
ISSN 1120-1770

Volume XXI
Number 3

2009

S
p

ed
iz

io
n

e 
in

 a
b

. p
o

st
. c

o
m

m
a 

26
 -

 a
rt

. 2
 -

 le
g

g
e 

54
9/

95
 n

. 3
/2

0
09

 -
 T

o
ri

n
o



Ital. J. Food Sci. n. 3, vol. 21 - 2009 253

ITALIAN JOURNAL OF FOOD SCIENCE
(RIVISTA ITALIANA DI SCIENZA DEGLI ALIMENTI)

Property of the University of Perugia
Official Journal of the Italian Society of Food Science and Technology

Società Italiana di Scienze e Tecnologie Alimentari (S.I.S.T.Al)
Initially supported in part by the Italian Research Council (CNR) - Rome - Italy

Recognised as a “Journal of High Cultural Level”
by the Ministry of Cultural Heritage - Rome - Italy

Editor-in-Chief:
  Paolo Fantozzi
  Dipartimento di Scienze Economico-Estimative e degli Alimenti, Università di Perugia,
 S. Costanzo, I-06126 Perugia, Italy
  Tel. +39 075 5857910 - Telex 662078 UNIPG - Telefax +39 075 5857939-5852067
 E-mail: paolofan@unipg.it
Scientific Editor:
  S. Mary F. Traynor, F.S.E., Ph.D.
  Dipartimento di Scienze Economico-Estimative e degli Alimenti, Università di Perugia,
 S. Costanzo, I-06126 Perugia, Italy
 Tel. +39 075 5857912 - Telex 662078 UNIPG - Telefax +39 075 5857939-5852067
 E-mail: ijfs@unipg.it
Publisher:
 Alberto Chiriotti
  Chiriotti Editori s.a.s., Viale Rimembranza 60, I-10064 Pinerolo, Italy
  Tel. +39 0121 393127 - Telefax +39 0121 794480
 E-mail: info@chiriottieditori.it - URL: www.chiriottieditori.it
Aim: The Italian Journal of Food Science is an international journal publishing original, basic 

and applied papers, reviews, short communications, surveys and opinions in food science 
(chemistry, analysis, microbiology), food technology (engineering, processing) and related 
areas (nutrition, safety, toxicity, physiology, dietetics, economics, etc.). Upon request and 
free of charge, announcements of congresses, presentations of research institutes, books and 
proceedings may also be published in a special “News” section.

Review Policy:
 The Advisory Board with the Editor-in-Chief will select submitted manuscripts in relationship 

to their innovative and original content. Referees will be selected from the Advisory Board 
and/or qualified Italian or foreign scientists. Acceptance of a paper rests with the referees.

Frequency: Quarterly - One volume in four issues. Guide for Authors is published in each number 
and annual indices are published in number 4 of each volume.

Impact Factor: 0.518 published in the 2007 Journal of Citation Reports, Institute for Scientific 
Information

Subscription Rate: 2009: Volume XXI PDF version  €  40.00
  Ordinary  €  150.00
  Supporting  € 1,000.00
IJFS is abstracted/indexed in: Chemical Abstracts Service (USA); Foods Adlibra Publ. (USA); Gialine - 

Ensia (F); Institut Information Sci. Acad. Sciences (Russia); Institute for Scientific Information; 
CurrentContents®/AB&ES; SciSearch® (USA-GB); Int. Food Information Service - IFIS (D); 
Int. Food Information Service - IFIS (UK); EBSCO Publishing; Index Copernicus Journal 
Master List (PL).

IJFS has a page charge of € 20.00 up to 5 pages; extra pages are € 30.00. 
 Reprints (100) will be sent free of charge.



254 Ital. J. Food Sci. n. 3, vol. 21 - 2009

ITALIAN JOURNAL OF FOOD SCIENCE

ADVISORY BOARD

R. Amarowicz
Editor-in-Chief
Polish J. Food and Nutrition Sci.
Olsztyn, Poland
G. Andrich
Dip. di Chimica
e Biotecnologie Agrarie
Università di Pisa
Pisa, Italy
F. Angerosa
Ist. Sperim. per la Elaiotecnica
Città S. Angelo, Pescara, Italy
A. Bertrand 
Institut d’Oenologie 
Université de Bordeaux 
Talence Cedex, France
L.B. Bullerman
Dept. of Food Science and Technology 
University of Nebraska-Lincoln
Lincoln, NE, USA
C. Cannella 
Ist. Scienza dell’Alimentazione 
Università di Roma (La Sapienza) 
Roma, Italy
E. Carnovale
Ist. Nazionale di Ricerca
per gli Alimenti e la Nutrizione
Unità Chimica degli Alimenti
Roma, Italy
E. Marconi
Dip. di Scienza e Tecnologia
Agro-Alimentare e Microbiologia
Università del Molise
Campobasso, Italy
A. Curioni
Dip. di Biotecnologie Agrarie
Università di Padova
Legnaro (PD), Italy
G. Dall’Aglio
Staz. Sperim. per l’Industria
delle Conserve Alimentari
Parma, Italy
M. Dalla Rosa
Dip. di Protezione e 
Valorizzazione Agro-Alimentare
Università di Bologna
Bologna, Italy
F. Devlieghere
Dept. Food Technology and Nutrition
Faculty of Agricultural
and Applied Biological Sciences
Gent University
Gent, Belgium
M. Di Matteo
Dip. di Ingegneria Chimica
ed Alimentare
Università di Salerno
Fisciano (SA), Italy
P.F. Fox
Department of Food Chemistry
University College
Cork, Ireland

G. Gandemer
INRA – Centre Poitou-Charentes
Lusignan, France
S. Garattini
Ist. di Ricerche Farmacologiche
“Mario Negri”
Milano, Italy
C. Finoli
Dip. Economia, Ingegneria e 
Tecnologie Agro-Forestali
Università di Palermo
Palermo, Italy
R. Giangiacomo
Istituto Sperim. Lattiero-Caseario
Lodi, Italy
M. Gobbetti
Dip. di Protezione delle Piante e
Microbiologia Applicata
Università di Bari
Bari, Italy
T. Gomes
Dip. di Progettazione
e Gestione dei Sistemi
Agro-Zootecnici e Forestali
Università di Bari
Bari, Italy
M. Karel
Dept. of Food Science
Rutgers University
New Brunswick, NJ, USA
J.W. King
Dept. Chemical Engineering
University of Arkansas
Fayetteville, AR, USA
T.P. Labuza
Dept. of Food and Nutritional Sciences
University of Minnesota
St. Paul, MN, USA
A. Leclerc
Institut Pasteur
Paris, France
C. Lee
Dept. of Food Science and Technology
Cornell University,
Geneva, NY, USA
M. Lucisano
Dip. di Scienze e Tecnologie
Alimentari e Microbiologiche
Sez. Tecnologie Alimentari
Università di Milano
Milano, Italy
R. Massini
Dip. di Ingegneria Industriale
Università di Parma
Parma, Italy
G. Mazza
Agriculture and Agri-Food Canada
Pacific Agri-Food Research Centre
Summerland, BC, Canada
L. Moio
Dip. di Scienze degli Alimenti
Università di Foggia
Foggia, Italy

M. Moresi
Ist. di Tecnologie Agro Alimentari
Università della Tuscia
Viterbo, Italy
J. O'Brien
School of Biological Sciences
University of Surrey
Guildford, Surrey, UK
M. O’Keeffe
Food Safety Department
The National Food Centre
Dublin, Ireland
C. Peri
Dip. di Scienze e Tecnologie
Alimentari e Microbiologiche
Sez. Tecnologie Alimentari
Università di Milano, Milano, Italy
J. Piggott
Dept. of Bioscience
and Biotechnology
University of Strathclyde
Glasgow, Scotland
S. Porretta 
Associazione Italiana di 
Tecnologie Alimentari (AITA)
Milano, Italy
J. Samelis
Dairy Research Institute
National Agricultural Research Foundation
Ioannina, Greece
E. Senesi
Istituto Sperim.
per la Valorizzazione
Tecnologica dei Prodotti Agricoli
(I.V.T.P.A.)
Milano, Italy
A. Sensidoni
Dip. di Scienze degli Alimenti
Università di Udine
Udine, Italy
S. Spagna-Musso
Dip. di Scienze degli Alimenti
Università di Napoli
Portici (NA), Italy
L. Stepaniak
Dept. of Food Science
Agricultural University of Norway
Ås, Norway

M. Tsimidou
School of Chemistry,
Artisotle University
Thessaloniki, Greece

G. Versini
Dip. Lab. Analisi e Ricerche
Ist. Agrario di S. Michele a/Adige
S. Michele all’Adige (TN), Italy

J.R. Whitaker
Dept. of Food Science and Technology
University of California
Davis, CA, USA



PaPer

Ital. J. Food Sci. n. 3, vol. 21 - 2009 255

- Key words: bakery products, cream, egg yolk, sensory analysis, SPME, volatiles -

VOLaTILe PrOFILe aND SeNSOrY 
CHaraCTerISTICS OF CreaMS  

USeD aS FILLerS OF BaKerY PrODUCTS: 
HOMe MaDe eGG CreaMS  

VS INDUSTrIaL CreaMS

PROFILO IN COMPOSTI VOLATILI E CARATTERISTICHE SENSORIALI 
DI CREME UTILIZZATE COME FARCITURA DI PRODOTTI DA FORNO: 

CONFRONTO TRA CREME A BASE D’UOVO FATTE IN CASA 
E CREME INDUSTRIALI
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AbstrAct

Volatile profiles of creams used as fill-
ers of bakery products including home-
made egg yolk creams and industrial 
creams were compared. A headspace 
solid phase microextraction method 
coupled with Gc-Ms was used. A total 
of 82 volatile compounds were identi-
fied. the volatile groups were aliphatic 

riAssunto

sono stati confrontati i profili in com-
posti volatili di creme utilizzate come far-
citure di prodotti da forno quali creme a 
base di tuorlo d’uovo fatte in casa e cre-
me industriali. È stato utilizzato un me-
todo di microestrazione in fase solida ac-
coppiato con la Gc-Ms. sono stati iden-
tificati un totale di 82 composti volatili. 
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and alicyclic hydrocarbons (18), alde-
hydes (10), ketones (10), aromatic hy-
drocarbons (19), furans (6), alcohols 
(12), esters (3) and acids (4). the vola-
tile profiles of home-made creams and 
industrial creams differed significant-
ly. chemometric analysis of the vola-
tile data was successfully used to pre-
dict cream origin. the descriptive fla-
vour profile of the different types of 
creams was elaborated. Pearson corre-
lation was applied to flavour attributes 
and volatile compounds, but, few cor-
relations were found, because sever-
al effects such as the presence of fat, 
starch and sweetness influenced aro-
ma release.

i gruppi volatili erano idrocarburi alifa-
tici ed aliciclici (18), aldeidi (10), cheto-
ni (10), idrocarburi aromatici (19), fu-
rani (6), alcoli (12), esteri (3) e acidi (4). 
i profili in composti volatili delle creme 
fatte in casa e delle creme industria-
li differivano significativamente. L’ana-
lisi chemiometrica dei dati sui volatili è 
stata utilizzata con successo per predi-
re l’origine della crema. È stato elabo-
rato il profilo descrittivo aromatico del-
le differenti tipologie di crema. La corre-
lazione di Pearson è stata applicata agli 
attributi sensoriali ed ai composti vola-
tili, ma sono state trovate poche corre-
lazioni perché numerosi effetti quali la 
presenza di grasso, amido e la dolcezza 
influenzavano il rilascio dell’aroma.

introDuction

Fresh raw egg yolk has a bland odour. 
However, upon heating it develops a fair-
ly characteristic pleasant aroma. Egg 
yolk contains proteins and lipids in large 
quantities. consequently, lipid oxidation 
and Maillard reactions are the most im-
portant pathways leading to egg yolk 
odorants. Egg yolk is a common ingre-
dient in cooking and baking.

Home-made egg creams used as fill-
ers for bakery products (EcbP) are wide-
ly used. traditionally, these creams are 
prepared with egg yolk. two different 
methods have been used; in one, sug-
ar and water are heated at 110ºc for 15 
min and egg yolk, flour and vanillin are 
added after cooling to 60ºc (EcbP1). 
in the other method, milk, sugar and 
flour to which egg yolk and vanillin have 
been added (EcbP2) are carefully heat-
ed (<100ºc). Presently, industrial pow-
ders in which egg yolk is replaced by 
egg aromatising compounds and colour 
compounds are used to prepare creams 

that are used as fillers of bakery prod-
ucts (icbP).

the flavour of traditional home-made 
EcbP is the result of the aroma com-
pounds produced by thermal reac-
tions during heating of egg yolk, sug-
ar, flour and other ingredients. Previ-
ous studies of the aromatic compounds 
in baked products have mainly focused 
on bread and bread-making steps (GA-
LEY et al., 1994; GobbEtti et al., 1995; 
HAnsEn and HAnsEn, 1994; KoMAitis 
and AGGELousis, 1993; scHiEbErLE 
and GroscH, 1994; ZEHEntbAuEr and 
GroscH, 1998a,b), on cookies (Prost 
et al., 1993) and on sponge cake (PoZo-
bAYÓn et al., 2007). in addition, several 
authors have analysed the volatile com-
pounds of heated egg and egg yolk (Hsu 
and cHEn, 1981; LorEnZ and MAGA, 
2006) MAcLEoD and cAVE, 1975, 1976; 
rAYEr et al., 1980; uMAno et al., 1990) 
and the volatile compounds that con-
tribute to the aroma. the amounts of 
volatile compounds in heated egg yolk 
have been identified (cErnY and GuntZ, 
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2004). to our knowledge, no study on 
the volatiles present in EcbP and icbP 
has been published.

three methods for extracting vola-
tiles from eggs and egg products have 
been described, including, simultane-
ous steam distillation-extraction (sDE) 
with diethyl ether as the organic sol-
vent according to the Likens-nickerson 
method (uMAno et al., 1990) and head-
space (Hs) methods, such as, dynamic 
headspace (Purge and trap) and static 
headspace (solid phase microextraction 
–sPME) using polydimethylsiloxane/di-
vinilbenzene - PDMs/DVb fibre (ADAM-
iEc et al., 2002).

