to heated curd, bAs decrease with mes-

c)

b)

a)

Fig. 2 - results obtained for Pc2 (Proteolysis): loading plot (a); surface plots for the three-way interaction for raw and heat-
ed curd separately for the model after one month ripening (b); surface plots for the three-way interaction for raw and heat-
ed curd separately for the model after two months ripening (c). 
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c)

b)a)

Fig. 3 - results obtained for Pc3 (Moisture): loading plot (a); surface plots for the two-way MILK*StrAIN interaction for the 
model after one month ripening (b); surface plots for the three-way interaction for raw and heated curd separately for the 
model after two months ripening (c). 

ophile strains and increase with thermophile 
strains. Passing from thermophile to meso-
phile strains, amines increase with raw curd 
and decrease if the curd is heated. the small-
est amounts of amines are detected in corre-
spondence to raw curd/thermophile strain 
and heated curd/mesophile strain and the 
largest amount in the other two extreme ex-
perimental points.
If the three two-way interactions are consid-

ered simultaneously, it appears clear that also 
after two months ripening the smallest amount 
of amines is achieved with pasteurised milk, 
heated curd and mesophile strains. For what 
regards the achievement of low levels of bAs, 
potentially dangerous for health, it is better to 
heat the curd with mesophile strains or using 
raw curd with thermophile strains: in such cas-
es fermentation is not pushed to extremes. the 

heating of the curd does not produce always 
smaller levels of amines: this is true only if pas-
teurised milk is used.

comparing the two models (table 1) the only 
parameter showing a change of its sign is the 
intercept (negative value for the first model and 
positive value for the second model): the aver-
age bAs content after one month ripening is 
low (negative score), while it is larger after two 
months (positive score), showing that a general 
increase is recorded during ripening.

In order to maintain low concentrations of 
bAs, it seems to be sufficient to pasteurise milk 
with a ripening of one month; for a ripening time 
of two months it is necessary, in addition, to heat 
the curd. If the procedure of cheese making re-
quires the use of raw milk, the use of mesophile 
strains and heated curd assures a low concen-
tration of bAs. 
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- PC2: Proteolysis
the models built after one and two months 

ripening show that the three-way interaction is 
relevant (table 1); therefore, both models must 
be discussed considering the surface plots rep-
resenting the corresponding three-way interac-
tions (Figg. 2b-c). 
- First month ripening (Fig. 2b). With raw curd, 

the largest proteolysis (largest positive score) 
is observed with mesophile strains and pas-
teurised milk. If raw milk is used, proteolysis 

table 1 - OLS regression models for Pc1 (biogenic amines), Pc2 (proteolysis) and Pc3 (moisture) for the first and second months: 
regression coefficients, corresponding calculated t-Student and p-level, experimental error (Spe), standard error calculated 
on the coefficients (Std Error). coefficients in parenthesis were not included in the final model (p-level > 0.05); r2, F-Fish-
er calculated and tabulated for the evaluation of lack-of-fit are indicated for the model excluding not significant coefficients.

PC1: Biogenic amines 1st Month 2nd Month

 Coeff. t calc p-level Coeff. t calc p-level

 Intercept -0.3086 8.38 0.0000 0.3086 5.69 0.0000
 MILK -0.5061 13.74 0.0000 -0.7110 13.10 0.0000
 STRAIN (0.0332) 0.90 0.3802 -0.2623 4.83 0.0002
 CURD -0.1594 4.33 0.0005 (-0.0398) 0.73 0.4739
 MILK*STRAIN 0.0893 2.42 0.0276 0.2463 4.54 0.0003
 MILK*CURD (0.0180) 0.49 0.6317 -0.4177 7.69 0.0000
 STRAIN*CURD -0.1270 3.45 0.0033 -0.7437 13.70 0.0000
 MILK*STRAIN*CURD 0.1276 3.47 0.0032 (0.1072) 1.98 0.0657
  Spe Std Error R2 Spe Std Error R2

  0.1804 0.0368 0.9330 0.2660 0.0543 0.9577
  Flof, calc Flof, tab  Flof, calc Flof, tab
  0.53 4.69  2.22 4.69

PC2: Proteolysis 1st Month 2nd Month

 Coeff. t calc p-level Coeff. t calc p-level

 Intercept -0.7603 18.44 0.0000 0.7603 19.18 0.0000
 MILK 0.4863 11.80 0.0000 -0.2800 7.06 0.0000
 STRAIN 0.1869 4.53 0.0003 0.2150 5.43 0.0001
 CURD -0.1572 3.81 0.0015 (-0.0093) 0.24 0.8171
 MILK*STRAIN -0.1053 2.56 0.0212 -0.2193 5.53 0.0000
 MILK*CURD -0.0945 2.29 0.0359 0.2553 6.44 0.0000
 STRAIN*CURD (0.0234) 0.57 0.5782 0.2610 6.59 0.0000
 MILK*STRAIN*CURD -0.3209 7.79 0.0000 -0.1548 3.91 0.0013
  Spe Std Error R2 Spe Std Error R2

  0.2019 0.0412 0.9379 0.0377 0.0396 0.9290
  Flof, calc Flof, tab  Flof, calc Flof, tab 
  0.32 6.11  0.06 6.11 

PC3: Moisture 1st Month 2nd Month

 Coeff. t calc p-level Coeff. t calc p-level

 Intercept -0.2002 6.42 0.0000 0.2002 3.68 0.0020
 MILK -0.0774 2.48 0.0245 -0.1359 2.49 0.0239
 STRAIN -0.5839 18.73 0.0000 -0.5756 10.57 0.0000
 CURD 0.6183 19.83 0.0000 0.6770 12.43 0.0000
 MILK*STRAIN 0.0791 2.54 0.0219 0.2269 4.17 0.0007
 MILK*CURD (-0.0446) 1.43 0.1714 (-0.1137) 2.09 0.0532
 STRAIN*CURD (0.0537) 1.72 0.1041 0.3889 7.14 0.0000
 MILK*STRAIN*CURD (-0.0040) 0.13 0.9000 -0.2256 4.14 0.0008
  Spe Std Error R2 Spe Std Error R2

  0.1527 0.0312 0.9729 0.2668 0.0545 0.9462
  Flof, calc Flof, tab  Flof, calc Flof, tab
  1.68 4.08  4.36 6.11

is always low. With raw curd, the strain plays 
an effect only if pasteurised milk is used. Milk 
pasteurisation always plays the same effect: it 
increases proteolysis, but the effect is more rel-
evant (steeper curve) if mesophile strains are 
used. When the curd is heated, instead, pro-
teolysis is always low (negative scores), par-
ticularly with thermophile strains and raw 
milk. With heated curd, the effect of the type 
of strain is the most relevant (steepest curve) 
with raw milk (opposite to the behaviour with 
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raw curd). the effect of the type of milk is rel-
evant only with thermophile strains (less neg-
ative scores). 

- Second month ripening (Fig. 2c). One of the 
most evident differences between 1st and 2nd 
month models (table 1) is the sign of the in-
tercept, changing from negative (first model) 
to positive (second model): after one month 
ripening the average proteolysis is low, while 
it increases on the average after two months 
ripening. In general, we can state that the ef-
fects played by the factors remain almost un-
varied with heated curd even if proteolysis in 
general increases after the second month: the 
smallest proteolysis is always obtained with 
raw milk and thermophile strains. However, 
proteolysis is large above all with raw milk 
and mesophile strains. With heated curd the 
effect of milk is similar to the first month but 
in this case it is relevant even with mesophile 
strains (opposite to that recorded for thermo-
phile strains). With raw curd, the behaviour af-
ter two months ripening is quite different from 
one month ripening: proteolysis is large with 
raw milk and low with pasteurised milk, while 
the strain does not play a relevant effect. With 
raw curd, the type of milk plays the same effect 
with both strains but the effect is opposite to 
that recorded after one month ripening (pro-
teolysis increases with raw milk). the type of 
strain plays no relevant effect nor with raw or 
pasteurised milk. the effect of the use of raw 
milk, when using raw curd, becomes visible 
only at the second month, increasing proteol-
ysis, but shows no effect on proteolysis if the 
ripening is stopped at the first month.

- PC3: Moisture
In the 1st month model only the three princi-

pal factors and the interaction MILK - STRAIN 
are relevant (table 1). the regression coefficient 
of CURD shows that passing from raw to heated 
curd, moisture of the final product decreases, 
since draining increases. the effect of MILK and 
STRAIN instead must be discussed on the basis 
of the two-way interaction (Fig. 3b). With both 
pasteurised and raw milk, passing from meso-
phile to thermophile strains decreases moisture 
(more positive scores). In particular with meso-
phile strains, pasteurising milk does not produce 
relevant effects (moisture is always large), while 
it reduces moisture with thermophile strains.  

For what regards the 2nd month model, the 
effects must be discussed on the basis of the 
three-way response surface (table 1), reported 
in Fig. 3(c). With raw curd, the interaction be-
tween MILK and StrAIN seems similar to the 
first month: the lowest moisture is recorded with 
raw milk and thermophile strains. On the con-
trary, the largest values are recorded with mes-
ophile strains for both types of milk. In general, 
the effect of the type of milk and strain on the 
final moisture is more significant with raw curd.

With heated curd, moisture is always low (pos-
itive scores) but the lowest possible values are 
recorded when raw milk and thermophile strains 
are adopted. Heating of the curd therefore levels 
moisture after two months ripening. 

Again, if 1st and 2nd month models are com-
pared, only the intercept changes its sign: a neg-
ative value for the first model corresponds to an 
average large value of moisture after one month, 
while the positive value for the second model cor-
responds to a general decrease of the moisture 
along ripening, as expected.

In moisture control, the most significant pa-
rameter is the heating of curd, as expected; if 
cheese has to be produced from raw curd, the 
use of thermophile strains, in association with 
both pasteurised and raw milk, assures its min-
imum value.

cONcLUSIONS

the conclusions that can be drawn from the 
joint analysis of the regression models built for 
each Pc independently, can lead to the estab-
lishment of optimal cheese making practices 
aimed to obtain products characterised by high 
quality features and high food safety standards.

the approach here presented can be used as 
a guideline for product optimization: the optimi-
zation step has to take into account the techno-
logical features of the product and food safety is-
sues but also receipt constraints.  In facts, the 
optimal cheese-making conditions will not prob-
ably correspond to the absolute optimal condi-
tions but will be the best conditions considering 
all receipt constraints, e.g. the use of raw milk, 
the use of raw curd etc.

Since the use of raw or heated curd leads to 
fundamentally different final products, final con-
siderations are drawn according to a preliminary 
choice of a desirable ripening time (one or two 
months) and of the procedure used for curd prepa-
ration. For example, if the making conditions state 
a maximum ripening of one month and the use 
of raw curd (the worst conditions for bAs produc-
tion), it emerges that pasteurised milk has to be 
preferred since the final product shows anyway a 
small bAs amount and very advanced proteoly-
sis (especially when mesophile strains are used); 
the use of mesophile strains leads to a very moist 
product, but if thermophile strains are adopt-
ed, intermediate moisture levels can be obtained.
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AbStrAct

the aim of this work was to investigate the influence of starch and bread crumbs as coating 
films at different levels (1, 2, 3, 4, and 5%) on fat reduction and product quality in deep fried po-
tato pellet chips. the results obtained have shown that all coated samples increased fat reduction 
percent at all levels of starch and bread crumbs ranged from 12.89 to 44.37% and from 14.98 to 
27.15%, respectively. the most effective level of starch was 4% for fat reduction, while the best 
level of bread crumbs was 3%. there were no significant (P > 0.05) differences between all sam-
ples in specific volume for fried potato pellet chips. the sensory attributes were improved as a re-
sult of using the coating materials at different levels and this is may be attributed to the reduc-
tion of fat absorption.
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INtrODUctION

Deep fat frying plays an important role in 
food preparation, and it is one of the oldest 
cooking methods widely used to prepare tasty, 
distinctive flavor, aroma and crispy foods. It 
makes a unique contribution to sensory char-
acteristics (rIMAc-brNČIĆ et al., 2004). De-
spite its considerable fat content and inten-
sified consumer’s awareness of the relation-
ships between food, nutrition and health, fry-
ing remains a principal cooking method (SA-
GUY and DANA, 2003).

Some of the fried foods may contain up to 
50% fat. For example, lipid content of French 
Fries increases from 0.2 to 14% and may reach 
40% in fried potato chips (PINtHUS et al., 1993; 
AKDENIZ et al., 2006). thus, fried foods have 
become a health concern. High consumption 
of lipids has been related to obesity and other 
diseases like coronary heart diseases. Further-
more, lipid oxidation during frying generates 
different oxidation byproducts, some of which 
are also associated with many diseases such 
as premature aging, membrane damage, heart 
disease and cancer (FALGUErA et al., 2011). 

 Fried foods contribute a significant propor-
tion of the total fat consumed in the world. Yet, 
aside from their high caloric value, fried foods 
can be nutritious and favorably compared with 
other cooking methods such as baking and boil-
ing (PEDrEScHI and MOYANO, 2005).

Properties of fried food surfaces are signifi-
cant in influencing fat absorption. Application 
of coating is therefore a promising route to re-
duce oil content (NGADI et al., 2007). coatings 
are reported to form barriers to moisture loss 
and subsequently fat uptake during frying. Deep 
fat frying involves the transfer of heat from the 
surrounding oil to the food interior together with 
the transfer of oil to the food and the transfer of 
water in the form of vapor from the food to the 
oil (SALVADOr et al., 2008).

It has been well documented that edible coat-
ings applied to food before frying aid in limit-
ing moisture and oil transfer during frying (AL-
bErt and MIttAL, 2002). the surface modifica-
tion by the hydrocolloid coatings can contribute 
to the reduction of the oil uptake during frying 
(KIM, 2011).

Various surface coating materials such 
as isolated whey protein, powdered bread 
crumbs, starch, carrageenan, and their com-
binations were used to reduce moisture loss 
and fat uptake of chicken meat balls during 
deep fat frying (AL-AbDULLAH et al., 2011). 
However, there is little published information 
about the use of starch and bread crumbs as 
coating materials to reduce moisture loss and 
fat uptake of potato pellet chips during deep-
fat frying. therefore, the aims of this study 
are to study the effect of different percentages 
of starch and bread crumbs as coating mate-

rial films for potato pellet chips during deep-
fat frying on the level of fat reduction, and to 
study some important chemical, physical and 
sensory properties.

MAtErIALS AND MEtHODS

Materials

Potato pellet chips were purchased from a lo-
cal market (JOPELLEtS, Amman, Jordan). the 
coating materials used were commercial corn-
starch (packed by Al- tahuona Al- Fakhera Est. 
Amman) and bread crumbs that were prepared 
from pan bread by removing the crust of the pan 
bread (bread crumbs), then dried at 40ºc in an 
air oven (Memmert, 854 Schwapach, West Ger-
many) for 8 hours. 

After that the dried bread crumbs was ground 
by using a mixer (type 241, Moulinex, France), 
and then the ground crumbs were sieved to 150 
µm particle size using a sieve (type AStME 11-
70, Mauer, Germany) and were placed in a glass 
jar until use.

Coating solution preparation

coating solutions were prepared. For each 
coating material, five solutions of 1, 2, 3, 4, 
and 5% w/v were prepared. Each solution was 
heated to 90ºc for 5 minutes then cooled to 
room temperature. After that glycerol was add-
ed at a level of 3% w/v to these solutions as 
plasticizer. Potato pellet chips were dipped for 
10 seconds in the coating solutions followed 
by air drying using an air blower; the dipping 
and drying procedures were repeated again to 
ensure uniform coating of the film on the prod-
ucts. Potato pellet chips without coating were 
used as control.

the coated and uncoated samples were fried 
in an electrical deep-fat fryer (Emjoi power, Mod-
el UEDL- 206, china) filled with corn oil (Yara 
oil, Kafak trading company, Jordan) at 180° ± 
2°c for 10 seconds (controlled temperature and 
time) during which a golden color surface was 
observed and the temperature of frying oil mon-
itored by a digital thermocouple (K- type, APPA-
51, taiwan). the oil was replaced after four fry-
ing batches. In each batch, twenty potato pel-
let chips were placed inside the frying basket. 
Frying was carried out by immersing the basket 
in the oil. After frying, samples were put on ab-
sorbing tissue paper for 5 minutes prior to test-
ing. this was done to minimize the absorption of 
oil due to the cooling down period (SOUtHErN, 
2000). the fried samples were left to cool down 
to ambient conditions for 1 hour. One part of 
the freshly fried samples was taken immediate-
ly for sensory evaluation, while the other parts 
were placed in plastic bags until chemical and 
physical analysis.
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Samples analysis:

chemical methods

Samples were analysed for moisture and fat 
content according to Association Official Ana-
lytical chemists (AOAc) 2000 and each analy-
sis was carried out in duplicate. 

Moisture content (Mc) was determined by 
an oven-drying method in which potato pel-
let chips samples were placed in dishes and 
held in an oven (Memmert, 854, Schwapach, 
Germany) at 105°c until constant weight was 
reached. 

Fat content (Fc) was determined by the Sox-
hlet method, which involve continuous vapor-
isation and condensation of petroleum ether 
during passage through a 5 g, moisture-free 
sample placed in the extraction thimble and 
covered with cotton wool. After 16 h, the ex-
tract was collected and subjected to distillation 
in order to collect the crude fat, which was then 
dried and weighed.

the fat reduction capabilities of the edible 
coating in relative to control (uncoated samples) 
were estimated as the percent of fat content dif-
ferences between uncoated and coated samples.

Acidity percent (as oleic acid) and peroxide 
value were analyzed for frying oil at each frying 
batch according to AOAc (2000). the acidity 
and peroxide value for the frying oil were ranged 
from 0.22 to 0.25 and 9.9 to 9.96, respectively.

Physical methods

the volume of each sample was determined 
by immersion in a graduated cylinder filled with 
paraffin oil. Sample specific volume was calculat-
ed by dividing the sample weight by the volume 
of paraffin oil displaced (AKDENZ et al., 2006).

Samples from each treatment were evaluated 
for sensory evaluation by an 11-member trained 
panel, chosen from the employees and students 
of the Department of Nutrition and Food tech-
nology, Al-balqa University. the panellists were 
of both sexes and different ages (18-50 years). 
before evaluating the samples, they were famil-
iarised with the test procedure and use of the 
scoring system.

Each sample was evaluated for general ap-
pearance, colour, flavor, taste, crispiness and 
overall acceptability, using a descriptive nine-
point hedonic scale on which 9 was ‘like extreme-
ly’ and 1 was ‘dislike extremely’. Small amounts 
of bread and water were used between samples 
to neutralise any lingering taste from the pre-
vious sample. All treatments were evaluated in 
duplicate on separate occasions.

Statistical analysis

Statistical analysis of data was carried out 
using Statistical Analysis System package (SAS 

Inc., 1997). the data obtained were analyzed us-
ing a completely randomized Design (crD) to 
study the effect of treatments on the fat%, mois-
ture%, specific volume, and sensory scores. the 
significant difference of the mean was deter-
mined using Least Significant Difference (LSD) 
method.

rESULtS AND DIScUSSION

table 1 shows the fat and moisture content 
of the deep fried potato pellet chips coated with 
different levels of starch. the data shows that 
all levels of starch coating films used were ef-
fective in reducing the fat percent when com-
pared to those of the uncoated one (control). 
However, the level of 4% of starch coating film 
sample had significantly (P ≤ 0.01) the lowest 
fat 22.23%, and the level of 1% starch coat-
ing film sample had significantly (P ≤ 0.01) the 
highest fat content 34.80% when compared 
with other coated samples, while the fat per-
cent for uncoated sample (control) had 39.95 

% fat. the moisture percent of different levels 
of starch as coating films for deep fried potato 
pellet chips ranged from 0.82 to 2.2% for all 
samples. the lower fat content of these sam-
ples was associated with higher moisture con-
tent. this result was as expected, since oil ab-
sorption occurs as moisture is removed from 
food during the frying process. the finding 
results confirmed by (SALVADOr et al., 2008; 
GArcÍA et al., 2004). 

the results of the analysis of fat and moisture 
content of the coated samples of potato pellet 
chips with different levels of bread crumbs and 
uncoated samples after deep-frying, are shown 
in table 2. the data shows that the uncoated 
potato pellet chips sample had significantly (P ≤ 
0.01) higher fat content 39.95% than those of the 
coated samples. Among the coated potato pellet 
chips samples, the sample coated with 3% bread 

table 1 - Fat and moisture content of the deep fried pota-
to pellets chips at different levels of starch as coating films.

 Treatments1 Fat % Moisture %
 Starch %

 1% 34.80b 1.00bc

 2% 31.55c 1.34b

 3% 26.42d 2.02a

 4% 22.23e 2.20a

 5% 26.00d 2.04a

 control 39.95a 0.82c

 P2 ** **

1Values are the means of two replicates, means with different matching let-
ters within the same column are significantly (*; p ≤ 0.05, **; p ≤ 0.01) dif-
ferent according to LSD.
2*; p ≤ 0.05, **; p ≤ 0.01.
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crumbs had significantly (P ≤ 0.01) the lowest fat 
content 29.11% while that sample coated with 
5% bread crumbs had the highest fat 33.97%. 
these results agreed with (Al-AbDULLAH et al., 
2011). they found that the level of 3% of bread 
crumbs as coating films for chicken meat balls 
during deep-frying reduced fat uptake signifi-
cantly when compared with the uncoated one 
(control). the moisture percent of the product 
at different levels of bread crumbs as coating 
films for deep fried potato pellet chips ranged 
from 0.82 to 2.49 for all samples.

Fat reduction percent of control and coated 
samples with different levels of starch and bread 
crumbs as coating films for the deep fried pota-
to pellet chips was shown in Fig. 1 and Fig. 2, 
respectively. All samples coated showed fat re-
duction at different levels of starch and bread 
crumbs. these levels ranged from 12.89 to 
44.37% and from 14.98 to 27.15%, respectively. 
the most effective level of starch for fat reduction 
was at 4%. While the best level of bread crumbs 
was at 3%. these results were confirmed by (Al-

AbDULLAH et al., 2011) who concluded that us-
ing starch as coating films for minced chicken 
meat balls reduced fat uptake. Also agreed with 
(ALtUNAKAr et al., 2006; AKDENIZ et al., 2006), 
who concluded that fried foods coated with bat-
ters containing hydroxypropyl methylcellulose, 
xanthan, or guar gum had reduced oil content. 
KIM et al. (2011) were also obtained that the use 
of hydrocolloid as coating films of potato strips 
reduced the oil content up to 41% compared to 
control. 

the specific volume for all samples coated 
(starch and bread crumbs) and uncoated ranged 
from 2.49 to 2.61 g/mL. there were no signifi-
cant (P > 0.05) differences in specific volume of 
the fried potato pellet chips between all samples. 
this reflects that the coated films did not affect 
the specific volume of the treatments. these re-
sults confirmed by (Al-AbDULLAH et al., 2011). 
they reported that minced chicken meat balls 
coated with different coating films showed no sig-
nificant differences among all treatments, indi-
cating a lack of any coating effect, on the prod-
uct specific volume.

Sensorial characteristics of the fried potato 
pellet chips are attractive to the consumers. 
Mean hedonic scores for appearance, color, fla-
vor, taste, crispness and overall acceptability 
of the fried potato pellet chips coated with dif-
ferent levels of starch and bread crumbs are 
presented in table 3 and table 4, respective-
ly. With the exception of the uncoated treat-
ment the overall acceptability ratings for all 
treatments showed no significant differenc-
es (P > 0.05) between them for all the sam-
ples coated with different levels of starch and 
bread crumbs. the coated samples with dif-
ferent levels of starch and bread crumbs en-
hanced the overall acceptability. these results 
agreed with (AL-AbDULLAH et al., 2011) they 
concluded that the starch coating films for 
minced chicken meat balls yielded the high-
est overall-acceptability rating. Also (KILINc-
cEKEr et al., 2009) concluded that the sen-

Fig. 1 - Fat reduction of deep fried potato pellet chips coat-
ed with different levels of starch.

Fig. 2 - Fat reduction of deep fried potato pellet chips coat-
ed with different levels of bread crumb.

table 2 - Fat and moisture content of the deep fried pota-
to pellets chips at different levels of bread crumb as coat-
ing films.

 Treatments1 Fat % Moisture %
 (Bread crump)

 1% 32.98b 1.29c

 2% 33.08b 1.54c

 3% 29.11c 2.09b

 4% 32.92b 2.18b

 5% 33.97b 2.49a

 control 39.95a 0.82d

 P2 ** **

1Values are the means of two replicates, means with different matching let-
ters within the same column are significantly (*; p ≤ 0.05, **; p ≤ 0.01) dif-
ferent according to LSD.
2*; p ≤ 0.05, **; p ≤ 0.01.
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sorial features of the product were improved 
and that the sensorial properties of the coat-
ed fillets were more desirable than those of the 
uncoated fillets. While (MALLIKArJUNAN et al., 
1997) reported that hydroxypropyl methylcel-
lulose (HPMc) coatings improved the sensory 
attributes of the fried chicken nuggets than 
the uncoated samples.

the other attributes (appearance, color, flavor, 
taste, and crispness) scores for all treatments of 
the fried potato pellet chips coated with different 
levels of starch and bread crumbs were found 
between the ranges of “like” very much to “like 
slightly”, included the uncoated (control) sam-
ple. there were no significant (P > 0.05) differ-
ences between different levels of starch coating 
samples for these attributes. Also bread crumb 
coating samples and control had no significant 
(P > 0.05) differences between different levels for 
only appearance and color, While these samples 
had significant differences for flavor, taste and 
crispy. the differences rating between all the 
treatments for all attributes were small, but sig-
nificant in some cases. these results agreed with 
(AL-AbDULLAH et al., 2011) who obtained that 
minced chicken meat ball samples were coated 
with starch, bread crumb films and non-coated 

acceptable by the sensory panel and any differ-
ences in sensory rating between products were 
generally small.

Also these results were supported by (SALVA-
DOr et al., 2008), who concluded that the dif-
ferences between the coated and uncoated sam-
ples were generally small but significant in some 
cases. In any case, all attributes were accepta-
ble to the sensory panels.

cONcLUSION

Using starch and bread crumbs as edible 
coating film for potato pellet chips prior deep 
fat-frying at different levels 1, 2, 3, 4, and 5% 
reduced fat absorption. the starch and bread 
crumbs coating at 4 and 3% levels were the 
most effective levels for fat reduction 44.27 and 
27.15%, respectively. the coating films of starch 
and bread crumbs did not affects the specific 
volume of the potato pellet chips. regarding, 
the sensory evaluation of the fried potato pel-
let chips, the sensory attributes were improved 
as a result of using the coating materials at dif-
ferent levels and this is may be due to the re-
duction of fat absorption. 

table 3 - Means of sensory evaluation scores of deep fried potato pellets chips coated with starch at different levels1. 

 Treatments Appearance Color Flavor Taste Crispy Overall acceptability

 1% 7.70 7.80 7.40 7.30 7.40 7.80a

 2% 7.20 7.60 7.40 7.30 7.40 7.90a

 3% 7.30 7.40 7.60 7.40 7.50 7.90a

 4% 8.00 7.90 7.60 7.50 7.90 8.20a

 5% 7.00 7.40 7.85 7.70 8.00 8.50a

 control 7.00 7.00 6.70 6.50 6.70 6.90b

 P2 ns ns ns ns ns **

1Each mean is the average of 11 readings, where 9 refer to like extremely, 5 neither like or dislike and 1 refers to dislike extremely. Values within the same col-
umn followed by different letter are significantly (*; p ≤ 0.05, **; p ≤ 0.01) different according to LSD. 
2ns; p > 0.05, *; p ≤ 0.05, **; p ≤ 0.01.

table 4 - Means of sensory evaluation scores of deep fried potato pellets chips coated with bread crumbs at different levels1.

 Treatments Appearance Color Flavor Taste Crispy Overall acceptability

 1% 7.70 7.90 7.80ab 7.70a 7.70a 7.90a

 2% 7.30 7.80 8.00a 7.70a 7.80a 8.30a

 3% 8.10 7.60 8.1a 7.40a 8.00a 8.30a

 4% 8.00 8.00 7.4abc 7.40a 8.30a 8.30a

 5% 7.20 7.80 7.10bc 7.70a 8.10a 8.10a

 control 7.10 7.40 6.70c 6.5b 6.70b 6.9b

 
 P2 ns ns ** * ** **

1Each means is the average of 11 readings, where 9 refers to like extremely, 5 neither like or dislike and 1 refers to dislike extremely. Values within the same col-
umn followed by different letter are significantly (*; p ≤ 0.05, **; p ≤ 0.01) different according to LSD.
2ns; p > 0.05, *; p ≤ 0.05, **; p ≤ 0.01.
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AbStrAct

the objective of this study was to determine the effects of flaxseed on the rheological and bread-
making properties and antioxidant activity of bread. Wheat flour was replaced with flaxseed at the 
level of 2, 4, and 8%. the water absorption, dough development time, stability and mixing toler-
ance index of the dough did not significantly change with the addition of flaxseed. the test baking 
results showed that the addition of %2 flaxseed yielded the highest loaf volume. the incorporation 
of flaxseed increased the antioxidant properties of the bread when compared to the control bread.
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INtrODUctION

bread is one of the major components of the 
human diet in most parts of the world. For sev-
eral thousands of years, people have used wheat 
to produce bread. In the past few decades, re-
searchers have worked on fortifying bread with 
natural compounds because of demands to nat-
ural and healthier food. thus, whole grains and 
other seeds have become popular in the produc-
tion of bread. Many researchers have studied 
the fortification of bread, and looked at, for ex-
ample dietary fibre (WANG et al., 2002; GOMEZ 
et al., 2003; KAAcK et al., 2006) and antioxi-
dants (HOLtEKJOLEN et al., 2008; PENG et al., 
2010). Although the impact of various ingre-
dients on the antioxidant properties of bread 
has been widely studied, the impact of flaxseed 
on the antioxidant activity of bread is still fair-
ly unknown.

Flaxseed (Linum usitatissimum) is a readily 
available oilseed and a major dietary source 
of α-linolenic acid, dietary fibres and lignans 
(UDENIGWE and ALUKO, 2010). Flaxseed con-
tains 30-40% fat, 20-25% protein, 20-28% di-
etary fibre, 4-8% ash and the oils contains vi-
tamins A, b, D and E, minerals and amino ac-
ids (MENtES et al., 2008). Flaxseed is also a 
rich source of an oligomeric complex contain-
ing the lignan secoisolariciresiniol (SDG). SDG 
is a precursor of mammalian lignans which are 
recognized as protecting against hormonal-de-
pendent breast cancer. Other phenolic com-
pounds in the complex are two hydroxycin-
namic acid derivates, p-coumaric acid-4-O-glu-
coside and ferulic acid-4-O-glucoside (StrAN-
DAS et al., 2008). the mentioned flaxseed com-
ponents have been reported to possess vari-
ous physiological activities relevant to human 
health sustenance, especially in the prevention 
of cardiovascular disease, cancer and diabe-
tes. Flaxseed consumption has been demon-
strated to exhibit potential health benefits, in-
cluding decreased tumor growth, reduced se-
rum cholesterol levels, and a decreased in the 
formation of breast, prostate, and colon can-
cers (HOSSEINIAN et al., 2010).

the objectives of this research were to observe 
the influence of flaxseed on bread-making qual-
ity and the antioxidant properties of breads.

MAtErIALS AND MEtHOD

Materials

the experimental wheat flour was obtained 
from a local miller (Van, turkey). the salt and 
instant active dry yeast were purchased from a 
commercial local food ingredient company. the 
flour treatment agent (Pantera) which included 
emulsifier, alpha amylase, ascorbic acid and cit-
ric acid, was obtained from Puratos, Istanbul, 

turkey. the flaxseed was also purchased from 
a local market. the flaxseed was ground with 
a laboratory mill (Perten LM 120, Sweden) just 
before use. After the flaxseed was ground (parti-
cle size<0.5 mm) wheat flour was replaced with 
ground flaxseed at the levels of 0, 2, 4, and 8%. 

Chemicals

Gallic acid, 1,1-diphenyl-2-picrylhydrazyl rad-
ical (DPPH), 2,2’-Azino-bis (3-ethylbenzthiazo-
line-6-sulfonic acid) diammonium salt (AbtS), 
6-hydroxy-2,5,7,8-tetramethylchroman-2-car-
boxylic acid (trolox), potassium persulfate 
(K2S2O8), Folin-ciocalteu reagent, sodium car-
bonate (Na2SO3), sodium chloride (Nacl) were 
obtained from Sigma-Aldrich company (St. Lois, 
MO, USA). Methanol for extraction was analyti-
cal grade and purchased from Merck (Darmas-
tadt, Germany).

The rheological characteristics of dough

the effects of the flaxseed on dough rheology 
during mixing were determined by using Dough 
test Instrument (Yücebaş Machine company, 
İzmir, turkey), that followed the AAcc meth-
od (1983). the parameters obtained were wa-
ter absorption (WA), dough development time 
(DDt), dough stability and mixing tolerance in-
dex (MtI).

The viscoelastic characteristics of dough

the viscoelastic behaviour of the dough was 
determined by texture Analyser, using SMS/
Kieffer dough and gluten extensibility rig. the 
dough samples prepared as above were placed 
in a teflon mould. the whole mould was placed 
in a chamber at 30° and 85% rH for 90 min to 
allow stress relaxation. the extension test of a 
strip of dough was evaluated using SMS/Kief-
fer Dough and Gluten Extensibility rig with a 
5 kg load cell. For each kind of dough sample, 
four measurements were performed (WANG et 
al., 2003).

Bread-making and evaluation

bread samples were prepared using a straight 
dough method with slight modifications. the 
basic dough formula for 500 g flour consist-
ed of salt (7.5 g), instant active dry yeast (5 g), 
a flour treatment agent (4 g) and water, which 
needed to have a consistency of 500 bUE. Af-
ter all the ingredients were added the dough 
was kneaded for the DDt. After mixing, the 
dough was placed in the fermentation cabin 
(Özköseoğlu, İstanbul, turkey) at a tempera-
ture of 30°c and 85% rH for 45 min. the fer-
mented dough was divided into three 200 g 
pieces, moulded using a dough forming device 
(Şimşek Laborteknik, Ankara, turkey) and put 
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into pans (teksan Machine company, bursa, 
turkey) for the final proofing. the dough sam-
ples were fermented until they reached 2 cm 
above the rim and then baked at 218°c for 21 
min. Following baking, the bread loaves were 
cooled at room temperature. the loaf weights 
and volumes were measured 1 h after remov-
al from the oven. the loaf volumes were meas-
ured using the rapeseed displacement method 
(PLESSAS et al., 2003) and specific volumes were 
calculated. bread firmness was determined us-
ing tA.Xt plus texture analyser (tA.tX2. Sta-
ble Micro Systems Ltd. Godalming Surrey, UK) 
equipped with 5 kg load cell and 36 mm cylin-
der aluminum probe (P36/r) after 3 and 72 h 
of baking. the firmness was expressed as the 
force required to compress 25% of the bread.

Extraction of phenolics from bread

the bread (control and flaxseed-enhanced 
bread) was dried at 40°c. the bread was ground 
into fine powder using a laboratory mill (Perten 
LM 120, Sweden). Samples from each type of 
bread of approximately 10 g were mixed with 30 
mL methanol and stirred for 22 h in the dark 
and at 35°c using a shaking incubator (Heidolph 
Unimax 1010, Germany). After this, the homoge-
nates in the tube were centrifuged at 12,000 g 
15 min at 20°c and the supernatant was trans-
ferred into an amber volumetric flask. the pre-
cipitate was extracted again using the same sol-
vent and in the same conditions and made up 
to a final volume of 100 mL. the extracts were 
stored at -20°c for four weeks (IAcOPINI et al., 
2008; YEMIS et al., 2008).

Determination of total phenolic content

the concentration of total phenolics (tPc) in 
the methanol extract of bread samples was de-
termined using the Folin-ciocalteau colorimet-
ric method (YEMIS et al., 2008). briefly, a 150 µL 
sample extract and 3.0 mL of 2% sodium car-
bonate (w/v in water) were transferred into a 
test tube. After about two minutes 150 µL Fo-
lin-ciocalteu’s reagent (1:1, v/v in water) was 
added and mixed throughly. the mixture was 
left to stand for 45 min at room temperature in 
the dark. the absorbance of the reaction mix-
ture was measured at 765 nm in a spectropho-
tometer (PG Instrument t80 UV/VIS Spectro-
photometer, UK). All the spectrometric meas-
urements were carried out in triplicate. the cal-
ibration curve was performed using gallic acid 
and the results were expressed as mg of gallic 
acid equivalents 100 g of sample (mg GAE/100 
g of sample).

Determination of total flavonoid content

the concentration of total flavonoids (tF) 
in the methanol extract of the bread samples 

was determined using the colorimetric method 
(rAMOMOOrtHY and bONO, 2007). 1 mL of each 
bread extract was mixed with 1 mL aluminium 
trichloride in methanol. the mixture was left 
to stand for 10 min at room temperature in the 
dark. the absorbance of the reaction mixture 
was measured at 510 nm in the spectrophotom-
eter. the calibration curve was performed using 
quercetin, and the results were expressed as mg 
of quercetin equivalents for 100 g of the samples 
(mg QE/100 g of sample).

Free radical scavenging activity

the free radical scavenging activity of the 
extract was measured using DPPH· free radi-
cal scavenging method (brAND-WILLIAMS et 
al., 1995) with some modifications. One mL of 
the sample extract was added to 3 mL DPPH· 
solution (4 mg L-1 in methanol). the mixture 
was shaken vigorously and allowed to stand 
for 30 min at room temperature in the dark. 
then the absorbance was measured at 517 
nm. Methanol was used instead of the sample 
for the control measurements. the inhibition 
of DPPH· was determined according to the fol-
lowing equation.

  (A control –A sample)
 % Inhibition = [   ] * 100
  A control 

A control: Absorbance of control at 517 nm
A sample: Absorbance of sample at 517 nm

Trolox equivalent antioxidant capacity (TEAC)

the tEAc value was determined using YEM-
IS et al. (2008) with slight modifications. 7 mM 
AbtS salt solution was reacted with 2.45 mM 
potassium persulphate solution and the reac-
tion mixture was allowed to stand in the dark 
for 16 h at room temperature and used in 2 
days. then the radical solution was diluted 
with a potassium phosphate-saline buffer (pH 
7.4) to an absorbance of 0.7±0.005 at 734 nm. 
50 µL of the sample extract or standard (differ-
ent concentrations of trolox) and 3 mL of dilut-
ed AbtS· solution were added to the macrocuv-
vete and absorbance was taken as being at 734 
nm on a spectrophotometer after 6-min incuba-
tion. the results were expressed as tEAc val-
ues (µmol trolox/g sample). triplicate analyses 
were performed. 

Statistical methods

the data were analysed using the Stat-
Graphics centrium 15.1 (StAtGrAPHIcS, 
2006) for one-way ANOVA. the Student New-
man Keuls (SNK) procedure was used to iden-
tify any significant differences (p<0.05) be-
tween the samples.
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rESULtS AND DIScUSSION

Influence of flaxseed on dough properties

the effects of the flaxseed on dough rheology 
are given in table 1. the addition of flaxseed did 
not alter the WA and DDt. the stability value 
and MtI are indicators of the flour strength, with 
higher stability and lower MtI values suggest-
ing a stronger dough. Flaxseed did not change 
the stability up to the addition level of 8%. While 
the MtI increased at the level of 2%, further in-
creases did not significantly change it. A possi-
ble reason is the dilution of gluten by the add-
ed non-gluten proteins. Similar findings were 
observed with the addition of triticale flour to 
wheat flour (cOSKUNEr and KArAbAbA, 2005).

Influence of flaxseed on the viscoelastic 
characteristics of dough 

two parameters were used to characterize the 
extensigram: extensibility at maximum resist-
ance to extension (E at Rmax) and maximum re-

table 2 - Influence of flaxseed on viscoelastic properties 
of dough.

 Substitute level (%) E at Rmax (mm) Rmax (g)

 0 43.2±1.3d 30.5±0.7a

 2 70.2±0.9a 26.8±0.3b

 4 67.6±3.0b 19.2±0.4c

 8 63.8±2.8c 14.2±1.0d

The values are given as mean±SD (n=4). Values followed by different su-
perscripts within the same column are significantly different (p<0.05).

table 3 - Influence of flaxseed on bread quality.

 Substitute level Specific volume Crumb firmness (g) Crumb firmness (g)
 (%) (cm3/g) (3 h) (72 h)

 0 3.9±0.07c 426±14.14a 1423±11.31a

 2 5.5±0.14a 227±18.38b 747±4.24b

 4 5.4±0.21a 192±4.24c 730±0.70c

 8 5.0±0.00b 153±9.19d 600±13.43d

The values are given as mean±SD (n=3). Values followed by different superscripts within the same column are significantly different (p<0.05).

table 1 - Influence of flaxseed on dough properties.

 Substitute Water DDT Stability MTI
 level (%) absorption (%) (min) (min) (BUE*)

 0 57.7±0.42a 5.2±0.14ab 6.4±0.14b 41.1±9.54b

 2 58.6±0.35a 6.5±0.42a 5.9±0.28b 63.7±0.07a

 4 58.7±0.35a 5.8±0.07ab 6.1±0.07b 54.6±0.14b

 8 58.9±0.14a 5.7±0.21ab 7.5±0.42a 38.6±3.25b

*BUE: brabender units equivalent. The values are given as mean±SD (n=2). Values followed by different superscripts within the same column are significant-
ly different (p<0.05).

sistance to extension (Rmax). Extensibility repre-
sents the deformation of the dough before it rup-
tures. the larger the extensibility, the further the 
dough can be extended before it ruptures (WANG 
et al. 2003). the effects of flaxseed on viscoelas-
tic characteristics of dough are shown in table 
2. the extensibility of the dough including flax-
seed was significantly higher (p<0.05) than that 
of the control dough. the addition of flaxseed led 
to a decrease in the Rmax value. High extensibili-
ty and low rmax indicates lower elasticity. A pos-
sible reason for this is the dilution of gluten by 
the added non-gluten proteins. Kieffer extensi-
bility analysis gives information about the vis-
coelastic behaviour of a dough and measures 
dough extensibility and resistance to extension 
(WANG et al., 2003). A combination of good re-
sistance and good extensibility results in desir-
able dough properties (KArAOGLU, 2006).

Influence of flaxseed 
on bread quality evaluation

the effect of flaxseed substitution on bread 
quality characteristics are summarized in table 3.

the specific volume value of bread containing 
0, 2, 4 and 8% flaxseed were 3.9, 5.5, 5.4 and 
5.0 cm3/g, respectively. the addition of flaxseed 
increased the specific volume. the baking test 
results showed that the addition of flaxseed at 
the 2% level gave the highest bread volume. the 
specific volume increased by 30, 28 and 23%, 
respectively. MENtES et al. (2008), who observed 
the effects of flaxseed on bread properties, de-
termined that there was a significant increase in 
the specific volume value of bread with the addi-
tion of flaxseed. the effect of flaxseed on the spe-
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cific volume value might be due to fat and pro-
tein existing in the flaxseed. When fat is used in 
the bread formula, it contributes to a homoge-
neous mix. Fat wraps around the gas cells and 
prevents gas release from the dough. thus, a 
higher volume is obtained. Fat also protects the 
freshness of the bread and retards staling (EL-
GUN and ErtUGAY, 1997). 

the texture analysis revealed that the addition 
of flaxseed decreased the initial crumb firmness. 
the firmness values of bread including 2, 4 and 
8% flaxseed were lower than that of the control 
bread (p<0.05). Similar findings were obtained 
by MENtES et al. (2008). Flaxseed also reduced 
the firmness of bread during storage. the firm-
ness of the bread containing flaxseed after 72 
h of storage was lower than that of the control 
bread. Among the evaluated breads, the lowest 
firmness value was observed in bread contain-
ing 8% flaxseed. SAbANIS and tZIA (2009) report-
ed that a larger loaf size produced softer bread. 
Another reason might be the higher protein con-
tent of flaxseed, which contributes to the reduc-
tion of the firming rate during staling (KIM and 
D’APPOLONIA, 1977) and its higher water-bind-
ing capacity.

Influence of flaxseed on the TPC, TF 
and antioxidant activity of breads

the tPc, tF and antioxidant activities of 
breads are given in table 4. the tPc values of 
bread ranged from 0.37-0.55 mg GAE/100 g. 
the tPc increased significantly with increas-
ing flaxseed levels in the bread and the high-
est tPc was found in bread containing 8% flax-
seed. Many studies have shown that phenolic 
compounds have antioxidant activity. there is 
a positive correlation between the tPc and an-
tioxidant activity. the tF value of bread made 
with flaxseed ranged from 0.12-0.67 mg QE/100 
g. the tF increased significantly with increas-
ing flaxseed levels in bread. there is a positive 
correlation between the tF and antioxidant ac-
tivity (SANtAS et al., 2010). 

the antioxidant activities of bread prepared 
with different levels of flaxseed substituted for 
wheat flour were analysed using the DPPH rad-
ical scavenging activity and tEAc assays and 
the results are shown in table 4. the antiox-
idant activities of the bread increased signifi-

cantly as the level of flaxseed substitution in-
creased. bread containing flaxseed (0, 2, 4, and 
8%) showed 29-37% DPPH inhibition. DPPH in-
hibition increased by 17-22% with the addition 
of flaxseed. the tEAc values of the bread con-
taining flaxseed ranged from 1.10-1.93 µmol 
trolox. the tEAc values of bread significant-
ly increased. the results showed that the ad-
dition of flaxseed greatly enhanced the antioxi-
dant activity of bread. AMArOWIcZ et al. (1997) 
found that the hydrophobic parts of flaxseed 
contain a higher proportion of phenolic com-
pounds and are a more powerful antioxidant 
than the hydrophilic parts. compared to oth-
er oilseeds, flaxseed contains a low amount of 
phenolic acids. therefore, the antioxidant ac-
tivity of flaxseed flours and extracts might be 
due to the presence of other types of phenolic 
compounds (PHILIPH, 1974).

cONcLUSION

Flaxseed improved the rheological properties 
and extensibility of dough. the specific volume 
value increased by 30, 28, and 23%. Flaxseed 
also reduced the firmness of the bread crust and 
the bread stayed fresh during storage. the ad-
dition of flaxseed improved the antioxidant ac-
tivity of the bread. Overall, flaxseed could be in-
cluded in the formula to improve the function-
ality of bread. 
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AbStrAct

this study was conducted with the aim of determining the effects of hot water and modified at-
mosphere packaging (MAP) on some quality changes in the astringent persimmon cv ‘Hachiya’. the 
harvested fruits were immersed in 48°c water for 10 minutes, and different thickness polyethyl-
ene plastic packaging materials were used for the MAP. treated and untreated fruits were stored 
at 0°±1°c and 90±5% relative humidity for 90 days. After the storage period, they were kept at 
20°±1°c and 60±5% rH for 7 days to determine their shelf life. the HW+50 µ PE treatment was 
better compared with the other treatments.
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INtrODUctION

the cultivation of persimmons, which originat-
ed in china, has become common worldwide in 
recent years. Although when persimmons were 
introduced to turkey is not exactly known, a lim-
ited amount of persimmon cultivation has been 
reported since ancient times (ONUr, 1990; ANON-
YMOUS, 2010). However, the production of per-
simmons has been increased by 2-2.5 fold com-
pared with the past (ANONYMOUS, 2009). In ad-
dition to astringent cultivars, some non-astrin-
gent cultivars have been recommended for com-
mercial planting in recent years. Extra artificial 
removal of astringency is not necessary because 
the non-astringent cultivars have a firm, edible 
fruit at harvest. this advantage reduces the cost 
of the postharvest stage. Hence, these fruits are 
less sensitive to handling and transportation in-
juries than astringent persimmon fruits. Howev-
er, long-term storage may result in chilling injury, 
especially in the non-astringent cultivars. ‘Fuyu’ 
is chill-sensitive, but ‘Hachiya’ is not (crISOStO, 
2004). the results of the research that was con-
ducted on the storage of persimmon fruit in re-
sponse to 1-methyl cyclopropene (1-McP) treat-
ment indicate that the chilling injury symptoms 
may be attributed to an altered oxidative status 
(ZHANG et al., 2010). Despite the increase in per-
simmon production, the persimmon has impor-
tant problems after harvest, including standard-
isation, storage, marketing and transportation. 
the shelf life of persimmons is short, and losses 
in quality occur due to a variety of reasons, such 
as weight loss, fruit softening, changes in fruit 
skin and changes in flesh colour, decreasing its 
market value and storage duration. 

In the last decade, research on the persimmon 
has been conducted to evaluate the combined ef-
fects of 1-McP, hot water treatments, and MAP 
storage. 1-McP, a gaseous ethylene activity in-
hibitor, is an effective compound to delay post-
storage flesh softening of ‘Fuyu’ persimmon fruits 
(AHN and cHOI, 2010). Non-astringent ‘Fuyu’ per-
simmon fruits have an excellent crispy texture 
due to their firm flesh. the flesh, however, sof-
tens rapidly if the fruits are exposed to an ambi-
ent temperature after low temperature storage. 
Softening is the most ethylene-sensitive ripen-
ing response. therefore, cHOI (2010) investigat-
ed the ethylene production of the fruits with re-
spect to the flesh softening and the effect of ami-
noethoxyvinylglycine (AVG) and 1-McP on ethyl-
ene production and flesh firmness. they found 
that the AVG treatment could not only inhib-
it the transitional ethylene production but also 
shortened the time to the initiation of climacter-
ic ethylene production. Unlike AVG, 1-McP re-
duced the respiration burst and effectively re-
tarded the softening rate at ambient tempera-
ture. In another study, ‘Fuyu’ persimmon fruit 
were treated with 500 µL/L 1-McP for 24 h at 
20°c and then stored at 4°c for 45 days to inves-

tigate the effects of 1-McP on chilling injury (cI) 
during storage at 4°c. the results suggested that 
the reduction in the cI symptoms in persimmon 
fruit in response to 1-McP treatment may be at-
tributed to an altered oxidative status (ZHANG et 
al., 2010). In a study, ‘Fuyu’ sweet persimmon 
fruits treated with 1-McP (1,000 µL/L) followed 
by cold storage (2 months) had a higher firmness 
at 60, 75 and 90 days following the application 
of cold storage than fruits with a 1-month cold 
storage followed by postload 1-McP with addi-
tional cold storage (1 month). the repeated appli-
cation of 1-McP, pre- and post-load, did not in-
crease fruit firmness compared with a single ap-
plication of preload 1-McP. 1-McP-treated fruits 
had a greater fruit diameter than the controls at 
60, 75 and 90 days following the application of 
cold storage, but the flesh weight, soluble solid 
content, and electrical conductivity was not af-
fected by 1-McP treatment at 30, 45, 60, 75 and 
90 days following the application of cold storage 
(cHOI et al., 2012). LEE et al. (2010) performed 
a study to establish an effective method of hot-
water treatment and MAP storage for disinfest-
ing insects that disturb quarantine and the qual-
ity preservation of sweet persimmon fruits dur-
ing postharvest storage and shipping. they deter-
mined that the best treatment to control insects 
and, at the same time, suppress fruit quality de-
terioration was hot-water dipping at 48°c for 10 
min, which can be applied practically in the in-
dustry. In this study, the packaging treatments 
for persimmons of hot water (HW) and modified 
atmosphere (MAP) following harvest were com-
pared singly or in combination, and the storage 
duration of these treatments and their effects on 
fruit quality were examined.

MAtErIALS AND MEtHODS

this research was conducted at the cold Stor-
age research and Practice Unit and the Posthar-
vest Physiology Laboratory of the Department of 
Horticulture, Faculty of Agriculture, Uludag Uni-
versity. In this study, the astringent persimmon 
cv ‘Hachiya’ (from 10-year-old trees, grafted onto 
Diospyros lotus rootstock and planted at a spac-
ing of 5x5 m) obtained from Yalova Ataturk Gar-
den cultures central research Institute research 
and Practice Garden were used. by examining 
at the type-specific size, shape and colour of the 
fruits, the most appropriate harvest time was de-
termined (crISOStO, 2004). Fruits were brought 
into the Postharvest Physiology Laboratory within 
a few hours after harvest, and the initial analyses 
and pre-storage treatments were completed. then, 
the persimmons were stored as specified below:

a) Fruits stored at normal atmosphere (NA): 
the fruits in this group were stored at NA 
(0.03:21 [cO2:O2%] at 0°±1°c with 90±5% rela-
tive humidity [rH]) without any treatments and 
served as the control.



Ital. J. Food Sci., vol. 25 - 2013 59

b) Fruits stored at MAP: the fruits in this 
group were stored in 35 or 50 µ PE plastic wrap-
ping material under passive MAP conditions.

c) Fruits treated with HW+NA: the fruits in 
this group were dipped into HW at 48°c for 10 
minutes and then stored at NA.

d) Fruits treated with HW+MAP: the fruits in 
this group were dipped into hot-water at 48°c 
for 10 minutes and then stored in 35 or 50 µ PE 
plastic wrapping material under MAP conditions.

After air-drying, three persimmon fruits from 
the treated and non-treated lots were enclosed 
in plastic film packages that were sealed us-
ing a Petra FS 500 plastic covering machine. 
the MAP studies were performed using 35 and 
50 µ PE. All NA- and MAP-treated fruits were 
stored at 0°±1°c and 90±5% relative humidi-
ty (rH) (KItAGAWA and GLUcINA, 1984; crISOS-
tO, 2004; cANDIr et al., 2010). Moreover, to de-
termine the shelf life, in addition to the storage 
time, the fruits were kept under room conditions 
at 20°±1°c with 60±5% rH for 7 days.

to determine the differences between the 
treatments, the quality parameters explained 
below were examined in the fruits at 1-month 
intervals during the storage.

In the study, to determine the weight loss, the 
fruits were numbered and individually weighed 
at each analysis period using a radwag PS 3600/
c1 scale (0.01 g precision, radwag balances and 
Scales, radom, Poland), and the weight losses 
were calculated as the percentage loss of the in-
itial weight. the total soluble solids (tSS) in the 
juice, obtained separately from the fruits in each 
replication, were measured using a NOW (0-32%) 
(tech-Jam International Inc., tokyo, Japan) hand 
refractometer. the fruit flesh firmness (FFF) was 
determined in kg using a Sundoo 50 SH (Digital 
Push Pull Gauge, Wenshou, china) penetrome-
ter after removing the skin at the equator level in 
two opposing areas with a diameter of 1 cm each. 
During each analysis period, the titratable acid-
ity (tA) changes in the fruits were obtained by 
the neutralisation of a 10 mL sample with NaOH 
and expressed as percentages in terms of malic 
acid. the pH values of the samples were meas-
ured using an Inolab (Level 1, Weilheim, Germa-
ny) digital pH meter. the skin and flesh colours 
of the fruits in each replication were established 
with a Minolta cr-300 (Konica-Minolta, Osaka, 
Japan) colour reading apparatus. Moreover, in 
the fruits, at the beginning and at 1-month in-
tervals during the storage period, sensorial eval-
uations (overall appearance and taste) were per-
formed by considering the external view, struc-
ture and flavour of the fruits by 5 panellists. In 
these evaluations, each fruit was given a score 
ranging from 1 to 5 (1: very bad, 2: bad, 3: nei-
ther bad nor good, 4: good, 5: very good), and the 
analyses were conducted so that there would be 3 
parallels in each replication. the tests were con-
ducted in the Postharvest Physiology Laborato-
ry of Horticulture Department. Eighteen samples 

were evaluated for each session, and the samples 
were arranged randomly. the panellists perform-
ing the sensory analyses were academic person-
nel of the Horticulture Department, and they were 
trained in the evaluation criteria of persimmons.

A randomised plot factorial experimental de-
sign with 3 replications, consisting of 3 fruits 
per replicate, was used in the trial. the results 
were analysed using ANOVA, and the means 
were compared using the least significant dif-
ference (LSD) test (P<0.05).

rESULtS AND DIScUSSION

In the persimmons, there were weight losses 
that depended on the storage time. these losses 
were larger under the NA conditions compared 
with MAP. Moreover, there were significant differ-
ences between the treatments in terms of weight 
loss (table 1). In the control group, the HW treat-
ment had a negative effect on weight loss. Addi-
tionally, film thickness did not have any effect on 
the weight loss. compared with the 50 µ PE treat-
ment, the changes in weight loss supported the 
observation that the HW+50 µ PE packaging had 
a positive effect on the storage time of the fruit. 
In a study on the effects of PVc plastic wrapping 
material on the physical and chemical structure 
of cv ‘taubate’, the fruits covered with plastic 
wrapping material and kept at 0°c for 72 days 
had a reduction in the weight loss (DEMOUrA et 
al., 1997). However, SALVADOr et al. (2004) test-
ed some concentrations of 1-McP on the persim-
mon cv ‘rojo brillante’ and found that the 1-McP 
concentration did not affect the weight loss. 

the increase in tSS associated with ripening 
in persimmons is an important parameter deter-
mining the edibility characteristics of the fruit 
(WrIGHt and KADEr, 1996). the tSS levels fluc-
tuate around an almost constant value. chang-
es in the tSS amount were also significant dur-
ing storage (table 1). In ‘Hachiya’, the tSS val-
ues varied from 6.00 to 8.00%, but no linear in-
crease or decrease was observed during storage. 
this finding can be explained as a result of var-
ying weight loss and respiratory rate depending 
on the storage treatment. In our study, when 
HW-treated and -untreated fruits were evalu-
ated, the 50 µ PE treatment had the lowest in-
crease in tSS. these fluctuations occurring in 
the tSS levels during storage are in agreement 
with the results of the study by KUZUcU and 
KAYNAS (2002). Similarly, cHOI et al. (2012) re-
ported that 1-McP and MAP applications did 
not significantly affect the tSS ratios. Howev-
er, DEMOUrA et al. (1997) found a sharp de-
crease in the tSS values of the fruits in their 
study on the persimmon cv ‘taubate’. 

Fruit softening during the storage period is a 
serious problem that limits the success of shelf 
life as FFF values below 1.02 kg can be consid-
ered unmarketable (crISOStO, 2004). In our 
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table 1 - changes in weight loss, tSS, FFF, tA, pH, overall appearance and taste occurred during NA and MAP storage of 
persimmons.

 Storage Treatment 1 Treatment 2 Weight loss TSSc FFFd  TAe pH Overall Taste
 period   (%) (%) (kg) (%)  appearance
 (day)

 0 Control NA 0.00 af 14.00 a 5.38 a 0.69 a 5.79 a 5.00 a 1.00 a
   35 µ PEb 0.00 a 14.00 a 5.38 a 0.69 a 5.79 a 5.00 a 1.00 a
   50 µ PE 0.00 a 14.00 a 5.38 a 0.69 a 5.79 a 5.00 a 1.00 a
  HWa NA 0.00 a 14.00 a 5.38 a 0.69 a 5.79 a 5.00 a 1.00 a
   35 µ PE 0.00 a 14.00 a 5.38 a 0.69 a 5.79 a 5.00 a 1.00 a
   50 µ PE 0.00 a 14.00 a 5.38 a 0.69 a 5.79 a 5.00 a 1.00 a
  LSD  0.00 1.78 0.14 0.56 0.09 0.06 0.06

 30 Control NA 2.13 bc 14.25 b 3.06 bc 0.72 a 5.97 a 5.00 a 1.00 c
   35 µ PE 0.00 d 16.33 a 4.18 b 0.54 a 5.67 b 4.00 b 1.50 b
   50 µ PE 2.83 b 15.50 ab 5.44 a 0.70 a 5.64 b 4.00 b 1.50 b
  HW NA 5.39 a 16.50 a 2.16 c 0.67 a 5.53 b 5.00 a 2.00 a
   35 µ PE 0.56 cd 16.50 a 5.28 a 0.75 a 5.58 b 5.00 a 2.00 a
   50 µ PE 1.14 bcd 14.33 b 5.65 a 0.52 a 5.90 a 5.00 a 2.00 a
  LSD  1.79 1.92 1.07  0.32 0.22 0.06 0.06

 60 Control NA 6.81 b 11.50 b 1.53 c 0.35 b 6.16 bc 4.00 b 1.50 b
   35 µ PE 0.25 c  7.33 c 3.20 b 0.33 b 6.29 ab 4.00 b 1.50 b
   50 µ PE 7.98 b  6.33 c 3.69 ab 0.38 b 6.33 ab 4.00 b 1.50 b
  HW NA 18.43 a 14.00 a 0.84 c 0.37 b 6.49 a 3.00 c 2.00 a
   35 µ PE 0.56 c 9.67 b 4.33 a 0.64 a 6.04 c 5.00 a 2.00 a
   50 µ PE 1.41 c 11.33 b 3.98 ab 0.48 ab 5.71 d 5.00 a 2.00 a
  LSD  1.87 2.00 1.07 0.23 0.21 0.06 0.06

 90 Control NA 14.61 b 14.00 a 2.20 abc 0.14 ab 6.06 d 4.00 c 2.00 c
   35 µ PE 0.76 d 12.33 b 1.20 c 0.15 ab 6.35 bc 4.00 c 2.50 b
   50 µ PE 7.98 c 15.00 a 3.23 ab 0.26 ab 6.35 bc 3.50 d 2.50 b
  HW NA 27.57 a 14.50 a 1.32 bc 0.20 ab 6.20 c 3.00 e 4.00 a
   35 µ PE 0.56 d 11.67 b 2.75 abc 0.30 a 6.40 ab 4.50 b 4.00 a
   50 µ PE 1.72 d 14.00 a 3.69 a 0.11 b 6.51 a 5.00 a 4.00 a
  LSD  1.99 1.44 1.97 0.17 0.15 0.06 0.06

 90+7 Control NA 26.60 b 15.50 b 0.75 cd 0.14 a 5.95 b 1.50 e 3.00 c
   35 µ PE 0.76 d 14.67 bc 2.02 a 0.27 a 4.61 d 3.00 b 3.50 b
   50 µ PE 7.98 c 13.67 cd 1.42 ab 0.17 a 5.72 c 2.00 d 3.50 b
  HW NA 42.25 a 16.83 a  0.17 d 0.22 a 6.04 ab 2.50 c 5.00 a
   35 µ PE 0.56 d 13.33 d 0.18 d 0.13 a 6.16 a 3.00 b 5.00 a
   50 µ PE 1.72 d 12.67 d 1.10 bc 0.23 a 6.15 a 4.00 a 5.00 a
  LSD  1.80 1.19 0.64 0.19 0.20 0.06 0.06

aHW: Hot water; bPE: Polyethylene; cTSS: Total soluble solids; dFFF: Fruit flesh firmness; eTA: Titratable acidity; fDifferent letters in the same column indicate sig-
nificant differences, P<0.05.
LSD, least significant difference.

study, the FFF evaluations indicated that the 
HW and packaging material treatments had an 
important effect during storage. During storage, 
significant differences with a continuous de-
crease were observed between the FFF values. 
compared with the control samples, an exam-
ination of the values obtained at the beginning 
and during storage revealed that the fruits cov-
ered with the 50 µ PE wrapping material yield-
ed more successful results in terms of FFF (ta-
ble 1). Generally, the HW treatment caused a 
decrease in the FFF. Moreover, OZDEMIr et al. 
(2009) reported similar results, showing that a 
significant decrease occurred in the FFF val-
ues in correlation with the length of the stor-
age time. Similarly, in a different study with cv 
‘Fuyu’, after the fruits were kept for 3 months 

under MA at 2°c, the fruit flesh browning was 
higher in the control treatment, and softening in 
the control group fruits occurred faster (cHAE et 
al., 2004). In another study conducted with the 
same cultivar, 1-McP, an ethylene action block-
er, reduced the respiration burst and effectively 
retarded the softening rate at ambient temper-
ature (cHOI, 2010).

the changes in the tA ratios during storage 
are given in table 1. reductions, which were not 
very significant, occurred during the NA and MAP 
storage. the tA values varied from 0.11 to 0.75% 
during storage. According to our findings, there 
was a linear decrease in the tA values. For all 
samples, the tA decreased with time, and there 
were no treatment effects (HW and MAP) or film 
thickness effects (35 and 50 µ) (table 1). Howev-
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er, at the end of the 60th day, there was a sudden 
decrease in the tA values of the fruits kept under 
the NA and MAP conditions. During this period, 
the tA values varied from 0.33 to 0.64%. When 
the values obtained at the beginning and during 
storage were examined, the fruits in the control 
group covered with the 35 μ PE packaging ma-
terial yielded successful results with respect to 
the tA values compared with those treated with 
HW and covered with 50 µ PE packaging mate-
rial. Moreover, our results are in agreement with 
those of UStUN et al. (1997), who reported simi-
lar physical and chemical structures and senso-
rial characteristics of the persimmon cvs.

the postharvest pH value of cv ‘Hachiya’ was 
5.79. the pH increased slightly in all samples 
during storage (table 1). Moreover, the statistical 

analysis indicated that the varying means of the 
treatments were significantly different (table 1). 
the highest pH value was obtained in the HW-
treated fruits packaged with 35 and 50 µ PE. In 
the HW-treated fruit, the best results in terms 
of pH were obtained with the HW+50 µ PE treat-
ment. Moreover, KUZUcU and KAYNAS (2002) re-
ported that the pH values showed a continuous 
declining trend in a similar study.

the evaluation of the sensorial quality criteria 
of the fruits revealed that the overall appearance 
and taste changed. Overall, at the end of storage 
and at the shelf life of 90+7 days, the fruits sub-
jected to the HW+MAP treatment had the highest 
values. the flavour test findings indicated that the 
packaging materials used in the study had an im-
portant effect on the eating quality of the fruit (ta-

table 2 - changes in fruit skin and flesh colour occurred during NA and MAP storage of persimmons.