 Headspace solid-phase microextrac-
tion (Hs-sPME) is a simple, fast, sen-
sitive and solvent-free extraction tech-
nique that allows the extraction and 
concentration steps to be performed si-
multaneously (PinHo et al., 2003, 2004, 
2006). sPME fibres with a great range 
of selectivity for evaluating volatile com-
pounds are available on the market. the 
cAr-PDMs 75 µm phase is a porous ma-
terial (micro-, meso-, and macropores 
from 6 to 50 Å) that increases retention 
capacity due to the mutually potentiat-
ing effect of adsorption to and distribu-
tion within the stationary phase. thus, 
a complete profile of volatile compounds 
in food can be obtained.

As Hs-sPME is an equilibrium-based 
technique, extraction temperature and 
time greatly influence the amount of an-
alyte extracted. the goal however, is not 
to perform an exhaustive extraction, but 
an extraction in pre-equilibrium condi-
tions in order to minimize extraction time 
while maximizing extraction efficiency. 
the procedures need to be optimized by 
examining several parameters, namely, 
equilibrium time, extraction time and 
temperature. reproducibility should also 
be evaluated.

the aim of the present work was to 
study the volatile fraction of home-made 
egg creams used as fillers for bakery 
products (EcbPs) and compare the re-

sults with those of the volatile fraction 
of industrial creams used for the same 
propose (icbPs). chemometric analy-
sis of the volatile data was also used 
to predict cream origin. the descriptive 
flavour profile of the different types of 
creams was elaborated and correlated 
with chemical data.

MAtEriAL AnD MEtHoDs

sampling

three batches of each home-made egg 
cream used as fillers for bakery prod-
ucts were included in the experimen-
tal design to cover the variation in the 
preparation process. three batches of 
home-made egg cream 1(EcbP 1) were 
prepared with 100 g of sugar and 50 mL 
of water, heated at 110ºc for 15 min, 
cooled to 60º and 45 g of egg yolk, 10 g 
of flour and 0.2 g of vanillin were add-
ed, to obtain 110 g of EcbP 1 (viscosi-
ty: 170000 cps). three batches of home-
made egg cream 2 (EcbP 2) were pre-
pared by carefully heating (to 100ºc) 400 
mL of milk, 100 g of sugar and 20 g of 
flour to which 45 g of egg yolk and 0.5 g 
of vanillin were added to obtain 375 g of 
EcbP 2 (viscosity: 140000 cps). the vis-
cosity properties of the egg creams were 
evaluated using a brookfield viscometer 
(Model DViii, stoughton, MA, usA). the 
spindle speed was set at 1.5 rpm and a 
n. 3 spindle was used. the experiment 
was run at room temperature (25±1°c). 
Viscosity was measured for 1 min. Egg 
creams were analysed for volatiles and 
flavour on the day of preparation.

three different lots of the same brand 
of an industrial cream used as a filler 
for bakery products with a known label 
were analysed (icbP 0). it was composed 
of sugar, modified starch, skimmed pow-
dered milk, hydrogenated vegetable fat, 
thickener (E401), acidity regulator (E 
450), salt, colorants (E102 and E124), 
preservatives (E200 and E202) and aro-
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mas. these creams were prepared by 
mixing 100 g of powder and 100 g sug-
ar; 300 g of cold water were added slowly 
and mixed for 3 min at high speed.

Four brands of industrial creams 
(icbP) collected from “bolas de berlim” 
bakery products were randomly pur-
chased and numbered from icbP 1 to 
icbP 4 and analysed on the day they 
were purchased. three lots of each brand 
were analysed. since there was no la-
bel describing the composition of these 
icbP, the major components were eval-
uated in the laboratory.

Extraction of volatile compounds

the creams were homogenised using 
a spatula and 3 g samples were taken 
and placed in a 15 mL vial subsequent-
ly sealed with PtFE-silicone septa (su-
pelco, bellefonte, PA, usA). carboxen/
PDMs fibre (supelco, bellefonte, PA) was 
used to extract the volatile cream com-
pounds. Each cream was analysed in 
quadruplicate. sample vial equilibration 
was performed at 40ºc for 30 min; the 
cAr/PDMs fibre was then exposured 
to the headspace above the sample for 
30 min followed by thermal desorption 
of the adsorbed substances in the injec-
tor port Gc-Ms analysis (PinHo et al., 
2003, 2006).

Gc-Ms analysis

the analyses were performed using 
a Hewlett-Packard (HP), model 6890 
(Hewlett-Packard company, Palo Alto, 
cA, u.s.A.), Gc fitted with a splitless in-
jector suitable for sPME analysis and Ag-
ilent 5973 mass spectrometer (Ms) detec-
tor (Agilent technologies, santa clara, 
u.s.A.). Helium was used as the carri-
er gas with a flow rate of 1 mL/min. the 
components were separated on a sPb-5 
capillary column 60 m x 0.32 mm x 1.0 
µm-film thickness, (supelco, bellefon-
te, PA, u.s.A.). the oven temperature 
program was 5 min at 40ºc and then 

3ºc min-1 to 200ºc for 5 min. the injec-
tor temperature was 290ºc (PinHo et 
al., 2004). Detection was by mass spec-
trometry on the total ion current ob-
tained by electron impact at 70 eV. the 
constituents were identified by compar-
ing the experimental spectra with spec-
tra from nist 98 data bank (nist/EPA/
nisH Mass spectral Library, version 1.6, 
u.s.A.), using a match factor higher than 
97%. When possible, the identity of the 
volatile compound was also confirmed 
using an authentic standard. Propanal, 
hexanal, 3-methylbutanal, nonanal, de-
canal, 2-methylpropan-1-ol, 3-methylb-
utan-1-ol, octanoic acid and hexan-1-ol 
(purity: 99%) were purchased from sigma 
chemical co. (st. Louis, Mo, u.s.A.); ace-
tic acid, acetone, butan-2-one, ethanol, 
2-methylpropan-1-ol, toluene, 1,4-xilene, 
phenol, 4-hydroxy-3-methoxy-benzal-
dehyde, benzaldehyde and benzoic acid 
were from Merck (Darmstadt, Germany). 
based on the peak resolution, their are-
as were either calculated from the total 
ion current or estimated from the integra-
tions performed on selected ions. the re-
sulting peak areas were expressed in ar-
bitrary units of area. reproducibility was 
assessed as the relative standard devia-
tion (rsD) of a 6-fold analysis.

Evaluation of nutritional 
composition of icbP

the total protein content, ash and 
fat were determined according to AoAc 
methods (2000). Quantification of carbo-
hydrates was performed by HPLc with 
an evaporative light scattering detector 
(noGuEirA et al., 2005). the chromato-
graphic analyses were carried out in an 
analytical HPLc unit (Jasco, tokyo, Ja-
pan), equipped with a low pressure qua-
ternary pump (Pu-1580), an evaporative 
light scattering detector (LsD, sedex 75, 
France) and a type 7125 rheodyneinjec-
tor with a 10 µL loop. A borwin control-
ler software (JMbs Developments, Gre-
noble, France) was also used. the chro-
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matographic separation was achieved 
using a spherisorb nH2, 5µ chromato-
graphic column (250mm×4.6mm i.d.) 
and gradient elution with solvent A (ac-
etonitrile)/solvent b (water). carbohy-
drates were eluted by increasing the pro-
portion of solvent b from 19 to 25% over 
40 min: 0-19 min, 19% b; 20-40 min, 
25% b. the flow-rate was 1 mL/min. 
the temperature of the heated drift tube 
was 45°c, the gas pressure was 3.0 bar 
and gain 5.

sensory analysis

Fourteen panellists (Master Porto uni-
versity students) were recruited to par-
ticipate in a descriptive flavour analy-
sis. Eleven flavour attributes, arranged 
in non-structural scales, were used to 
describe the creams under study. us-
ing different egg creams and industrial 
creams the panellists were trained, in six 
one-hour sessions for term optimization 
and calibration for accuracy in interpre-
tation and repeatability.

training sessions

in session 1, panellists performed tri-
angle tests using modified egg creams, to 
determine if there was a perceptible sen-
sory difference between samples of two 
egg creams made with different amounts 
of ingredients (sugar, eggs, flour and va-
nillin).

in session 2, panellists tasted creams 
with specific, highlighted flavour at-
tributes. Panellists were invited to gen-
erate terms to describe personal obser-
vations. in session 3, redundant descrip-
tive terms were removed and samples ex-
hibiting specific attributes to be included 
on the ballots were tasted. session 4 was 
designed to establish ballot anchors in 
which all attributes and their synonyms 
were arranged in an unstructured scale 
(7 points). to assist panellists, terms 
were used to describe each attribute at 
low intensity (1) and high intensity (7). 

in session 5, the ballots were tested by 
panellists in individual booths with un-
known representative samples. the col-
lected data were analyzed by analysis 
of variance (AnoVA) (sPss), and pan-
ellist deviations were assessed to de-
termine where additional training was 
needed. During session 6, tasting re-
sults and panellist deviations were dis-
cussed and specific terms and anchors 
were clarified.

Evaluation sessions

For the experimental testing all sam-
ples, including, egg creams (EcbP 1, 
EcbP 2), and industrial creams (icbP 
0 to icbP 4), were labelled with random 
three-digit codes. in each session, panel-
lists received a maximum of seven sam-
ples to evaluate. the experimental sam-
ples were served to panellists in random 
order, two sessions were performed.

statistics

Exploration of data, descriptive sta-
tistics, t-test and AnoVA with pairwise 
comparisons of mean values using tuk-
ey’s test, Pearson correlation and discri-
minant analysis were performed with 
sPss for Windows version 13 (sPss, chi-
cago, iL, usA).

rEsuLts AnD Discussion

Volatile compounds identified 
in the cream

An equilibrium time and extraction 
time of 30 min at 40ºc were chosen as a 
good compromise between analysis time 
and sensitivity. reproducibility was sat-
isfactory; the rsD values were less than 
10%. A total of 82 volatile compounds 
were tentatively identified in EcbP1, 
EcbP 2, icbP 0, icbP 1, icbP 2, icbP 
3 and icbP 4 (table 1). An example of a 
chromatogram of an industrial cream is 
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table 1 - Volatile fraction of classes of compounds in creams used as fillers for products identified by 
Hs-sPME-Gc-Ms.

 Compound RT ECBP 1 ECBP 2 ICBP 0 ICBP 1 ICBP 2 ICBP 3 ICBP 4

  Results expressed as arbitrary units of area x 103

 Aldehydes
1 Isobutanal 7.347    2079  1091
2 *propanal 8.580   10141    42805
3 (E)-but-2-enal 12.449    1017 1998  1264
4 *3-methylbutanal 12.680 3786  68747 6927 11212 22761 18508
5 *pentanal 14.923  8154
6 hexanal 21.200 27818 13140 12487 12610 34669 18084 31380
7 *heptanal 27.569 4201  2274
8 *octanal 33.669       12831
9 nonanal 39.360 1997   1370 2183 1534 1633
110 *decanal 44.671 7032  3230    63723
 Ketones
11 *acetone 6.884   69450
12 butane-2,3-dione 9.631    1671  1128
13 *butan-2-one 9.976  19450
14 3-hydroxybutan-2-one 15.549    17231 10612 33512 16412
15 heptan-2-one 26.784      14119 1011
16 *cyclopentane-1,2-dione 28.955     6625
17 *5-methyl-1H-pyrimidine-
 2,4-dione  37.558     40363
18 3,5-dihydroxy-2-methyl-5,6-
 dihydropyran-4-one 41.764     1386
19 *4-hydroxy-4-methyl-2,6-ditert-
 butyl-cyclohexa-2,5-dien-1-one 57.297 8976   15402 14390
20 2,6-ditert-butylcyclohexa-
 2,5-diene-1,4-dione  57.538    1062
 Aromatics
21 toluene 19.408 4286      8359
22 *1,4-xylene 25.937 3920 6765
23 *N-methylidenehydroxylamine-
 methoxyphenyl 26.833 6166 7482 11625  10618  10817
24 benzaldehyde 31.547 1645 1611     1684
25 phenol 32.128   1775
26 1,2,4-trimethylbenzene 33.583      1221
27 1-methyl-2-propan-2-yl-
 benzene 35.338
28 *4-hydroxy-3-methoxy-
 benzaldehyde 54.369 2471 3124 27271 68522 74221 26510 2312
29 4-methyl-2,6-ditert-butyl-
 phenol 59.22 1370   9125
30 5-phenyldecane 60.061 1498   1387
31 *4-phenyldecane 60.440 28017   25412
32 *3-phenyldecane 61.260 28676   21449
33 *2-phenyldecane 62.71    6664
34 *6-phenyldodecane 63.563 8409   10392
35 6-phenylundecane 63.817     1856
36 5-phenylundecane 63.951 1983   1334 942
37 *4-phenylundecane 64.382 46959  5166 56525 12270  5166
38 3-phenylundecane 65.255 34239   37184
39 *2-phenylundecane 66.741 13418   16296
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Hydrocarbons
40 *cyclopenta-1,3-diene 7.893  32905
41 *2-methylpentane 8.947  35825 21401    21401
42 *hexane 10.137   13307  31577  133075
43 *hept-1-ene 14.652  9906
44 1,1-diethoxyethane 16.903    1949
45 *pent-1-ene 19.118  5399
46 *2,6-dimethyloctadecane 33.494  8282
47 1-methyl-4-prop-1-en-2-yl-
 cyclohexene 35.639 1224     1374 1211
48 heptadecane 37.175    1189
49 *2,2,3-trimethylnonane 38.454  6679
50 *dodecane 39.160  31045 2907
51 pentadecane 48.779    1740
52 *tridecane 49.174 4129
53 *icosane 50.093 7233
54 *tetradec-1-ene 53.795 2796   6782
55 *nonedecane 60.741 4957
56 hexadecane 62.198    1789
57 2,6,10,14-tetramethylpentadecane 66.355 1273   1050   1101
Furans
58 *2-methylfuran 10.36   16719
59 *furan-2-carbaldehyde  23.37  8207 51318  68624
60 *2-furylmethanol 24.59   2254  24081
61 *5-methylfuran-2-
 carbaldehyde 31.441 9255  90550
62 *4,5-Dimethyl-2-
 formylfuran  37.85   36788  32203
63 * 5-(hydroxymethyl)furan-2-
 carbaldehyde 44.34     15311
Alcohols
64 *ethanol 6.204   71312
65 *2-methylpropan-1-ol 11.311 11722  67385   48921 6710
66 butan-1-ol 13.091   2311   1838 3240
67 3-methylbutan-1-ol 17.129 2931   1810 1281 3310 1021
68 2-methylbutan-1-ol 17.361    1011 1061  1941
69 *pentan-1-ol  19.114       15776
70 *butane-2,3-diol 19.570   4587    14748
71 *hexan-1-ol 25.453   19549 17392 17392 11042
72 *2-butoxyethanol 27.853    8661 8661  57298
73 *2-(2-ethoxyethoxy) ethanol 33.645   5321
74 *2-ethylhexan-1-ol 35.088 3387
75 2-phenylethanol 40.215      1125 1016
Esters
76 ethyl acetate 9.407   1666 1721  2810 1666
77 phenyl benzoate 16.809       1119
78 *butyl acetate 22.071 5677
Acids
79 Acetic acid  9.561 1120  4261  2413 2310 2111
80 2E,4E)-hexa-2,4-dienoic acid 37.475   1321   1282
81 *benzoic acid 41.96     6053
82 *octanoic acid 42.27   61571