 Storage period Treatment 1 Treatment 2 Fruit skin colour Fruit flesh colour
 (day)
    L a b L a b

 0 Control NA 47.32 ac  4.18 a 25.49 a 58.46 a  7.17 a 27.03 a
   35 µ PEb 47.32 a  4.18 a 25.49 a 58.46 a  7.17 a 27.03 a
   50 µ PE 47.32 a  4.18 a 25.49 a 58.46 a  7.17 a 27.03 a
  HWa NA 47.32 a  4.18 a 25.49 a 58.46 a  7.17 a 27.03 a
   35 µ PE 47.32 a  4.18 a 25.49 a 58.46 a  7.17 a 27.03 a
   50 µ PE 47.32 a  4.18 a 25.49 a 58.46 a  7.17 a 27.03 a
  LSD  0.99  4.44  0.66  2.98  1.78  2.25

 30 Control NA 47.84 ab 14.62 bc 28.24 ab 52.67 a  7.47 c 22.85 b
   35 µ PE 49.70 ab 22.74 ab 29.47 a 56.20 a 14.62 a 28.93 a
   50 µ PE 49.93 a 14.10 bc 28.53 a 55.43 a 12.27 ab 28.68 a
  HW NA 47.52 ab 24.37 a 27.37 ab 57.31 a 14.94 a 29.74 a
   35 µ PE 48.37 ab 19.88 abc 28.30 ab 57.70 a 11.41 ab 28.63 a
   50 µ PE 46.07 b 11.94 c 25.65 b 58.74 a  8.58 bc 27.28 a
  LSD  3.65  9.20  2.85   6.48  3.86  3.43

 60 Control NA 44.98 b 24.77 a 26.81 ab 21.58 c  2.34 c  6.00 c
   35 µ PE 30.90 c  5.78 c 12.73 c 26.30 c  2.62 c  9.03 c
   50 µ PE 25.48 d  1.97 c  8.40 d 25.10 c  2.27 c  8.08 c
  HW NA 46.00 b 21.60 a 26.82 ab 42.40 b 12.06 ab 22.23 b
   35 µ PE 44.93 b 13.80 b 24.80 b 55.87 a  8.18 b 24.16 ab
   50 µ PE 50.55 a 20.52 a 29.54 a 57.70 a 12.89 a 27.74 a
  LSD  4.41 5.65 3.34 7.45 4.71 3.96

 90 Control NA 62.01 a 19.73 ab 59.89 ab 42.52 b  1.90 b 15.86 d
   35 µ PE 50.16 b 12.18 b 42.79 b 40.07 b  4.23 b 21.07 cd
   50 µ PE 61.88 a 14.12 b 60.23 a 64.30 a 17.29 a 60.03 a
  HW NA 55.34 ab 22.66 ab 46.98 ab 54.25 ab  6.91 b 35.86 bc
   35 µ PE 63.49 a 29.82 a 63.91 a 58.96 a  6.47 b 42.28 b
   50 µ PE 57.08 ab 15.05 b 52.24 ab 65.21 a  7.11 b 38.65 b
  LSD  9.77 13.64 17.39 15.31 7.90 15.10 

 90+7 Control NA 43.02 b 12.56 ab 22.09 b 33.42 cd  3.44 b 13.58 b
   35 µ PE 41.60 b 12.97 ab 27.09 b 31.16 d  0.54 c 13.18 b
   50 µ PE 45.71 ab 12.59 ab 36.08 ab 36.62 bcd  3.16 bc 16.35 b
  HW NA 46.57 ab 17.07 a 31.01 b 40.18 bc  6.12 a 24.04 b
   35 µ PE 55.49 a 18.00 a 49.49 a 51.14 a   5.74 ab 43.90 a
   50 µ PE 57.44 a 11.31 b 37.38 ab 42.12 b  3.24 b 25.68 b
  LSD  10.69 8.92 17.59 7.36 2.65 13.47

aHW: Hot water; bPE: Polyethylene; cDifferent letters in the same column indicate significant differences, P<0.05.
LSD, least significant difference.
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ble 1). KObILEr et al. (2011) and LEE et al. (2010) 
doused the cv ‘triumph’ with chlorinated water 
and HW and stored them under MA conditions. 
In agreement with our findings, the investigators 
found that those treatments removed the effects 
of fungal and insect damage on the fruits, main-
taining the general view of the fruits and extend-
ing their storage time. In another study that was 
conducted on insect disinfestation and the qual-
ity changes of ‘Fuyu’ persimmon fruit influenced 
by hot-water treatment methods and MAP stor-
age, a higher visual fruit quality was observed af-
ter hot-water brushing compared with hot-water 
dipping (LEE et al., 2010).

the skin colour measurements of the ‘L’ and 
‘a’ values of the fruits showed fluctuation, both 
increasing and decreasing. During the storage 
of the fruits, the colour changed from green-or-
ange to orange. When the colour measurements 
of the ‘L’ and ‘a’ values at the beginning and end 
of storage were compared, the fruits packaged 
with 50 µ PE gave the closest results to begin-
ning (table 2). the fruit flesh colour values (L, 
a, b) are given in table 2. At the beginning of 
storage, no significant changes occurred in the 
fruit flesh colour. Generally, the fruit flesh col-
our in the control treatment changed in month-
ly intervals, but no significant change was ob-
served in the fruit flesh colour in the HW+MAP 
treatment during storage. However, toward the 
end of the storage time, colour changes to dark 
orange were also observed in the fruit flesh col-
our. Our results are in agreement with those of 
KUZUcU and KAYNAS (2002), who found increas-
es and decreases in the fruit skin colour during 
storage associated with the effects of the differ-
ent packaging types on the shelf life, ripening 
and quality of the persimmons. 

In conclusion, the present study investigat-
ing the effects of HW and different packaging 
materials on the quality criteria of persimmon 
fruits were examined singly and in combination 
revealed that these treatments were more suc-
cessful in terms of the examined compared with 
the controls. Moreover, among the treatments, 
covering the fruits with 50 μ PE packaging ma-
terial was determined to be more promising with 
respect to storage time and fruit quality.
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AbStrAct

the effect of the fortification with sodium calcium caseinate (Scc) and whey protein concen-
trate (WPc) on antioxidant activity of probiotic yoghurt, containing Bifidobacterium lactis bb12, 
was investigated. Probiotic yoghurt fortified with WPc had a higher DPPH· (2,2,-diphenyl-1-pic-
rylhydrazyl) radical-scavenging activity when compared to that fortified with Scc. In Fe2+ chelat-
ing activity method, probiotic yoghurts fortified with Scc and a blend of Scc-WPc showed great-
est chelating activity by 30 and 60 min. there were no significant differences in the H2O2 scav-
enging activity among samples except control yoghurt, which showed the lowest activity, at a con-
centration of 0.2 g/mL.
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INtrODUctION

Oxidation is essential to many living organ-
isms for the production of energy to fuel biologi-
cal processes (UNAL and AKALIN, 2006). Free rad-
icals and active oxygen species are physiologi-
cal metabolites formed as a result of respiration 
in aerobic organisms. Any excessive amount of 
reactive radicals can damage all types of cellu-
lar macromolecules, including proteins, carbo-
hydrates, lipids, and nucleic acids, leading to 
cell death and tissue damage (UNAL and AKALIN, 
2006; FUrSt, 2009). this cellular damage can in-
itiate the risk of several diseases including ath-
erosclerosis, arthritis, diabetes, and cancer (SAr-
MADI and ISMAIL, 2010; ANDrÉ et al., 2010). It 
is also well-known that lipid oxidation occurring 
in food products causes deteriorations in food 
quality, like rancid flavor, unacceptable taste, 
and shortening of shelf life (PIHLANtO, 2006).

Milk proteins are regarded as a source of en-
ergy and essential amino acids, which are need-
ed for growth and maintenance of physiological 
functions (SArMADI and ISMAIL, 2010). bioac-
tive peptides are considered to be specific pro-
tein fragments that are inactive within the se-
quence of the parent protein. they liberate from 
milk proteins by the enzymatic hydrolysis with 
digestive enzymes or by the fermentation of milk 
by proteolytic starter cultures and action of en-
zymes derived from these microorganisms. Af-
ter they are released during gastrointestinal di-
gestion or food processing they may exert var-
ious physiological functions (SArMADI and IS-
MAIL, 2010). One of these functions of bioactive 
peptides derived from milk proteins is antioxi-
dant activity. Studies have shown that casein 
and whey proteins have antioxidant properties, 
presumably based on their ability to bind tran-
sition metals and scavenge free radicals (rIVAL 
et al., 2001).

In recent years, the consumption of yoghurt 
has increased due to the fact that it fulfils many 
dietary needs. In addition to its health effects, 
yoghurt has proved to be an excellent vehicle 
for the production of functional foods, especially 
those containing probiotic bacteria and/or milk 
protein based ingredients. As there is no differ-
ence in gross composition between yoghurt and 
milk, which could explain the high antioxidant 
capacity, it is assumed that peptides and amino 
acids liberated during fermentation play a signif-
icant role (FArVIN et al., 2010b). Antioxidant ac-
tivity has been reported for milk proteins (WOO 
et al., 2009), sodium caseinate and whey pro-
tein concentrate (SUGIArtO et al., 2009) and yo-
ghurt (MccUE and SHEttY, 2005; FArVIN et al., 
2010a; 2010b). the antioxidative ability of lac-
tic acid bacteria has been shown by many re-
searchers (KAIZU et al., 1993; SANDErS et al., 
1995; LIN and YEN, 1999; KUDOH et al., 2001; 
LIU et al., 2005; SAIDE and GILLILAND, 2005; 
KIM et al., 2005; VIrtANEN et al., 2007; LIU and 

PAN, 2010; WANG et al., 2011; MONAJJEMI et al., 
2012). the antioxidant activity of probiotic bac-
teria, especially bifidobacteria, has also been 
investigated by both in vitro and in vivo studies 
(KANSAL, 2009; SHEN et al., 2010; 2011; HUANG 
et al., 2011; XU et al., 2011; rAJPAL and EJtA-
HED et al., 2012). Most of these researchers con-
cluded that the development of antioxidant ac-
tivity was strain-specific characteristic. Further-
more, WANG et al. (2006) investigated the anti-
oxidant activity of fermented soymilk and con-
cluded that soymilk fermented with lactic acid 
bacteria and bifidobacteria exhibited a signifi-
cantly higher antioxidant activity that did the 
soymilk fermented lactic acid bacteria or bifi-
dobacteria alone. to the best of our knowledge, 
the antioxidant activity of probiotic yoghurt and 
the influence of the fortification with milk pro-
tein based ingredients on this activity have not 
yet been studied. Furthermore, hydrogen per-
oxide scavenging activity of yoghurt, as an indi-
cator of antioxidant capacity, has not been pre-
viously investigated.

 the objective of this work was to evaluate the 
antioxidant activity of probiotic yoghurt, contain-
ing B. animalis subsp. lactis, and the influence 
of the fortification with sodium-calcium casein-
ate and whey protein concentrate on this activ-
ity. to perform this study, a set of in vitro an-
tioxidant assays, including the 2,2,-diphenyl-
1-picrylhydrazyl (DPPH·) radical scavenging ef-
fect, inhibition of hydrogen peroxide (H2O2), and 
Fe2+ chelating activity, were used.

MAtErIALS AND MEtHODS

Strains and ingredients

the commercial yoghurt starter culture, con-
taining S. thermophilus and L. delbrueckii sub-
sp. bulgaricus (Yc X-11), and Bifidobacterium 
animalis subsp. lactis (bb-12) were in a freeze-
dried direct vat set (DVS) form containing 1011 
and 1010 cfu g-1, respectively, and were obtained 
from chr. Hansen A/S, Hørsholm, Denmark. 
cultures were stored after procurement accord-
ing to the manufacturer’s recommendation.

Skim milk powder (SMP) and whole milk were 
kindly provided by Pinar Dairy Products, Izmir, 
turkey. Other dairy ingredients, whey protein 
concentrate (WPc, Oragel DY 101 XP) and sodi-
um calcium caseinate (Scc) were obtained from 
Armor Proteinés, Saint brice en coglés, France. 
the concentrations of protein in the supplements 
were 33.7 (±0.79), 80 (±2.7), and 88.0 (±2.8) 
g/100 g for SMP, WPc, and Scc, respectively.

Yoghurt preparation

Set-type probiotic yoghurt was prepared by 
using whole milk containing 3.65 % (w/v) milk 
fat that was standardized with SMP to obtain 
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100 g L-1 of non-fat milk solids. the milk was 
divided into four lots and supplemented with 2 
% SMP, Scc, WPc, and the blend of (1:1) Scc-
WPc. After they were mixed properly, each milk 
base was heated at 85°c for 30 min, by circu-
lation in a hot water bath and cooled to 43°c 
in an ice bath. At this point, they were inocu-
lated with both yoghurt starter culture and B. 
lactis. All cultures were used according to the 
manufacturer’s instructions. Yoghurt starter 
culture was poured into 1 L sterilized milk at 
40°c and mixed thoroughly, and then 4 mL of 
the mix was added for each 1 L of mixture. B. 
lactis was also added as 0.01%. the mixtures 
were then put into 200 mL plastic containers 
and incubated at 40°c for about 4.5 h until a 
pH 4.70 was reached. After fermentation, the 
yoghurt samples were cooled and transferred 
to a refrigerator and stored at 4°c for analysis. 
Analyses to determine the antioxidant activity 
of the samples were run within the first week 
of yoghurt production.

Chemicals and equipment

trolox (6-Hydroxy-2, 5, 7, 8- tetramethylchro-
man-2- carboxylic acid, cat: 23,881-3), DPPH· 
(2,2,-diphenyl-1-picrylhydrazyl, D-9132), and 
ferrozine [3-(2-Pyridyl)-5,6-diphenyl-1, 2, 4-tri-
azine-4’’, 4’’-disulfonic acid sodium salt, P-5338] 
were purchased from Sigma-Aldrich (Steinhe-
im, Germany). All other reagents and solvents 
commercially obtained were of analytical grade. 
All spectrophotometric data were acquired us-
ing a cary 50 Scan UV-Visible spectrophotom-
eter (UK).

Determination of the Scavenging Activity
on the DPPH· Radical 

the DPPH· scavenging activity of the probiot-
ic yoghurt samples was estimated according to 
the procedure described by MccUE and SHEt-
tY (2005) with minor modifications. A 0.1 mM 
DPPH· radical solution in 95% ethanol was pre-
pared. Eight milliliters of ethanolic DPPH· solu-
tion was placed in a 50 mL centrifuge tube and 
mixed with 2 mL of sample or 95% ethanol (as 
control), vortexed well, and then incubated for 
30 min at room temperature. the samples were 
then centrifuged for 5 min at 13,500 rpm at 
room temperature. Supernatants were filtered 
using Whatman No 40 filter paper. Absorbance 
of each sample at 517 nm was measured. trolox 
was used as a reference antioxidant at a con-
centration of 0.25 mg/mL.

DPPH· scavenging activity percent was calcu-
lated as follows:

DPPH· scavenging activity (%) =
= [(control absorbance-extract absorbance) /

/ (control absorbance)] x 100

Determination of the Fe2+ chelating activity

the chelating activity of the samples on Fe2+ 
was measured according to the method described 
by YEN and WU (1999) and EL and KArAKAYA 
(2004) with minor modifications. One milliliter of 
sample (1 g/mL) was mixed with 3.7 mL deion-
ized water. Each sample was incubated with 0.1 
mL Fecl24H2O (2.0 mM) for 0, 10, 30 and 60 min. 
After incubation, the reaction was initiated by ad-
dition of 0.2 mL ferrozine (5.0 mM). the mixture 
was then shaken vigorously and left at room tem-
perature for 10 min. the absorbance of the mix-
ture (formation of the ferrous iron-ferrozine com-
plex) was measured at 562 nm. the control was 
performed in the same way using water instead 
of sample. EDtA (0.1 mg/mL) was also run in the 
same way for comparison. the chelating activity 
was calculated as follows:

Fe2+ chelating activity (%) = [1-(absorbance 
of sample / absorbance of control)] x 100

Determination of the Scavenging Activity 
of H2O2 

Five and 10 g yoghurt samples were dissolved 
in 50 mL distilled water (at 0.1 and 0.2 g/mL 
concentrations), centrifuged at 9,500 rpm for 10 
min at room temperature. the supernatants are 
then filtered using Whatman No 40 filter paper.

the ability of the samples to scavenge H2O2 was 
determined spectrophotometrically (EL and KArA-
KAYA, 2004). One milliliter (0.1 and 0.2 g/mL) of 
sample was mixed with 3.4 mL of 0.1 M phosphate 
buffer (pH 7.4), and then 0.6 mL of a 43 mM so-
lution of H2O2 in the same buffer added. Absorb-
ance values were measured at 0 and 40 min at 230 
nm. the values of the reaction mixtures were re-
corded against a blank solution without H2O2 for 
each sample. the concentration (mM) of H2O2 in 
the assay medium was determined using a stand-
ard curve. For the standard curve, 3.4 mL phos-
phate buffer was added to 0.6 mL of 10, 15, 25, 
43, and 50 mM solutions of H2O2. the equation 
was determined by linear regression as follows:

A(230nm)= (9.4x10-3) x c (H2O2, mM) +
+ 1.13x10-2 (r2=0.9993)

trolox was used as the reference antioxidant 
at a concentration of 50 ppm. H2O2–scavenging 
activity of the samples was calculated using the 
following equation:

Scavenging activity (%) = 100 -
+ (H2O2 concentration of medium /

/ H2O2 concentration of control) x 100

Statistical analysis

the experiments, including yoghurt manufac-
ture, were performed in triplicate and parallel. 
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Six values for each sample were averaged (n=6). 
the data obtained were processed by one-way 
ANOVA using the general linear model (GLM) 
procedure of the SPSS version 11.05 (SPSS Inc., 
chicago, IL, USA). the means were compared 
with the Duncan test at p < 0.05 level.

rESULtS AND DIScUSSION

Several methods have been developed to eval-
uate the antioxidant capacity of food compounds 
or biological systems. However, none of them 
can be used as a universal standardized meth-
od. For different reasons linked to the mecha-
nisms, endpoint, quantification method, analy-
sis conditions, and substrate used, there is of-
ten a lack of correlation between results ob-
tained through different assays. this is the rea-
son why, in this study, three in vitro tests were 
used to get a better understanding on the anti-
oxidant activity of the samples.

Antiradical activity 
of samples against to DPPH·

the antioxidative mechanism of antioxidants 
can result from metal chelation, free radical 
scavenging, or cooperative effects of these prop-
erties (rIVAL et al., 2001). the DPPH· radical is 
long-lived organic nitrogen radical and DPPH· 
method is based on the ability of a sample to 
scavenge the free stable radical DPPH· by hy-
drogen donation (SMEt et al., 2008; KArADAG 
et al., 2009).

the DPPH· scavenging activity of the probi-
otic yoghurt samples are shown in Fig. 1. the 

probiotic yoghurt extracts really possessed high 
DPPH· scavenging activity that ranged from 90 to 
93%. trolox at a concentration of 0.25 mg/mL 
showed a DPPH· scavenging activity of 81.02%. 
the probiotic yoghurt fortified with WPc had 
a higher scavenging activity when compared 
to that fortified with Scc (p<0.05). this higher 
scavenging effect of the whey proteins can be at-
tributed to lactoferrin which has been reported 
as a key component for high scavenging activi-
ty (SHINMOtO et al., 1992; cHIANG and cHANG, 
2005). In addition, a-lactalbumin (SADAt et al., 
2011) and b-lactoglobulin (HErNÁNDEZ-LEDES-
MA et al., 2005; DEL MAr cONtrErAS et al., 2011) 
may also contribute to enhancing the scavenging 
activity of yoghurt. the higher DPPH scaveng-
ing activity of yoghurt fortified with WPc can be 
also attributed to the higher viable counts of L. 
bulgaricus when compared to the viable counts 
of L. bulgaricus in yoghurt containing Scc (data 
not shown). this is supported by the results of 
KUDOH et al. (2001) who determined a peptide 
with DPPH scavenging activity found in milk 
fermented with L. bulgaricus. the sample for-
tified with the blend of (1:1) Scc-WPc showed 
DPPH· scavenging activity as high as the sample 
fortified with WPc. the antioxidant activities of 
some fermented dairy products were found sim-
ilar to our results. FArVIN et al. (2010a) studied 
the antioxidant activity of different fractions of 
yoghurt and found the DPPH· radical scaveng-
ing activity of crude yoghurt (0.2 mg/mL) to be 
94.47%. the authors suggested that the oxida-
tive stability of yoghurt might be due to antioxi-
dant peptides released during the fermentation 
of milk by lactic acid bacteria. they also con-
cluded that these peptides act as electron do-
nors and could react with free radicals to con-
vert them to more stable products. MccUE and 
SHEttY (2005) also investigated the DPPH· scav-
enging activity of soy yoghurt produced by Kefir 
cultures and reported the activity as 92.3% af-
ter 48 h of production.

Chelating effect of samples on Fe2+

Iron is essential for life, because it is required 
for oxygen transport, respiration, and the activ-
ity of many enzymes (DUH et al., 2001). Howev-
er, it may work as a catalyst for the generation 
of reactive oxygen species in pathological condi-
tions. the reduced form of iron potentates oxy-
gen toxicity by converting, via the Fenton reac-
tion, the less reactive hydrogen peroxide to the 
more reactive oxygen species, the hydroxyl rad-
ical (OH·) and the ferryl ion (LIU et al., 2005). 
therefore, minimization of the Fe2+ concentra-
tion in the Fenton reaction affords protection 
against oxidative damage (rIVAL et al., 2001).

All probiotic yoghurts, except the control sam-
ple showed more than 60% chelating effect on 
ferrous ions for an incubation time of 60 min 
(table 1). the increase in incubation time sig-

Fig. 1 - DPPH scavenging activity (%) of probiotic yoghurt 
samples.
SMP: control probiotic yoghurt containing skim milk pow-
der; Scc: probiotic yoghurt containing sodium calcium 
caseinate; WPc: probiotic yoghurt containing whey pro-
tein concentrate; Scc-WPc: probiotic yoghurt contain-
ing the blend of (1:1) sodium calcium caseinate and whey 
protein concentrate.
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Fig. 2 - H2O2 scavenging activity (%) of probiotic yoghurt 
samples.
	    (SMP): control probiotic yoghurt containing skim milk pow-

der;	  
 (Scc): probiotic yoghurt containing sodium calcium ca-

seinate;
	  

 (WPc): probiotic yoghurt containing whey protein concen-
trate;

	  

 (Scc-WPc): probiotic yoghurt containing the blend of (1:1) 
sodium calcium caseinate and whey protein con-
centrate.

nificantly improved the iron-chelating activities 
of all probiotic yoghurt types. When the sample 
was not incubated with Fecl2, and the reaction 
was initiated at zero time by the addition of fer-
rozine. the capability to chelate the ferrous ion 
of samples was recorded with the increasing in-
cubation times with Fecl2. the iron-chelating 
activity of all samples varied 18.13-32.38% at 
zero time. the chelating activity of yoghurt frac-
tion (10-30 kDa) was determined as 28.15% in 
the study of FArVIN et al. (2010a) at an incuba-
tion time of 3 min.

No significant differences were determined 
among samples in 10 min of incubation time 
whereas, probiotic yoghurts fortified with Scc 
and the blend of Scc-WPc showed greatest iron-
chelating activities by 30 and 60 min. the bind-
ing of iron (ferrous sulfate) to two commercial 
milk protein products, sodium caseinate and 
whey protein isolate (WPI), was examined by SU-
GIArtO et al. (2009). Sodium caseinate showed 
more iron binding sites than WPI, and a higher 
affinity for iron attributed to the casein’s phos-
phoserine clusters, known to strongly bind di-
valent cations. the metal ion chelating actions 
of casein peptides and the inhibition of lipid ox-
idation in different model systems have also 
been reported by several researchers (rIVAL et 
al., 2001; DIAZ et al., 2003; KANScI et al., 2004). 
Furthermore, cErVAtO et al. (1999) demonstrat-
ed that casein exhibited inhibitory action against 
Fe-induced peroxidation.

the iron-chelating activity of probiotic yoghurt 
samples ranged from 46.85 to 66.18% at 30 min 
of incubation time. However, EDtA showed more 
effective chelation capacity (99.54%) than sam-
ples at a lower concentration (0.1 mg/mL) at an 
incubation time of 30 min.

 Several researchers have investigated the 
ability of milk proteins to bind ferric or fer-
rous ions, e.g., lactoferrin, serum albumin, ca-
sein, and a high molecular weight fraction of 
whey, all of which have been reported to dem-
onstrate some iron-chelating activity (MEUc-
cI et al., 1991; tONG et al., 2000). In gener-
al, milk fractions containing a greater number 
of phosphoseryl serine groups reveal a great-
er affinity for iron, although the carboxyl group 

of the amino acids asparagines and glutamine 
can bind iron as well (WONG and KIttS, 2003). 
to the best of our knowledge, there is no study 
that has previously focused on the iron-chelat-
ing activity of probiotic yoghurt fortified with 
milk protein based ingredients. According to our 
results, it can be concluded that fortification of 
yoghurt with Scc or the blend of Scc-WPc in-
creases iron-chelating activity more than forti-
fication with only WPc.

H2O2 scavenging activity of samples 

Hydrogen peroxide is regarded as poorly re-
active because of its weak oxidizing capability 
but it can form a highly reactive hydroxyl radi-
cal through the Fenton reaction (YEN and DUH, 
1994; LEE et al., 2004). As shown in Fig. 2, the 
samples are capable of scavenging H2O2 in con-
centration-dependent fashion after 40 min of in-
cubation. None of the concentrations of samples 
assayed could completely remove H2O2 from the 
assay medium. the highest (p < 0.05) inhibition 

table 1 - Iron chelating activity of probiotic yoghurt samples.

 Sample 0 min 10 min 30 min 60 min

 SMP 18,13±8,23cA 36,62±15,58bA 46,85±10,44abB 54,69±7,23aC

 SCC 22,46±5,95cA 45,17±8,72bA 52,84±7,94bAB 77,11±6,61aA

 WPC 22,02±7,53dA 35,84±7,82cA 49,38±7,05bB 64,62±5,56aB

 SCC-WPC 32,38±11,85cA 50,81±10,40bA 66,18±9,69aA 80,15±3,51aA

SMP: control probiotic yoghurt containing skim milk powder; SCC: probiotic yoghurt containing sodium calcium caseinate; WPC: probiotic yoghurt containing 
whey protein concentrate; SCC-WPC: probiotic yoghurt containing the blend of (1:1) sodium calcium caseinate and whey protein concentrate.
A-C: Means in the same column with different superscripts are significantly different (p<0.05);
a-d: Means in the same row with different superscripts are significantly different (p<0.05).
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values were obtained for probiotic yoghurts for-
tified with WPc and the blend of Scc-WPc at 
the concentration of 0.1 g/mL. the higher H2O2 
scavenging activity of yoghurt fortified with WPc 
when compared to that of fortified with only Scc 
can be due to the higher viable counts of B. lac-
tis (data not shown). this result can be support-
ed by the study of LIN and YEN (1999) who de-
tected the highest H2O2 scavenging ability in bi-
fidobacteria among lactic acid bacteria. KIM et 
al. (2005) investigated the antioxidant activity of 
several Lactobacillus species and concluded that 
L. bulgaricus Lb207 showed a strong hydroxyl 
radical scavenging activity. So, as WPc added 
yoghurt had higher viable counts of L. bulgari-
cus (data not shown) than that of fortified with 
only Scc, this could have caused a higher H2O2 
scavenging activity. At 0.2 g/mL concentration 
there were no significant differences (p > 0.05) 
in the scavenging activity among the samples, 
except control yoghurt which showed lower val-
ues (p < 0.05). Some researchers have report-
ed the role of milk protein fractions in the scav-
enging activity of H2O2 (LINDMArK-MÅNSON and 
ÅKESSON, 2000; KIttS, 2005). KIttS (2005) in-
formed that the sequestering of ferrous ion by 
casein phosphopeptides corresponded to reduc-
ing the Fenton reaction generated hydroxyl rad-
ical (OH·) formation. In addition, lactoferrin has 
been said to have an influence on the conver-
sion of hydrogen peroxide into the hydroxyl rad-
ical which can be controlled by the availability 
of iron ions (LINDMArK-MÅNSON and ÅKESSON, 
2000). In our study, trolox, at a concentration 
of 50 ppm, showed 28 and 29% H2O2 scavenging 
activity in 0 and 40 min, respectively. No pre-
vious study has investigated the H2O2 scaveng-
ing activity of probiotic yoghurt and also the in-
fluence of fortification with milk based ingredi-
ents on this activity. Our results indicated the 
effective use of Scc and WPc in the fortifica-
tion of probiotic yoghurt in terms of H2O2 scav-
enging activity.

cONcLUSIONS

 In conclusion, the present study demonstrat-
ed that fortification of probiotic yoghurt, con-
taining B. animalis subsp. lactis, with milk pro-
tein based ingredients increases the antioxidant 
activity in comparison to the fortification with 
skim milk powder. Determination of a free radi-
cal and H2O2 scavenging activity and iron-chelat-
ing effect are important parameters in evaluat-
ing the in vitro antioxidant capacity. the anti-
oxidant activity of the samples determined with 
different methods cannot be compared. because 
these methods differ from each other in terms of 
reaction mechanisms, oxidant, reaction condi-
tions, comparisons may thus not be appropriate 
(EL and KArAKAYA, 2004; KArADAG et al., 2009). 
Using DPPH· radical-scavenging method, forti-

fication of probiotic yoghurt with whey protein 
concentrate was more advantageous than forti-
fication with sodium-calcium caseinate. On the 
other hand, probiotic yoghurt fortified with sodi-
um-calcium caseinate had higher Fe2+ chelating 
activity than fortified with whey protein concen-
trate. Fortification with sodium-calcium casein-
ate or whey protein concentrate caused similar 
effects on H2O2 scavenging activity. As antioxi-
dant activity occurs by different mechanisms, 
employing a method depending on one mech-
anism may not reflect the true antioxidant ca-
pacity. therefore, in order to gain a good under-
standing on the antioxidant properties of dairy 
products, the use of several different methods 
is necessary (cHEN et al., 2003). In all methods, 
yoghurt fortified with the blend of sodium-cal-
cium caseinate and whey protein concentrate 
showed antioxidant activity as high as that for-
tified with only one ingredient. therefore, using 
a blend of these two ingredients can be recom-
mended in the fortification of yoghurt in order 
to obtain an increase in the antioxidant activity.
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AbStrAct

this experiment was carried out to diagnose the qualities of green tea from Nigeria using some 
quality markers like crude fibre, water extracts, total ash, caffeine and moisture contents respec-
tively.