* ANOVA analyses indicate significant differences between samples (expressed as arbitrary units of área).
RT - retention time.

 Compound RT ECBP 1 ECBP 2 ICBP 0 ICBP 1 ICBP 2 ICBP 3 ICBP 4
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Fig. 1 - chromatogram from headspace sPME-Gc of an industrial cream (icbP3). Peak numbers are 
listed in table 1.

presented in Fig.1. the chemical families 
of compounds agree with those reported 
by other authors (GroscH, 1987). the 
classes of volatiles detected were aliphat-
ic and alicyclic hydrocarbons (18), alde-
hydes (10), ketones (10), aromatic hydro-
carbons (19), furans (6), alcohols (12), 
esters (3) and acids (4).

EcbPs and icbPs presented differ-
ent qualitative and quantitative vola-
tile profiles as can be observed in table 
1 and Fig. 2. the most abundant class-
es of compounds in EcbP were aromat-
ics, aldehydes and hydrocarbons and, 
significant differences (p<0.05) were ob-
served for those classes of compounds 
for EcbP 1 and EcbP 2. Fig. 2 presents 
the distribution of the compound class-
es in the cream samples.

According to the literature, aldehydes 
are the major volatile components in 
cooked egg yolk (uMAno et al., 1990). 
these volatile compounds are described 
as egg odourants resulting from lipid ox-
idation. it is well known that lipid oxi-
dation is an important factor for the for-
mation of aroma compounds. Egg yolk 
lipids are rich in oleic and linoleic ac-
ids and contain a considerable amount 

of arachidonic acid. certain amino ac-
ids found in egg yolk, valine, alanine, 
leucine, methionine and phenylalanine, 
also play a role in the formation of al-
dehydes (ELMorE et al., 2005; HuAnG 
et al., 2004) Five aldehydes, including 
3-methylbutanal, hexanal, heptanal, 
nonanal and decanal were detected in 
EcbP1, while EcbP2 only had pentan-
al and hexanal (table 1). it should be 
pointed out that EcbP1 has more con-
centrated egg yolk (45 g of egg yolk in 
110 g of EcbP 1, in comparison with 45 
g of egg yolk enable in 375 g of EcbP 2), 
thus, it is understandable that EcbP 1 
had higher peak area values for alde-
hydes (table 1).

only one ketone was detected in each 
EcbP, 4-hydroxy-4-methyl-2,6-ditert-
butyl-cyclohexa-2,5-dien-1-one and bu-
tan-2-one (table 1). the last one was also 
detected in cooked egg and egg yolk heat-
ed to 50°c (stEin and nArAnG, 1990). 
numerous ketones have been reported to 
be products of carbohydrate carameliza-
tion and pyrolysis (uMAno et al., 1990), 
indicating that in the preparation of the 
EcbPs sugar heating in the preparation 
was obviously mild.
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A straight-chain saturated alkylben-
zene series was identified in EcbP 1 but 
not in EcbP 2 (table 1, Fig. 2). uMAno et 
al. (1990) also reported this type of com-
pound in heated egg. Alkylbenzenes were 
reported to be the product of thermal 
sugar degradation (HEYns et al., 1966), 
thus, their formation in EcbP 1 is the re-
sult of heating the sugar at higher tem-
peratures (>110ºc), whereas, in EcbP 2 
sugar and milk and flour were heated at 
lower temperatures (<100ºc) and there-
fore no alkylbenzenes were formed.

toluene, described as one of the ma-
jor constituents of egg volatiles (uMAno 
et al., 1990), was detected in EcbP 1. 
benzaldeyde and 1,4-xylene were de-
tected in EcbP 1 and EcbP 2, the first 
one was also identified in sponge cake 
containing eggs and cooked egg, and the 
latter was reported in egg yolk heated at 
50ºc (PoZo-bAYÓn et al., 2007; stEin 
and nArAnG, 1990; uMAno et al., 1990). 

4-Hydroxy-3-methoxy-benzaldehyde re-
sults from the addition of vanillin.

Alkylfurans are well-known sugar deg-
radation products that are also found 
in cooked egg and in cakes containing 
eggs. 5-Methylfuran-2-carbaldehyde was 
detected in EcbP 1 in agreement with 
uMAno et al. (1990) who detected this 
volatile in cooked eggs. Furan-2-carbal-
deyde was detected in EcbP 2, and was 
also detected in sponge cake containing 
eggs. several alcohols were identified in 
egg yolk, suggesting that alcohol forma-
tion is also associated with lipid oxida-
tion. EcbP 1 contained 2-methylpropan-
1-ol, 3-methylbutan-1-ol and 2-ethyl-
hexan-1-ol, but no alcohol was detect-
ed in EcbP 2 (table 1).

the Maillard reactions occurring dur-
ing the cooking process are the main 
chemical events responsible for the gen-
eration of compounds with low odour 
thresholds. Different factors such as the 

Fig. 2 - Distribution of compound classes in home-made egg creams (EcbP 1 and EcbP 2) and indus-
trial creams (icbP 0-4).
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selection of raw materials or the modifi-
cation of the making process can modi-
fy the aroma (PoZo-bAYÓn et al., 2007). 
thus, it is understandable that EcbP 1 
and EcbP 2 had different volatile pro-
files, since different ingredients and 
cooking conditions were used. EcbP 2 
is made with milk (EcbP 1 with water), 
and this greatly affected the aroma com-
position for two different reasons: in the 
EcbP 2 the Maillard reaction could take 
place due to the presence of milk pro-
teins, in EcbP 1 caramellization was the 
most favoured reaction, while the Mail-
lard reaction was limited because the egg 
was added at 60°c.

in general, peak area values for volatile 
compounds in home-made egg creams 
(EcbP 1 and EcbP 2) were lower than 
those for the industrial creams (icbP 0 
to icbP 4) (Fig. 2). the most abundant 
classes of compounds in icbP 0 were 
furans, esters and acids. icbP 0 showed 
higher peak area values than EcbPs for 
all classes of compounds, with the ex-
ception of hydrocarbons and aromat-
ics (table 1).

concerning industrial creams collect-
ed from bakery products purchased from 
the market, icbP 1 to icbP 4 presented 
different qualitative and quantitative vol-
atile profiles as can be observed in table 
1 and Fig 2. the most abundant class-
es of compounds in icbP 1, icbP 3 and 
icbP 4 were alcohols and esters. Four 
furans were detected on icbP 2 while no 

furans were detected in icbP 1, icbP 3 
and icbP 4. Aldehydes, hydrocarbons, 
alcohols and straight-chain saturated 
alkylbenzene usually described in egg 
yolk were also identified in icbPs.

since there were no labels describing 
the composition of icbP 1-4, the major 
components were evaluated in the labo-
ratory. Analysis of the major components 
of the four industrial cream brands re-
vealed significant differences in the pro-
tein, fat, carbohydrate and ash contents 
(table 2). these results indicate that dif-
ferent industrial creams are used as fill-
ers in bakery products and therefore the 
volatile composition is also different.

Discriminate analysis was applied to 
data from the volatile profiles of EcbP 1, 
EcbP 2, icbP 0, icbP 1, icbP 2, icbP 3 
and icbP 4 obtained by sPME-Gc/Ms. 
only 49 volatiles that presented a signif-
icantly different area were selected (indi-
cated in table 1 with an *). the discrim-
inate analysis indicated that two func-
tions contributed significantly to explain-
ing the variability among the creams. 
the major contributors to function 1 
were 2-methylpentane, hexane, octan-
al, 4-phenyldecane, 4-phenylundecane 
and 2-methylpropan-1-ol (with positive 
loadings), while 3-methylbutanal, hep-
tanal, ciclopentane-1,2-dione, 3-phenyl-
decane and hexan-1-ol were positively 
correlated with function 2. Plots of the 
samples (Fig. 3) show two main discrim-
inate functions that explain 94.3% of 

table 2 - Major volatile components in commercially available industrial creams.

  Proteins Fat Carbohydrates Ash
 Industrial cream
 g/100 g   Sacharose Lactose

 ICBP1 3.2±0.3a 1.0±0.1 a 38.20±1.02 a 1.61±0.22 a 0.7
 ICBP2 3.9±0.4 a 0.1±0.0 b 30.86±1.53 b 1.39±0.34 a 0.69
 ICBP3 <0.1 b 0.2±0.1 b 37.23±0.61 a n.d b 0.94
 ICBP4 5.8±0.2 c 4.2±0.2 c 37.25±0.42 a 1.76±0.31 a 0.44

a-c Means in columns without common letters are significantly different (p<0.05; n=3).
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the total variance. the volatile profile of 
EcbP 2 could be distinguished from all 
the other creams analyzed. EcbP 1 and 
icbP 0 had higher amounts of 3-meth-
ylbutanal, heptanal, cyclopentane-1,2-
dione, 3-phenyldecane and hexan-1-ol, 
whereas icbP 1-4 had higher amounts 
of 2-methylpentane, hexane, octan-
al, 4-phenyldecane, 4-phenylundecane 
and 2-methylpropan-1-ol. the function 
allowed all the samples to be classified 
correctly according to the type and ori-
gin of the cream.

sensory characteristics of creams 
used as fillers of bakery products

the analysis of variance performed 
on the sensory attribute scores indi-
cated significant differences in some of 
the attributes considered for EcbP 1, 
EcbP 2 and the icbPs. in general, the 

data within each attribute were symmet-
ric and mesocurtic. no significant dif-
ferences were observed for butter aro-
ma or strange aroma; however, signifi-
cant differences were noted for all other 
attributes (quality of odour, sweetness, 
quality of aroma, egg aroma, milk aroma, 
flour aroma, vanillin aroma, after-taste, 
overall quality). the mean results ob-
tained from 14 panellists for the 11 sen-
sory attributes assessed in the EcbPs 
and icbPs are presented in Fig. 4. Good 
panel performance was verified to estab-
lish the egg and industrial cream flavour 
descriptive profiles. EcbP 1 could be dis-
tinguished from the others due to higher 
values with respect to sweetness, qual-
ity of odour, quality of aroma, egg aro-
ma and after taste. the flavour profiles 
of EcbP 1 and EcbP 2 were significantly 
different. While the sensory characteris-
tics observed for industrial creams were 

Fig. 3 - canonical discriminate functions showing different creams used as fillers of bakery products, 
egg creams (EcbP 1, EcbP 2) and industrial creams (icbP 0-4) classified by the two functions of the 
proposed model.
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similar, the industrial creams icbP 0 and 
icbP 1 had flavour descriptive profiles 
that were more similar to that of EcbP 
1, except for the egg aroma and sweet-
ness attributes.

the Pearson correlation was applied to 
the sensory attributes and volatile com-
pounds. in general, no correlations were 
found between the results from the de-
scriptive flavour profile and results from 
the volatile compounds. However, analy-
sis of the headspace with respect to the 
volatile compounds gives information 
about the volatiles that are present in the 
air above the food before eating. When 
the creams are eaten, many changes take 
place (such as hydration/dilution with 
saliva, increase in surface area, etc.). 
these changes affect the release of vol-
atiles from the food and therefore the 
profile of volatiles that are sensed in the 
nose. the release of aromas from foods 
is influenced by several factors such 
as viscosity, interaction between aro-

ma compounds and the presence of fat, 
starch and sugar (nobLE 1996; tiEtZ et 
al., 2008). For example, when a food is 
eaten interactions occur between sweet-
ness and aroma perceptions. LEtHuAut 
et al. (2005) showed that variations in 
aroma levels in sweetness assessment is 
a major factor to consider when assess-
ing aroma. thus, the high sweetness of 
EcbP 1 can interfere with aroma inten-
sity and justify the high scores in quali-
ty of odour, quality of aroma, egg aroma 
and after taste for this cream.

concLusions

Hs-sPME-Gc-Ms is a simple, fast and 
sensitive method for a routine analysis 
of volatile compounds in cream. Head-
space sPME using a 75 µm carboxen-
PDMs fibre provided effective sample en-
richment and allowed a wide variety of 
compounds to be extracted including al-

Fig. 4 - Mean scores of 11 attributes in home-made egg creams and industrial creams assessed by 14 
panellists.
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dehydes, ketones, aromatic compounds, 
hydrocarbons, furans, alcohols, esters 
and acids.