 Green tea was processed from seven different tea clones from Mambilla Highland located on 
1840m above mean sea level. the clonal materials used were processed into green tea using chi-
nese methods viz: Plucking, Fixing (Pan firing), rolling and Drying. the green tea produced were 
analyzed for moisture contents, (Mc); crude Fibre, (cF).; Water Extract, (WE).; total Ash, (tA).; 
Water Soluble Ash, (WSA).; Alkaline Insoluble Ash, (ALIA) and Acid Insoluble Ash, (AIA). the qual-
ity of the green tea produced was compared to the recommended ISO standard for tea.

Our findings showed that there were significant differences (p<0.05) in the chemical compo-
nents studied as a result of clonal variations which made the quality characteristics of the green 
tea to vary accordingly. the WE, of all the green tea examined except sample made from clone 
236 were within values recommended for good quality green tea as speculated by ISO 3720, % 
Mc was between 4.11-12.5% with average value being 10.2%. the High Mc recorded was due to 
the high humidity of the processing environment where sunlight was inadequate the percentage 
cF ranged between 4.37-20.8%, the ALIA, 0.90-1.30, tA, 4.2-6.5%, WSA, 50-67% and WE 21.7-
43.6% and the caffeine contents were within 1.29-2.56%.

In conclusion, quality of green tea produced in Nigeria has comparable quality characteristics with 
other tea producing countries of the world and conformed to international standard for green tea.

mailto:aroyeun2000%40yahoo.co.uk?subject=
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INtrODUctION

crude fibre in plants originates from certain 
structural units, cellular walls, skelrenchyma, 
collenchymas and transporting tissues. Young 
cells have thin cellular walls that becomes hard 
as the plant grows and provide the plants with 
protection from excess transpiration and influ-
ence of other undesirable factors (StrASbErG-
Er, 1962). Fibre is composed of many different 
compounds in particular cellulose, hemicellu-
loses and wood-wool. Most of them are poly-
saccharides with the exception of wood-wool. 
the content of crude fibre in young tea leaves is 
much less than in older ones. the fundamental 
(and one of the older) definition of crude fibre 
states that it is the residue after treating with 
boiling 0.255N sulfuric acid and 0.313N sodi-
um hydroxide (bArtMIKOWSKA, 1997). crude 
fibre is the main part of the insoluble matter of 
black tea. the fibre content can vary and rang-
es between 7 and 20% in tea products. In gen-
eral, when the fibre content of tea increases, 
most of the quality characteristics component 
decreases (FErMUZ et al., 1993). coarse pluck-
ing and aged leaves result in higher levels of 
Fibre. coarse leaves and stalks are mixed with 
the finer parts of the shoots during the differ-
ent rolling processes and it is very difficult to 
remove all of them from tea in later processes. 
tea is one of the oldest beverages in the world. 
It is second most popular beverage after wa-
ter (SMIEcHOWSKA and DMOWSKA, 2006). Its 
quality is determined among other things by 
aroma and taste properties. Much attention 
has been drawn to the fact that crude fibre is 
an important parameter in the quality evalu-
ation of tea and influences its sensory prop-
erties. Another very important parameter that 
determines tea quality according to FErMUZ et 
al. (1993) is water extract (WE). A tea shoot of 
two leaves and a bud contain about 25% solid 
matter. About half of the solid matter is solu-
ble in water and this is termed extract. Many 
components of the liquor influence tea qual-
ity. the amount of these components gener-
ally increases in proportion to the amount of 
tea extract. thus, the percentage of extract is 
limited by the International Standard Organi-
zation (ISO). the amount of extracts decreases 
as plucking intervals lengthens and also de-
creases due to coarse plucking and aging of 
the leaf (SMIEcHOWSKA and DMOWSKA, 2006).

caffeine is an alkaloid that can constitute 
approximately 5% of the Dry Matter in fine tea 
shoots. tea is widely consumed all over the 
world and caffeine plays a very important role 
in explaining why tea is used as a beverage be-
cause it has a stimulating effect on the human 
body. A high content of caffeine contributes to 
briskness, which is one of the factors indicating 
Quality tea. the caffeine content of green tea 
increases after harvesting particularly during 

the withering process. Some authors have re-
ported that different rolling process do not af-
fect the caffeine content of processed black tea 
Green tea (unfermented tea) is a major beverage 
in Asian countries such as china and Japan 
whereas, black tea (fermented tea) is more pop-
ular in other parts of the world. Although green 
tea and black tea are made from the leaves of 
the same plant, Camellia sinensis, differences 
in the processing of the leaves result in differ-
ing chemical components. Since this study is 
the first report on green tea production in Ni-
geria, with no previous reports in the litera-
ture. this work was, however, designed with 
the objective of diagnosing the quality of green 
tea processed from Nigerian tea clonal materi-
als using quality markers like crude fibre, caf-
feine, Moisture contents, water extracts and to-
tal Ash according to the International quality 
standards for tea.

MAtErIALS AND MEtHODS

Green tea samples used in this study were 
processed on the Mambilla Highland from sev-
en different tea clones 35, 68, 228, 318, 363, 61 
and 236, respectively the fresh tea leaves used 
in the green tea production were plucked from 
vegetatively propagated (VP) tea fields at the co-
coa research Institute of Nigeria (crIN) substa-
tion, Kusuku, Mambilla located around 1,840 m 
above mean sea level, latitude 6° 24´ N and lon-
gitude 10° 35´E. the plants were grown under 
recommended agronomic conditions. the tea 
clones were plucked at the tea plantation and 
processed by the miniature green tea process-
ing facilities. the plucked tea leaves were with-
ered shortly followed by fixing to inactivate the 
activities of the polyphenol oxidase enzyme using 
the chinese methods of Pan fixing. the pan-fixed 
leaves were later rolled and dried using oven. 
the green tea produced were later packaged in 
paper board boxes and reserved for Analysis.

Preparation of the tea solution

the tea preparations consisted of addition of 
boiling water (200 mL) to leaf tea (2 g), then the 
tea solution was filtered through cotton wool 
and the residue was washed with distilled wa-
ter (30x10 mL). the tea solution was cooled to 
room temperature and washings were diluted 
250 mL with distilled water. the samples were 
analyzed in triplicate.

Caffeine and water extracts

the methods used for the analyses of caf-
feine and water extracts of the tea solution were 
based on international standards (ISO 1839), 
1980; (ISO 9768, 1994); YAO et al. (1992) as 
stated below.
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Caffeine

Lead Acetate solution (cH3cOO)2Pb.
100 g was dissolved and diluted to 200 mL 

with distilled water.
Hydrochloric acid solution, Hcl.
36%, specific gravity, 1.18, 0.9 mL was dilut-

ed to 100 mL with distilled water.

Sulphuric acid solution

Sulphuric acid (98%) H2SO4, specific gravity, 
1.84, 16.7 mL) was diluted to 100 mL with dis-
tilled water.

Measurements: tea solution (10 mL), Hcl (5 
mL) and Lead acetate solution (1 mL) were mixed 
in a 100 mL volumetric flask and diluted with dis-
tilled water. the solution was then filtered through 
Whatman No. 1 quantitative filter paper. the fil-
trate (25 mL) and sulphuric acid solution (0.3 mL) 
were placed in a volumetric flask and diluted to 50 
mL with distilled water. the solution was filtered 
using the same type of filter paper. the absorb-
ance of the filtrate was measured using Ultraspec 
III UV /visible spectrophotometer at 274 nm. the 
measurement was performed in triplicates.

Standard curve

caffeine stock solution (10 mL), 1 mg/mL, w/v 
in distilled water was diluted to 200 mL with dis-
tilled water. Next, 0, 10, 20, 30, 40, or 50 mL of the 
diluted caffeine solution were separately mixed, 
each with Hydrochloric acid solution (4 mL) in 
a volumetric flask are diluted to 100 mL with 
distilled water. thereafter, the remaining steps 
were repeated as described earlier. the readings 
of the standard solution against the concentra-
tions were used to prepare the standard curve.

Calculation

caffeine (%)= E/1,000 x V0 x (100/V1)x 
x (50/25)/W = 0.2EV0/V1/W

Where E is ‘mg’ of caffeine from the standard 
curve against the reading of the spectrophotom-
eter and E/1,000 is to convert ‘mg’ into ‘g’. V0 
is the total volume of the tea solution (250 mL); 
V1 is the volume used for the measurements 
(10 mL), and 100/V1 indicates 10 mL tea solu-
tions that were diluted to 100 mL, while 50/25 
shows that another dilution from 25 mL tea fil-
trate made to 50 mL in the measurement. W is 
the dry weight of the tea sample.

Water extracts

Measurements
tea solution (50 mL) was placed in a weighed 

evaporating dish and was then evaporated to 
dryness over a water bath. the residue (tea ex-
tracts) in the dish was fully dried in a vacuum 
oven at 75°c with a negative pressure of 65kPa 
for 4h until the weight of the dish with extract 
was constant.

Calculation

Water extract (%) = (D1-D0) x V0 x 100/V1/W
Where D1 is the weight of the dry tea extracts 

with the dish; D0, is the weight of the dish, V0 
is the total volume of the tea solution (250 mL), 
V1 is the volume used for the analysis (50 mL); 
W is the dry weight of the tea sample Moisture 
content.

the tea moisture was measured using a vac-
uum oven based on an international standard 
method ISO 1573, bS 6049-2, 1981.

table 1 - chemical composition of green tea processed from seven tea clones*.

 Tea clonal varieties

Chemical parameters 228 318 68 35 61 363 236 ISO standard

% Water extracts 42.0 42.0 42.0 43.0 42.0 21.7 42.0 Minimum 32.0

% Total ash 6.5 6.2 6.3 4.3 4.2 6.3 6.3 Maximum 8.0
        Minimum 4.0

% Water soluble ash 66.6 67.0 66.6 50.0 50.0 67.0 67.0 Minimum 45.0

% Acid insoluble ash 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Maximum 1.0

Alkaline insoluble ash 1.10 1.10 1.00 0.90 0.70 1.30 0.90 Maximum 3.0
        Minimum 1.0

% Crude Fibre 8.35 8.35 12.50 8.60 20.80 20.80 4.37 Maximum 16.50

% Moisture content 8.94 6.72 7.11 5.64 6.22 7.20 4.11 Maximum 6.5

% Caffeine 2.18 2.56 1.29 1.68 1.37 1.96 2.39    -

*Data presented are means of triplicates.
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Statistical analysis

One way Analysis of Variance (ANOVA) was 
performed to show the general trend of the ex-
perimental data. SPSS version 10.0 (SPSS Inc. 
chicago, IL, USA) statistical Package was used. 
the mean and standard errors of means (SEM) 
in terms of the chemical compositions of the tea 
clones were expressed by box plot using SPSS 
10.0. version.

rESULtS AND DIScUSSION

Some samples of the results are shown in 
table 1 while the summary has been displayed 
in the box plots (Fig. 1). to avoid error of inter-
pretation, it should be noted that certain vari-
ables, such as water soluble ash (WSA), water 
extracts and crude fibre (cF) of the tea samples, 
have higher numerical values compared to other 
chemical components like the ash content, al-
kaline insoluble ash and moisture contents re-
spectively (Fig. 1).

One of the parameters described in quali-
ty norms is crude fibre content. According to 
table 1, the averages of the crude fibre con-
tents ranged between 4.30-20.80% dry mat-
ter for the tea clones from Nigeria. the crude 
fibre contents were generally similar in values 
to the values determined in turkish black tea 
samples as reported by FErMUZ et al. (1993). 
crude fibre of tea has been linked to shooting 
period. black tea from the first shooting period 
has been reported to have the lowest amount 
of fibres whereas the fibre contents were found 
to be higher in the tea of the third shooting pe-
riod. this result indicated that the seven tea 
clones used in this study differed significantly 

in crude fibres, suggesting large generic vari-
ations (MAGOMA et al., 2000). Indeed, the sig-
nificant differences (p<0.05) in the levels of the 
crude fibres suggested that the quality poten-
tial of these clones could be different. It is note-
worthy that the quality requirements for black 
tea states that crude fibre contents should not 
exceed 16.5% (ISO 3720, 1986). From the data 
collected in our own studies, it appears that on 
average, the least crude fibre was found in clone 
236, whereas the highest crude fibre was re-
corded only for both clones 61 and 363. In all 
the seven tea clones analyzed, only these two 
clones deviated from the ISO standard 3720-
1986 for crude fibre. From our data, it was ob-
vious that minimum crude fibre from clone 236 
was lower than the minimum from china and 
the maximum was recorded for samples from, 
Malawi. (table 2). Moreover, the extent of crude 
fibre in tea from Malawi ranged very drastical-
ly from 5.83 to 43.27%. SMIEcHOWSKA and 
DMOWSKA (2006) reported that the crude fibre 
can be accurate parameters to describe tea age. 
the younger the tea leaves used to process the 
green tea, the lower is the fibre content. In the 
so called leafy teas, a significant content of fi-
bre in the products may show that lower qual-
ity material has been used in the production 
(5th to 6th leaf) due to high contents of care-
less mechanical harvest of tea when the yield 
contained not only leaves but also stems. this 
factor may not be significant in this study as 
leaves plucked were strictly 1 leaf + a bud for 
green tea. It could be suspected that the ma-
turity of the tea used in the experiment might 
not have been the same. the genetic nature of 
the tea clones might also be responsible. the 
knowledge of water extracts, caffeine, moisture 
contents, crude fibre are very important phys-
ical and chemical parameters’ as well as eco-
nomic in screening tea clones for green tea and 
black tea processing. the water extracts found 
in this study ranged between 21.7-43.4% giv-
ing a mean of 39.3%. this is in agreement with 
previous studies (FErMUZ et al., 1993). Accord-
ing to the international standard, water extracts 
of a tea is the soluble matter extracted from a 
test portion by boiling water, under the con-
dition specified in this international standard 

Fig. 1 - boxplot showing the variations in some chemical 
properties of green tea of some selected tea clones.

table 2 - crude Fibre (g/100 g) of tea from different coun-
tries.

Countries n. Range x±SD

China* 10 10.96-12.92% 11.49±0.89
India* 12 9.56-27.89% 15.24±7.91
Malawi* 12 5.83-43.27% 21.08±15.70
Nigeria 27 4.30-20.80% 10.3±0.12

n., number of samples; x, mean value; SD, standard deviation.
*SMIECHOWSKA and DMOWSKA, 2006.
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expressed by mass on a dry basis (ISO 9768, 
1994). In this study, the water extracts of all 
the tea clones examined except clone 236 con-
formed to the ISO 9768, 1994 standard which 
stipulated that the water extract in tea should 
be more than or equal to 32% of the dry mass. 
compared to the water extracts of green tea 
produced from other countries like chinese 
green tea, 36.79%; India, 36.89-41.95%, but 
lower than water extracts of tea from Sri-Lanka, 
36.72-46.9% and Kenya, 44.12%. It is howev-
er established that the mean contents of water 
extracts in green tea from Nigerian tea clones 
as evidenced in this study is relatively high and 
compared favourably well with the water ex-
tracts from leading tea producing countries of 
the world. the mean content of water extracts 
in all the tea clones were within those report-
ed by LIU et al., 2006, who reported 39.18% in 
six green tea bags from Australian supermar-
kets. the similarity in the values obtained in 
our experiment is not unexpected as water ex-
tracts from black and green tea cannot be the 
same, green being reportedly higher than black 
tea due to differences in manufacturing condi-
tions leading to decomposition of tea compo-
nents to different degrees (HArA et al., 1995; 
HArbOWY and bALENtINE, 1997).

Moisture content of green tea

Moisture content is an important quality pa-
rameter of tea (rObErtS and SMItH, 1963) and 
is usually neglected by researchers but not by 
the industries or tea traders. tea researchers 
(OtHIENO and OWUOr, 1984; rObINSON and 
OWUOr, 1993) suggested that the moisture con-
tent of the teas should be controlled to lie below 
6.5% for marketing teas, whereas Millin, 1987 
noted that teas had a moisture content of 7.0-
8.5 during retailing. In this study, the mean 
moisture content obtained was 10.17% which 
was above 6.5% and deviated from the recom-
mended standard for good quality green tea. 
the high level of moisture in our study samples 
was due to the high humidity of the process-
ing environment as dried tea picked up mois-
ture during the holding time between produc-
tion and Analysis In this study, the variation in 
tea clones did not have any significant effects 
on the moisture contents. the main important 
factor for the moisture recorded was due to the 
high humidity of the processing environments. 
the main implications of this finding is that high 
moisture content will produce negative effects 
on shelf life of the green tea produced. there is 
however, a need for an improved quality control 
for the drying and Packaging of green tea pro-
duced in Nigeria. the dried tea leaves must be 
packaged in a moisture barrier material to pre-
vent moisture pick up after drying. As for Wa-
ter extracts (WE), ISO 9768 standard, min = 32. 
All the tea clones have more than this level ex-

cept clone 363 having only 21.7% WE. the to-
tal Ash of the clones varied according to varia-
tions in clones and ranged between 4.2-6.65 and 
fell within the recommended ISO 1575 stand-
ard for total ash of good quality green tea (min, 
4, maximum, 8).the water soluble ash (WSA) 
of the clones were all within the recommended 
ISO 1576 standard, minimum = 45%. Acid in-
soluble Ash (AIA) of all the tea clones were also 
appropriate when compared to ISO 5998, apart 
from clone 61 and clone 363 with high values of 
20.8% each than the recommended.

Caffeine

the caffeine contents varied significantly ac-
cording to the tea clones. the green tea caf-
feine for clone 228, 318 and 236 were within 
the standard level of 2-5%. Other clonal varie-
ties like clone 61, 35, 68 and 363 were relatively 
low in caffeine. caffeine is an important compo-
nent of tea. Green tea contains abundant caf-
feine, which is an alkaloid that can have neg-
ative effects on human body depending on the 
level of intake. Less than 300 mg intake per 
day is not harmful for adults, but an intake of 
more than 500 mg has been shown to cause ex-
cessive excitation in the central nervous sys-
tem and cause arrhythmia and vertigo (PASPA 
and VASSAILA, 1984; SEALE et al., 1984). Since 
not all the body can withstand the strong caf-
feine in the system, green tea from clones 61, 
35, 68 and 363 can be good material for pro-
ducing green tea, with clone 61 being the best. 
It is noteworthy therefore that close attention 
should be paid to caffeine intake by children 
and pregnant women because it is slowly me-
tabolized and can remain in the body for a pro-
longed period (GIANNELLI et al. 2003; rAScH, 
2003). Accordingly the removal or marked re-
duction of the caffeine content of green tea has 
been actively attempted by establishing a new 
technique called decaffeination in the manu-
facturing process. Methods using organic sol-
vents, supercritical carbon IV oxide and hot wa-
ter have been reported for the decaffeination of 
green tea (LEE et al., 2007; LIANG et al., 2007; 
PArK et al., 2008; PArK et al., 2007). 

In conclusion, the combination of good yields 
coupled with processing potential of the clone 
should be used as a base for plant breeders to 
develop a clone that can be recommended for 
use in the processing of green tea with the min-
imum caffeine contents.
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AbStrAct

caffeine and nicotine are some of the most often self-administered substances worldwide. Very 
often they are taken simultaneously and it seems that this fact is correlated with the amount of 
caffeine and nicotine administered. the aim of this study is to determine, whether tobacco smoke 
influences the metabolism of caffeine. the secondary task is to establish whether caffeine has 
an effect on elimination of cotinine, nicotine’s main metabolite. the results showed that tobac-
co smoke influences the metabolism of caffeine by accelerating its elimination, by the means of 
induced cYP1A2 activity. As far as cotinine is concerned, no influence of caffeine on its elimina-
tion was observed.

mailto:wojciech.piekoszewski%40uj.edu.pl?subject=


Ital. J. Food Sci., vol. 25 - 2013 77

Caffeine

N1-
demethylation

N3-
demethylation

N7-
demethylation

CYP2E1
CYP1A2

CYP1A2

CYP2E1
CYP1A2

Theobromine

Paraxanthine

Theophylline

INtrODUctION

caffeine and nicotine are some of the most 
commonly self-administered drugs worldwide. 
caffeine is the vital compound found in coffee 
and energizing beverages, whereas nicotine is 
the main psychoactive substance in tobacco and 
tobacco smoke. the daily intake of caffeine var-
ies worldwide, as it depends on the type of bev-
erage that is consumed. According to a projec-
tion made by the Food and Agriculture Organiza-
tion (FAO), consumption of caffeinated beverag-
es in 2010 is forecasted to increase (FAO, 2010). 

caffeine affects the respiratory, cardiovascu-
lar and, most notably, central nervous system 
(cNS). As far as the cardiovascular effect is con-
cerned, caffeine both decreases heart rate and 
increases blood pressure (KOUrtIDOU-PAPADE-
LI et al., 2002).

caffeine’s most important metabolites are: 
theobromine (3,7-dimethylxanthine), paraxan-
thine (1,7-dimethylxanthine) and theophylline 
(1,3-dimethylxanthine). Enzymes responsible 
for caffeine metabolism are cytochrome P450 
isoforms (Fig. 1).

cytochrome cYP1A2 is mainly involved in 
transformation of caffeine to paraxanthine, but 
also to theophylline and theobromine, to some 
extent. cYP2E1 metabolizes caffeine to theobro-
mine and theophylline (ArNAUD, 2011). 

tobacco smoke is the product of tobacco com-
bustion. there are two kinds of tobacco smoke: 
mainstream smoke, inhaled by the smoker, and 
side-stream smoke, emitted by the cigarette 
between puffs (MAUrEr and SYrIGOS, 2006). 
the smoke that remains suspended in the air 
is called Environmental tobacco Smoke (EtS). 
the most frequently used biomarker of tobacco 
smoking and exposure to EtS is cotinine, the 
metabolite of nicotine, which is also a biomark-
er of EtS (PrIGNOt, 2011). 

tobacco smoke contains over 4,300 different 
compounds, among them many established car-

cinogens, which results in increased risk of de-
veloping various forms of cancer, e.g. lung can-
cer (MAUrEr and SYrIGOS, 2006). WHO study 
reports that the highest prevalence of tobacco 
use is in Europe, North America and Australia 
(WHO, 2011).

As mentioned before, tobacco smoke contains 
various substances that can interact with ad-
ministered drugs, among others with caffeine 
and its metabolism (ZEVIN and bENOWItZ, 1999). 
Polycyclic aromatic hydrocarbons induce cyto-
chrome P450 activity which may result in rap-
id caffeine metabolism. Furthermore, nicotine 
was believed to induce cYP1A2 activity (ZEVIN 
and bENOWItZ, 1999), recent studies shown re-
lation between nicotine induction of the cyto-
chrome P450 isoform and caffeine metabolism 
(HUKKANEN et al., 2011). However, other compo-
nents of tobacco smoke, such as heavy metals 
and carbon monoxide are known inhibitors of the 
cytochrome P450 (ZEVIN and bENOWItZ, 1999). 

According to findings of a study concerning 
the interaction between caffeine and tobacco 
smoke published in 1989 (brOWN and bENOW-
ItZ, 1989), the cigarette consumption is great-
er during caffeine intake and the concentration 
of nicotine is higher during low-dose of caffeine 
compared with no-caffeine intake. It also seems 
that smokers drink more coffee, however, there 
are also reports stating that caffeine consump-
tion had practically no influence on nicotine in-
take (tANDA and GOLDbErG, 2000). According to 
another paper, although coffee-drinking smok-
ers smoked more than non-coffee drinkers, the 
number of cigarettes smoked was uncorrelat-
ed to the type of beverage drank (caffeinated 
or non-caffeinated) (bLANK et al., 2007). More-
over, smokers drinking non-caffeinated bever-
ages smoked significantly more than non-drink-
ing smokers.

the aim of this study was to describe the ef-
fect of exposure to tobacco smoke on caffeine 
metabolism in animal model.

Fig. 1 - Schematic workflow of caffeine biotransformation to its methylxanthine metabolites.
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MAtErIALS AND MEtHODS

Reagents

caffeine, theophylline, theobromine and pa-
raxanthine, as well as cotinine in the form of 
crystal powder were obtained from Sigma-Al-
drich, NJ, USA, and 8-bromotheophylline also 
in the form of crystal powder was synthesized in 
the Department of Organic chemistry, Faculty 
of chemistry of the Jagiellonian University, Kra-
kow, Poland. Stock solutions (1 mg/mL) of the 
analytes were prepared in water. Working solu-
tions at following concentrations: 0, 10 (only for 
cotinine), 50, 100, 200, 500, 1,000, 2,000 and 
5,000 ng/mL were prepared in water by appro-
priate dilution of the stock solution. concentra-
tion of internal standard (8-bromotheophylline) 
in water was 50 µL/mL.

Sample preparation

Firstly, acidic extraction was performed: 200 
µL of a phosphate buffer (pH 3) and 20 µL of in-
ternal standard (8-bromotheophylline) were add-
ed to 500 µL of rat serum or to 500 µL of stan-
dard solution (when preparing calibration curve) 
and mixed on a Vortex. to each test tube 3 mL 
of chloroform (Sigma, HPLc Grade) was added 
and solutions were shaked for 15 min and cen-
trifuged for 20 min at 3,000 rpm. the organic 
phase was separated (2 mL) and evaporated at 
40°c in nitrogen stream. the dry residue was 
dissolved in 300 µL of mobile phase.

the process of cotinine extraction was car-
ried out using the same method as caffeine and 
its metabolites (theobromine, theophylline and 
paraxanthine).

Chromatographic condition

100 µL of solution was injected into the chro-
matographic column (Supelcosil Lc-8, 25 cm 
x 4.6 mm, 5 µm). A diode-array detector (Mer-
ck Hitachi L-3000 Photo Diode Array Detector) 
and a UV-spectrophotometer (275 nm) (Spectra 
100 therma Seperation Products) were used si-
multaneously. the DAD-detector was used for 
higher concentrations and the UV-detector for 
lower ones. cotinine samples were measured 
at 254 nm.

For the analysis the isocratic elution was 
applied. the flow of the mobile phase (1.19 g 
of sodium octanesulfonate and 4.54 g of po-
tassium hydrogen phosphate in 880 mL of de-
ionised water and 120 mL of acetonitrile (Sig-
ma, HPLc Gradient Grade)) was 1.1 mL/min 
and constant. 

the retention times of the analytes were as fol-
lows: theobromine 7,6 min, paraxanthine 12.1 
min, theophylline 12.5 min, caffeine 25.6 min 
and that of 8-bromotheophylline was 28.8 min. 
cotinine’s retention time was 9.1 min.

Animal experiment

One hundred and five Wistar rats (250-300 
g) bred at the Department of toxicology of the 
Poznan University of Medical Sciences were 
housed in polycarbonate cages containing saw-
dust bedding. A standard pellet diet and water 
were available ad libitum. the 12/12 h light/
dark cycle, temperature 20°-22°c and humidity 
50-60% were maintained throughout the study. 
After 14 days of acclimatization, the rats were 
randomized and divided into three groups of 45 
animals each. the first group of rats was given 
caffeine intraperitoneally in a dose of 10 mg/kg 
of body weight. Animals from the second group 
animals were exposed to tobacco smoke for 6 h 
per day, for 5 days. cO concentration was tak-
en as an index of tobacco smoke concentration 
and was maintained at 1,500 mg cO/m3. rats 
were exposed in a dynamic toxicological cham-
ber (FLOrEK and MArSZAŁEK, 1999) to tobacco 
smoke generated from a Polish brand of ciga-
rettes without a filter tip. Animals from the third 
group were exposed to tobacco smoke at a con-
centration of 1,500 mg cO/m3 of air during 5 
days, 6 hours a day and after the last day of ex-
posure, caffeine was injected intraperitoneally in 
the dose of 10 mg/kg body weight. After expo-
sure to tobacco smoke (second group) or admin-
istration of caffeine (first and third group), ani-
mals were anesthetized (xylocaine 40 mg/kg and 
ketamine 5 mg/kg). blood samples were collect-
ed at nine time-points (15 and 30 min, and 1, 2, 
3, 6, 9, 12 and 18 h) with three rats per point. 

After blood clotting, the samples were cen-
trifuged and the obtained serum was kept at 
a temperature of -18°c until analysis was per-
formed (no longer than two weeks). the proto-
col for this animal experiment was approved by 
the Local Ethics commission for Animal Stud-
ies in Poznan.

Statistic and pharmacokinetic calculation

In our study analysis of variances was ap-
plied for statistic data. Furthermore, all phar-
macokinetic parameters, that is: area under the 
curve (AUc), area under the first moment curve 
(AUMc), clearance (cl; calculated only for caf-
feine), volume of distribution (V; calculated only 
for caffeine), mean residence time (Mrt), elim-
ination rate constant (k; calculated for caffeine 
and cotinine), biological half-time (t1/2) were cal-
culated by the means of the statistical moment 
analysis. to calculate the parameters we used 
the non-compartmental model.

rESULtS

In our studies paraxanthine, theophylline and 
theobromine were used as markers for influ-
ence of tobacco smoke on caffeine metabolism 
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and cotinine as an indicator of exposure to to-
bacco smoke.

Due to the analytical aspect of the paper, ta-
ble 1 contains analytical parameters of our study.

the lowest concentration on the calibration 
curve was taken as the limit of quantitation, 
whereas the limit of detection was calculated as 
three times lower as the limit of quantitation. 
Linearity is defined as the concentration range 
was the concentration is directly proportional to 
the analytical signal – in the case of our study 
the area under the peak.

tables 2 and 3 display the values of pharma-
cokinetic parameters of caffeine and its metab-
olites (table 2), as well as of cotinine (table 3). 

the pharmacokinetic parameter describing 
exposure to tobacco smoke (area under curve 
of caffeine) has a lower value in the group ex-
posed to tobacco smoke and caffeine comparing 
to animals that had only caffeine administered.