EcbP 1 and EcbP 2 had different vol-
atile profiles because different ingredi-
ents and different cooking conditions 
were used. EcbP 2 is made with milk 
(EcbP 1 with water) and this greatly af-
fects aroma composition for two differ-
ent reasons: in EcbP 2 the Maillard re-
actions could take place due to the pres-
ence of milk proteins; in EcbP 1 cara-
mellization is the most favoured reac-
tion, while the Maillard reaction is a lim-
ited reaction because the egg was add-
ed at 60°c.

the volatile profiles of industrial 
creams differed significantly from those 
of home-made creams. Many volatiles 
detected in industrial creams, including 
aldehydes, hydrocarbons, alcohols and 
straight-chain saturated alkylbenzene 
are also usually detected in egg yolk.

 A Pearson correlation was applied 
to flavour attributes and volatile com-
pounds. However, no highly significant 
correlations were found, because sever-
al effects, such as the presence of fat, 
starch and sweetness could have influ-
enced the aroma release.
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AbstrAct

the need for a greater diversification 
of baked products has given rise to the 
on-going search for yeast and lactic 
acid bacteria (LAb) strains with opti-
mal baking potential. thirty-six yeasts 
and 118 LAb, isolated from nine type I 
sourdoughs that were sampled in bak-
eries located in the Marche region (cen-
tral Italy), were molecularly and pheno-
typically characterized. the polyphasic 
approach used revealed the biodiver-
sity of the microbial communities in-

rIAssunto

La necessità di ampliare e diversifica-
re l’offerta di prodotti lievitati da forno 
ha portato alla ricerca di ceppi di lievi-
ti e batteri lattici con spiccate attitudi-
ni panificatorie. trentasei lieviti e 118 
batteri lattici, isolati da 9 madri acide 
di tipo I campionate in panifici situati 
sul territorio della regione Marche (Ita-
lia centrale), sono stati caratterizzati a 
livello molecolare e fenotipico. L’approc-
cio polifasico utilizzato ha evidenziato 
la biodiversità presente nella comunità 
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vestigated and two yeasts and ten LAb 
cultures with the potential to be used 
in sourdough bread-making processes 
were identified.

microbica oggetto di studio ed ha per-
messo di identificare 2 colture di lievi-
to e 10 di batteri lattici potenzialmente 
utilizzabili nei processi di panificazione.

IntroDuctIon

Yeasts and lactic acid bacteria (LAb) 
are common inhabitants of sourdoughs 
that originate from flour and bakery en-
vironments (DE VuYst and nEYsEns, 
2005) as well as from the vegetable mat-
ter that can be added to the initial mix-
tures of flour and water (FoscHIno et 
al., 2004). A very complex ecological sys-
tem is established, where different mi-
crobial species co-exist and interact in 
a dynamic equilibrium (GAroFALo et 
al., 2008). this natural consortium is 
constantly renewed in a recycling mode 
under strict recipe and ripening condi-
tions (HAMMEs and GÄnZLE, 1998), and 
it is responsible for the so-called “sour-
dough fermentation” that leads to leav-
ened baked goods with distinctive tangy 
or sour tastes (GÄnZLE et al., 1998).

type I sourdoughs are known to be 
colonized mainly by Lactobacillus sanfra-
ciscensis and Lact. pontis (VoGEL et al., 
1999). recently, DE VuYst and nEYsEns 
(2005) proposed a new classification of 
type I sourdoughs that encompasses: 
i) sourdoughs fermented by pasty pure 
starter cultures, defined as type Ia; ii) 
sourdoughs prepared through multiple-
stage fermentation processes that con-
tain spontaneously developed mixed cul-
tures, defined as type Ib; and iii) sour-
doughs fermented at high temperatures, 
and typically used in tropical regions, 
classified as type Ic.

In recent years, sourdough-based 
bread-making has been the object of re-
newed interest, with the ever-increas-

ing consumer demand for tasty, more 
natural and healthier foods (PAGAnI et 
al., 2007). this consensus is explained 
by the numerous benefits of sourdough 
fermentation; namely, improved dough 
properties, crumb structure and bread 
texture; increased bread volume and fla-
vour; and slower staling and prolonged 
mould-free shelf-life (ArEnDt et al., 
2007). An examination of the current 
scientific literature shows that most of 
these benefits are greatly influenced by 
the particular yeast and lactic acid bac-
teria (LAb) strains that carry out the fer-
mentation.

commercial starters, made up of se-
lected strains, as either single or mixed 
cultures, entered the market a few dec-
ades ago. the need for a greater diver-
sification of baked products has given 
rise to the on-going search for strains 
with peculiar traits and baking poten-
tial (VoGEL et al., 2002; DI cAGno et al., 
2008). Although useful for maintaining 
the advantages of the biological fermen-
tation process, while providing baked 
goods with a stable quality, the use of 
selected strains in sourdough biotech-
nology is still limited due to a generally 
low persistence of starters during prop-
agation. Accordingly, the evaluation and 
further selection of candidate starter 
strains is a multi-step process that fo-
cuses on ecological, functional and tech-
nological aspects. Key criteria for this 
selection are based on general aspects, 
including origin and identity, technical 
aspects (growth properties in vitro and 
during processing, survival and viabil-
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ity during transport, storage, etc.) and 
eventual functional aspects (i.e. benefi-
cial features).

on the basis of these premises, an in-
depth investigation was carried out on 
the microbial ecology of nine type-I wheat 
sourdoughs that were sampled from one 
semi-industrial and eight artisan bak-
eries of the Marche region (central Ita-
ly) using a culture-dependent approach. 
the main technological traits of a select-
ed pool of yeasts and LAb were further 
investigated, as a basis for a preliminary 
selection of promising strains that could 
be exploited by the local baking industry 
for sourdough fermentation processes.

MAtErIALs AnD MEtHoDs

Micro-organisms

nine yeast (table 1) and seven LAb 
(table 2) reference strains were pur-
chased from: (i) the Deutsche sammlung 
von Mikrorganismen und Zellkulturen 
(DsMZ, braunschweig, Germany); (ii) 
the American type culture collection 
(Atcc, Manassas, VA, usA); (iii) the 
Industrial Yeasts collection of the De-
partment of Applied biology, univer-
sity of Perugia (DbVPG, Perugia, Ita-
ly); (iv) the national collection of Yeast 
cultures (ncYc, norwich, uK); and (v) 
the centraalbureau voor schimmelcul-
tures Fungal and Yeast collection (cbs, 
utrecht, the netherlands). All of the 
strains were revitalized as indicated by 
the culture suppliers.

sourdough sampling 
and pH measurements

nine mature type I sourdoughs that 
had been propagated daily by back-slop-
ping at room temperature with wheat 
flour were sampled in one semi-indus-
trial (referred to as c) and eight artisan 
bakeries (referred to as A, b and D to 
I) located in the Marche region (central 

Italy) (table 3). the length of the sour-
dough fermentation time and temper-
ature varied considerably among the 
nine bakeries, according to the partic-
ular cycle of production. During ripen-
ing, the sourdoughs were bound tight-
ly with canvas (bakeries A and c) or left 
to ripen in plastic containers (bakeries 
b, and D to I).

In the semi-industrial bakery c, com-
pressed bakers’ yeast had never been 
used before. In bakeries A, G and H, it 
was routinely used in the production 
lines that are different from those con-
sidered in the present study, while in 
bakeries b, D, E, F and I, the sourdoughs 
sampled had been prepared with trace 
amounts of this leavening agent. the 
compressed bakers’ yeast used by bak-
eries A, b, and D to I were sampled and 
used for the isolation of the industri-
al yeast strains, referred to as the con-
trols in both the molecular typing and 
the technological characterization. All of 
the samples were kept under refrigerat-
ed conditions and analysed within 24 h. 
only the sourdough samples collected 
from bakeries A, c, G and H were used 
further for the isolation of sourdough 
yeasts because their preparations did 
not include the addition of compressed 
bakers’ yeast.

the pH measurements of the sour-
dough samples were carried out in du-
plicate with a model 300 pH meter (Han-
na Instruments, Padova, Italy) equipped 
with an HI2031 solid electrode (Hanna 
Instruments).

Microbial counting and isolation 
of yeasts and LAb

Approximately 10 g of each sourdough 
sample were diluted in 90 mL of a ster-
ile peptone water solution (1 gL-1 pep-
tone, 8.5 gL-1 nacl) and homogenised 
for 2 min at 260 rpm using a stomach-
er apparatus (400 circulator, PbI Inter-
national, Milan, Italy). the homogenates 
were serially diluted and aliquots (100 
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table 3 - type I sourdough samples collected in one semi-industrial and eight artisan bakeries of the 
Marche region (central Italy).

Bakery Location (District) Ripening Ripening pH* Log cfu g-1

  time temperature
  (h) (°C)  Yeasts LAB

A Ancona 20 20 3.80+0.02 7.0 8.3
B Pesaro-Urbino 22 Troom 3.15+0.01 7.4 8.6
C Pesaro-Urbino 24 Troom 3.85+0.01 7.7 9.2
D Ancona 4-5 20-25 3.80+0.01 7.6 8.4
E Macerata 15-17 8-10 4.20+0.02 8.0 8.5
F Macerata 24 Troom 4.27+0.02 7.4 8.6
G Ascoli Piceno 20 Troom 4.45+0.01 6.9 8.6
H Ascoli Piceno 48 25 3.80+0.02 7.1 9.0
I Ascoli Piceno 7-8 25 3.90+0.01 8.0 9.0

* Mean value + standard deviation.

µL) of each dilution were streaked onto 
the agar media listed below.

the yeasts were counted and isolated 
on Wallerstein Laboratory nutrient (WLn) 
agar (oxoid, basingstoke, uK) with 250 
mg L-1 chloramphenicol added (GobbEt-
tI et al., 2000) and incubated at 25°c for 
96 h. up to three colonies were selected 
according to each morphology and col-
our on the WLn plates, and they were 
streaked to purity onto the same medi-
um. For each isolate, the cell morphology 
was examined using a light microscope 
under oil-immersion (100x). the yeast 
isolates were stored frozen (-80°c) in a 
mixture of glycerol and YPD (oxoid) (1:1).

the LAb were counted on: (i) De Man, 
rogosa and sharp (Mrs) agar (DE MAn 
et al., 1960), modified by the addition of 
1% maltose and 5% fresh yeast extract 
(mMrs) (GobbEttI et al., 1996) (ii) sour-
dough medium (sDb) (KLInE and suGI-
HArA, 1971); and (iii) GM17 agar (Horn 
et al., 1999). to inhibit the yeast growth 
250 mg L-1 cycloheximide were added to 
these three media. the incubations were 
carried out at 30°c under anaerobic con-
ditions (Anaerogen GasPak system, ox-
oid, basingstoke, uK) for 48-72 h. After 
counting, LAb colonies were random-
ly selected and picked from the last di-

lution plates; the bacterial isolates were 
tested for Gram and catalase reactions, 
and stored frozen (-80°c) in a mixture of 
glycerol and mMrs (1:1).

Molecular identification 
of yeasts and LAb

the yeast isolates were initially iden-
tified by restriction fragment length pol-
ymorphism (rFLP) analysis. to widen 
the existing 5.8s-Its restriction pattern 
database that is available for the iden-
tification of food-borne yeasts, in-silico 
restriction of nucleotide sequences re-
trieved form the Genbank DnA database 
was performed with three endonucleas-
es CfoI, HaeIII and HinfI and the tAcG 
software, which is available at http://
bioweb.pasteur.fr/seqanal/interfaces/
tacg.html.

In the experimental rFLP analyses, 
the nine reference yeast strains listed in 
table 1 were used as controls. the DnA 
was extracted from YPD broth cultures 
as described by MAKIMurA et al. (1999). 
Aliquots (1 µL) of the template DnA were 
amplified according to EstEVE-ZArZoso 
et al. (1999). twenty µL of the Pcr prod-
ucts were digested separately in 30 µL 
reaction volumes with 2 u of CfoI, HaeI-
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II and HinfI (roche Diagnostics, Germa-
ny). the digests were analysed by elec-
trophoresis in 2.5% (w/v) agarose gels 
at 3.5 V cm-1 constant voltage for 3 h. A 
50-bp DnA size marker (Amersham bi-
osciences, Amersham, uK) was used for 
size standards.

the LAb isolates were initially identi-
fied by amplified rDnA restriction anal-
ysis (ArDrA). An in-silico restriction 
analysis similar to that performed with 
the 5.8s-Its nucleotide sequences was 
carried out on the 16s rrnA gene se-
quences retrieved from the Genbank 
DnA database and ascribed to LAb spe-
cies commonly found in flour and sour-
dough.

In the experimental ArDrA assays, 
seven reference strains (listed in table 
2) were used as controls. the bacterial 
DnA was extracted from the sDb broth 
cultures as described by DE Los rEYEs-
GAVILÀn et al. (1992). Quantity and pu-
rity of the DnA were assessed by opti-
cal reading at 260 and 280 nm, respec-
tively (sAMbrooK et al., 1989). An ap-
proximately 360-bp portion of the 16s 
rrnA gene was amplified using univer-
sal primers for eubacteria, and separate-
ly digested with FokI, HaeIII and AluI 
(roche Diagnostics, Mannheim, Germa-
ny), as previously described (AQuILAntI 
et al., 2007).

the gels were stained with ethidium 
bromide and photographed under uV 
light. the electronic images of the gels 
were visualized with the ImageMaster 
VDs apparatus (Amersham Pharmacia), 
captured with LIscAP software v.1.0 
(Amersham Pharmacia), and stored as 
tIFF files. the digitalized images were 
normalized with the 50-bp DnA size 
marker (Amersham Pharmacia), and an-
alyzed with Gelcompar, v. 4.0 (Applied 
Maths, Kortrijk, belgium).

the isolates were grouped by compar-
ing their restriction patterns to those in-
cluded in published rFLP (GuILLAMÓn 
et al., 1998; DLAucHY et al., 1999; Es-
tEVE-ZArZoso et al., 1999; ArIAs et al., 

2002; GuLLo et al., 2003; PuLVIrEntI 
et al., 2004) and ArDrA (AQuILAntI et 
al., 2007) databases, as well as those of 
the databases built specifically for the 
present study. the diagnosis of species 
was verified by sequencing of the ampli-
cons (600-800 bp for yeasts, 360 bp for 
LAbs) from one or more isolates selected 
within each rFLP and ArDrA group. the 
Pcr products were purified using mi-
cro-columns (GFX purification kit, Am-
ersham biosciences), according to the 
manufacturer’s instructions, and sent to 
MWG biotech (Milan, Italy) for sequenc-
ing. the closest relatives of the sequenc-
es obtained were determined through 
searches within the Genbank DnA da-
tabase using the bLAst algorithm (ALt-
scHuL et al., 1990).

the 54 bacterial isolates assigned to 
Lact. plantarum sensu latu underwent 
recA multiplex Pcr assay, as described 
by torrIAnI et al. (2001), for a finer dis-
crimination at the species level. the 11 
bacterial isolates for which the geno-
type-based identification led to an am-
biguous diagnosis underwent the follow-
ing phenotype-based tests: fermentation 
of sucrose, melibiose, L-arabinose, tre-
halose, raffinose and lactose (evaluated 
using a miniaturized assay in microtit-
er plates) and hydrolysis of arginine, in 
modified Mrs broth medium (AQuILAn-
tI et al., 2007).

Molecular typing of yeasts

three µL of the total genomic DnA ex-
tracted from the sourdough and com-
pressed bakers’ yeast isolates were used 
in the Pcr reactions, as described by 
MAKIMurA et al. (1999). Inter-delta se-
quences were amplified as described by 
cIAnI et al. (2004).

technological characterization 
of the isolates

the LAb were sub-cultured in sDb 
medium and incubated at 30°c for 24 
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h, while the yeasts were sub-cultured 
in YPD broth (oxoid) and incubated at 
25°c for 24 h.

For the assessment of the LAb acid-
ifying activities and the co2 produc-
tion from yeasts and LAb, an inoculum 
standardisation was required. Accord-
ingly, stationary phase cells were har-
vested by centrifugation at 4,200 x g, 
washed twice, and resuspended in ster-
ile distilled water. the cell suspensions 
were diluted to an optical density at 620 
nm (oD620) of 1.25 which, according to 
corsEttI et al. (1998), corresponded to 
yeast and LAb counts of 107 and 109 cfu 
mL-1, respectively. the standardised sus-
pensions were used as a 4% (v/v) inoc-
ulum in the first two assays, following.

LAb acidifying activity
the acidifying activity of the 118 LAb 

isolates were determined in sDb broth 
(initial pH, 5.6), incubated at 30°c under 
aerobic conditions. After 6 and 24 h of 
fermentation, 1 mL samples were asep-
tically withdrawn for pH assessment us-
ing a model 9224 pH meter (Hanna In-
struments, Padova, Italy) equipped with 
a microtube electrode (Hamilton, reno 
nevada, usA). For the 34 pre-selected 
LAb isolates ascribed to species of tech-
nological interest for the baking indus-
try, the amount of lactic acid and ace-
tic acid produced after a 24 h incuba-
tion was determined spectrophotometri-
cally, using two commercially available 
enzymatic kits (Kit nos. 11112821035 
and 0148261, respectively; boehringer 
Mannheim/ r-biopharm, Darmstadt, 
Germany).

Yeast and LAb co2 production
the amount of co2 produced by 36 

sourdough yeasts and 34 pre-select-
ed heterofermentative LAb isolates was 
evaluated by inoculating the cell suspen-
sions into 100 mL flasks containing 70 
mL sDb broth. After the inoculation, the 
flasks were aseptically sealed with Müller 
valves, which allowed the co2 to escape 

the system (cIAnI and rosInI, 1987). 
the flasks were weighed immediately af-
ter inoculation and after 24 h incubation 
at 25°c for yeasts, and at 30°c for LAb, 
using an analytical balance (Analytical 
Plus, ohaus, new Jersey). the co2 pro-
duced was expressed as the weight loss 
of the fermented broths after this 24 h 
fermentation.

Yeast and LAb amylase activity
the amylase activities of 36 sour-

dough yeasts and 34 pre-selected LAb 
isolates were qualitatively determined 
using the method described by sEELEY 
et al. (1995). starch hydrolysis was re-
vealed by the appearance of clear halos 
surrounding the colonies exposed to a 
0.25% iodine solution (DunGA et al., 
2006). For the LAb isolates that could 
hydrolyse starch, the amylase activities 
were quantitatively determined as fol-
lows: twenty µL of the standardised cell 
suspensions were inoculated into 180 
µL of 0.1 mol L-1 phosphate buffer (pH 
7.0) containing 10 g L-1 soluble starch 
(sigma-Aldrich, Milan, Italy). After in-
cubation at 30°c for 3 h, the residu-
al concentrations of starch were deter-
mined using an enzymatic kit (Kit no. 
207748 boehringer Mannheim/r-biop-
harm), according to the manufacturer 
instructions.

statistical analysis

three replicates of each technological 
assay were performed. Arithmetic means 
and standard deviations were calculat-
ed. one-way analysis of variance (Ano-
VA) and the tukey Kramer honestly sig-
nificant difference (HsD) based on three 
replicates were carried out using the JMP 
software package (version 3.15, s.a.s. In-
stitute Inc. carry, nc, usA), with the fol-
lowing variables: VAr1, species, VAr2, 
isolates within the same species; VAr3, 
acidifying activity at 6 h fermentation; 
VAr4, acidifying activity at 24-h fer-
mentation; VAr5, lactic-acid production; 
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VAr6, acetic-acid production; VAr7, co2 
production; and VAr8, amylase activity.

rEsuLts

sourdough pH measurements, 
microbial counting and isolation

nine mature type I sourdough sam-
ples were collected from nine bakeries 
in the Marche region (central Italy). For 
the sourdough acidification, the pH val-
ues ranged from 3.15 to 4.45 (table 3).

the viable microbial counts showed 
that the sourdough samples contained 
yeasts and LAb in ratios that varied from 
about 1:100 (samples collected from bak-
eries c, G and H) to 1:10 (samples col-
lected from bakeries A, b, D to F) (table 
3). the yeast cell numbers ranged from 
log 6.9 to log 8.0 cfu g-1, while those of the 
LAb varied from log 8.3 to log 9.2 cfu g-1.

the yeasts were isolated only from the 
sourdough samples collected from bak-
eries A, c, G and H, the refreshment of 
which did not include the direct addition 
of compressed bakers’ yeast, while the 
LAb were isolated from all of the sour-
dough samples. the isolation campaign 
yielded 36 sourdough yeast and 118 bac-
terial isolates. Eleven yeast cultures were 
isolated the compressed bakers’ yeast, 
that is commonly used in bakeries A, b, 
D to I. remarkable morphological differ-
ences in colony colour, elevation, surface 
and edge were seen in the yeast colonies 
grown on WLn agar (data not shown). All 
of the bacterial isolates were Gram posi-
tive and catalase negative.

Yeast and LAb molecular identification

For the rFLP analysis, the amplifica-
tion of the 5.8s-Its region from the ref-
erence strains and the isolates yielded 
Pcr products that were characterized 
by a high degree of length variation. the 
sizes of the Pcr amplicons and of the 
CfoI, HaeIII and HinfI digests are shown 

in table 2. For all of the yeast reference 
strains, the experimental patterns were 
comparable to those obtained through 
the in-silico simulation. For the 36 yeast 
isolates, 33 were characterized by restric-
tion patterns identical to those produced 
by the two S. cerevisiae reference strains, 
cbs1171t and cbs4054. the remaining 
three isolates were ascribed to a different 
group, since they showed restriction pro-
files that were not comparable to those 
collected in the present and other pub-
lished databases (FoscHIno et al., 2004; 
ArIAs et al., 2002; GuLLo et al., 2003; 
PuLVIrEntI et al., 2004). consequent-
ly, the 5.8s-Its amplicons had to be se-
quenced in order to have an unequivo-
cal identification of these isolates. the 
alignment of these sequences with those 
published for the species Candida humi-
lis (Acc. no. AY188851) resulted in identi-
ties that exceeded 98%, thus confirming 
the identification of these yeasts. For the 
ArDrA analysis, Pcr products of the ex-
pected sizes were obtained from both the 
LAb reference strains and the isolates. 
the sizes of the FokI, HaeIII and AluI di-
gests are shown in table 2. the restric-
tion profiles generated by the LAb refer-
ence strains were consistent with those 
obtained through the in-silico simulation 
(table 2). A large proportion of the most 
abundant LAb species in the sourdoughs 
was readily differentiated from each oth-
er. on the other hand, two species, Weis-
sella confusa and W. viridescens, could 
not be differentiated after digestion with 
FokI, HaeIII and AluI.

restriction profile comparisons, par-
tial sequencing of the 16s rrnA gene, 
and recA multiplex Pcr assays allowed 
107 isolates to be unambiguously identi-
fied at the species level. For the remain-
ing 11 isolates, further phenotype-based 
analyses were performed, thus allowing 
their definitive assignment to species.

the microbial map of the nine sour-
doughs is shown in Fig. 1. A high degree 
of biodiversity was seen across the eco-
systems investigated. Lact. plantarum and 



Ital. J. Food Sci. n. 3, vol. 21 - 2009 277

Saccharomyces cerevisiae were present in 
all of the sourdough samples, followed by 
Lact. paralimentarius (4 samples), Lact. 
curvatus (3 samples), Lact. sanfranciscen-
sis (3 samples) and W. confusa (3 samples).

Yeast molecular typing

the amplification of the inter-delta se-
quences from the 36 sourdough and 11 
bakers’ yeast isolates allowed the identi-
fication of seven fingerprints, referred to 
as α to η (Fig. 2). the first four amplifi-
cation patterns (α, β, γ, δ) were obtained 
from the sourdough isolates, while the 
latter three (ε, ζ, η) were obtained from 
the industrial strains. comparative eval-
uation of these fingerprints showed the 
genetic diversity of the sourdough iso-
lates (table 4). For nine isolates, the am-
plification of the inter-delta sequenc-
es did not allow the visualization of any 
Pcr products. this is not unusual for 
S. cerevisiae (EGLI et al., 1998; cIAnI et 

Fig. 1 - Microbial map of the nine sourdoughs from the Marche region (central Italy) under study. For each 
sourdough sample, the number of isolates ascribed to yeast and LAb species are reported in brackets.

Fig. 2 - Inter-delta amplification profiles generat-
ed by Pcr from the 36 sourdough and 11 indus-
trial Saccharomyces cerevisiae isolates.
L- Molecular weight marker (100 bp DnA Ladder, 
M-Medical, Milan, Italy).

al., 2004; MArInAnGELI et al., 2004). re-
garding the sources of the isolates, the 
sourdough sample collected in bakery c 
was characterised by the highest strain 
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diversity (two fingerprints and three iso-
lates that did not generate any amplifi-
cation products), while apparently ge-
netically homogeneous populations of S. 
cerevisiae were seen for the sourdough 
samples from bakery A and H.

technological characterization

LAb acidifying activity
the LAb acidification kinetics were 

assessed after 6 and 24 h of fermenta-
tion (data not shown). For each sour-

table 4 - technological characterization and molecular typing of the 36 sourdough yeast isolates.

 Bakery Isolate Species Amyl.  CO2 (g L-1)  Inter-delta fingerprint

 A PL11 C. humilis - 0.01 o (0.00) N.D.
  PL12  + 0.20 o (0.00) N.D.
  PL13  - 0.50 n (0.01) N.D.
  PL15 S. cerevisiae - 1.35 l (0.01) *
  PL16  ++ 3.17 ef (0.01) *
  PL17  ++ 3.18 ef (0.02) *
  PL18  + 2.30 hi (0.01) *
  PL19  ++ 3.13 f (0.02) *
  PL20  ++ 2.54 g (0.03) *

 C PL31  + 3.63 de (0.01) *
  PL32  - 3.72 de (0.02) α
  PL33  +++ 4.50 b (0.04) α
  PL34  +/- 2.67 fg (0.02) α
  PL35  ++ N.D. N.D. N.D. α
  PL36  + 3.63 de (0.03) *
  PL37  - 4.08 c (0.04) *
  PL38  ++ N.D. N.D. N.D. α
  PL39  - N.D. N.D. N.D. α
  PL40  + 3.29 e (0.02) β

 G PL76  +/- N.D. N.D. N.D. γ
  PL77  +/- 0.65 n (0.00) γ
  PL78  +/- N.D. N.D. N.D. γ
  PL79  +++ 2.69 fg (0.01) δ
  PL80  +++ 2.77 fg (0.01) δ
  PL82  ++ 3.25 e (0.02) δ
  PL83  +++ 2.38 gh (0.02)	 δ

 H PL94  +++ 4.13 b (0.05) α
  PL95  +++ N.D. N.D. N.D. α
  PL96  ++ 2.73 gh (0.01) α
  PL97  +++ 4.70 a (0.04) α
  PL98  +++ N.D. N.D. N.D. α
  PL99  +/- 2.49 g (0.01) α
  PL100  +/- 2.16 hi (0.02) α
  PL101  +/- 3.76 de (0.02) α
  PL102  +/- N.D. N.D. N.D. α
  PL103  +++ N.D. N.D. N.D. α

For CO
2 production, the mean values are expressed in g L-1 of gas released after 24 h. Standard deviations (±) are 

reported in brackets, while different letters denote significant differences (P<0.05). * no amplification; N.D. Not Deter-
mined; - no hydrolysis; + low hydrolysis; ++ medium hydrolysis; +++ high hydrolysis.
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dough sample, the isolate showing the 
highest acidifying activity among those 
ascribed to the same species was cho-
sen and taken through further techno-
logical assays. this preliminary screen-
ing allowed 34 isolates to be pre-select-
ed (table 5). Although the ability to rap-
idly decrease the pH of the sDb medi-
um significantly varied among the iso-
lates, the majority of them showed pH 
values lower than 5.00 after only 6 h of 
fermentation. Among these, the isolates 
Lact. plantarum Pb11 and Lact. sakei 
Pb14 stood out as having significantly 
greater acidifying velocities.