Furthermore, mean residence time and bio-
logical half-time (twofold lower) as well as clear-
ance and the elimination rate constant (two-
times higher), depict a faster elimination after 
exposure to tobacco smoke. No change in vol-
ume of distribution indicates lack of influence of 
tobacco smoke on caffeine distribution through-
out the organism. the faster elimination of caf-
feine due to tobacco smoke exposure is also de-
picted in Fig. 2. 

caffeine metabolism is catalyzed by cy-
tochrome P450 isoforms: cYP2E1 and cYP2A1 
(ArNAUD, 2011). Acceleration of caffeine elimi-
nation after tobacco smoke exposure is main-
ly caused by polycyclic aromatic hydrocarbons 
which are known to induce cytochrome P450 
isoforms (VILLArD et al., 1998; ZEVIN and bE-
NOWItZ, 1999).

Paraxanthine is caffeine’s main metabolite in 
man (ArNAUD, 2011). According to data collect-
ed in table 2, area under concentration-time 
curve is the only pharmacokinetic parameter 
for paraxanthine that is not statistically differ-
ent for tobacco and non-tobacco smoke exposed 
groups. Mean resident time and biological half-

table 1 - Analytical parameters for caffeine and its metabolites.

Parameter Caffeine Paraxanthine Theophylline Theobromine Cotinine

Linearity [ng/mL] 0-500 ng/mL 0-1,000 ng/mL 0-1,000 ng/mL 0-1,000 ng/mL 0-5000 ng/mL
Slope of calibration curve a 0.0038 0.0008 0.0007 0.0014 1.8022
Intercept b 0.0403 0.0068 0.0385 0.0558 -32.277
Correlation coefficient R2 0.9952 0.9964 0.9898 0.9954 0.9953
LOD [ng/mL] 17 17 17 17 3
LOQ [ng/mL] 50 50 50 50 10
Intra-day precision 16 9 37 10 32
at 100 ng/mL RSD % (n = 5) (n = 4) (n = 5) (n = 3) (n = 5)
Intra-day precision 6 9 3 18 12
at 500 ng/mL RSD % (n = 4) (n = 4) (n = 3) (n = 3) (n = 5)

table 2 - Pharmacokinetic parameters for caffeine and its metabolites (value±standard deviation).

 Caffeine Paraxanthine Theophylline Theobromine

Parameter Rats exposed Rats exposed Rats exposed Rats exposed Rats exposed Rats exposed Rats exposed Rats exposed
 to caffeine to caffeine and to caffeine to caffeine and to caffeine to caffeine and to caffeine and to caffeine
  tobacco smoke  tobacco smoke  tobacco smoke  tobacco smoke

AUC [h×mg/L] 29.3±7.4 14.6±4.4 * 13.7±2.8 10.2±3.3 13.5±3.0 6.5±1.7 * 15.6±2.1 20.2±9.2
AUMC [mg×h2/h] 86.77±36.69 21.8±10.6 *  111.2±30.9 53.6±17.8 * 98.4±18.0 33.4±5.8 * 93.3±13.1 91.1±19.0
Cl [L/kg/h] 0.36±0.10 0.73±0.22 * - - - - - -
V [L/kg] 1.00±0.07 0.99±0.09 - - - - - -
MRT [h] 2.87±0.54 1.43±0.32 * 8.02±0.66 5.24±0.07 * 7.32±0.27 5.14±0.94 * 5.96±0.06 8.90±4.07
k [h-1] 0.42±0.07 0.73±0.04 * 0.16±0.01 0.24±0.04 * 0.27±0.02 0.46±0.16 * 0.32±0.03 0.31±0.17
t1/2 [h] 1.69±0.26 0.96±0.05 * 4.48±0.41 2.91±0.40 * 2.55±0.22 1.65±0.65 * 2.20±0.21 2.70±1.15

*Statistically significant differences (Analysis of variances).

table 3 - Pharmacokinetic parameters for cotinine 
(value±standard deviation).

 Cotinine

Parameter Rats exposed Rats exposed to caffeine
 to caffeine and tobacco smoke

AUC [h×mg/L] 914.4±255.8 818.3±271.9
AUMC [mg×h2/h] 7256.9±3034.9 6354.2±3086.3
MRT [h] 7.72±1.16 7.60±1.11
k [h-1] 0.13±0.02 0.13±0.02
t1/2[h] 5.40±0.71 5.27±0.91
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time decreased 1.5-time after exposure to tobac-
co smoke, whereas elimination rate constant in-
creased 1.5-time. the faster elimination of par-
axanthine is shown in Fig. 3. the highest con-
centrations were in the third hour for both with 
and without tobacco smoke exposure. 

the metabolite which is of high medical im-
portance, as it is used for asthma treatment, is 
theophylline. All its pharmacokinetic parameters 
were statistically different after tobacco smoke 
exposure. theophylline highest concentrations 
were in the sixth hour and second hour for rats 
exposed only to caffeine and for rats exposed to 
tobacco smoke, respectively. Exposure to tobac-
co smoke accelerates the process of caffeine’s bi-
otransformation to theophylline (Fig. 3). Moreo-
ver, its elimination is more rapid, which is con-
firmed by the two times higher elimination rate 
constant as well as statistically significantly low-
er values of Mrt and biological half-time. Area 
under curve decreased in half (table 2).

Fig. 3 - time course of the effect of tobacco smoke on theo-
bromine (up), paraxanthine (middle) and theophylline (down) 
concentration in rat serum.

Fig. 2 - time course of the effect of tobacco smoke on caf-
feine concentration in rat serum.

For theobromine the concentration-time pro-
file (Fig. 3) and all pharmacokinetic parameters 
(table 2) were similar.

In both experimental groups the maximum 
concentration of cotinine was achieved 30 min 
after end of exposure. calculated pharmacoki-
netic parameters of cotinine in group exposed 
to tobacco smoke and in the group exposed to 
smoke and caffeine indicated that caffeine co-
treatment does not influence cotinine elimina-
tion (table 3). None of the parameters describ-
ing rate of elimination (biological half-lives, elim-
ination rate constants and mean resident times) 
differ statistically.

DIScUSSION

According to our research, caffeine has no 
influence on nicotine’s metabolism, since there 
were no changes in pharmacokinetic parameters 
describing a xenobiotic’s elimination rate after 
co-administering of caffeine and nicotine. this 
is supported by a paper published by Kozlows-
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ki (1976), who found that smokers absorb more 
nicotine while not drinking coffee. Similarly, in 
a different paper can be found that caffeine had 
no influence on nicotine intake (cHAIt and GrIF-
FItHS, 1983). However, a different study (MAr-
SHALL et al., 1980) reports that coffee drinking 
did increase the number of smoked cigarettes, 
although they observed this effect also for wa-
ter and a non-caffeinated drink which may sug-
gest that the increase of nicotine consumption 
is not solely connected to caffeine’s pharmaco-
logic effects. 

Furthermore, our study revealed that tobac-
co smoke does increase caffeine’s elimination 
rate as well as its two metabolites: theophyl-
line and paraxanthine. Pharmacokinetic pa-
rameters for theobromine (table 2) did not dif-
fer after exposure to tobacco smoke and this 
suggests that tobacco smoke does not alter its 
elimination rate

changes in caffeine’s metabolism due to to-
bacco smoke exposure is also described in MAr-
SHALL et al. (1980). According to their findings 
coffee drinkers smoke more than non-drinkers. 
In a different study (DE LEON et al., 2003) it is 
reported that smokers had lower plasma caf-
feine concentration than non-smokers which 
also supports our conclusion that tobacco smoke 
increases caffeine metabolism.

Paraxanthine, theophylline and theobromine 
are caffeine’s metabolites, all catalysed by cy-
tochrome P450 isoforms. the first one, only by 
cYP1A2, and the rest mainly by cYP2E1 and 
partially cYP2A1 (ArNAUD, 2011). One of the 
tobacco smoke constituents is polycyclic aro-
matic hydrocarbons which induces cytochrome 
P450 isoforms, mainly cYP1A2 (KrOON, 2007). 

According to data collected during the exper-
iment, tobacco smoke increases elimination of 

Fig. 4 - the change of theobromine/caffeine (left), paraxanthine/caffeine (middle) and theophylline/caffeine (right) ratio in time.

caffeine (table 2 and Fig. 2), as that of parax-
anthine and theophylline (table 2 and Fig. 3). 

In the sixth hour, paraxanthine/caffeine ra-
tios as well as the theophylline/caffeine ratio for 
the tobacco-smoke exposed group are over four-
times higher than in the group exposed only to 
caffeine (Fig. 4). In the case of theobromine, the 
ratio comparison shows tobacco-smoke exposed 
group ratio to be over 5.5-times higher than for 
the caffeine-exposed one (Fig. 4). 

the comparison of the group exposed to tobac-
co smoke and both tobacco smoke and caffeine, 
after nine hours, reveals that theobromine/caf-
feine and paraxanthine/caffeine ratios are sim-
ilar. theophylline/caffeine ratio of the group ex-
posed to both factors (i.e. tobacco smoke and 
caffeine) is twofold lower than the ratio of the 
group exposed only to caffeine. 

In our study we observed that paraxanthine 
and theophylline are metabolized faster than 
theobromine. A similar study that investigated 
the effect of rutaecarpine, which is also a cYP450 
inducer, shows an increase of elimination rate 
of all caffeine metabolites after exposure to this 
drug (NOH et al., 2011). However, according to 
our findings, tobacco smoke, which contains 
cYP450 inducer, such as polycyclic aromatic 
hydrocarbons, has no such effect on theobro-
mine (table 2). the tobacco smoke related cyto-
chrome induction can serve as an explanation. 
cYP450 isoforms involved in caffeine, as well as 
paraxanthine and theophylline, metabolism are 
induced by polycyclic aromatic hydrocarbons 
present in tobacco smoke, whereas those con-
nected to theobromine biotransformation seem 
not to be altered. caffeine metabolism is acceler-
ated, theobromine metabolism does not change, 
therefore, theobromine/caffeine ratio is high.

As mentioned before, the reason for this is the 
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presence of polycyclic aromatic hydrocarbons 
in tobacco smoke. these compounds of tobacco 
smoke induce several of cYP450 isoforms, in-
cluding cYP1A2, which is not only responsible 
for caffeine metabolism but also the metabolites’ 
(paraxanthine and theophylline) biotransforma-
tion to their respective metabolites (ArNAUD, 
2011). cYP1A2 catalyses theophylline transfor-
mation to both 1-methylxanthine and 3-meth-
ylxanthine. therefore, higher activity of this en-
zyme causes faster elimination, via biotransfor-
mation, of caffeine as well as paraxanthine and 
theophylline.

cONcLUSION

the aim of the study was to determine if to-
bacco smoke influences caffeine’s metabolism 
and caffeine’s influence on nicotine metabolism 
using cotinine as a marker. No changes in phar-
macokinetic parameters describing rate of elim-
ination of cotinine indicate lack of caffeine’s in-
fluence on the metabolism of nicotine. Howev-
er, exposure to tobacco smoke does accelerate 
caffeine elimination. Our study demonstrates 
that tobacco smoke significantly increases caf-
feine elimination, hence its lower concentration 
in the organism. tobacco smoke also influenc-
es elimination of two caffeine metabolites – the-
ophylline and paraxanthine, whereas pharma-
cokinetic parameters for theobromine are un-
changed after tobacco smoke exposure.

these data can serve as an explanation for 
the observed phenomenon of smokers drinking 
more coffee than non-smokers.
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AbStrAct

the aim of the present study was to compare the fillet fatty acid composition and the oxidative 
stability of wild and cultivated brown trout (Salmo trutta L.). the study was carried out in Valne-
rina (Perugia, Italy), where 20 two-year-old farmed brown trout (250 ± 15 g) were utilized; anoth-
er 20 trout were chosen from a sample caught during the same period from the Nera river (Pe-
rugia, Italy) based on their weight (± 10% of weight of farmed ones). the fatty acid profile, fat-
ty acid index and oxidative stability of the fish fillets were assessed. the farmed trout had a sig-
nificantly higher fat (3.16 vs 2.80%, P<0.05) and energy content than the wild ones, whereas no 
significant differences were observed with respect to protein and moisture. the linoleic acid con-
tent was higher than the linolenic content in farmed trout, while in the wild fish, the inverse sit-
uation was observed. the docosahexaenoic and eicosapentaenoic acid contents in farmed trout 
were higher than those in wild trout. the wild fish showed higher thioesterase and D9-desaturase 
(18) and lower D5- D6-desaturase activity. regarding oxidative stability, the wild fish showed a sig-
nificantly higher development of oxidative processes associated with a lower peroxidability index.
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84 Ital. J. Food Sci., vol. 25 - 2013

INtrODUctION

the total consumption of brown trout (Sal-
mo trutta L.) in Italy amounts to approximate-
ly 5,000 tons per year (ISMEA, 2006). In Italian 
rivers fishing for this species is highly developed 
and thus there is also a food consumption of wild 
trout. the demand cannot be satisfied by catch-
ing wild fish, essentially because the world fish 
stocks are limited; thus, the number of aqua-
culture products is increasing. 

Many nutritional and organoleptic charac-
teristics of fish are correlated with the quantity 
and quality of lipids and are affected by intrin-
sic (genotype, age, sex, physiological stage) and 
extrinsic (environment, water temperature, feed-
ing) factors and differences in the lipid composi-
tion of various farmed or wild-caught fish spe-
cies have been described in a number of stud-
ies (cAHU et al., 2004). concerning feeding, the 
wild brown trout has a typically carnivorous 
diet and frequently preys on larval and adult in-
sects as well as crustaceans, annelids, and gas-
tropods; as the fish grows, it may also prey on 
other fish. to our knowledge, only a few studies 
(bOccIGNONE et al., 1987; bOccIGNONE et al., 
1988; ZIINO et al., 1991; AKPINAr et al., 2009; 
bAYIr et al., 2010) have analyzed the fatty acids 
of different wild Salmo trutta sub-species; thus, 
the fatty acid dynamics of wild fishes is not well 
known. Accordingly, in this present study, the 
fatty acid compositions and the oxidative stabil-
ity of the flesh of wild and farmed brown trout 
were compared.

MAtErIAL AND MEtHODS

Rearing conditions, diets 
and fishing conditions

the study was carried out on March 2011 
at the Ichthyic Genetic centre of the Province 
of Perugia located in borgo cerreto in Valneri-
na (Italy), where brown trout are reared to pro-
duce the fish necessary to restock different riv-
ers of central Italy.

twenty two-year-old brown trout (approxi-
mately 20 cm long and weighing approximate-
ly 250 ± 15 g) provided by the center were uti-
lized, and another 20 were chosen from a sample 
caught from the Nera river based on their weight 
(±10% of weight of farmed fish). this river orig-
inates in the Sibillini Mountains (central Italy) 
and flows for approximately 125 km before join-
ing the tiber river. the water temperature in the 
Ichthyic Genetic centre of the Province of Peru-
gia ranges from 6° to 15°c. the farmed fish fed a 
commercial diet (Veronesi Verona spa, Italy; 40% 
of crude protein, 24% lipids, 6.5% Ash, 2% fib-
er; 7.9% linoleic acid, c18:2n-6 LA, 2.9% linolen-
ic acid, c18:3n-3 ALA and 15.5% total n-3 fatty 
acid) at approximately 1.5% of their live weight 

for the last year of life. the main ingredients of 
the diet were soybean meal, fish meal, fish oil, 
wheat meal, pea protein concentrate, wheat glu-
ten, minerals, amino acids and antioxidants. After 
capture, all fish (wild and farmed) were slaugh-
tered in water and ice and immediately trans-
ferred (packed into an insulated polystyrene box 
with ice) to the laboratory of the Department of 
Applied biology of Perugia (transport time equal 
to one hour) for the chemical analyses.

Fillets and samples preparation

After washing with running water, the fish 
were manually eviscerated, the tails and heads 
were removed, and eighty fillets (mean weight 
65 ± 2 g) were dissected for analysis.

Chemical composition

Analyses were immediately carried out in du-
plicate to determine the proximate composition. 
Moisture, ash and total nitrogen contents were 
determined using AOAc methods (N. 950.46b, 
920.153, and 928.08, respectively). the total 
protein content was calculated using the Kjel-
dahl nitrogen method and a conversion factor 
of 6.25. the total lipids content was extracted 
(FOLcH et al., 1957) from 5 g of each homoge-
nized sample and determined gravimetrically. 
Energy content of fillets was determined by an 
adiabatic bomb calorimeter (model IKA calorim-
eter c400, Adiabatic 2800, bremen, Germany).

Fatty acid profile and indexes

the fatty acids content was determined by gas 
chromatography after lipid extraction according 
to the method developed by FOLcH et al. (1957). 
One milliliter of lipid extract (from 0.2 to 0.3 mg 
lipids) was evaporated under a stream of nitro-
gen, and the residue was derivatized by adding 
3 mL of sulfuric acid (3% in methanol). After 
incubating at 80°c for one hour, methyl esters 
were extracted with petroleum ether, and 1 µL 
was injected into a gas chromatograph (Fisions 
Mega 2 carlo Erba Gas chromatograph, model 
HrGc Milan, Italy) equipped with a flame ioni-
zation detector.

the separation of fatty acid methyl esters 
(FAME) was carried out on an Agilent (J W) cap-
illary column (30 m x 0.25 mm I.D, cPS Analit-
ica, Milan, Italy) coated with a Db-Wax station-
ary phase (film thickness of 0.25 µm). the op-
erating conditions of the column injection were 
as follows: the temperatures of the injector and 
detector were 270° and 280°c, respectively and 
the detector gas flows were H2 50 mL/min and 
air 100 mL/min. the oven temperature was pro-
grammed to give good peak separation; the ini-
tial temperature was set to 130°c and then in-
creased at a rate of 4.0°c/min until reaching a 
temperature of 180°c, which was held for 5 min; 
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the temperature was subsequently increased at a 
rate of 5.0°c/min until it reached 230°c, which 
was held for 5 min. Helium was used as a carri-
er gas at a constant flow rate of 1.1 mL/min. In-
dividual fatty acid methyl esters were identified 
with reference to the retention time of tridecano-
ic acid (c13:0) methyl ester added before extrac-
tion as an internal standard. the concentration 
of each fatty acid (mg/100 g of fish) was calcu-
lated from the lipid content of the fish and a con-
version factor of 0.91 according to JOHANSSON 
et al. (2000). the mean value of each fatty acid 
was used to calculate the sum of the saturated 
(SFA), monounsaturated (MUFA) and PUFA, and 
several indexes were used to estimate the desat-
urase and elongase activity of the muscle tissue 
(VESSbY et al., 2002). the activities of D9-desatu-
rase and elongase were estimated by relating the 
percentage of product to the percentage of the 
precursor (OKADA et al., 2005). Specifically, the 
D9-desaturase index for the c18:1 was calculat-
ed as 100 times the ratio of oleic acid (c18:1) to 
the sum of c18:1 and stearic acid (c18:0). the 
total D9-desaturase index (both 16 and 18) was 
calculated as 100 times the ratio of the sum of 
c16:1 and c18:1 to the sum of c16:1, c16:0, 
c18:1 and c18:0. 

the elongase index was calculated as the ra-
tio of c18:0 to c16:0, whereas the thioesterase 
index was calculated as the ratio of c16:0 to 
myristic acid (c14:0) (ZANG et al., 2006).

to evaluate the activity of both Δ5-desaturase 
and Δ6-desaturase, the enzymes catalyzing the 
formation of long-chain n-6 and n-3 polyunsat-
urated fatty acids (PUFAs) starting from the pre-
cursors c18:2n-6 and c18:3n-3, the following 
equation was used (SIrrI et al., 2010):

Δ5-desaturase + Δ6-desaturase = 
= [(c20:2n-6 + c20:4n-6 + c20:5n-3 + 

+ c22:5n-3 + c22:6n-3)/(c18:2n-6 + c18:3n-3 + 
+ c20:2n-6 + c20:4n-6 + c20:5n-3 + 

+ c22:5n-3 + c22:6n-3)] × 100

the index of nutritional quality (INQ) was cal-
culated based on the eicosapentaenoic (EPA) + 
docosahexaenoic (DHA) acid level using the for-
mula suggested by GODbE (1994) on 100 g of fil-
lets used to calculate a ratio of the achieved per-
centage of the requirement of the sum of these 
fatty acids to the percentage of a 2000 kcal in-
take (tEStI et al., 2006).

Peroxidability index (PI) was calculated ac-
cording to the equation proposed by ArAKAWA 
and SAGAI (1986):

PI = (% monoenoic x 0.025) + (% dienoic x 1) +
+ (% trienoic x 2) + (% tetraenoic x 4) + 

+ (% pentaenoic x 6) + (% hexaenoic x 8)

the amount of each fatty acid was used to 
calculate the indexes of Atherogenicity (AI) and 
thrombogenicity (tI), as proposed by ULbrIcHt 

and SOUtHGAtE (1991), and the hypocholester-
olaemic/hypercholesterolaemic ratio (HH), as 
suggested by SANtOS-SILVA et al. (2002):

AI = (c12:0 + 4xc14:0 + c16:0)/[(ΣMUFA +
+ Σ (n-6) + Σ (n-3)];

tI = (c14:0 + c16:0 + c18:0)/ [(0.5 x ΣMUFA + 
+ 0.5 x (n-6) + 3 x (n-3) + (n-3)/(n-6)];

HH =[(c18:1n-9 + c18:2n-6 + c20:4n-6 + 
+ c18:3n-3 + c20:5n-3 + c22:5n-3 + 

+ c22:6n-3)/(c14:0 + c16:0)]

Assessment of oxidative stability

the extent of lipid oxidation was evaluated in 
fillets as thiobarbituric acid reactive substanc-
es (tbArs) by a spectrophotometer (set at 532 
nm, Hitachi U-2000, theodor - Heuss - Anlage 
12, Mannheim, F.r. Germany), which measured 
the absorbance of thio-barbituric acid-reactive 
substances, and a tetraethoxypropane calibra-
tion curve in sodium acetate buffer (pH=3.5), 
according to the modified method of KE et al. 
(1977). Oxidation products were quantified as 
malondialdehyde (MDA) equivalents (mg MDA/
kg muscle).

Statistical analysis

the qualitative traits were analyzed using a 
one-way ANOVA (StAtA, 2005) for the compari-
son of wild vs farmed trout. Least squares means 
and planned comparisons were used for mean 
separation when the differences were significant 
(P< 0.05). 

rESULtS AND DIScUSSION

In table 1, the proximate composition of the 
trout fillets of this study is reported. the wild 
trout had a significantly lower fat than the farmed 
ones, most likely due to the high dietary fat lev-
el in the feed (24%) and lower activity of the lat-
ter. Protein and moisture did not show signifi-
cant differences. 

the observed differences between wild and 
farmed are in agreement with the data obtained 
by other authors (rENON et al., 1994a; rENON 
et al., 1994b; rEA et al., 2000), who observed a 
higher fat content in cultivated fish. Within spe-
cies, genotype, age, sex and feeding (rEA et al., 
2000) affect the lipids content, with relevant re-
percussions on the nutritional characteristics 
of the meat.

concerning the fatty acid content, palmitic 
acid (c16:0) was the major SFA, and myristic 
(c14:0) and stearic (c18:0) acids followed. Oleic 
acid (c18:1n-9) was the major MUFA, whereas 
palmitoleic acid (c16:1n-7) was found only in 
small quantities. rainbow trout reared in the 
same habitat show similar levels of MUFA and 
oleic acid (DAL bOScO et al., 2007).
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In the PUFA fraction, EPA and DHA were the 
major fatty acids detected.

concerning the comparison between wild and 
reared fish, the former had a lower LA content 
than ALA content, while in cultivated fish, the 
inverse situation was observed.

Wild trout showed lower levels of myristic acid 
(c14:0) and higher levels of stearic acid (c18:0), 
SFA and MUFA. these results are in accordance 
with those observed by rEA et al. (2000) in fil-
lets of farmed and wild sea bream.

the results regarding ALA are in agreement 
with those of bOccIGNONE et al. (1988), who 
reported higher values in wild than in farmed 
brown trout (2.09 vs 1.36%; 7.70 vs 1.26% in 
our trial; data not shown).

the absolute contents of DHA and EPA in wild 
trout were lower than those in farmed trout. DE 
FrANcEScO et al. (2004) found lower values (479 
and 182 mg/100 g, respectively) in rainbow trout 
than in farmed brown trout of our study. 

the literature regarding the EPA and DHA 
content in wild and farmed fishes shows some 
conflicting results. Many authors, in agreement 
with our findings, reported lower levels of EPA 
and DHA in wild fish with respect to farmed 
ones (bOccIGNONE et al., 1988; rEA et al., 2000; 
SAGLIK et al., 2003). In contrast, rENON et al. 

(1994a) and rENON et al. (1994b) found high-
er EPA and DHA contents in wild sea bream, as 
did KrAJNOVIc-OZrEtIc et al. (1994) and rEA et 
al. (2000) in sea bass fillets.

the assessment of standard fatty acid profiles 
is more difficult for wild fish for larger variations 
among samples due to size/age, reproductive 
status, geographic location and season (NEttLE-
tON and EXLEr, 1985; AcKMAN, 1989; SAItO et 
al., 1999; DAL bOScO et al., 2012). 

concerning the indexes of fatty acid metabo-
lism, wild subjects showed higher thioesterase 
and D9-desaturase (18) and lower D5-D6-desatu-
rase activities (table 2), which are mainly due 
to the feeding regimen. 

Also bAYIr et al. (2010) affirmed that the fat-
ty compositions of neutral and phospholipids 
of wild Salmo trutta caspius, Salmo trutta lab-
rax and Salmo trutta macrostigma were strong-
ly affected by many factors, especially reproduc-
tion and diet.

FOcHEttI et al. (2003), studying the eating 
habits of brown trout of the Nera river, observed 
selective feeding behavior, with a negative se-
lection for some species of Ephemeroptera and 
Diptera and a positive selection for species of 
trichoptera. In another study on the same riv-
er, FOcHEttI et al. (2008) observed that Plecop-
teran nymphs were more preyed upon by older 
subjects, while ephemeropteran nymphs were 
also preyed upon by young fish. trichopteran 
larvae were the most abundant prey in trout 
younger than two years, while their percentage 
decreased considerably in older fish. the re-
maining aquatic prey (except Dipteran larvae) 
was scarce, and terrestrial prey was consumed 
more by older individuals. 

table 1 - Fillet chemical composition (%) and fatty acid pro-
file (mg/100 g fresh fillet) of cultivated and wild Salmo trutta.

 Cultivated Wild SED

Moisture % 73.86 73.93 4.84
Protein ” 21.54 21.92 2.41
Lipids “ 3.16b 2.80a 0.46
Energy Kcal/100 g fresh fillet 133.3 132.0 4.84
Fatty acids    
C14:0  182.3B 85.17A 25.3
C16:0  547.8 569.5 89.5
C18:0  98.3a 133.3b 10.8
Others  44.6 39.5 8.4
SFA  761.5a 862.7b 73.5
C16:1n-7  2.9A 9.9 B 4.1
C18:1n-9  294.2A 394.9B 68.8
Others  136.9 118.7 23.1
MUFA  433.9A 555.2B 92.1
C18:2n-6 LA 123.9 118.7 18.9
C20:4n-6  33.9 40.5 8.2
C18:3n-3 ALA 34.8A 179.9B 26.8
C20:5n-3 EPA 310.8B 179.9A 97.3
C21:5n-3  109.2 100.5 26.5
C22:5n-3  104.9a 59.6b 40.1
C22:6n-3 DHA 675.2B 281.0A 185.3
Others  110.5 100.9 21.6
PUFA  1560.6B 1118.8A 256.3

N=20 per group.
Least square means in the same row with different superscript letters are 
significantly different A..B: P<0.01; a..b: P<0.05.
SED: Standard Error Deviation.
SFA: Saturated Fatty Acids.
MUFA: Monounsaturated Fatty Acids.
PUFA: Polyunsaturated Fatty Acids.

table 2 - Indexes of lipid metabolism, oxidative status and 
nutritional traits of in fillets of cultivated and wild Salmo 
trutta.

  Cultivated  Wild SED

Elongase  0.18 0.23 0.08
Thioesterase  3.00A 6.69B 1.01
Δ 9-desaturase (16+18)  74.95 74.77 3.24
Δ 9-desaturase (18)  0.52A 1.70B 0.42
Δ5/Δ6-desaturase  88.71b 70.65a 3.81
INQ  22.82b 10.07a 4.15
H/H   2.16b 1.88a 0.21
n-6/n-3  0.18A 0.27B 0.04
Peroxidability index  301.05B 189.79A 54.19
Atherogenic index  0.72b 0.64a 0.11
Thrombogenic index  0.21 0.30 0.10
TBARs mg MDA/kg 0.65A 2.06B 0.99

N=20 per group.
Least square means in the same row with different superscript letters are 
significantly different A..B: P<0.01; a..b: P<0.05.
IQN: Index of Nutritional Quality.
H/H: Hypocholesterolaemic/Hypercholesterolaemic acids ratio.
TBARs: Thio-Barbituric Acid Reactive substances.



Ital. J. Food Sci., vol. 25 - 2013 87

Additionally, SALAVAtIAN et al. (2011) observed 
in brown trout a diet that consisted mainly of 
benthic animals, chiefly represented by Oligo-
cheta, Gastropoda, Diptera, coelifera, trichop-
tera, Lepidopetra, Hemiptera, coleoptera, Odo-
nata, Homoptera and Archnida, and the feeding 
behavior of these fish was directly related to the 
abundance of prey in the river. 

GHIONI et al. (1996), in analyzing the fatty acid 
composition of neutral lipids and phospholipids 
of some freshwater insects, observed that in the 
above-mentioned classes the major fatty acid 
present was EPA. 

considering that the feeding behavior of young 
wild trout (< 2 years of age) is based on insects 
with a high content of n-3 long-chain fatty ac-
ids, it is probable that these fish developed a 
low elongase and desaturase capacity, which 
could explain the lower DHA content compared 
to that of farmed trout. Paradoxically, the diet of 
wild fish, rich in EPA, renders DHA biosynthe-
sis less efficient when compared with the feed 
administered to the farmed trout, which is par-
tially composed of vegetal components and con-
tain 7.9% of LA and 2.9% of ALA. According to 
bELL and DIcK (2004), to optimize the synthesis 
of DHA from ALA, in farmed trout, it would be 
appropriate to avoid supplementation with fish 
oil, especially at an early age, and the presence 
of the long-chain n-3 PUFA in fish oil and meal 
reduces the synthesis of DHA from ALA by ap-
proximately 10 fold. the ability to convert LA and 
ALA, abundant in vegetable oils, into c20 and 
c22 PUFAs is well established in some species, 
such as rainbow trout (KANAZAWA et al., 1978; 
bUZZI et al., 1996; MOUrENtE and tOcHEr, 
1998). these statements are reinforced by the 
study of tUrcHINI and FrANcIS (2009), who ob-
served that when a diet is characterized by high 
EPA levels, a large proportion of this fatty acid 
is used for energy production and only a small 
quantity is further bioconverted in DHA.

the nutritional properties of brown trout fil-
lets are reported in table 2.

the INQ index of wild trout was significantly 
lower respect that of the farmed ones (22.82 vs 
10.07), that considering the equal energy val-
ue, indicates a better achievement of dietary 
recommendations for EPA + DHA for fillets of 
farmed trout. 

Also the HH ratio was significantly lower in 
wild brown trout, and in general lower than that 
found by tEStI et al. (2006) in rainbow trout fil-
lets and by us (DAL bOScO et al., 2007). the ath-
erogenic indexes were both higher than those 
reported by TUrcHINI et al. (2003) for brown 
trout (0.45), whereas the thrombogenic index 
was similar. 

the n-6/n-3 ratio of the fillets was 0.27 and 
0.18, respectively for wild and farmed trout, sim-
ilar to the results of another study in brow trout 
(tUrcHINI et al., 2003). 

regarding the differences in n-6/n-3 ratio be-

tween wild and farmed fish, the results of this 
experiment are in disagreement with most of 
those found in the literature because in this tri-
al, the wild subjects showed higher values than 
the farmed, contrary to what was observed in 
other fish specimen by rENON et al. (1994a), 
KrAJNOVIc-OZrEtIc et al. (1994) and rEA et al. 
(2000). 

concerning oxidative stability, wild subjects 
showed a lower oxidative stability accompanied 
by a lower PI and this situation could be relat-
ed to different factors:

- the different stresses that fish have suffered 
at the time of capture, which were certainly low-
er in farmed fishes with respect to wild ones be-
cause the wild ones had to fight at the moment 
of being fished (DIGGLES and ErNSt, 1997);

- farmed trout fed a diet fortified in antiox-
idants, specifically, 11,500 IU vit. A, 1.800 IU 
vitamin D3, 150 mg Vitamin E, 100 mg vit. c 
per kg;

- some studies (bAStrOP et al., 2002; PAScUAL 
et al., 2003) have reported that dietary restric-
tion can increase oxidative stress in fish; ELLI-
Ott and HUrLEY (1998; 2000) observed that in 
severe environments, such as streams at high al-
titude, where temperatures frequently reach be-
low 10°c and feed resources are scarce, brown 
trout eat with lower frequencies and are satiat-
ed with lower quantities of food compared with 
farmed fish.

cONcLUSIONS

Wild and farmed brown trout analysed in this 
study differ mainly in their total lipid content and 
fatty acid profile. these results, to be confirmed 
by further investigations on a larger number of 
fish during different seasons, can be explained 
mainly by considering the availability and com-
position of feed, particularly regarding the fat-
ty acid profile and antioxidants, which are the 
main factors affecting the lipid metabolism and 
consequently the fatty acid profile of fillets and 
their nutritional properties.
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AbStrAct

As a food, the cherry fruit is nutrient dense, with a relatively low caloric content and major 
amounts of important phytochemicals. the nutritional and functional properties of a Jerte Valley 
(cáceres, Extremadura, Spain) cherry product were characterized with the aim of assessing its 
potential use in improving the antioxidant status in humans. the results showed the product to 
have high levels not only of nutritional compounds but also of bioactive compounds. In a subse-
quent placebo-controlled trial with human volunteers, the ingestion of this product improved their 
antioxidant status. this cherry-based product may therefore reliably be categorized as a natural 
antioxidant-enriched supplement.
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INtrODUctION

Since phytochemicals present in fruits and 
vegetables have known actions as antioxidants 
(PrIOr et al., 2007), it is assumed worldwide that 
the consumption of fruits and vegetables exerts 
a protective effect on health (PItSAVOS et al., 
2005). In fact, since the 1990s, several interna-
tional organizations have recommended increas-
ing the consumption of fruits and vegetables to 
five or more daily servings in order to provide 
a desirable intake of antioxidants, which exert 
health-promoting effects (WHO, 1990).

the cherry fruit is considered a nutrient-dense 
food with a relatively low caloric content and a 
significant amount of important bioactive com-
ponents including anthocyanins, quercitin, and 
carotenoids (MccUNE et al., 2011). Several stud-
ies have reported the in vitro antioxidant effects 
of the aforementioned compounds. thus, antho-
cyanins, which are referred to as the prevailing 
phenolics in sweet and sour cherries, inhibit li-
pid oxidation and play an important role as scav-
engers of free radicals (WANG et al., 1997; cHUN 
et al., 2003). Likewise, clinical studies demon-
strate that the consumption of sweet cherries, 
in particular, bing and Jerte Valley cherries, in-
creases the plasma lipophilic and urinary antiox-
idant capacities, respectively (JAcOb et al., 2003; 
GArrIDO et al., 2010). In this respect, the vast 
majority of works related to the anti-inflamma-
tory and antioxidant effects produced by the in-
gestion of cherries or cherry-derived products at-
tribute these benefits to the amount of phenols 
present in both sweet and sour cherries (FEr-
rEttI et al., 2010). Moreover, anthocyanins are 
able to inhibit nitric oxide (NO) production and 
other pro-inflammatory factors, such as tumour 
necrosis factor-alpha (tNF-a) (WANG and MAZZA, 
2002a,b), thereby highlighting the anti-inflam-
matory functions of these molecules. the inhib-
itory effect of inflammatory pathways has been 
hypothesized to be the main molecular mech-
anism to explain the relationship between the 
consumption of cherries or cherry-derived prod-
ucts and the alleviation of several chronic dis-
eases such as arthritis and gout (JAcOb et al., 
2003; HE et al., 2006). the beneficial properties 
of fruits and vegetables have also been proposed 
to come from the additive and synergistic effects 
of their phytonutrients (MILDE et al., 2007). In 
this regard, it has recently been reported that 
Jerte Valley sweet cherries contain not only high 
concentrations of anthocyanin pigments and 
other phenolic compounds (GONZÁLEZ-GÓMEZ 
et al., 2010), but also high levels of tryptophan 
(cUbErO et al., 2010), serotonin, and melatonin 
(GONZÁLEZ-GÓMEZ et al., 2009), which are mole-
cules with well-known antioxidant effects (PArE-
DES et al., 2007a, b, c).

Since in vitro measurements of high antioxi-
dant capacities of foodstuffs may or may not be 
an indication of their potential for altering the 

in vivo antioxidant status (PrIOr et al., 2007), 
the main objective of this work was to deter-
mine the nutritional and functional character-
istics of a Jerte Valley (cáceres, Extremadura, 
Spain) cherry product, and subsequently to eval-
uate its potential use to improve the antioxidant 
status in humans.

MAtErIAL AND MEtHODS

Nutritional analysis

Moisture was determined by the loss of weight 
of 1 g of freeze-dried cherry product in a Selecta 
Vaciotem vacuum oven (JP Selecta, barcelona, 
Spain) at 100ºc. Ash content was measured by 
calcination of 1 g of freeze-dried cherry product 
in a Selecta muffle furnace (Andaluza de Instru-
mentación, Mairena del Aljarafe, Seville, Spain) 
at 550°c for 24 h. Protein analysis was carried 
out by the Kjeldahl method, using a Gerhardt 
Kjeldatherm digestor and a Gerhardt Vapodest 
distillation system (Izasa, Seville, Spain). Dietary 
fibre was measured by enzymatic digestion of 1 
g of freeze-dried cherry product, according to 
the enzymatic-gravimetric method established 
by the AOAc, 1980.

Functional analysis

total antioxidant activity

Determination of total antioxidant activity 
(tAA) was carried out using the end-point meth-
od established by cANO et al. (2000). briefly, 
0.03 g of freeze-dried cherry product was dilut-
ed in 10 mL of phosphate buffer, and then 20 µL 
of the diluted sample was put into a spectrom-
eter cuvette containing 1 mL of the radical cati-
on 2,20-azino-bis(3-ethylbenzothiazoline 6-sul-
fonate) (AbtS). the initial absorbance at 730 nm 
was compared with the absorbance obtained af-
ter 20 min of reaction. the measurements were 
carried out in a UV-2401Pc Shimadzu spectro-
photometer (Shimadzu Scientific Instruments 
Inc., columbia, MD, USA). results are expressed 
as mg of trolox per 100 g of freeze-dried cher-
ry product.

total polyphenols content

Phenols were extracted from 0.15 g of freeze-
dried cherry product diluted with 90 mL of a 
solution of 80% EtOH (1% hydrochloric acid), 
following the method described by LIMA et al. 
(2005). they were then determined using the 
Folin-ciocalteu reagent (FOLIN and cIOcALtEU, 
1927) in a UV-2401Pc Shimadzu spectropho-
tometer. Gallic acid was used as standard, and 
the results are expressed as mg of gallic acid per 
100 g of freeze-dried cherry product.
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total anthocyanins content

Anthocyanins were extracted from 0.3 g of 
freeze-dried cherry product in 50 mL of metha-
nol solution (0.1% hydrochloric acid) for 24 h at 
-10ºc. the absorbance of the resulting extracts 
was measured at 515 nm in a UV-2401Pc Shi-
madzu spectrophotometer. Quantification was 
carried out using malvidin as standard. the re-
sults were expressed as mg of malvidin per 100 
g of freeze-dried cherry product.

Quantification of the amino acid tryptophan

to prepare the freeze-dried cherry product for 
analysis, 1 g of freeze-dried cherry product was 
accurately weighed, and 0.5 g of ba(OH)2 (ALEG-
rÍA et al., 1996) plus 0.5 mL of distilled H2O were 
added in a cryotube. this solution was mixed by 
rocking shaker for 10 min. Hydrolysates were 
heated in the oven at 100ºc for 12 h and cen-
trifuged for 15 min at 13 200×g. the superna-
tant was collected and filtered through 0.45 µm 
pore filters, and finally frozen at -28ºc. 

Upon analysis, the samples were adjusted to a 
working pH of 5.5 by means of sodium acetate/
acetic acid buffer. Each assay was initiated with 
the injection of 20 µL of sample into a high per-
formance liquid chromatography device equipped 
with a fluorescence detector (HPLc/FL) (thermo 
FL 3000, San José, USA). the HPLc/FL system 
was controlled by chromQuesttM 4.2 software, 
and the chromatographic analysis was performed 
using a ZOrbAX Eclipse XDb-c18 column (150 
mm × 4.6 mm, 5 µm; Agilent technologies, Ma-
drid, Spain). the binary gradient system con-
sisted of eluent A (methanol:acetic acid:water, 
10:2:88, v:v:v) and eluent b (methanol). the ex-
citation and emission wavelengths were 284 and 
340 nm, respectively, and the mean retention 
time was 7.9 ± 0.2 min. Peak areas were correlat-
ed with the concentrations in accordance with 
the calibration curve. the results correspond to 
the assay of each sample carried out in triplicate.

Quantification of the indoles serotonin 
and melatonin

to extract melatonin and serotonin from the 
freeze-dried cherry product, 15 mL of phosphate 
buffer (1 M; pH 8.0) and 3 mL of KOH (1 M; pH 

> 8.0) were added to 6 g of freeze-dried product. 
Once homogenized, the sample was filtered and 
rinsed with 3 mL of chloroform, and then the mix-
ture was shaken for 10 min. After that, the mix-
ture was centrifuged for 5 min at 15 320×g, and 
then the organic phase was separated and evapo-
rated using a nitrogen gas stream. then 200 µL of 
formic acid (0.45%) solution was used for sample 
reconstitution, and finally the sample was inject-
ed into an HPLc system with an electrospray ion-
ization mass spectrometry (MS- ESI)-quadrupole 
detector (Agilent 1100). the separation of mela-
tonin and serotonin was accomplished with an 
Xterra c18 HPLc column (100 mm × 2.1 mm, 
3.5 µm; Waters cromatografía, S.A., barcelona, 
Spain) heated at 30°c. the mobile phase used for 
the separation was 0.45% formic acid and ace-
tonitrile (95:5, v:v) in gradient mode. From min-
ute 0 to minute 5, isocratic elution was applied 
(95% of 0.45% formic acid and 5% of acetonitrile).

Following the serotonin elution, a linear gra-
dient was used for melatonin elution, passing 
from minute 5 to minute 8 the acetonitrile por-
tion of mobile phase from 5 to 100%, and then 
maintaining it in this proportion until minute 16.

Once the peaks had been characterized, the 
determination of melatonin and serotonin was 
performed by selected ion monitoring (SIM) of the 
generated ions (m/z 233 for melatonin and m/z 
177 for serotonin). Quantitative calculations were 
made with the peak areas of melatonin and sero-
tonin. AcOc software was used for the calibration 
and statistics calculations (ESPINOSA-MANSILLA 
et al., 2005), and Agilent chemStation software 
for data acquisition and peak area integration.

Determination of antioxidant status 
in humans

Participants

the study was carried out on young (20-30 
years old, n = 10; 5 men and 5 women), mid-
dle-aged (35-55 years old, n = 10; 5 men and 5 
women), and elderly (65-85 years old, n = 10; 
5 men and 5 women) volunteers whose weight, 
height, and body mass index (bMI) values are 
presented in table 1. the study was approved 
by the Ethics committee of the University of Ex-
tremadura (badajoz, Spain) in accordance with 

table 1 - Weight, height, and body mass index (bMI) of young, middle-aged, and elderly participants.

 Young Middle-aged Elderly

 Men Women Men Women Men Women

Weight 81.00±2.70 60.5±8.22 76.00±3.91 65.2±4.54 77±9.62 64.33±9.13
Height 1.80±0.04 1.61±0.02 1.74±0.06 1.65±0.03 1.75±0.01 1.61±0.05
BMI 24.86±0.68 23.07±2.57 24.89±0.78 23.84±2.54 24.97±2.84 24.76±2.88

Each value represents the mean ± SD of five participants.
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Diagram 1 - the cherry product was made from 141 g of fresh cherries in equal parts of four Jerte Valley cultivars: bourlat, 
Navalinda, Pico Negro, and Pico colorado. Once pitted, 7.5 g of maltodextrin and 1.5 g of ascorbic acid were added to fresh 
fruit to obtain a cherry homogenate. Subsequently, the cherry homogenate was frozen at -80ºc, freeze-dried, and then ground 
in order to get a powder that can be easily dissolved in water.

the Declaration of Helsinki, the council of Eu-
rope, and the Universal Declaration of UNEScO 
on human rights, biomedicine, and human ge-
nome. All participants were of caucasian eth-
nicity. Each participant was ascertained to be 
in good health from their medical history and a 
clinical examination including routine labora-
tory tests and screening. the participants were 
non-smokers, were not using any medication, 
and abstained from alcohol. Informed consent 
was obtained from all participants.

Experimental design

the study was a blind, placebo-controlled, ran-
domized, crossover design with two treatment 
periods of five days each, separated by a wash-
out period of one week. Either the placebo or the 
Jerte Valley (cáceres, Extremadura, Spain) cher-
ry product was consumed twice a day, as lunch 
and dinner desserts. One dose of the Jerte Val-
ley cherry product (27.85 g) consisted of 18.85 g 
of pitted, freeze-dried cherries (equivalent to 141 
g fresh cherries) consisting in equal parts of four 
Jerte Valley cherry cultivars (bourlat, Navalinda, 
Pico Negro, and Pico colorado), plus 7.5 g malto-
dextrin and 1.5 g ascorbic acid (Spanish patent 
no. ES 2342141 b1). Once it was freeze-dried, 
the cherry-based product was ground in order 
to get a powder that was then packed in plastic 
containers (Diagram 1). before its consumption, 
the Jerte Valley cherry product was diluted in 125 
mL of water. the placebo was a commercial un-
sweetened cherry-flavoured soft drink (Kool-Aid®, 
Kraft Foods, USA; ingredients listed: citric acid, 
salt, calcium phosphate, red 40, artificial flavour, 

Fig. 1 - Jerte Valley cherry product (left panel) and place-
bo (right panel).

ascorbic acid, artificial colour, blue 1) which was 
prepared by mixing it with water in the propor-
tion recommended by the manufacturer (Fig. 1).

Urinary antioxidant capacity assay

First-void morning urines were collected before 
the trial (basal values), after a 5-day intake of the 
Jerte Valley cherry-based product or the placebo 
(trial values), and one day following the termina-
tion of the treatment (post-trial values). the sam-
ples were stored at -20°c until biochemical assay.

total antioxidant capacity was measured in 
the urines using a colorimetric assay kit (cay-
man, MI, USA) according to the manufacturer’s 
instructions (MILLEr et al., 1993; rIcE-EVANS 
and MILLEr, 1994).

Determination of blood glucose levels

blood glucose levels were determined in all 
participants using a blood glucose level test-
ing kit (Medisense, Abbott Laboratories, Ab-
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bott Park, IL, USA). Glucose levels were meas-
ured at 08:00 h, before the trial (basal values), 
during the 5-day intake of the Jerte Valley cher-
ry-based product or the placebo (trial values), 
and one day following the termination of the 
treatment (post-trial values). results are ex-
pressed in mg/dL.

Statistical analysis

the Kolmogorov-Smirnov test was applied to 
examine the normality of the distribution of the 
results. Once confirmed that the data did not fit 
a normal distribution, the Friedman non-para-
metric test followed by Dunns’ multiple compari-
son tests were used to analyse the results. Each 
value represents the mean ± SD of the number 
of determinations, unless otherwise indicated. 
the degree of significance was set at P < 0.05. 
All analyses were performed using GraphPad 
Prism (version 5.0, 2007; GraphPad Software 
Inc., San Diego, cA, USA).

rESULtS AND cONcLUSIONS

Prevention of health disorders is commonly 
associated with lifestyle, and particularly with 
diet. Phytochemicals present in fruits and veg-
etables, e.g., phenols, anthocyanins, and ca-
rotenoids, possess a great potential to avoid 
or delay the development of such disorders as 
cancer, obesity, or cardiovascular diseases. In 
the present study, several nutritional and func-
tional parameters were analysed in the Jerte 
Valley cherry product (tables 2 and 3, respec-
tively). With respect to the proximate analy-
sis, one observes in table 2 that the Jerte Val-
ley cherry freeze-dried product contains com-
paratively high levels of fibre (7.83 ± 0.26%) 
and proteins (2.99 ± 0.05%), since the content 
of fibre and proteins in other commonly con-
sumed cherry products is roughly 2% and 1%, 
respectively (GEbHArDt et al., 2006). both fi-
bre and proteins may contribute to food intake 

and body weight regulation, being strong deter-
minants of short-term satiety (ANDErSON and 
MOOrE, 2004; SUtEr, 2005). Indeed, high fi-
bre diets have been associated with improved 
blood glucose control and reduced cholesterol 
levels, thus further highlighting the potential 
beneficial effects of this nutrient (SUtEr, 2005; 
KEENAN et al., 2006).

 With regard to the functional analysis (ta-
ble 3), the Jerte Valley cherry product contains 
5669.61 ± 127.75 mg total phenolics in 100 g 
of freeze-dried product, which is equivalent to 
1578.98 ± 35.57 mg total phenolics per dose 
(roughly 28 g of freeze-dried product). Interest-
ingly, the content of polyphenols in a 28 g serv-
ing of the Jerte Valley cherry product is 10-fold 
higher than that found in bing sweet cherries, 
which present 160-170 mg total polyphenols 
in a 100 g serving (cHAOVANALIKIt and WrOL-
StAD, 2004). Similarly, the total polyphenols in 
a 100 g serving of Montmorency tart cherries 
(301 mg and 558 mg in flesh and skins, respec-
tively) (cHAOVANALIKIt and WrOLStAD, 2004) 
are much lower than those in the Jerte Valley 
cherry product. these bioactive compounds 
have long-term human health benefits due to 
their wide range of biological activities, includ-
ing antioxidant, antiallergic, anticarcinogenic, 
antimicrobial, antimutagenic, and anti-inflam-
matory properties (bENAVENtE-GArcÍA et al., 
1997). In particular, cherry phenolics protect 
neuronal cells against oxidative stress-mediat-
ed damage, one of the main factors contribut-

table 3 - Functional characterization of the Jerte Valley cherry product (values expressed per 100 grams of freeze-dried prod-
uct and per dose, i.e., 27.85 g freeze-dried product).

 Parameter Per 100 g product Per dose (27.85 g)

Total antioxidant activity (mg) a 2478.65±113.68 690.30±38.06
Total phenolics (mg) b 5669.61±127.75 1578.98±35.57
Total anthocyanins (mg) c 110.31±8.53 30.72±2.37
Tryptophan (mg) 6.95±1.06 1.93±0.29
Serotonin (ng) 95.73±6.21 26.66±1.73
Melatonin (ng) 58.38±5.31 16.25±1.48

All the data are the mean ± SD of four replicates, except for tryptophan content (n = 3).
amg Trolox equivalents.
bmg gallic acid equivalents.
cmg malvidin equivalents.

table 2 - Nutritional characterization of the Jerte Valley cher-
ry product (values expressed per 100 grams of freeze-dried 
product and per dose, i.e., 27.85 g freeze-dried product).

 Parameter Per 100 g product Per dose (27.85 g)

Moisture (%) 5.09±0.07 1.41±0.02
Ash (%) 6.55±0.20 1.82±0.05
Protein (%) 2.99±0.05 0.83±0.01
Total dietary fibre (%) 7.83±0.26 2.18±0.07

All the data are the mean ± SD of four replicates.
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ing to the development of neurodegerative dis-
eases such as Alzheimer’s disease (SMItH et al., 
2000). cherries also show antioxidant effects in 
vivo, since an increased activity of the antioxi-
dant enzymes superoxide dismutase (SOD) and 
glutathione peroxidase (GPx) as well as a de-
crease of lipid peroxidation have been report-
ed in mice fed sour cherry juice (SArIc et al., 
2009).  In the present study, the total anthocy-
anins measured in the Jerte Valley cherry prod-
uct were 110.31 ± 8.53 mg per 100 g of freeze-
dried product, which is equivalent to 30.72 ± 
2.37 mg total anthocyanins per dose. Antho-
cyanins present one of the strongest antioxi-
dant activities among phenolic compounds. In 
fact, the anthocyanin content of these cherries 
is comparable to that of other plant foods in 
which evidence has suggested health-promot-
ing effects related to their anthocyanin content 
(StEVENSON and HUrSt, 2007).

In recent years, the amino acid tryptophan, 
the neurotransmitter serotonin, and the indole 
melatonin have been identified as important bio-
active compounds in plants. this may have ma-
jor implications for animal and human health 
given the potent antioxidant activity of these 
molecules in a variety of disorders and diseas-
es in which enhanced production of free radicals 
has been reported (rEItEr et al., 2009; rIcH-
ArD et al., 2009). In the cherry product of the 
present study, tryptophan reached a concentra-
tion of 6.95 ± 1.06 mg per 100 g of freeze-dried 
product, equivalent to 1.93 ± 0.29 mg per dose. 
Serotonin reached 95.73 ± 6.21 ng per 100 g of 
freeze-dried product, equivalent to 26.66 ± 1.73 
ng per dose. And melatonin reached 58.38 ± 5.31 
ng per 100 g of freeze-dried product, equivalent 
to 16.25 ± 1.48 ng per dose.

the total antioxidant capacity of the product 
was assessed. the results were that it contained 

2478.65 ± 113.68 mg trolox per 100 g of freeze-
dried product, equivalent to 690.30 ± 38.06 mg 
per dose. Interestingly, a 28 g serving of the Jerte 
Valley cherry product possesses a greater anti-
oxidant capacity than a 100 g serving of fresh 
Jerte Valley sweet cherries (GONZÁLEZ-GÓMEZ 
et al., 2010).

this cherry product was administered to 
young, middle-aged, and elderly volunteers in 
an attempt to elucidate whether the consump-
tion of this natural product is beneficial for 
health. Fig. 2 shows that the consumption of 
a placebo did not modify the urinary antioxi-
dant capacity in any of the age groups studied, 
whereas the ingestion of the Jerte Valley cher-
ry product raised (P < 0.05) the urinary antiox-
idant capacity with respect to their correspond-
ing basal values in all three groups: young (2.01 
± 0.95, Fig. 2A), middle-aged (1.47 ± 0.37, Fig. 
2b), and elderly (3.23 ± 0.78, Fig. 2c). these 
values returned to basal values (P < 0.05) one 
day following the trial’s termination (post-tri-
al values) in the young (1.26 ± 0.56) and mid-
dle-aged (1.07 ± 0.50) volunteers. It is note-
worthy that the greatest urinary antioxidant 
increase after the ingestion of the cherry prod-
uct (more than three-fold) was found in the el-
derly age group, with the value remaining ele-
vated (2.74 ± 0.42; P < 0.05) with respect to its 
corresponding basal level one day following the 
trial’s termination. these findings agree with 
previous reports that the antioxidant status 
after the ingestion of several Jerte Valley cher-
ries tends to be higher in the elderly (GArrIDO 
et al., 2010). Despite the fact that total ener-
gy intake declines with age, the requirements 
for many nutrients increase in order to main-
tain organ systems with declining functionality 
(MArtYN et al., 1996). For this reason, dietary 
components with high antioxidant activity have 

Fig. 2 - Effect of a Jerte Valley cherry product and a placebo on urinary antioxidant levels obtained in first-void morning 
urines, in young (A), middle-aged (b), and elderly (c) participants. basal values are urine samples obtained before the intake 
of the cherry product or the placebo, assay values are urine samples taken on the last day of a 5-day cherry product intake 
or placebo intake, and post-trial values are urine samples obtained after the termination of the assay. Data are expressed as 
fold increase over the basal levels. Each value represents the mean ± SEM from ten participants.
*P < 0.05 with respect to their corresponding basal values.
#P < 0.05 with respect to their corresponding post-trial values.

http://www.wordreference.com/es/translation.asp?tranword=surprisingly
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to be the object of particular attention because 
of their potential role in modulating the oxida-
tive stress associated with ageing and chron-
ic conditions (MEYDANI, 2001). In this respect, 
the indole melatonin, which declines gradual-
ly from young adulthood onwards, may play 
an important role in the regulation of the age-
ing process, since it is reportedly a potent an-
tioxidant and free radical scavenger (PArEDES 
et al., 2007b). In fact, the rate of ageing and 
the time of onset of age-related disorders can 
be retarded by melatonin supplementation or 
treatments that preserve the high amplitude of 
the endogenous rhythm of melatonin formation 
(bONDY et al., 2004). 

the measurements of blood glucose levels 
(table 4) showed no significant effects after the 
consumption of either the placebo or the cherry-
based product in any age group. In this respect, 
cherry fruit has an estimated glycæmic index of 
22, generally lower than most other fruits such 
as apricot (57), grapes (46), peach (42), blue-
berry (40), or plum (39). Furthermore, numer-
ous studies have shown that anthocyanins are 
effective in improving insulin secretion in re-
sponse to varying glucose levels (GHOSH and KN-
ONISHYI, 2007). consequently, it has been sug-
gested that cherries may aid in diabetes control 
(LAcHIN and rEZA, 2012), being a potentially 
particularly appropriate fruit-based snack food 
(as compared with many other fruits) for diabet-
ic individuals due to their lower glycæmic index 
(MccUNE et al., 2011).

the current development of functional prod-
ucts with antioxidant effects is mainly focused 
on the production of phenolic-enriched prod-
ucts (rAMÍrEZ-tOrtOSA et al., 2004; cErDA et 
al., 2006). However, in advanced age, an exoge-
nous supplementation of melatonin and its pre-
cursors, tryptophan and serotonin, may exert 
beneficial effects as potent antioxidants. there-
fore, the consumption of the Jerte Valley cher-
ry product, which contains not only high con-
centrations of total phenolics, including antho-
cyanin pigments, but also high levels of trypto-
phan, serotonin, and melatonin, may be used 
as an antioxidant-enriched supplement to fight 
against disorders in which oxidative stress plays 
a deteriorating role.
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Dragović-Uzelac V., Levaj b., cosić Z., Macak Safranko 
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AbStrAct

this paper discusses the concept of the food community network (FcN) and how consumers 
and farmers organize credence food transactions. the FcN is based on pooling specific resources 
and using membership-based contracts to assign decision and property rights. It implies an or-
ganization based on a combination of several democratic and communitarian elements, with few 
market-like and bureaucratic elements. by applying arguments from new institutional econom-
ics and organizational science, case studies on community-supported agriculture reported else-
where were used to describe how FcN governance works. the results indicate a great variety of 
FcN organizational forms. 
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INtrODUctION

the agro-food industry, farmers and consum-
ers are in the process of setting up new organi-
zations to exchange food worldwide (PAScUccI, 
2010). this is especially evident when food has 
the features of a credence good. Hence the way 
it is produced matters more than other intrin-
sic attributes. In previous studies such organi-
zations have been defined as alternative supply 
chains, civic food networks or food community 
networks (FcNs) (rENtING et al., 2003; AUGLIA 
et al., 2008; bOUGHErArA et al., 2009; PAScUc-
cI, 2010; cArAccIOLO and LOMbArDI, 2012). In 
these organizations, transactions of credence 
foods are carried out through direct interaction 
of consumers and farmers, who share resourc-
es and stakes. In a more recent contribution a 
more formalized approach was proposed to de-
fine this organization, mainly through a new in-
stitutional economics oriented approach, and 
using Grounded theory as a methodological tool 
(PAScUccI et al., 2011). However, a crystalline 
definition of FcNs is still some way off. In this 
paper we propose a further step in the direction 
of identifying the elements constituting FcNs. 

Several approaches to describe and analyse 
organizational design can be used when dealing 
with network organizations. HAtcHUEL (2001), 
for example, proposed to combine organization 
and design theories to describe collective actions, 
specifically to understand the interplay between 
learning, innovating and imposing routines. 
NOOtEbOOM (2004) also highlights the interplay 
between governance and competence to describe 
network organizations and forms of cooperation 
among economic actors. though the literature on 
network organizations is far-reaching and exten-
sive we mainly build our analysis on organiza-
tional design arguments, comparing the new in-
stitutional economics (NIE) approach (WILLIAM-
SON, 1991; MÉNArD, 2004) with a more recent 
approach in organizational science proposed by 
GrANDOrI and FUrNArI (2008)1. While design 
theories and competence studies are very help-
ful in describing “creative” and innovative net-
work formation, NIE has been extensively used to 
describe network organizations in the food sec-
tor (Menard, 2004). However, while the “stand-
ard” NIE approach to organizations emphasis-
es alternative governance structures (e.g. mar-
kets, hybrids or hierarchies) looking at networks 
as alternative to both markets and hierarchies, 
the GrANDOrI and FUrNArI approach (GFA) pro-
poses a way to analyse alternative organizations 
by considering more basic elements which can 
be combined, and allow for complementarities 
(GrANDOrI and FUrNArI, 2008). therefore, un-
like the NIE approach, the GFA is not limited to 
explaining differences within the same “clus-
ter/category” of governance structures. this is 
particularly handy when it comes to analysing 
emerging governance structures, such as FcNs. 

1 GrANDOrI and FUrNArI (2008) provide an extended discussion 
on this topic which we recommend to those interested.

More specifically, in this paper we use the GFA 
to investigate different FcN case studies, main-
ly using internet-based sources and literature 
reviews. Even though the FcN case studies an-
alysed are based on North American cSAs, we 
believe that our research findings can be gener-
alized to any FcN organization operating in var-
ious parts of the world.

MAtErIALS AND MEtHODS

the FcN is an emerging type of organization 
which often challenges more traditional, “main-
stream” types of organizations dealing with food 
production and distribution (e.g. supermar-
kets and “hard discounts”) (HENDrIcKSON and 
HEFFErNAN, 2002; ScHIFANI and MIGLIOrE, 
2011; cEMbALO et al., 2012). More specifical-
ly, the FcN seems to be a competitive organiza-
tion when it comes to exchanging foods with a 
higher degree of credence attributes. For such 
foods “the way” they are produced and distrib-
uted is more important than “what” constitutes 
them (i.e. chemo-physical elements). tradition-
al organizations of credence foods are affected 
by the presence of several legally independent 
actors, like food companies, farms, public agen-
cies and consumers (or households), which co-
ordinate quantity and quality issues by means 
of standards, logos, brands and labels (rAYNAUD 
et al., 2005; cEMbALO et al., 2008). All these ac-
tors have to deal with issues of asymmetric in-
formation and moral hazard problems, therefore 
often experiencing high transaction costs. typi-
cal solutions are the use of arrangements such 
as bilateral contracts, strategic networks and al-
liances, and vertical integration (MÉNArD and 
VALcEScHINI, 2005; PAScUccI, 2010). Such so-
lutions often rely on public monitoring (VEttEr 
and KArANtININIS, 2002). However, FcNs are or-
ganized in a different way. but how?