Production of L/D-lactic acid 
and acetic acid
the amounts of L/D-lactic acid and 

acetic acid produced by the 34 pre-se-
lected LAb isolates are shown in table 
5. As it has emerged from the statisti-
cal evaluation of these two chemometric 
parameters, the isolate Lact. plantarum 
Pb11 differed significantly from the oth-
ers; it had the highest lactic acid pro-
duction (6.28 gL-1). on the other hand, 
the isolates Lact. plantarum Pb210 and 
Pb46, as well as Lact. sanfranciscensis 
Pb211 and Leuc. citreum Pb220, had the 
highest acetic acid production values.

co2 production
the co2 production from the 36 sour-

dough yeasts and 34 pre-selected heter-
ofermentative LAb was evaluated (tables 
4 and 5). For the majority of the LAb, the 
amount of co2 produced was between 
0.20 and 1.90 g L-1, although it ranged 
from 3.5 g L-1 (detected for Lact. plantarum 
Pb11) to 0.2 g L-1 (detected for Lact. par-
alimentarius Pb94). For the yeasts, the 
isolates belonging to Candida humilis 
showed co2 production between 0.01 and 
0.50 g L-1, while for those ascribed to S. 
cerevisiae, this ranged from 0.65 to 4.70 g 
L-1. Within this latter group, values com-
parable to those shown by the 11 S. cer-
evisiae strains isolated from the bakers’ 
yeast (2.6-5.0 gL-1) were seen in 17 cul-

tures. two isolates (S. cerevisiae PL97 and 
PL33) showed the best performance, re-
leasing 4.70 and 4.50 g L-1 co2, respec-
tively. both these genera had high varia-
bilities as noted by AnoVA (table 5).

starch hydrolyses
the 36 sourdough yeasts and 34 pre-

selected LAb were first screened on 
Mrs-starch plates for qualitative assess-
ment of their amylolytic abilities. For the 
yeasts, the ability of the isolates ascribed 
to S. cerevisiae to hydrolyse starch varied 
from (-) to (+++), while a negative amy-
lolytic ability was seen for all of the iso-
lates belonging to Candida, except for the 
isolate PL12 (table 4). For the LAb iso-
lates that showed a positive activity (from 
+ to +++), a quantitative determination 
of the starch hydrolysis was conduct-
ed (table 5). Among the LAb, only nine 
isolates were able to hydrolyse starch. 
When the amounts of hydrolysed starch, 
which ranged from 1.10 to 2.13 g L-1, was 
statistically evaluated, a wide inter- and 
intra-specific variability was seen (table 
5). While several Lact. plantarum isolates 
were characterized by a high amylolytic 
capacity, the W. confusa Pb150 isolate 
had the best performance.

Definition of LAb and yeast biotypes

by considering the species, the source 
of isolation and the results of the tech-
nological characterization (plus the mo-
lecular fingerprinting, when available), 
almost all of the 36 yeast and 34 pre-
selected LAb isolates were bio-diverse, 
except for two clones (S. cerevisiae PL79 
and PL80) identified among the yeasts.

DIscussIon

the industrialization of the baking 
process has led to an increased de-
mand for defined single-strain and mul-
ti-strain culture preparations for stand-
ardised sourdough fermentations (Gob-
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bEttI et al., 1995). the strain selection 
for industrial applications relies greatly 
on the evaluation of distinctive microbial 
activities for improved sourdough bread 
quality (GobbEttI and GÄnZLE, 2007). 
Each sourdough is a unique ecosystem, 
where a balanced population of yeasts 
and LAb interact in a dynamic equilib-
rium. Accordingly, the selection of the 
resident sourdough strains to be used 
as starters requires prior knowledge of 
the complexity and structure of this ec-
osystem. Indeed, the successful use of 
starters largely depends on competition 
with autochthonous strains as well as 
on strain robustness during sourdough 
back-slopping.

In the present study, the microbial 
ecology of nine wheat flour sourdoughs 
sampled in the Marche region was as-
sessed in order to identify candidate 
yeast and LAb starter strains for the lo-
cal baking industry. High loads of yeasts 
and LAb were seen in all of the sour-
dough samples analysed. these data 
are in agreement with those reported for 
wheat flour sourdoughs (DE VuYst and 
nEYsEns, 2005). the viable counts for 
the yeasts were lower than those record-
ed for the LAb for all of the sourdoughs 
under study.

With the restriction analysis of the 
5.8s-Its rrnA region, the results of 
this study fully confirm the usefulness 
of this analysis as a routine, fast tech-
nique for identifying yeasts from sour-
dough. However the published restric-
tion pattern databases must be contin-
uously updated. Indeed, new and atyp-
ical profiles can be generated by both 
reference and wild strains, as has been 
shown by the rFLP trials. the produc-
tion of these atypical profiles could re-
sult from single mutations in the 5.8s-
Its region, which, in turn, are known to 
be responsible for the loss or gain of re-
striction sites. Accordingly, an intra-spe-
cific variability in the large subunit rDnA 
sequences of yeast species was previous-
ly seen with C. lipolytica (KurtZMAn and 
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robnEtt, 1997) and Clavispora lusitani-
ae (LAcHAncE et al., 2003).

As far as the yeast ecology of our sour-
dough samples is concerned, S. cerevi-
siae was shown to dominate, and it was 
the only species detected in three out of 
four bakeries; namely, c, G and H. this 
finding confirms the high competitive-
ness of this species in wheat flour sour-
dough ecosystems (rocHA and MALcA-
tA, 1999; succI et al., 2003; PuLVIrEn-
tI et al., 2004). Interestingly, in all four 
of the sourdoughs evaluated, the colo-
ny morphology of isolates of S. cerevisiae 
was different on WLn agar. According to 
cAVAZZA et al. (1992), this finding sug-
gests the presence of a heterogeneous S. 
cerevisiae population. the presence of 
a biodiverse pool of S. cerevisiae strains 
among our isolates was confirmed by the 
visualization of different inter-delta am-
plification patterns. the δ1 and δ2 prim-
ers were previously used to successful-
ly investigate the genetic polymorphism 
of yeasts from wheat flour sourdoughs 
(PuLVIrEntI et al., 2004). Interestingly, 
none of our yeast isolates showed finger-
prints that were similar to those yielded 
by the S. cerevisiae strains isolated from 
the four compressed bakers’ yeasts. this 
finding confirms the presence of a wild 
heterogeneous population of S. cerevisiae 
in the sourdough sample collected from 
bakery c, where the compressed bakers’ 
yeast had never been used; at the same 
time, it suggests the exclusive presence 
of a wild S. cerevisiae community in the 
sourdough samples collected from bak-
eries A, G and H, where the compressed 
bakers’ yeast was used in production 
lines different from those that were con-
sidered in the present study.

While C. humilis was previously iden-
tified as one of the prevalent species in 
wheat flour (GuLLo et al., 2003) and 
sourdoughs (FoscHIno et al., 2004), in 
the present study it was only isolated 
from one bakery. this suggests that this 
species was poorly adapted to the sour-
dough ecosystems analysed.

similar to the rFLP, the restriction 
analysis of the amplified 16s rrnA gene 
proved to be a useful tool for identifying 
the sourdough LAb species. one of the 
main advantages of the techniques that 
rely on the restriction analysis of DnA 
sequences is that comprehensive restric-
tion pattern databases can be built up 
and easily updated when new species, 
or even new profiles, are described. Giv-
en the availability of sequences of suf-
ficient quality, the prediction of restric-
tion patterns of deposited nucleotide se-
quences by applying computer-aided di-
gestion helps to increase the discrimina-
tion power of these techniques.

similar to other ecological investiga-
tions carried out on wheat sourdoughs 
(DE VuYst and nEYsEns, 2005), in the 
samples studied the LAb species with 
heterofermentative metabolism were 
prevalent. remarkable differences in 
species richness were also found; in two 
sourdoughs considered (collected from 
bakeries c and E), only three species 
were isolated, while in the remaining 
samples, mixed LAb populations were 
detected that included up to six species. 
this high heterogeneity is probably due 
to the differences in the technological 
parameters (sALoVAArA, 1998) and/or 
to contamination from the raw materi-
als and bakery environments (DE VuYst 
and nEYsEns, 2005).

Among the facultative heterofermen-
tative species, Lact. plantarum was the 
most frequently isolated, while within 
the obligate heterofermentative group, 
W. confusa and Lact. sanfranciscensis 
prevailed; each was isolated from three 
sourdoughs. the frequent isolation of 
Lact. plantarum in wheat flour sour-
doughs, as well as the association with 
Lact. sanfranciscensis and Lact. brevis, 
has been described (GobbEttI et al., 
1994; GobbEttI, 1998) and tentative-
ly ascribed to the high adaptation of 
these micro-organisms to plant materi-
als (e.g. maize and rye) (rocHA and MAL-
cAtA, 1999).
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Although type I sourdoughs are dom-
inated by Lact. sanfraciscensis and Lact. 
pontis (VoGEL et al., 1999) the composi-
tion of the microbial communities in the 
sourdoughs analyzed was closer to those 
usually detected in type-III sourdoughs, 
according to the classification proposed 
by VoGEL et al. (1999). A similar dis-
crepancy was detected by rIccIArDI et 
al. (2005) in type-I sourdoughs used to 
manufacture Altamura bread in Apulia 
(southern Italy).

based on the new classification of 
type-I sourdoughs proposed by DE VuYst 
and nEYsEns (2005), all of the sour-
doughs analyzed in this study fall with-
in the type-Ib group because they were 
prepared through multiple steps and 
characterized by extremely heteroge-
neous LAb populations, including spe-
cies groups that were previously isolated 
from sourdoughs, i.e. Lact. casei, Lact. 
plantarum, Lact. sakei, Lact. sanfrancis-
censis, Lact. gallinarum (VoGEL et al., 
1999; EHrMAnn and VoGEL, 2005). to 
our knowledge, representatives of the 
Lact. salivarius species have never been 
isolated from sourdoughs, but lactobacil-
li ascribed to Lact. salivarius were found 
in the samples collected from bakeries 
b and D.

the selection of micro-organisms 
with suitable functional properties 
and the establishment of optimized 
and controlled processing conditions 
in breadmaking are the key issues for 
the production of breads with the lev-
el and uniformity of quality currently 
required by the European consumer. 
overall, the ecological investigations 
performed here have allowed both wild 
yeasts and LAb with baking potential 
to be found.

It is known that a good yeast strain 
for the sourdough process must possess 
definite properties, such as fast leaven-
ing of the dough and high amylolytic ac-
tivity (LInKo et al., 1997). With regard to 
the pool of S. cerevisiae isolates consid-
ered in this study, there was a high het-

erogeneity in both co2 production and 
amylolytic activity.

For the LAb, the high acid production 
during the first hours of the sourdough 
fermentation process is a desired trait of 
starter strains used in baking applica-
tions (cLArKE et al., 2002). based on this 
parameter, two isolates decreased the pH 
more rapidly, namely Lact. plantarum 
Pb11 and Lact. sakei Pb14, and are thus 
potential starter cultures.

other microbial traits affect the sta-
bility of leavened baked goods, such as 
the type of organic acids produced dur-
ing sourdough fermentation (DAEscHEL 
et al., 1987). Lactic acid accounts for a 
more elastic gluten structure (LorEnZ, 
1983), while acetic acid positively af-
fects the sensory properties of baked 
goods, and has anti-ropiness and anti-
mould activities. to date, many efforts 
have been made to increase the concen-
tration of acetic acid in sourdoughs, es-
pecially through the selection of start-
er strains ascribed to obligately hetero-
fermentative species, like Lact. sanfran-
ciscensis (GobbEttI, 1998). When the 
amount of lactic acid and acetic acid pro-
duced by the isolates in this study were 
compared, the best performances were 
seen for Lact. plantarum Pb11, Pb46 and 
Pb210, Leuc. citreum Pb220 and Lact. sa-
franciscensis Pb211.

the amount of fermentable carbohy-
drates in flour largely depends on the 
extent of starch hydrolysis performed 
by the endogenous and microbial amy-
lases and xylanases (MArtInEZ-AnAYA, 
1996). Accordingly, a further criterion 
for selecting LAb starter strains is a high 
amylolytic ability, because this increas-
es the availability of energy sources for 
non-amylolytic LAb and yeasts (sAnnI 
et al., 2002). based on the results of the 
agar plate assays, the Lact. plantarum 
Pb287 and W. confusa Pb150 strains 
would provide the greatest hydrolysis of 
soluble starch.

 the co2 released by the lactic acid 
bacteria has been reported to enhance 
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yeast metabolism, and consequently 
the yeast-leavening ability (GobbEttI et 
al., 1995). Accordingly, Lact. plantarum 
Pb11 and Pb 277, as well as Lact. cur-
vatus Pb115 could be candidates for 
starter strains, since they had the great-
est gas production, together with S. cer-
evisiae PL97 and PL33. Although Lact. 
plantarum is a facultative heterofermen-
tative species, which is not expected to 
produce high amounts of co2, under 
aerobic conditions, it can ferment lac-
tate to acetate and co2 through a path-
way which involves nAD+dependant 
and/or nAD+independent LDH, pyru-
vate oxidase and acetate kinase (Mur-
PHY et al., 1985).

the overall results obtained in this 
study demonstrate the high biodiversi-
ty of the sourdough ecosystem and the 
effective possibility of exploiting this 
source of wild yeasts and LAb to find 
strains with baking potential. the yeast 
and LAb strains selected in the present 
study were included in a defined multi-
species starter culture, which was used 
to prepare sourdoughs destined for in 
bread-making with barley flour (ZAnnI-
nI et al., 2009).
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AbstrAct

chemical, microbiological and nutri-
tional characteristics of organic Fon-
tina, an Italian Protected Designation 
of Origin (PDO) raw cow’s milk cheese, 
and of bulk milk used for its produc-
tion, were studied. Organic winter-in-
door and summer-pasture produc-
tions were compared; organic summer 
samples were compared to convention-
al summer ones. the organic and con-
ventional summer samples from fresh 
grass-fed cows showed better lipid-

rIAssuntO

È stato condotto uno studio compa-
rativo sulle caratteristiche chimiche e 
nutrizionali del formaggio Fontina DOP 
biologico prodotto durante i mesi di 
stabulazione e di alpeggio. come con-
seguenza dell’alimentazione al pascolo 
delle bovine, i campioni di Fontina pro-
dotti durante l’estate (sia biologici che 
convenzionali) così come i corrispon-
denti campioni di latte, hanno mostra-
to migliori caratteristiche nutriziona-
li: quantitativi più bassi di acidi gras-

- Key words: conjugated linoleic acid, fatty acid composition, Fontina PDO cheese, 
microbiological quality, organic dairy products, seasonal variation -
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ic compositions than the winter ones. 
the hypercholesterolemic saturated 
fatty acids content was lower while the 
unsaturated fatty acids and rumenic 
acid contents were higher. no signifi-
cant chemical and microbiological dif-
ferences were observed between the or-
ganic and conventional summer milk 
and the cheese samples.

si saturi ipercolesterolemici e contem-
poraneamente valori più elevati di aci-
di grassi insaturi totali e di acido lino-
leico coniugato. una seconda indagi-
ne è stata poi realizzata per verificare 
l’eventuale esistenza di differenze a li-
vello chimico-microbiologico e nutri-
zionale tra i campioni di Fontina biolo-
gica e convenzionale prodotti durante 
l’estate. A tale riguardo non sono sta-
te rilevate differenze significative tra le 
due tipologie.

IntrODuctIOn

Fontina cheese is a full fat semi-
cooked cheese made with raw whole 
milk from a single milking exclusive-
ly from dual-purpose autochthonous 
Aosta cows (red Pied, black Pied and 
chestnut). It is only produced locally 
in the mountain territory of the Auton-
omous region of Aosta Valley (north-
western Italian Alps) on a small-me-
dium scale, but is well known and ap-
preciated throughout Italy and in oth-
er parts of Europe. since 1996 Fontina 
cheese has had the Protected Designa-
tion of Origin (PDO) denomination con-
ferred by the European union commis-
sion (cOMMIssIOn rEGuLAtIOn, 1996). 
In 2003, the Manufacturing rules were 
updated by the region of Aosta Valley 
(in MAtHIOu, 2007) and specific gov-
ernment financing fostered a new mar-
keting phase with the production of or-
ganic Fontina PDO cheese at the From-
agerie Haute Val d’Ayas (brusson, Aos-
ta, Italy). this new product came about 
as a consequence of ethical concerns of 
consumers regarding both animal wel-
fare and environmental issues such as 
soil acidification and eutrophication and 
greenhouse gas emissions. In particular, 

consumers are aware that organic foods 
have healthier and safer properties than 
traditional foods, and there has been in-
creased interest and a growing demand 
for organic products, even though they 
are generally more expensive (MAGKOs 
et al., 2006; WILLIAMs, 2002; rOsAtI 
and AuMAItrE, 2004; HÄrInG, 2003). 
currently the Fromagerie Haute Val 
d’Ayas is the only cheese house that is 
allowed to produce organic Fontina PDO 
cheese in the entire Aosta Valley. About 
1.3 million litres of cow milk are proc-
essed into organic Fontina cheese an-
nually. since 2003 about 13,000 forms 
have been produced according to the 
regulations for organic farming systems 
(cOuncIL rEGuLAtIOn, 1991; cOuncIL 
rEGuLAtIOn, 1999).

While organic Fontina is highly prized 
and consumed in great quantities, lit-
tle is known about its chemical, micro-
biological and nutritional/nutraceutical 
features. Moreover, as the characteris-
tics of traditional Fontina PDO cheese 
are known to vary widely between win-
ter (hay/concentrate-fed cows) and sum-
mer (alpine pasture-fed cows) produc-
tion (cHAtEL et al., 1995; cHAtEL et al., 
1997), similar variations would be ex-
pected to occur in organic Fontina, but 
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no studies have been conducted to date 
to determine these variations.

 Dietary factors are known to be the 
cause of the greatest variation in the 
amount of some important, biologically 
active fatty acids such as rumenic acid 
(c9t11 c18:2, the most abundant isomer 
of conjugated linoleic acid, to which the 
acronym cLA is referred in this study), in 
milk and dairy products (DHIMAn et al., 
2005). Milk fat obtained from cows graz-
ing on alpine pastures has very high lev-
els of cLA and omega-3 fatty acids (VAn 
DOrLAnD et al., 2006). cLA has been 
shown to have biological activities that 
protect against carcinogenesis, obesity, 
diabetes, arteriosclerosis and other in-
flammatory diseases (cOLLOMb et al., 
2006). Omega-3 fatty acids ensure brain 
structure and function and are negative-
ly correlated with coronary heart dis-
eases and psychiatric disorders (KrIs-
EtHErtOn et al., 2003; bucHEr et al., 
2002; bOurrE, 2005).

Differences between winter- and sum-
mer-produced cheeses are mainly due to 
the chemical and microbiological charac-
teristics of the milk. In the case of Fon-
tina, better chemical characteristics of 
summer milk are combined with lower 
microbial contamination (cHAtEL et al., 
1997), due to the particular conditions 
in which the cows are fed and milked 
in Aosta Valley (bArMAZ, 1992; cHAtEL 
and bAssIGnAnA, 2004). the lactic acid 
bacteria in summer milk frequently have 
a greater capacity to multiply and colo-
nize than winter milk (AMbrOsOLI and 
PIsu, 1996). the summer milk also has 
a better aptitude for overcoming colif-
orms which therefore have less impact 
on cheese quality (cHAtEL et al., 1993-
94; bArMAZ, 1995; cHAtEL et al., 1997). 
this factor is very important in the pro-
duction of Fontina cheese that is typi-
cally characterized by a “low” acidifying 
activity of the lactic microflora involved 
(bAttIstOttI et al., 1976, 1977; MAtH-
IOu, 2007), which has particular genet-
ic features (bAttIstOttI et al., 1993; An-

DrIGHEttO et al., 2002) and is critical 
for attaining the typical sensorial char-
acteristics of the final product.

Another area of interest involves the 
variation in quality between organic and 
conventional Fontina PDO cheese. to 
date there have been a limited number 
of studies to compare the chemical, nu-
tritional and microbiological features of 
milk and dairy products obtained from 
organic and conventional farming sys-
tems. Moreover, the approach used in 
most of these studies (foods generally 
purchased from retail markets) could 
be affected by uncontrolled confound-
ing factors (WILLIAMsOn, 2007; bOurn 
and PrEscOtt, 2002). In general, organic 
products have a better fatty acid profile 
than conventional ones (more cLA and 
n3 fatty acids), but the results obtained 
by different authors are not always in 
agreement (bIsIG et al., 2007). bErGA-
MO et al. (2003) reported a marked dif-
ference between the fatty acid composi-
tion in organic and conventional Fontina 
cheese. this result could be quite mis-
leading, because the difference could be 
related to winter production only. the 
differences in the chemical composition 
between organic and conventional Fonti-
na cheeses should be greatly influenced 
by the season during which the milk 
is produced. Organic and convention-
al Fontina cheeses made from summer 
milk (cows have an almost identical pas-
ture-based feeding regimen) are expect-
ed to have very similar gross composition 
and fatty acid profiles. From the micro-
biological point of view, mainly the safe-
ty aspects of organic versus conventional 
food have been evaluated; organic farm-
ing methods, while potentially liable to 
increase microbial contamination, do not 
have any higher risk of foodborne path-
ogens than conventional ones (MAGKOs 
et al., 2003a; cEncIČ and bOrEc, 2004; 
cHEn, 2005; MAcHADO et al., 2006). no 
conclusive information is available about 
microorganisms of technological interest 
in organic food.
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the aims of this study were to: 1) de-
termine if there are any differences in 
the chemical and nutritional attributes 
of organic Fontina PDO cheese made 
from winter- or summer-milk; 2) in-
vestigate whether organic and conven-
tional Fontina PDO cheeses produced 
from summer milk can be distinguished 
based on their fatty acid composition 
and/or microbiological features; and 
3) verify if the same trends observed in 
organic and conventional Fontina PDO 
cheeses also occur in the correspond-
ing raw milk used to produce them. the 
influence that Fontina cheese process-
ing has on the fatty acid profile was also 
evaluated, because no previous studies 
are available in the literature on this 
subject.

MAtErIALs AnD MEtHODs

Animal feeding and management

According to the latest Manufacturing 
rules for Fontina PDO cheese (MAtHIOu, 
2007), cows were only fed with forage 
grown in the Aosta Valley territory dur-
ing the entire experimental period (De-
cember 2006-August 2007).

From December to May, the cows (ac-
cording to the organic farming system) 
were kept indoors on the farms locat-
ed in the valley bottoms (800 to 1,000 
m a.s.l.) and were fed the typical die-
tary regimen used for milk destined for 
the production of organic Fontina PDO 
cheese. the base diet consisted of an av-
erage of 70% hay and 30% concentrates; 
all feed was produced by organic agricul-
tural methods, no chemical fertilizers or 
pesticides were used.

In June and July, cows (under conven-
tional and organic farming systems) were 
allowed to pasture at medium altitudes 
(1,500-2,000 m a.s.l.), and then moved to 
higher altitudes (>2,000 m a.s.l.) where 
they stayed until the end of August. the 
traditional daily grazing regime allowed 

the cows to pasture for a total of six-sev-
en h/day; they were moved indoors twice 
a day for milking (at 4:00 a.m. and 4:00 
p.m.). For both organic and convention-
al systems, pasture feeding was char-
acterized by ad libitum fresh grass plus 
a daily supplement of 1.5-2 kg of con-
centrate per head in order to meet nu-
tritional requirements. the concentrate 
composition was in accordance with or-
ganic farming rules. the conventional 
system used a similar pasture-feeding 
regime but application of chemical fer-
tilizers may have been used in the pas-
ture lands.

cheese-making

All Fontina PDO cheese samples were 
produced according to the Fontina PDO 
cheese Manufacturing rules  (MAtHIOu, 
2007). briefly, milk from a single milk-
ing was collected in steel boilers, start-
ers were added and the milk was coag-
ulated with bovine rennet at 36°c (co-
agulation time 40 min). starters were 
made up of a mixture of autochthonous 
strains of Streptococcus thermophilus, 
Lactobacillus delbrueckii subsp. lactis 
and Lactococcus lactis produced un-
der the control of the Aosta Valley gov-
ernment. the curd was cut into maize 
grain-sized pieces and the curd-whey 
mixture was heated to 48°c under stir-
ring. After 10 min rest in the whey, 
the curd was extracted and moulded 
in typical Fontina forms. Fontina PDO 
cheese has a typical flattened cylindri-
cal form (35-45 cm diameter, 7-10 cm 
height and 7.5-12 kg weight).

the forms were subjected to moderate 
pressing for about 12 h and then trans-
ferred to the maturing site. the cheese 
matured for 3 months in natural caves 
(5°-12°c at >90% relative humidity). 
cheeses were turned daily and the sur-
faces were manually salted and washed 
(frottages) with brine. During such peri-
od the typical red-brown rind smear is 
obtained.
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sampling

Milk and cheese samples were col-
lected from the Fromagerie Haut Val 
d’Ayas (brusson, Aosta, Italy). the or-
ganic bulk milk samples were collected 
monthly from December 2006 to August 
2007; this time period covered the sea-
sonal variation and was almost the en-
tire lactation cycle of the dairy cows. In 
Aosta Valley calving commonly occurs in 
the autumn and winter months so that 
the cows are put out to pasture in the 
late lactation period when they have few-
er nutritional requirements (cHAtEL et 
al., 1995; cHAtEL et al., 1997; MAtHIOu, 
2007). From December to May (stabled 
period) six samples (one sample/month) 
were taken and in June-August (summer 
pasture) six samples were collected (two 
samples/month, on consecutive days in 
order to have the same number of sam-
ples for all the groups for the statistical 
analysis). From June to August conven-
tional bulk milk samples were also col-
lected monthly (six samples), following 
the same schedule as that for summer 
organic samples. All milk samples were 
collected from the steel boilers just be-
fore the starters were added.

the batches of Fontina PDO chees-
es corresponding to each of the collect-
ed milk samples were marked and rip-
ened. A total of 18 forms were produced 
from the above-described milk batches 
(6 winter organic, 6 summer organic and 
6 summer conventional). At the end of 
the three-month ripening period, a rep-
resentative sample of each cheese batch 
was taken for the analyses. cheese sam-
ples for microbiological analysis were 
only taken in the summer period.

chemical analysis

chemical and fatty 
acid composition of milk
One aliquot of each milk sample was 

stored in a portable refrigerator at 4°c 
and immediately transported to the labo-

ratory to analyse the fat, protein, lactose 
and urea contents, and to determine the 
somatic cell count (scc). A second ali-
quot to be used for the fatty acid anal-
ysis was stored for 4-5 h at 4°c before 
freezing at -20°c.