According to preliminary empirical evidence, 
FcNs have been described as based on a group 
of highly motivated consumers and a (group of) 
producer(s) that decide to vertically coordinate, 
and partially integrate, on the basis of a long-
term relationship to produce and transact cre-
dence foods (PAScUccI, 2010). In this section we 
further investigate the organization of FcNs by 
looking at two theoretical approaches: new insti-
tutional economics and organizational science.

A new institutional economics perspective

A new institutional economics approach can 
be used to characterize FcNs, examining differ-
ent attributes of governance mechanisms, name-
ly the degree of resource pooling, and types of 
contracting mechanisms, the latter being divided 
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into coordination, and internal-external competi-
tion (WILLIAMSON, 1991; MÉNArD 2004; MÉNArD 
and VALcEScHINI, 2005; KArANtININIS, 2007). 
the governance mechanisms used in the FcN 
are based on intense resource pooling, while co-
ordination is based on limited authority and re-
lational contracts (PAScUccI, 2010). Moreover, 
there is limited competition among members 
while external competition with other organiza-
tions (such as supermarkets) is very high. Fol-
lowing this approach we can view the FcN as a 
form of vertical integration between consumers 
and farmers, leading to the constitution of a hy-
brid such as a formalized network. the integra-
tion process is based on using membership to 
assign decision and property rights, and driven 
by the need to share and pool resources which 
are specific to the members. When membership 
is strongly formalized, the network assumes the 
form of a club which, in some cases, can lead to 
the legal form of a producer-consumer cooper-
ative (cEMbALO et al., 2013). resource pooling 
and sharing is slightly different between con-
sumer and producer members: (1) consumers 
provide time, information, knowledge and finan-
cial resources by participating directly in the or-
ganization of the production process; (2) farmers 
provide land and capital assets but also specif-
ic skills and knowledge (PAScUccI, 2010). they 
also transfer decision rights to consumers. On 
the one hand, consumers receive as pay-offs lei-
sure and credence foods while reducing transac-
tion costs (i.e. the costs of monitoring). the time 
spent by consumers in the production process 
is assumed to be leisure time (PAScUccI et al., 
2011). the time allocated to the production pro-
cess is either related to manual working and to 
its organization (managerial tasks). the time al-
located by consumers is also used to monitor the 
process, and hence to reduce the risk of produc-
ers’ moral hazard. Since consumers can coordi-
nate participation and their time spent on par-
ticipation is not a cost but a utility-enhancing 
activity, we can assume that the overall mon-
itoring costs of the process can be considera-
bly reduced by this mechanism. On the other 
hand, farmers reduce part of their production 
and transaction costs (i.e. labour costs, certifi-
cation costs, etc.), investment uncertainty and 
income instability (PAScUccI, 2010). Producers 
reduce their production or transaction costs by 
allowing consumers to directly participate in the 
organization of the production process. they also 
limit uncertainty and can reduce lock-in prob-
lems of investing in specific assets related to cre-
dence food production.

An organizational science approach

NIE is limited in addressing the “micro-ele-
ments” of organizations (GrANDOrI and FUr-
NArI, 2008). the main limitation of NIE is the 
challenge in addressing specific and basic ele-

ments of organizational design, while being more 
focused on the (quantitative) analysis of discrete 
structural alternatives (WILLIAMSON, 1991). MIL-
GrOM and rObErtS (1995) introduced an ap-
proach where several complementarities among 
different organizational practices could be con-
sidered. However, the list of different practices 
remains extensive and not sufficiently system-
atic in nature. For example, it is not clear which 
practices (governance elements) are complemen-
tary and under what circumstances (GrANDOrI 
and FUrNArI, 2008). this constitutes a ma-
jor shortcoming when seeking to analyse “new 
types” of organizations, for which empirical ev-
idence is still limited, as is the case of FcNs. 
GrANDOrI and FUrNArI (2008) proposed to over-
come this problem by using a “chemistry of or-
ganization” type of approach. building on three 
theoretical frameworks in the tradition of organ-
izational science, namely complementary and 
configurational approaches, transaction cost 
economics and contingency theory approaches, 
they identify a “combinative” approach to ana-
lyse multiple effective organizational combina-
tions under different contingencies (GrANDOrI 
and FUrNArI, 2008). 

their approach is based on identifying basic 
elements, or “building blocks”, which constitute 
an organization. More precisely, they distinguish 
between four categories of elements, namely: (i) 
market-like elements, which include price-like 
and control-by-exit devices; (ii) bureaucratic el-
ements, including formal rules and plans, and 
articulation of the division of labour; (iii) com-
munitarian elements, including knowledge and 
value sharing, and common culture; (iv) demo-
cratic elements, including the allocation of own-
ership, decision and representation rights. Mar-
ket-like elements mainly concern the capacity of 
coordinating action with minimal communica-
tion through high-powered incentives. bureau-
cratic elements are linked to formal elements of 
governance mechanisms such as formal rules, 
procedures and evaluation systems. communi-
ty elements are related to organizational prac-
tices, infusing cohesion and aligning interests, 
for example through value and knowledge shar-
ing. Finally democratic elements refer to the dif-
fusion of ownership, decision and representa-
tion rights which enable the organization to in-
tegrate different interests among and between 
their members (GrANDOrI and FUrNArI, 2008). 

In this approach it is assumed that a combi-
nation of different elements is not only possi-
ble but constitutes the potential advantage of 
an organization. this is particularly useful in 
the case of FcNs where a clear definition is still 
lacking and contrasting elements persist. For 
example, in market-like practices organization 
members base their decisions on the economic 
incentives they receive. In FcNs consumers of-
ten pay farmers a “market” price for the (box of) 
products delivered. Specific forms of “pay-for-
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performance” are also used, for example when 
the farmer receives a “premium” for “extra-qual-
ity” products, such as for niche or fresh prod-
ucts. However, discounts can also be arranged, 
even for high-quality products, as in the case 
when greater quantities of products are bought, 
or “share-based” payment is organized at the 
beginning of each season. In this case a lower 
price per product is not linked to lower qual-
ity, and it does not work as a disincentive for 
the farmer. On the contrary, it might positive-
ly affect trustworthiness between farmers and 
consumers, reinforcing the willingness to buy 
and produce high-quality products. therefore 
it can be said that also the exchange activities 
of FcNs are coordinated through a type of price 
mechanism. 

Although FcNs are far from being hierarchical 
organizations, some form of authority, for exam-
ple in strategic decisions, is often adopted. For 
example, authority is used to decide on invest-
ments, to control quality issues, to arrange de-
livery service and solve disputes between farm-
ers and members. As indicated by GrANDOrI and 
FUrNArI (2008), the main advantage in using bu-
reaucratic power is basically to have a higher ca-
pacity to control opportunism, especially where 
transaction costs are high or when specific in-
vestments were made by FcN members. Howev-
er, authority and bureaucratic elements repre-
sent a challenge for FcNs because hierarchical 
mechanisms are often in contrast with cooper-
ative behaviour and trust. FcNs are often char-
acterized by participatory decision-making, open 
access/open exit membership. this can lead to 
the problem of free-riding of some members (as 
in many cooperative-type organizations). to ad-
dress the issue of free-riding, authority (and for-
malized rules) can be used to mitigate the ten-
sion between group-based interests and those 
of individual members. 

communitarian elements constitute a funda-
mental component of FcNs. they are formed by 
shared norms, which are mainly based on in-
formal rules within each community. they are 
built to facilitate, motivate and coordinate types 
of collective actions led by community members 
because they can prevent opportunism by limit-
ing the expectation that other members will be-
have opportunistically. In this way they can cre-
ate trust and trustworthiness, which can also re-
duce transaction costs (NOOtEbOOM, 2007). In 
the FcN context, trust is an important feature, 
for example, to reduce the cost of safeguarding 
against opportunism. this is mainly due to in-
formation and knowledge exchange, which leads 
to control over members’ reputations. 

In general, communitarian elements can be 
effective at building trust if shared norms can 
be created within the community. this process 
is also leading to greater member involvement 
and commitment, thus reducing the need for 
economic-based “punishment” for opportunis-

tic behaviour, while supporting non-econom-
ic rewards for group loyalty. It is important to 
stress that in communitarian practices partic-
ipants are often trustworthy not due to control 
mechanisms (punishment) or economic incen-
tives (rewards), but because they choose on the 
basis of intrinsic motivation. In general, as with 
other collective organizations, the capacity of 
FcNs to build trust, and hence reduce transac-
tion costs, is conditional upon the size and ho-
mogeneity of the group of participants\mem-
bers. Especially in their early stages FcNs tend 
to select highly motivated members, while ex-
cluding (indirectly) less aligned and motivated 
participants. 

Distinct from issues of trust and trustworthi-
ness, democratic elements refer to the compo-
nent of FcNs based on sharing decision rights 
and fairness of decision-making. More partici-
patory decision making and shared ownership 
of strategic resources are seen as enforcing com-
mitment in the group interests, also leading to 
transaction costs reduction. Many FcNs adopt 
democratic procedures, for example, to check 
the quality of processes and products, and to 
enhance investments. the possibility to control 
but also to deliberate on strategic issues is a fun-
damental aspect of the potential competitive ad-
vantage of FcNs (NOOtEbOOM, 2007).

Classification of FCNs: 
evidence from CSA in North America

Using data available on-line, through web-
sites and blogs, we analysed and classified a 
sample of 95 community-supported agriculture 
organizations operating in North America (US 
and canada) by implementing K-means cluster 
analysis. the information was gathered in the 
second half of 2011. Using this information we 
derived variables related to both the new insti-
tutional economics approach, such as pooling 
and contracting, and the organizational science 
approach, such as market-like, bureaucrat-
ic, communitarian and democratic elements. 
Of the various types of FcN, cSA is the most 
widespread in the English-speaking world, es-
pecially in urban and peri-urban areas of US 
and canada. cSA schemes are often established 
from an innovative dynamic strategy of farmers, 
who seek to establish relations with consumers 
in the same area. FcNs are based on local food 
supply and maintain a high sense of commu-
nity. cSA schemes are often led by educated, 
highly skilled farmers, who work in a mosaic of 
small-scale farms. cSA prospers where many 
small farms can satisfy consumer needs with 
a wide range of food products, for a sizable ur-
ban population living in proximity of the farms 
in question (ADAM, 2006). the concept of cSA 
originated in the 1960s, when Japanese women, 
concerned with the increase in imported food 
and the loss of farmers and farmland, asked lo-
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cal farmers to grow vegetables and fruit directly 
for their families. Starting from that, a number 
of families committed themselves to support-
ing their region’s agriculture. In this way, the 
teikei concept was born which, literally trans-
lated, means “food with the farmer’s face on it” 
(VAN EN, 1995). this model, first implemented 
in the United States in the mid 1980s, became 
known as cSA. As defined by GrADWELL et al. 
(1999), cSA is a partnership between farmers 
and community members working together to 
create a local food system. cSA farmers may 
produce vegetables, fruit, meat, dairy products, 
fibres, etc., directly for local community mem-
bers. cSA differs from direct marketing because 
its members commit to a full-season price in the 
spring, sharing the risks of production (cIcIA 
et al., 2011). With this up-front support, farm-
ers can concentrate on growing quality food 
and caring for the land. In return, members 
know where their food comes from and how it 
is grown; they share a connection to the land 
and farmers who produce for them, establish-
ing a direct economic and social link between 
farmers and community members (WELLS and 
GrADWELL, 2001). table 1 describes the vari-
ables used to identify pooling and contracting 
elements; table 2 describes the organizational 
elements we used according to the organization-
al science approach.

We use these variables to build indexes of in-
tensity for the six elements of governance we 
considered: pooling, contracting, market-like, 
bureaucratic, communitarian and democrat-
ic. We decided not to assign a weight to differ-
ent variables, nor to different elements. there-
fore each variable equally contributes to de-
termine the intensity of the relevant element. 
If the specific variable was found we assigned 

table 1 - Pooling and contracting elements.

Elements Variable Meaning

Pooling Knowledge Presence of practices to share knowledge between members and producers 
 Labour time Members provide time to work in the community 
 Financial  capital Members provide financial capital, for example through subscribing membership shares
 Physical capital Members share their assets, such as machineries or facilities for supporting the activities of
  the community 

 Decision right on product portfolio quantity  Members can decide how much products to receive from  the CSA
 Decision right on product portfolio composition Members can decide the type of products to receive from the CSA
 Decision right on specific product quantity Members can decide the quantity of each product to receive from the CSA
 Decision right on specific product quality Members can decide whether receive organic or non- organic products
 Input Members provide inputs for the production process (other than labour and capital)

Contracting Production process checking Members directly participate and check farming processes
 Direct visit Members can visit the farm (either in a flexible or a scheduled way)
 Quality checking Members have the opportunity to comment, complain and discuss about the quality of the
  products (i.e. through a blog, website, etc.)
 Certification system Private and/or public formalized certification system is in place
 Contracting membership Membership contract is formalized
 Default conditions Contract is specified default conditions (i.e. default in deliveries, breakdown in quality levels, etc.)

table 2 - Organizational Science elements.

Element  Variables

Market-like Presence of incentive for subscribing annual shares
 Presence of private quality certification system

Bureaucratic Participation in the community is formalized
 Subscription of annual shares is formalized
 Formal public and\or private quality certification 
 system
 Formalized membership
 Formalized default conditions
 Scheduled visit in the farm
 Participation in the production process is formalized

Communitarian Members are stimulate dot share knowledge
 Participation in the community is informal
 Participation in the production process is informal
 Free-access to the farm
 Informal certification system
 Quality is checked through blogs, discussions and\ 
 or debates

Democratic Participation in the community is open
 Quantity of products per box is jointly decided 
 Portfolio composition of products is jointly decided
 Quantity of each product is jointly decided
 Quality of each product is jointly decided 
 (i.e. organic non organic)
 Type of inputs to be used is jointly decided
 Production decisions are shared
 Visiting the farm is possible
 Information are shared

a score of 1, otherwise we gave a score of zero. 
In table 3 we report the descriptive statistics 
of the six governance elements we measured 
in the sample.

rESULtS
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the results of K-means cluster analysis indi-
cate the presence of five types of cSA. table 4 
shows the average indexes of governance inten-
sity for each type:

Group 1 is characterized by a high level of for-
malization and contracting. We use the term “bu-
reaucrats” for this group to indicate that govern-
ance mechanisms are mainly based on formal-
ized rules. Decision-making is “centralized” and 
still remains within the area of the farmers’ pow-
er. the “hard participants” are those belonging 
to group 2. In this group all indexes have high 
values and indicate extensive participation of 
members in all activities and governance issues 
of the cSA. Group 3, called Democratic shares, 
is more based on democratic mechanisms than 
group 2 and more based on sharing resources. 
Group 4 consists of soft participants, indicating 
that they are not so much involved in the cSA. 
Finally group 5, named relational shares, is 
mainly based on communitarian elements with 
a strong combination of both pooling and con-
tracting issues.

cONcLUSIONS

In this paper we discussed and analysed cSA 
within the framework of food community net-
works. In this type of organization, consumers 
and farmers closely integrate their functions by 
using combinations of different organization-
al elements such as market-like elements, bu-

table 3 - Descriptive statistics for the 6 organizational el-
ements.

Elements Min. Max. Mean Std. Deviation

Market-like 0 2 1,22 0,47
Bureaucratic 0 5 3,24 1,00
Communitarian 0 6 3,27 1,82
Democratic 0 7 1,81 1,44
Pooling 1 9 4,06 1,62
Contracting 0 11 5,62 2,49

table 4 - typologies of cSA.

Element   Typologies

 Bureaucrats Hard participants Democratic sharers Soft participants Relational sharers

Market-like 1,3 1,4 1,4 0,9 1,1
Bureaucratic 3,7 3,9 2,9 2,1 3,1
Communitarian 1,9 5,4 2,7 0,9 4,2
Democratic 0,5 2,8 4,6 0,9 1,9
Pooling 2,1 5,0 6,9 2,9 4,9
Contracting 5,3 8,9 4,7 2,1 5,6
N. of cases 22,0 22,0 7,0 16,0 28,0

reaucratic, communitarian, democratic, con-
tracting and pooling. More specifically we have 
studied several cSAs operating in North Amer-
ica. We identified five main distinct types but 
also confirmed some common features. For ex-
ample, cSA often makes use of very formalized 
membership, to define not only the type of “de-
livery” service consumers wish to receive but 
also to share risks and transfer relevant decision 
rights. However, we found that consumers’ de-
cision rights on the production phase are some-
times limited, especially as regards the alloca-
tion of land to different uses. 

the presence of different types of organiza-
tions indicates that within the framework of 
FcNs internal organizational dynamics have to 
be further investigated and linked to FcN dif-
ferent performance. In the current debate on al-
ternative or short supply chains such links be-
tween different organizational structures and 
performance are under-investigated. Despite 
the broad consensus that FcNs can contribute, 
for example, to local sustainable development, 
it is still unclear which types of FcNs may be 
most suited to that purpose. Another issue re-
quiring in-depth understanding is participation 
and whether a specific organizational structure 
leads the FcN to attract a target group of mem-
bers. Understanding the relation between the 
type of FcN and type of participation mechanism 
may be important to better implement develop-
ment-oriented strategies. For example, FcNs 
may be suitable to preserve local products, or 
to increase healthy food diets in a target group. 
Understanding whether a more or less formal-
ized membership facilitates participation can be 
considered a key factor.

the analysis provided in this paper should be 
seen in the light of a descriptive contribution. 
Stricter research hypotheses on factors contrib-
uting to adoption of different governance mech-
anisms could not be tested, given the type and 
nature of information available. Analysis of FcN 
performance or member participation also has 
to be implemented. these are points to be de-
veloped in a future research agenda. 

rEFErENcES



104 Ital. J. Food Sci., vol. 25 - 2013

Paper received May 14, 2012  Accepted September 17, 2012

Adam K. 2006. community Supported Agriculture – At-
trA. National Sustainable Agriculture Information Ser-
vice. http://attra.ncat.org/attra-pub/csa.html (last vis-
it 8/11/2009).

Aguglia L., De Santis F. and Salvioni c. 2008. Direct Sell-
ing: a Marketing Strategy to Shorten Distances between 
Production and consumption. Paper prepared for pres-
entation at the 113th EAAE Seminar “A resilient Europe-
an food industry and food chain in a challenging world”, 
chania, crete, Greece, September 3-6.

bougherara D., Grolleau G. and Mzoughi N. 2009. buy 
local, pollute less: What drives house-holds to join a 
community supported farm? Ecological Economics 68, 
1488-1495.

caracciolo F. and Lombardi P. 2012. A new-institutional 
framework to explore the trade-off between agriculture, 
environment and landscape. Economics and Policy of En-
ergy and the Environment, (3), 135-154.

cembalo L., cicia G., Del Giudice t., Scarpa r. and tagli-
afierro c. 2008. beyond Agropiracy: the case of Italian 
pasta in the United States retail market. Agribusiness, 
24 (3), 403-413.

cembalo L., Migliore G. and Schifani G. 2012. consumers 
in postmodern society and alternative food networks: the 
organic food fairs case in Sicily. New Medit, 11 (3), 41-49.

cembalo L., Migliore G. and Schifani G. 2013. Sustainabil-
ity and New Models of consumption: the Solidarity Pur-
chasing Groups in Sicily. Journal of Agricultural and En-
vironmental Ethics, 26 (1), 281-303.

cicia G., colantuoni F., Del Giudice t. and Pascucci S. 2011. 
community Supported Agriculture in the Urban Fringe: 
Empirical Evidence for Project Feasibility in the Metro-
politan Area of Naples (Italy) Int. J. Food System Dynam-
ics 2(3), 2011, 326-339.

Gradwell S., DeWitt J., Mayerfeld D., Salvador r. and Lib-
bey J. (1999). community Supported Agriculture: Lo-
cal Food Systems for Iowa. Iowa State University Exten-
sion, Ames, Iowa.

Grandori A. and Furnari S. 2008. A chemistry of Organi-
zation: combinatory Analysis and Design. Organization 
Studies 2008 29: 459

Hatchuel A. 2001. Linking organization theory and design 
theory: a unified perspective on collective action. Keynote 
presentation, 17th Egos colloquium, Lyon.

Hendrickson M. and Heffernan W.D. 2002. Opening spac-
es through relocalization: locating potential resistance in 
the weaknesses of the global food system. Sociologia ru-
ralis, 42 (4), 347-369.

Ménard c. 2004. the Economics of Hybrid Organizations. 

Journal of Institutional and theoretical Economics, 160 
(3), 345-76.

Ménard c. and Valceschini E. 2005. New institutions for gov-
erning the agri-food industry. European review of Agri-
cultural Economics, 32 (3), 421-440.

Milgrom P. and roberts J. 1995. complementarities and fit 
strategy, structure, and organizational change in man-
ufacturing. Journal of Accounting and Economics 19(2-
3), 179-208.

Nooteboom b. 2004. Governance and competence: how 
can they be combined? cambridge Journal of Econom-
ics, 24, 505-525.

Nooteboom b. 2007. Social capital, institutions and trust. 
review of Social Economy, Vol. 65 (1): 29-53.

Pascucci S. 2010. Governance Structure, Perception and 
Innovation in credence Food transactions: the role of 
Food community Networks. International Journal on 
Food System Dynamics, 1 (3), 224-236.

Pascucci S., Dentoni D., Lombardi A. and cembalo L. 2011. 
Food community Networks. In: X. Gellinck, A. Molnar and 
E. Lambrecht Eds. Papers prepared for presentation in 
an organized session at the XIII congress of the Europe-
an Association of Agricultural Economists: “Networks and 
Food System Performance: How do networks contribute to 
performance of the food & agricultural system in the face 
of current challenges of high levels of change and uncer-
tainty?”. EtH Zurich, August 30 to September 2, 2011.

raynaud E., Sauvee L. and Valceschini E. 2005. Alignment 
between quality enforcement devices and governance 
structures in the agro-food vertical chains. Journal of 
Management and Governance, 9, 47-77.

renting H., Marsden t. and banks J. 2003. Understand-
ing alternative food networks: exploring the role of short 
food supply chains in rural development. Environment 
and Planning A, 35 (3), 393-411.

Schifani G. and Migliore G. 2011. Solidarity purchase groups 
and the new critical and ethical consumer trends: First re-
sults of a direct study in sicily. New Medit, 10 (3), 26-33.

Van En r. 1995. Eating for your community: towards agri-
culture supported community. context (Fall) 42: 29-31.

Vetter H. and Karantininis K. 2002. Moral hazard, vertical 
integration, and public monitoring in credence goods. Eu-
ropean review of Agricultural Economics, 29 (2), 271-279.

Wells b.L. and Gradwell S. 2001. Gender and resource man-
agement: community supported agriculture as caring-
practice. Agr. and Hum. Val. 18: 107-119.

Williamson O.E. 1991. comparative Economic Organization: 
the Analysis of Discrete Structural Alternatives. Admin-
istrative Science Quarterly, 36 (2), 269-96.

http://attra.ncat.org/attra-pub/csa.html


short communication

Ital. J. Food Sci., 25 - 2013 105

- Keywords: chemical composition, goat milk, organic farms, production season, somatic cell count, 
technological parameters -

CHEMICAL COMPOSITION 
AND SELECTED PARAMETERS

OF TECHNOLOGICAL SUITABILITY 
OF CAPRINE MILK PRODUCED IN ORGANIC 

AND CONVENTIONAL FARMS

J. BARŁOWSKA1*, Z. LITWI ́NCZUK2, 
A. WOLANCIUK1 and T. SZMATOŁA1

1Department of Commodity Science and Processing of Raw Animal Materials, 
University of Life Sciences, Akademicka 13, 20-950 Lublin, Poland

2Laboratory of Organic Production of Animal Derived Food, 
University of Life Sciences, Akademicka 13, 20-950 Lublin, Poland

*Corresponding author: joanna.barlowska@up.lublin.pl

AbStrAct

Despite the lower productivity (approximately 0.2 kg daily), goats maintained on an organic farm 
vs a conventional farm produced milk of a more favorable chemical composition while benefiting 
from parameters of technological suitability. the production season associated with the lactation 
stage had a significant influence on milk yield, its basic chemical composition, acidity, heat re-
sistance and cytological quality.
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INtrODUctION

Goat milk, in addition to its obvious nutri-
tional features, has a therapeutic value. Unique 
characteristics exclusive to caprine milk as com-
pared to bovine milk include: lower allergenici-
ty, increased digestibility, buffer capacity, high-
er proportion of short-chain fatty acids, and fa-
vorable immunological and antibacterial proper-
ties (MIcHAELIDOU, 2008). Despite the fact that 
goat milk has a similar basic chemical composi-
tion as that of a cow, it has slightly worse tech-
nological properties. It is less resistant to heat 
treatment and has different parameters for co-
agulation. clotting time is shorter and therefore 
the curd obtained is weaker and more suscepti-
ble to tearing (bArŁOWSKA et al., 2011). 

Dairy products manufactured from goat milk 
are usually characterized by a regional denom-
ination. Products can be described as having 
specific sensory properties (such as taste, aro-
ma and flavor) as well as nutritional properties 
(including the composition of protein fraction 
and fatty acid profile) due to the diverse botani-
cal composition of organic pastures and region-
al microclimate. those products can meet the 
requirements and expectation of the consumers 
with the most sophisticated taste (ScINtU and 
PIrEDDA, 2007).

Almost all farms in Poland that keep goats are 
considered to employ the extensive farming sys-
tem. Utilization of natural pastures without fer-
tilization is very common according to NArDONE 
et al. (2004), which gives an existing opportuni-
ty to accelerate the transition of such farms to 
the organic production system.

the aim of this study was the evaluation of 
the chemical composition and selected parame-
ters of technological suitability of milk obtained 
from goats maintained in two types of farming 
systems, namely organic and conventional.

MAtErIAL AND MEtHODS

the examination included 238 samples of 
goat milk, obtained within 3 production sea-
sons; namely, spring (97), summer (70) and au-
tumn (71). the production season was predom-
inantly associated with the lactation phase of 
goats. Milk was collected from animals main-
tained in two farms of different type, i.e. cer-
tified organic (131) and conventional (107). In 
both herds approximately 100 animals were 
kept and the production season correspond-
ed with the phase of lactation. convention-
al farm maintained goats of Polish color-Im-
proved breed, whereas organic farm main-
tained Non-Improved goats of diverse color. In 
the spring and summer season (from May to 
September), all animals were grazing on the 
pastures. In the autumn season (October and 
November) goats were fed mainly with hay si-

lage. Goats maintained on the organic farm re-
ceived crushed oat-barley (1:1) meal obtained 
from own crops, and in the conventional farm 
– industrial breeder. Goats were milked twice 
a day and the milk was measured individual-
ly. representative samples (350 mL) for analy-
sis were collected from two entire milking pro-
cedures and the following values were estab-
lished: basic chemical composition, namely the 
content of fat, protein, lactose and dry matter 
was determined using an Infrared Milk Analyz-
er apparatus manufactured by bentley; con-
tent of casein by Wolker’s method according to 
PN-68/A-86122; acidity (pH value) with Pion-
neer 65 pH-meter manufactured by radiome-
ter Analytical; heat stability by White and Dav-
ies’ method in 140°c in oil bath manufactured 
by tEWES-bIS; rennet coagulation time with 
Shern’s method (the time value indicated by the 
moment of first appearance of the casein flakes); 
somatic cell count (Scc) with Somacount ap-
paratus manufactured by bentley.

the results were analyzed statistically with 
StatSoft Inc. StAtIStIcA 6 software with the 
implementation of two-factor analysis of vari-
ations with the interaction. the significance of 
differences between means for analyzed groups 
was calculated by Fisher’s LSD test.

rESULtS AND DIScUSSION

It has been determined that goats maintained 
in the conventional farm produced slightly more 
milk (by 0.2 kg) daily (p≤0.01) than goats from 
organic farm (table 1). the higher milk yield spe-
cific to Polish color-Improved goats from con-
ventional farm might be the result of higher ge-
netic potential and more intensive feeding sys-
tem of these animals (mainly in the peak of lac-
tation, which is in the summer months).

the analysis of daily performance of goats 
between seasons (corresponding to the phase 
of lactation) has indicated that animals in both 
types of farms produced milk at a similar lev-
el (approximately 1.5 kg) in the spring season 
(early lactation). the lactation peak occurred in 
the summer season; however, the goats on the 
conventional farm produced more than 1 kg of 
milk as compared to the organic ones. the end 
of lactation, in the autumn season, was marked 
by a more rapid decline in milk production (by 
0.35 kg less of milk) for animals maintained on 
the conventional farm in comparison to goats 
from the organic farm (Fig. 1). From an eco-
nomic point of view, lactation characterized by 
a balanced distribution of the quantity of milk 
produced during the whole period of lactation 
duration is the most beneficial, as explained by 
PULINA et al. (2007).

caprine milk from organic farms was char-
acterized by a more favorable chemical compo-
sition. It contained significantly (p≤0.01) more 
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table 1. Daily milk yield, basic chemical composition and selected parameters of technological suitability of milk from goats 
maintained on the organic and conventional farms in regard to the production season.

  Farm type Production season 
 Item   Interaction farm type
 n  organic conventional spring summer autumn × production season

   131 107 97 70 71

 Daily milk yield  1.40A 1.60B 1.47Y 2.12Z 0.89X **
 (kg) SD 0.56 0.99 0.59 0.86 0.36

 Fat  4.03B 3.58A 3.66X 3.72X 4.13Y **
 (%) SD 0.67 0.54 0.56 0.48 0.84

 Protein  3.43B 2.95A 3.23Y 3.10X 3.32Y **
 (%) SD 0.40 0.38 0.57 0.34 0.45

 Casein  2.79B 2.41A 2.64Y 2.52X 2.64Y **
 (%) SD 0.30 0.36 0.39 0.33 0.41
 
 Protein-to-fat ratio  0.87 0.84 0.89Y 0.84X 0.82X **
  SD 0.13 0.14 0.16 0.10 0.15

 Lactose  4.51 4.46 4.53Y 4.53Y 4.39X  ns
 (%) SD 0.20 0.24 0.19 0.19 0.5

 Dry matter  12.71B 11.59A 12.10X 11.96X 12.58Y **
 (%) SD 1.06 0.92 1.09 1.00 1.28

 pH  6.73B 6.47A 6.63y 6.52x 6.67y *
  SD 0.09 0.15 0.16 0.19 0.14
 
 Heat stability  100B 50A 104Y 58X 60X **
 (s) SD 40 22 43 35 20

Rennet coagulation time  176B 135A 190Y 138X 132X ns
 (s) SD 90 61 98 54 58

 SCC  937A 1,822B 990X 1,199X 1,941Y ns
 (thousands/mL) SD 0.73 1.58 0.88 0.89 1.74

A, B: Differences between farming systems significant at p≤0.01; X, Y, x, y: Differences between production seasons; X, Y: significant at p≤0.01; x, y: significant at p≤0.05.
**significant at p≤0.01; ns: not significant.

Fig.1 - Daily 
milk yield.

A, b, c: the 
difference sig-
nificant with-
in the farm at 

p≤0.01.
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fat (by 0.45 %), protein (by 0.48 %), including 
casein (by 0.38 %) and dry matter (by 1.12 %). 
tUDIScO et al. (2010) confirm the higher pro-
duction of milk fat by goats of the same breed 
(cilentana) maintained in the organic system 
(65.9 g/day) as compared to the convention-
al (54.3 g/day). this study demonstrated sig-
nificantly (p≤0.01) higher concentration of pro-
tein, including casein in milk of Non-Improved 
goats maintained on the organic farm. Numer-
ous authors attribute this fact to a specific gen-
otype of these animals. Local (indigenous) goat 
breeds are characterized by a higher frequency 
of so-called “strong” genes of as1-casein, i.e. A, 
b and c (MArtIN 1993; bArŁOWSKA et al. 2007; 
StrZAŁKOWSKA et al. 2004). these genes deter-
mine a higher synthesis of as1-casein fraction, 
and thus the concentration of casein and con-
sequently amount of total protein. 

It was stated that, regardless of the farm type, 
goats produced milk with the highest concen-
tration of fat, protein, including casein and dry 
matter, and low lactose in the autumn season 
(late lactation) (table 1). Significantly higher pH 
in goat milk from the organic farm also had im-
pact on its higher heat stability. Short time of en-
zymatic coagulation of goat milk causes formed 
clot to be less firm, which entails a greater loss 
of casein (bArŁOWSKA et al., 2011). Longer clot-
ting time of goat milk from the organic farm ob-
tained in our study (which should be treated as 
beneficial) could be associated with the higher 
content of dry matter, especially protein (cLArK 
and SHErbON, 2000).

It was determined that goats maintained on 
the organic farm produced milk with almost 
twice as lower somatic cell count (937 thou-
sands/mL on organic farm in comparison to 
1,822 thousands/mL in conventional farm). So-
matic cell count has significantly (p≤0.01) in-
creased with the progress of lactation in both 

types of farms (table 1). the deterioration of 
milk cytological quality along with the lactation 
progress is confirmed by VAccA et al. (2010).

this work was conducted as part of Ministry of Science 
and Higher Education project no. N N311 633838.

rEFErENcES
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AbStrAct

11 trace elements (cr, Mn, co, Ni, cu, As, Se, cd, Pb, Sn, Hg) of 21 different kinds of rice sam-
ples from main production regions in china were analyzed by IcP-MS (inductively coupled plasma 
mass spectrometry). the recoveries were in the range of 80.0-113.7%. the detection limits ranged 
from 0.010 to 1.904 ng g-1. the results revealed that the concentrations of Hg of 4 rice samples, 
Pb of 3, cd of 2 and cr of 1, exceeded the chinese permitted levels in foods. And the estimated 
daily intake was 28.1-46.8 µg for As and 9.4-15.6 µg for Se. this study demonstrates that the po-
tential risk to people’s health which is attributed to the daily consumption of these rice samples 
is probably being existing.
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INtrODUctION

rice is a staple food in china and even Asia, 
which is treated as the major crop for 65% of 
china’s population. And the production and con-
sumption of rice account for 30% in the world. 
therefore, trace element analysis in rice is rath-
er important from nutritional and toxicologi-
cal levels. As we all know, humans require ade-
quate intakes of essential elements through food 
ingestion, such as chromium (III), manganese, 
cobalt, nickel, copper, selenium, tin and so on. 
On the other hand, toxic elements such as ar-
senic, lead, cadmium and mercury severely up-
set the functions of humans’ organism (tSAI et 
al., 2010). thus it is essential to determine the 
contents of the above mentioned trace elements 
in rice, which is an important dietary component 
for many people around the world.

However, with the accelerated process of in-
dustrialization, heavy metal pollution has be-
come a global problem. Due to the absorption 
of crops in the soil affected by human activities 
strongly, heavy metals are transferred into the 
crops, which results in the human health prob-
lems. the survey conducted by Hang showed 
that the contents of Pb, Hg and cd in rice sam-
ples from changshu in china exceeded their 
national maximum levels in foods (HANG et al., 
2009). therefore, it is worthwhile to examine the 
contents of trace elements in rice from different 
regions in china.

to determine the trace elements in cereal sam-
ples, various atomic spectrometry techniques 
such as atomic absorption spectrometry (AAS) 
(MOHAMED and tAHA, 2003), flame (FAAS) (SHAr 
et al., 2004; DIcKSON, 2010) or electrothermal 
atomic absorption spectrometry (EtAAS) (MAN-
JUSHA et al., 2008), inductively coupled plasma 
atomic emission spectrometry (IcP-AES) (ZENG 
et al., 2008) or optical emission spectrometry 
(IcP-OES) (HOrItA et al., 2009) have been em-
ployed. Nowadays, inductively coupled plasma 
mass spectrometry (IcP-MS) is regarded as the 
most promising technique in the routine anal-
ysis. IcP-MS has the ability for sequential de-
termination of macro, trace and ultra-trace ele-
ments with low detection limits, compared with 
the methods mentioned above. It has been wide-
ly applied for the quantitative determination of 
multiple elements in beverage (StOZHKO et al., 
2007), various food samples (DAWcZYNSKI et al., 
2007; NArDI et al., 2009) and botanicals and di-
etary supplements (AVULA et al., 2010).

the aims of this study were to make a survey 
of trace elements in rice from the main produc-
tion regions (Zhejiang, Jiangsu, Heilongjiang, 
Jilin, Hubei, Sichuan, Anhui and Jiangxi prov-
inces) in china, to evaluate its quality according 
to the maximum levels of trace elements set by 
various organizations and to estimate people’s 
health effects in terms of the daily consumption 
of these kinds of rice.

MAtErIALS AND MEtHODS

Apparatus

An IcP-MS (Elan Drc-e, Perkin Elmer, USA) 
equipped with a dynamic reaction cell was used 
for analysis. the sample introduction system 
consists of a ryton spray chamber and a cross-
flow nebulizer connected by tubes to the IcP-
MS’s peristaltic pump. the IcP-MS was operat-
ed with nickel sampler and skimmer cones ob-
tained from Perkin Elmer. Samples are digested 
by a Multiwave 3000 XF100 (Anton Parr, Graz, 
Austria) microwave reaction system. An Ultra 
centrifugal Mill ZM200 (retsch, Germany) was 
used for grinding the rice. A Milli-Q Element A10 
water purification system (Millipore corporation, 
bedford, MA, USA) was used in ultrapure wa-
ter preparation. 

reagents 

HNO3 (69.0-71.0%) MOS grade and H2O2 
(30%) guaranteed reagent from Sinopharm 
chemical reagent Limited corporation were 
used for digesting the rice powder. Setup solu-
tion provided by Perkin Elmer was introduced for 
optimizing the instrument. Multi-element IcP-
MS standard solution (10 mg L-1), rare earth el-
ement standard (10 mg L-1) and mercury stand-
ard (10 mg L-1) from Perkin Elmer were used for 
preparing the stock standard solutions (500 μg 
L-1), nine elements solution (cr, Mn, co, Ni, cu, 
As, Se, cd and Pb), Sn standard and Hg stand-
ard, respectively. High-purity argon (99.999%, 
Hangzhou Jingong Specialty Gases co., Ltd., 
Hangzhou, china) was used as the carrier 
gas. Ultrapure water (resistivity 18.2 MΩ cm-1) 
was used in sample and solution preparation 
throughout this work. the certified reference 
material-corn (GbW10012) was purchased from 
the National research centre for certified ref-
erence Materials (china).

Sample collection and treatment

21 rice samples were purchased from the local 
markets in eight main regions including Zheji-
ang, Jiangsu, Jiangxi, Hubei, Heilongjiang, An-
hui, Jilin and Sichuan provinces in china. be-
sides, thai rice was as a control, because it is 
very popular with the people all over the world. 
the dried rice samples were ground by the 
ZM200 Mill. the powder was collected and stored 
in refrigerator at below 10°c for the following 
experiments. Approximately 0.2 g rice samples 
were weighed directly into the PtFE vessels and 
digested with a mixture of 4 mL of HNO3 and 2 
mL of H2O2. After half an hour at room temper-
ature, the vessels were screwed into position on 
the microwave equipment according to the fol-
lowing operating program (table 1). the result-
ing solutions were cooled, transferred to a 25 mL 
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volumetric flask, and diluted to the final volume 
with ultrapure water. the final solutions were 
used for determination by IcP-MS. One sample 
with reagent blank was digested in triplicate.

Determination of trace elements 
in rice samples

the rice samples were determined by IcP-
MS using the external standard method. the 
optimum operating conditions for determining 
trace elements in rice samples were presented 
in table 2.

rESULtS AND DIScUSSION
 
Analytical performance

calibration curves for all 11 elements were 
made. calibration data indicated linearity 
(r>0.9997) for all standard elements (0.04-1 
µg L-1 for Hg, 1-20 µg L-1 for Sn, and 1.0-80 µg L-1 
for cr, Mn, co, Ni, cu, As, Se, cd, Pb). the de-
tection limits obtained for cr, Mn, co, Ni, cu, 
As, Se, cd, Sn, Pb and Hg were 0.399, 0.814, 
0.010, 0.357, 0.403, 0.066, 0.447, 0.029, 0.396, 
1.904 and 0.039 ng g-1, respectively, which were 
determined as 3 standard deviation (SD) of the 
11 consecutive measurements of the reagent 
blanks multiplied by the dilution factor used 
for sample preparation. All standards and sam-
ples were injected in triplicate. the rSD for the 
samples ranged from 1.08 to 2.86% for all ele-
ments tested. the recovery experiment was car-
ried out with one rice sample selected randomly. 
And two kinds of concentrations between 1.5 and 
25,000 ng g-1 were added for different contents 
of each element. the recoveries between 80.0 
and 113.7% were as follows: cr (105.1, 113.7%), 
Mn (100.4, 99.5%), co (95.0, 94.6%), Ni (101.1, 
95.3%), cu (103.3, 89.5%), As (97.5, 102.7%), 
Se (88.4, 104.3%), cd (80.0, 83.3%), Sn (94.3, 
95.9%), Pb (93.1, 90.0%), and Hg (96.0, 108.0%).

In order to verify the precision and accuracy 
of the proposed method, GbW10012 corn from 
the National research centre for certified ref-
erence Materials (china) was digested and ana-
lyzed. Except for Sn and cd, all other elements 
(cr, Mn, co, Ni, cu, As, Se, Pb and Hg) were de-
termined. the certified reference material was 

table 1 - Microwave digestion program.

Step Power Ramp Hold Fan
 (W) (min) (min) (n)

1 600 10:00 10:00 1
2 800 10:00 10:00 1
3 0 0 15:00 3

P-Rate: 0.3 bar s-1; IR: 200℃; P: 50 bar; Drive: Rot.

table 2 - Instrument settings for IcP-MS.

ICP-MS operation parameters

RF power (W) 1100
Gas flow rates (L min-1) Plasma 15; Auxiliary 1.2; 
 Nebulizer 0.75
Sample uptake rate (µL min-1) 400
Nebulizer Crossflow
Spray chamber Ryton
Sweeps 20
Readings 1
Replicates 3

table 3 - Analytical results of element contents in GbW10012 
(n=3).

Element Measured valuea Certified or reference value
 (µg g-1) (µg g-1)

Cr 0.11 0.11
Mn 1.51±0.04 1.55±0.08
Co 0.012±0.001 0.012
Ni 0.100±0.006 0.097±0.014
Cu 0.66±0.09 0.66±0.08
As 0.028±0.001 0.028±0.006
Se 0.019±0.001 0.021±0.008
Pb 0.07±0.01 0.07±0.02
Hg 0.0016±0.0001 0.0016

aValues are expressed as mean±standard deviation(SD).

treated in triplicate. As can be seen from table 3 
data measured were in good agreement with cer-
tified values.

toxic elements (As, cd, Pb, Hg) 
in the rice samples

table 4 listed the levels of trace elements in all 
the determined rice samples. the levels of tox-
ic elements (As, cd, Pb, Hg) were described in 
this table. Arsenic has been widely recognized 
as a highly dangerous element. Exposure to As 
can cause an accumulation of As in tissues, af-
fecting liver, kidney and gastrointestine. Arsenic 
levels in the chinese rice samples varied from 
36.7±1.7 to 132.8±0.7 ng g-1. Among Zhejiang 
and Jiangsu rice samples, the As content was 
more than 60 ng g-1. the lowest level occurred 
in Sichuan-1 rice sample.

cadmium is a very toxic element which ac-
cumulates in the liver and kidney via air, food 
and water. It influences central nervous, im-
mune system, and even speeds up cancer de-
velopment. the cd content in these rice sam-
ples varied from ND to 431.7±13.2 ng g-1. three 
rice samples from Sichuan presented high lev-
els from 155 to 432 ng g-1.

Lead is also a harmful heavy metal which 
causes clinical symptoms such as colic, anemia, 
myopathy and so forth. It accumulates in human 
body through food and breath, impairing diges-



112 Ital. J. Food Sci., vol. 25 - 2013

t
a
b
le

 4
 -

 c
on

ce
n

tr
a
ti

on
s 

of
 t

ra
ce

 e
le

m
en

ts
 i
n

 r
ic

e 
sa

m
p
le

s.

R
ic

e 
C

r*
 

M
n 

C
o 

N
i 

C
u 

A
s 

Se
 

C
d 

Pb
 

Sn
 

H
g

sa
m

pl
es

 
(n

g 
g-1

) 
(n

g 
g-1

) 
(n

g 
g-1

) 
(n

g 
g-1

) 
(n

g 
g-1

) 
(n

g 
g-1

) 
(n

g 
g-1

) 
(n

g 
g-1

) 
(n

g 
g-1

) 
(n

g 
g-1

) 
(n

g 
g-1

)

Zh
ej

ia
ng

 
21

1.
4±

13
.5

e  
66

54
±8

3 
N

D
 

94
.0

±7
.0

 
11

58
±1

2 
85

.1
±1

.2
 

13
.3

±2
.6

 
N

D
 

N
D

 
86

.4
±1

.3
 

8.
6±

0.
4

H
an

gz
ho

u-
1

Zh
ej

ia
ng

 
21

4.
8±

8.
3 

10
35

5±
32

 
N

D
 

54
4.

7±
9.

3 
45

15
±7

1 
13

2.
8±

0.
7 

37
.5

±1
.4

 
13

.5
±0

.3
 

14
2.

9±
6.

1 
12

1.
0±

10
.8

 
8.

6±
1.

5
H

an
gz

ho
u-

2
Zh

ej
ia

ng
 

98
.3

±0
.7

 
13

92
2±

71
 

N
D

 
15

4.
1±

6.
4 

39
04

±3
5 

13
0.

3±
1.

4 
50

.2
±1

.3
 

19
.8

±0
.2

 
26

4.
5±

8.
9 

24
.9

±1
.2

 
11

.2
±0

.7
H

uz
ho

u-
1b

Zh
ej

ia
ng

 
10

2.
0±

8.
2 

10
99

0±
12

5 
1.

4±
0.

2 
19

5.
0±

6.
0 

21
70

±9
 

99
.3

±8
.1

 
22

.4
±4

.2
 

35
.0

±0
.9

 
10

2.
6±

1.
2 

38
7.1

±6
.8

 
42

.2
±1

.1
H

uz
ho

u-
2a

Zh
ej

ia
ng

 
N

D
 

61
73

±4
15

 
N

D
 

5.
2±

1.
9 

10
77

±1
79

 
95

.6
±1

2.
3 

19
.3

±0
.9

 
10

.2
±0

.4
 

N
D

 
39

.3
±1

.4
 

1.
0±

0.
6

Xi
an

gs
ha

n
Zh

ej
ia

ng
 

99
.7

±2
.0

 
95

11
±3

 
N

D
 

81
.0

±4
.0

 
17

48
±1

2 
65

.0
±0

.7
 

12
.1

±1
.8

 
14

.3
±0

.4
 

60
.5

±2
.7

 
35

6.
2±

6.
0 

1.
1±

0.
3

Ji
ax

in
g

Zh
ej

ia
ng

-1
 

17
0.

4±
5.

4 
72

54
±1

8 
1.

4±
0.

1 
14

3.
2±

9.
7 

13
32

±7
 

13
2.

3±
4.

7 
8.

4±
1.

3 
N

D
 

2.
6±

0.
8 

10
1.

2±
8.

0 
4.

1±
0.

3
Ji

an
gs

u-
1 

14
8.

2±
5.

6 
10

04
1±

38
 

N
D

 
18

7.8
±9

.5
 

23
95

±3
8 

11
1.

6±
0.

1 
35

.3
±2

.0
 

11
.8

±0
.9

 
11

1.
6±

7.2
 

11
7.8

±1
1.

6 
9.

2±
0.

3
Ji

an
gs

u-
2 

N
D

 
67

13
±3

0 
N

D
 

13
8.

9±
1.

8 
23

01
±1

9 
87

.0
±1

.9
 

16
.8

±1
.7

 
26

.1
±0

.7
 

10
7.2

±4
.7

 
87

.3
±2

.6
 

1.
9±

0.
2

Ji
an

gs
u-

3 
N

D
 

42
64

±3
9 

N
D

 
25

.6
±2

.6
 

19
15

±2
1 

62
.2

±2
.0

 
2.

5±
0.

6 
17

.0
±0

.3
 

N
D

 
50

.4
±4

.8
 

2.
0±

0.
2

Si
ch

ua
n-

1b,
c  

14
1.

5±
3.

6 
12

26
9±

90
 

6.
5±

0.
1 

40
1.

5±
20

.4
 

24
07

±4
6 

36
.7

±1
.7

 
44

.8
±0

.4
 

43
1.

7±
13

.2
 

23
9.

6±
12

.8
 

20
3.

7±
16

.1
 

9.
5±

0.
4

Si
ch

ua
n-

2a,
b,

d  
27

02
±2

 
10

54
5±

62
 

26
.0

±4
.9

 
26

52
±6

4 
24

99
±2

0 
56

.3
±2

.5
 

44
.4

±0
.9

 
15

5.
8±

7.6
 

46
4.

4±
12

.4
 

74
9.

7±
15

.8
 

31
.6

±0
.4

Si
ch

ua
n-

3a  
40

7.3
±4

.4
 

11
75

2±
9 

12
.4

±0
.5

 
50

3.
6±

6.
2 

11
44

±1
4 

97
.8

±1
.9

 
58

.0
±2

.3
 

62
.7

±0
.5

 
14

9.
7±

2.
1 

44
4.

9±
8.

0 
40

.0
±0

.9
Si

ch
ua

n-
4a,

c  
33

5.
7±

3.
5 

12
16

9±
15

 
7.4

±0
.2

 
12

32
±3

 
12

46
±4

5 
93

.0
±0

.9
 

80
.1

±0
.8

 
26

2.
2±

9.
5 

16
9.

4±
7.2

 
20

21
±1

2 
38

.8
±1

.3
Ji

an
gx

i 
52

3.
4±

15
.4

 
10

55
9±

18
0 

12
.2

±0
.1

 
39

7.4
±1

3.
8 

24
25

±6
1 

11
2.

8±
5.

1 
41

.1
±1

.5
 

18
2.

4±
2.

9 
N

D
 

N
D

 
7.7

±0
.7

H
ei

lo
ng

 
18

8.
4±

10
.4

 
10

90
5±

27
 

1.
8±

0.
6 

34
9.

2±
26

.3
 

25
19

±1
11

 
12

8.
5±

2.
4 

26
.7

±0
.1

 
1.

7±
0.

2 
1.

2±
0.

3 
27

.1
±0

.6
 

3.
2±

0.
2

jia
ng

-1
H

ei
lo

ng
 

25
5.

7±
5.

3 
38

33
6±

64
 

N
D

 
14

37
±4

 
64

03
±9

 
57

.3
±1

.0
 

37
.1

±0
.9

 
10

6.
4±

0.
3 

N
D

 
51

.9
±1

.7
 

1.
3±

0.
1

jia
ng

-2
An

hu
i 

11
0.

9±
2.

5 
60

33
±9

4 
N

D
 

42
.4

±0
.6

 
11

15
±3

4 
10

2.
8±

5.
6 

28
.1

±1
.7

 
2.

5±
0.

5 
N

D
 

77
.7

±4
.6

 
1.

6±
0.

1
H

ub
ei

-1
 

65
2.

0±
5.

5 
93

76
±4

0 
18

.5
±3

.2
 

41
4.

6±
6.

6 
27

42
±1

2 
95

.1
±0

.5
 

43
.6

±2
.3

 
12

2.
5±

1.
1 

N
D

 
N

D
 

3.
7±

0.
4

H
ub

ei
-2

 
25

8.
0±

6.
6 

12
06

5±
48

 
8.

2±
0.

7 
63

.1
±9

.7
 

55
05

±1
4 

70
.9

±2
.3

 
11

.5
±0

.4
 

29
.9

±2
.7

 
N

D
 

15
0.

4±
3.

4 
4.

6±
0.

6
Ji

lin
 

14
6.

4±
7.0

 
89

51
±3

1 
N

D
 

19
5.

9±
3.

2 
14

27
±3

 
11

2.
3±

5.
0 

22
.9

±1
.1

 
N

D
 

52
.5

±0
.7

 
14

2.
6±

9.
4 

N
D

Th
ai

la
nd

 
80

.5
±2

.9
 

52
78

±2
8 

N
D

 
22

.3
±2

.7
 

67
1.

5±
5.

5 
58

.1
±3

.6
 

18
.1

±0
.7

 
24

.2
±0

.1
 

N
D

 
43

.1
±0

.7
 

1.
9±

0.
5

a,
 b

, c
, d

 re
pr

es
en

t e
xc

es
si

ve
 s

am
pl

es
 fo

r H
g,

 P
b,

 C
d 

an
d 

C
r, 

re
sp

ec
tiv

el
y;

 e Va
lu

es
 a

re
 e

xp
re

ss
ed

 a
s 

m
ea

n±
st

an
da

rd
 d

ev
ia

tio
n(

SD
); 

*n
=3

; N
D

: n
ot

 d
et

ec
te

d.



Ital. J. Food Sci., vol. 25 - 2013 113

tive, nervous, respiratory and immune system. 
In these rice samples, the lead content ranged 
from ND to 464.4±12.4 ng g-1. Nine rice samples 
from Zhejiang, Jiangsu and Sichuan presented 
high levels higher than 100 ng g-1.

Mercury is considered as one of the most tox-
ic elements to humans. Low concentration ex-
posure to mercury shows a potential hazard 
to human health and produces adverse effects 
on cardiovascular, gastrointestinal and repro-
ductive systems, resulting in the clinical symp-
toms including tremor, gingivitis and neural 
conduction disorder. Hg levels varied from ND 
to 42.2±1.1 ng g-1. the Hg content in four rice 
samples was more than 30 ng g-1. Others were 
all below 10 ng g-1.

Essential elements (cr, Mn, cu, co, Ni, 
Se, Sn) in rice samples

chromium (III) is beneficial to human. It plays 
an important role in physiological function co-
acting with other materials such as hormone, 
insulin, enzymes and genetic substances. but 
chromium (VI) has a carcinogenic effect on hu-
mans. Its content ranged from ND to 2,702±2 
ng g-1. Except for the highest value in Sichuan-2 
rice sample, the values of all the other rice sam-
ples were lower than 700 ng g-1.

Manganese is regarded as the most close el-
ement to psychiatric science. It can keep nor-
mal brain function and sustain glucose and li-
pid metabolism. Manganese levels in the chi-
nese rice samples varied from 4,264±39 to 
38,336±64 ng g-1.

copper is also an essential trace element, 
which can activate the formation of hemoglobin 
and promote absorption and use of iron. Just 
like manganese, the copper levels in these rice 
samples were very high, ranging from 1,077±179 
to 6,403±9 ng g-1. the contents of both elements 
in the brazilian rice were also very high (bAtIS-
tA et al., 2010).

cobalt is the component of vitamin b12 com-
plex, stimulating hematopoietic system of me-
dulla in human. cobalt levels in the chinese rice 
samples varied from ND to 26.0±4.9 ng g-1. co-
balt was not detected in half of these samples.

Nickel is an essential element which could 
be penetrated into skin, causing the dermati-
tis and eczema. the levels in the chinese rice 
samples varied from 5.2±1.9 to 2,652±64 ng g-1. 
rice samples from Zhejiang, Jiangsu, Heilongji-
ang and Jiangxi provinces presented high levels 
of Ni except Xiangshan rice and Jiangsu-3 rice 
sample. All the Sichuan rice samples presented 
much higher Ni levels of more than 400 ng g-1.

Selenium is also essential for human health. 
It is an active component of GSH-Px involved in 
protection against oxidation action, further pre-
venting diabetes. Adequate Se can strengthen 
immunity by removing toxins and clearing cho-
lesterol. We found that Se levels in rice samples 

varied from 2.5±0.6 to 80.1±0.8 ng g-1. Sichuan 
rice samples showed slightly higher levels.

tin is not yet considered as an essential ele-
ment for humans. but Sn deficiency has been 
associated with metabolic disease of protein and 
nucleic acid, preventing growth and develop-
ment, especially for the children, while dizziness, 
diarrhea and nausea are attributed to excessive 
Sn. tin levels in the chinese rice samples var-
ied from ND to 2,021±12 ng g-1. Sichuan-4 rice 
presented the highest level which was about 80 
times higher than the Huzhou-1 rice that could 
be detected.

the contents of trace elements in the thai rice 
sample were also summarized in table 4.

According to these data, the trace elements 
contents in the chinese rice samples were a lit-
tle higher.

comparison of concentrations 
of trace elements with different standards

the different levels of trace elements in rice 
have beneficial or adverse effects on human 
health. So the concentrations in rice samples 
compared with maximum levels of cr, As (inor-
ganic), Se, cd, Pb, Hg in Gb 2762-2005 (china) 
were shown in Fig. 1. Other elements are not es-
tablished in this regulation. the details were as 
follows: cr concentration in Sichuan-2 rice ex-
ceeded the maximum level of 1,000 ng g-1 stipu-
lated for crop by china, and a little higher than 
the mean value of 1,287 ng g-1 in brown rice 
(ZENG et al., 2008); As and Se concentrations of 
all the samples were both below the maximum 
levels of 150 ng g-1 and 300 ng g-1 stipulated for 
rice and crop, respectively; cd concentrations 
in Sichuan-1 and Sichuan-4 rice exceeded the 
chinese permitted level of 200 ng g-1 stipulated 
for rice, but still below the value of 0.67±0.02 
µg g-1 in 1 rice sample (YE et al., 2003); Pb con-
centrations in Huzhou-1, Sichuan-1 and Si-
chuan-2 rice exceeded the maximum level of 
200 ng g-1 stipulated for cereal, close to the con-
centrations in late xian rice and polished rice 
(NI et al., 2008), but much lower than the high-
est level of 957 ng g-1 in changshu rice (HANG 
et al., 2009); Hg concentrations in Huzhou-2, 
Sichuan-2, Sichuan-3 and Sichuan-4 rice ex-
ceeded the chinese permitted level of 20 ng g-1 
stipulated for crop, and similar to the mean val-
ue of 37.4 ng g-1 in the early xian rice (NI et al., 
2008), but lower than the highest level of 60.2 
ng g-1 in changshu rice (HANG et al., 2009). the 
results showed that the concentrations of trace 
elements in rice from the cities in Yangtze river 
Delta region were normal, except Pb excess of 
Huzhou-1 rice and Hg excess of Huzhou-2 rice, 
respectively. However, cd and Pb in Sichuan-1 
rice, cr, Pb and Hg in Sichuan-2 rice, Hg in Si-
chuan-3 rice and cd and Hg in Sichuan-4 rice 
exceeded the maximum levels, respectively. this 
may result from a large number of coal mines 
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Fig. 1 - the concentrations of cr, As, Se, cd, Pb, Hg in rice samples. A: the concentration of cr in rice; b: the concentration 
of As (inorganic) in rice; c: the concentration of Se in rice; D: the concentration of cd in rice; E: the concentration of Pb in 
rice; F: the concentration of Hg in rice. Line represents maximum levels of elements in foods set by different organisations. 
a: Gb 2762-2005; b: European Union 2006; c: cODEX 2007.
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and environmental pollution nearby in Sichuan. 
Also, comparison with the standards set by Eu-
ropean Union and codex Alimentarius commis-
sion (cAc) was presented in Fig. 1. the only dif-
ference was that cd level in Sichuan-1 rice ex-
ceeded the maximum level set by cAc.

Daily intakes via rice consumption

In addition, although As and Se concentra-
tions were within the maximum allowable lev-
els, the estimation of daily intake of them was 
conducted through rice consumption. the aver-
age levels of them in all the chinese rice sam-
ples analyzed were used. Since daily dietary rice 
intake in china is about 300-500 g/day for an 
adult (provided by china Nutrition Society), the 
estimated daily intake is 28.1-46.8 µg for As and 
9.4-15.6 µg for Se. Estimated daily intake was 
calculated as:

EDI = ce x Mrcd

Where EDI is the estimated daily intake of 
chemical elements (mg/day/person or μg/day/
person); ce is the average concentration of el-
ement (µg g-1); and Mrcd is the amount of rice 
consumed daily (g day-1). Estimated daily intake 
was compared with the provisional tolerable dai-
ly intake (PtDI) for elements (Joint FAO/WHO 
Expert committee on Food Additives (JEcFA)/
WHO guidelines 2000; World Health Organiza-
tion (WHO) 2004). PtDI was considered as pro-
visional tolerable weekly intake (PtWI) divided 
by 7. considering the average weight of an adult 
as 70 kg, the PtDI values for As (inorganic) and 
Se are 150 and 55 µg/day (bAtIStA et al., 2010), 
respectively. As a result, rice contributes to 18.7-
31.2 and 17.0-28.4% of the PtDI for As and Se, 
respectively. According to the levels of 6.3 and 
5.4% in brazilian rice (bAtIStA et al., 2010), chi-
nese rice contributes much higher to the PtDI 
of the elements for chinese. And estimated dai-
ly intakes of cr, Mn, co, Ni, cu, cd, Sn, Pb and 
Hg are 127.0-211.6 µg, 3.3-5.4 mg, 2.9-4.8 µg, 
132.3-220.4 µg, 0.7-1.2 mg, 25.1-41.8 µg, 82.7-
137.9 µg, 43.1-71.9 µg and 3.5-5.8 µg, respec-
tively. In comparison with the values (1.9 mg for 
Mn, 3.1 µg for co, 0.2 mg for cu and 2.4 µg for 
cd) in brazilian rice (bAtIStA et al., 2010), in-
take of co only is quite close to each other, and 
intakes of Mn, cu, cd are considerably higher. 
It is due to that rice consumption in china is al-
most 5 times larger than the consumption (86 
g/day) in brazil.

cONcLUSION

rice samples obtained from markets in chi-
na were analyzed and evaluated for their trace 
elements contents by comparing the concentra-
tions of elements with the maximum levels based 

on different standards. this study suggests that 
significant differences exist in the trace elements 
levels for rice samples from different regions. 
compared with thai rice, all the trace elements 
concentrations were slightly higher. the results 
could serve as a basis on comparison with other 
rice samples in china and even the World. Four 
samples for Hg, three samples for Pb, two sam-
ples for cd and one sample for cr were found to 
contain elevated contents above the maximum 
levels, respectively. If these rice samples are con-
sumed daily, there will be up to 18.7-31.2 and 
17.0-28.4% of the PtDI for As and Se, posing 
potential risk for people, which should be paid 
great attention to.
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