 Milk fat, protein, lactose and urea 
contents were determined by infrared 
spectroscopy (Milkoscan Ft6000, Foss 
Electric, Hillerød, Denmark) and the so-
matic cell count was carried out using 
an automatic cell counter (Fossomatic 
5000, Foss Electric, Hillerød, Denmark).

For the fatty acid analysis, milk fat 
was extracted by centrifugation accord-
ing to LunA et al. (2005). the fatty acid 
methyl esters (FAME) were prepared by 
esterification with boron trifluoride as 
catalyst (AOAc, 2000) and determined 
by a gas chromatograph equipped with 
a HP88 capillary column (100 m x 0.25 
mm ID, 0.2 m film thickness; J&W sci-
entific). the column temperature was 
held at 60°c for 1 min and then in-
creased 20°c min-1 to a final tempera-
ture of 190°c, where it was held for 40 
min. temperatures of the injector and 
flame-ionization detector were main-
tained at 250° and 280°c, respectively; 
the injection volume was 0.1 µL; the ni-
trogen constant linear flow rate was set 
at 40 mL min-1. Peaks were identified 
by comparing the retention times with 
pure cLA isomers (Matreya Inc., Pleas-
ant Gap, PA, usA) and FAME (restek 
corporation, bellefonte, PA, usA) stand-
ards. the fatty acid composition of the 
milk is expressed as the percentage of 
each fatty acid methyl ester per total 
FAMEs detected.

chemical and fatty 
acid composition of cheese
cheeses were cut into slices, the rind 

was removed and then the samples were 
frozen at -20°c until analysed. Dry mat-
ter (DM), ash, fat (EE) and protein deter-
minations were performed according to 
AOAc (2000).

For the fatty acid analysis, after acid 
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hydrolysis of the sample, total lipids 
were extracted as reported by FOLcH et 
al. (1957). Esterification and fatty acid 
methyl esters separation, identification 
and quantification were carried out as 
described for milk.

All analyses were performed twice.

Microbiological analysis

Milk samples were collected in ster-
ile 20-mL plastic screw-top containers, 
stored at 4°c in a portable refrigerator 
and immediately transported to the lab-
oratory for the following analyses:

total aerobic mesophilic bacterial 
count on Petrifilm (3M) “Aerobic count 
Plate“ (72 h incubation at 30°c);

coliforms and Escherichia coli on Pet-
rifilm (3M) “E. coli/coliform count Plate” 
(24-48 h incubation at 37°c);

Proteolytics on Milk agar (Oxoid) (72 
h incubation at 30°c).

For cheese analyses, the interior of 
each form was aseptically sampled in 
different points to obtain a final sample 
of approximately 100 g, which was sub-
mitted to the following determinations:

total aerobic mesophilic bacterial 
count on Petrifilm (3M) “Aerobic count 
Plate“ (72 h incubation at 30°c);

coliforms and Escherichia coli on Pet-
rifilm (3M) “E. coli/coliform count Plate” 
(24-48 h incubation at 37°c);

Yeasts on YGc agar (Oxoid) (5 days in-
cubation at 25°c):

Streptococcus thermophilus on M17 
agar (Oxoid) (24-48 h incubation at 
45°c);

Lactobacillus spp. (thermophilic) on 
Mrs agar (Oxoid) (48-72 h anaerobic in-
cubation at 45°c);

Lactococcus spp. on M17 agar (Oxoid) 
(24 h incubation at 22°c).

All analyses were performed twice.

statistical analysis

based on the functional effects of in-
dividual fatty acids on cholesterol me-

tabolism, the hypocholesterolaemic to 
hypercholesterolaemic fatty acids ratio 
(HH) was also assessed. some changes 
were made in the mathematical equa-
tion reported by sAntOs-sILVA et al. 
(2002): 1. c20:4n6, c20:5n3, c22:5n3 
and c22:6n3 were not considered in 
this study because they were not de-
tected; 2. lauric acid was introduced in 
the denominator as a potential choles-
terol-increasing agent (GErMAn and DIL-
LArD, 2004); 3. myristic acid was mul-
tiplied by four because it has a great-
er influence as a hypercholesterolemic 
fatty acid than lauric and palmitic ac-
ids (GErMAn and DILLArD, 2004). the 
final formula was:

HH = (c18:1n9 + c18:2n6 + c18:3n3)  /
/ (c12:0 + 4*c14:0 + c16:0).

the statistical analysis of the data 
was performed using the sPss soft-
ware (2004). the data (for both milk and 
cheese) were submitted to one-way anal-
yses of variance (AnOVA) according to 
the following model:

Xij = µ + αi + εij,

where: Xij = observation; µ = overall 
mean; αi = effect of type of dairy prod-
uct (1 = winter organic; 2 = summer or-
ganic; 3 = summer conventional); εij = re-
sidual error.

the assumption of equal variances 
was assessed by Levene’s homogeneity 
of variance test. If such an assumption 
did not hold, the brown-Forsythe statis-
tic was performed to test for the equal-
ity of group means instead of the F one 
(sPss, 2004). Pairwise multiple compar-
isons were performed to test the differ-
ence between each pair of means (tuk-
ey’s HsD test and tamhane’s t2 in the 
cases of equal variances assumed or not 
assumed, respectively).

the effect of the cheese-making proc-
ess on the fatty acid profile was assessed 
by performing a paired sample t-test. A 
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correlation analysis between fatty acids 
determined in Fontina cheese samples 
and in the corresponding unprocessed 
milk samples was also carried out.

raw microbiological data were submit-
ted to the independent sample t-test, in 
order to detect possible differences be-
tween organic and conventional samples.

significance was declared at P<0.05. 
All data are expressed as mean ± stand-
ard deviation (sD).

rEsuLts AnD DIscussIOn

chemical characteristics

Gross composition and somatic 
cell count
the gross composition of Fontina 

PDO cheese produced under organic (in-
door and outdoor production) and con-
ventional (outdoor production) farming 
systems is shown in table 1. no statis-
tically significant differences were found 
in dry matter, ash, protein and fat con-
tents between organic cheese from win-
ter/spring and summer productions. 
the organic and conventional samples 
from summer production also had very 
similar values. All cheese samples had 
>45% fat content (on the dry matter), 
as required by the Fontina Valle d’Aosta 
PDO Manufacturing rules (in MAtH-
IOu, 2007).

concerning the corresponding milk 
samples, organic milk fat and protein 
percentages were significantly higher 
while lactose content was significantly 
lower in summer with respect to win-
ter/spring months (table 2). the stage 
of lactation is one of the main param-
eters that influences the gross compo-
sition of milk in ruminants. In the ad-
vanced lactation period, fat and pro-
tein concentrations normally increase, 
while lactose, even if it is the least var-
iable component of milk, decreases. 
From June to August Aosta cows are 
normally in late lactation; so the re-
sults of this study reflect the trends 
that are generally observed as lacta-
tion progresses (AuLDIst et al., 1998). In 
summer, the gross composition of the 
organic and conventional milk samples 
was very similar, as already observed 
for the Fontina cheese samples. such 
results are in agreement with the pre-
vious findings of PIrIsI et al. (2002) and 
tOLEDO et al. (2002) on ewe and cow 
milk, respectively. tOLEDO et al. (2002) 
reported that their results were coher-
ent because the gross composition of 
raw milk is mainly determined by a 
combination of the breed and diet (in 
their study as in this one organic and 
conventional milk samples were derived 
from the same cow breeds and the same 
diet). tOLEDO et al. (2002) also report-
ed that the milk urea contents were ap-

table 1 - chemical composition of Fontina PDO cheese from organic (winter/spring and summer pro-
duction) and conventional (summer production) farming systems1.

 Organic Organic Conventional
 (winter/spring) (summer) (summer) P value
 n = 6 n = 6 n = 6

DM (%) 60.90 ± 1.70 60.30 ± 0.36 61.17 ± 0.45 0.698
Ash (%DM) 7.45 ± 0.21 7.00 ± 0.76 6.57 ± 0.35 0.281
Protein (%DM) 38.90 ± 1.84 39.60 ± 0.70 38.63 ± 0.38 0.688
Ether extract (%DM) 46.40 ± 0.71 45.80 ± 1.30 47.20 ± 1.01 0.364

1Values are expressed as mean ± standard deviation of the mean.
DM = Dry Matter.



294 Ital. J. Food Sci. n. 3, vol. 21 - 2009

preciably lower in organic samples with 
respect to conventional samples. this 
was attributed to a difference in pro-
duction intensity (forage/concentrate 
ratio). In the current study no statisti-
cally significant difference was found 
in the urea content, which reflects no 
discrepancy in the levels of milk pro-
duction between the two farming sys-
tems in Aosta Valley.

Milk scc is an important indica-
tor of udder inflammation and mas-
titis infection in cows. In the organ-
ic milk samples, the value increased 
markedly from 162,000 mL-1 in win-
ter to 265,000 mL-1 in summer. this 
increase normally occurs in late lac-
tation (cOuLOn et al., 1996) and while 
grazing on alpine pastures (LAMArcHE 
et al., 2000) and was previously ob-
served for the same breeds by bIAncHI 
et al. (2003). Organic samples usually 
had a lower scc than the conventional 
ones as already pointed out by OLIVO 
et al. (2005), tOLEDO et al. (2002) and 
HAMILtOn (2000). conventional sum-
mer milk samples exceeded the average 
value of 300,000 cells mL-1. this value 
is commonly considered the threshold 
limit caused by management difficul-
ties and unsanitary conditions of the 
cows (cOuLOn et al., 1998).

table 2 - chemical composition and somatic cell count of bulk milk used for the production of Fonti-
na PDO cheese from organic (winter/spring and summer production) and conventional (summer pro-
duction) farming systems1.

 Organic Organic Conventional
 (winter/spring) (summer) (summer) P value
 n = 6 n = 6 n = 6

Fat (%) 3.47 ± 0.14 b 3.70 ± 0.06 a 3.83 ± 0.09 a 0.004
Protein (%) 3.17 ± 0.08 b 3.36 ± 0.09 a 3.39 ± 0.04 a 0.004
Lactose (%) 4.89 ± 0.03 a 4.82 ± 0.02 b 4.78 ± 0.03 b 0.001
Urea (mg dL-1) 20.65 ± 2.06 21.35 ± 3.22 21.45 ± 4.66 0.916
SCC (n° 103 mL-1) 162 ± 34 b 265 ± 45 a 318 ± 56 a 0.001

1Values are expressed as mean ± standard deviation of the mean.
Different letters within rows indicate statistically significant difference among milk types.
SCC = Somatic Cell Count.

Fatty acid composition

seasonal variations
the fatty acid profiles of Fontina 

cheese (winter organic, summer organ-
ic and summer conventional samples) 
are shown in table 3. Organic Fontina 
PDO cheese obtained during the out-
door grazing period had a substantial-
ly higher nutritional value than organ-
ic Fontina produced during the stabled 
months. Almost all saturated fatty ac-
ids, with the exception of caproic (c6:0) 
and stearic (c18:0) acids, showed sig-
nificantly lower values during the sum-
mer production. the percentage dif-
ferences ranged from 12% in palmit-
ic (c16:0) acid to 20% in heptadecano-
ic (c17:0) acid. the caprylic (c8:0), ca-
pric (c10:0) and lauric (c12:0) acid con-
tents were approximately 17-20% lower 
in summer samples, while the variation 
in myristic (c14:0) acid was less (13%). 
such results are important because lau-
ric, myristic and palmitic acids are uni-
versally considered detrimental for hu-
man health due to their hypercholester-
olemic activity, while caproic and stear-
ic acids (the latter is a relatively abun-
dant saturated fatty acid in dairy prod-
ucts) do not exert the same unfavoura-
ble effect (GErMAn and DILLArD, 2004).
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Among the monounsaturated fatty ac-
ids, only the oleic acid (c18:1n9) content 
was higher in the organic summer sam-
ples; the extent of variation was however 
quite important (17%). Even if the oth-
er monounsaturated fatty acids did not 
show any change due to seasonal vari-
ation, it must be considered that oleic 
acid is the most abundant monounsat-
urated fatty acid in dairy products and 
is favorable from a nutritional perspec-
tive (HAuG et al., 2007).

Along with the polyunsaturated fatty 
acids, linolenic acid (LnA) values were 
significantly higher in the organic sum-
mer samples compared to the organic in-
door samples. the cLA levels were high-
er in the organic summer products (both 
milk and cheese), but in cheese samples 
the differences with respect to the indoor 
production were not statistically signifi-
cant. such results are in agreement with 
previous findings on the seasonal var-
iation in the fatty acid profile of dairy 
products (rEGO et al., 2008; MOLKEntIn 
and GIEsEMAnn, 2007; LOcK and GAr-
nsWOrtHY, 2003; PrEcHt and MOLKEn-
tIn, 2000). the results are certainly due 
to the different feeding strategies in the 
two periods of analysis. In fact, pasture-
fed ruminants were found to provide an 
improvement in the quality of the fat-
ty acid composition of milk in several 
studies (D’ursO et al., 2008; AttI et al., 
2006; FErLAY et al., 2006; WHItE et al., 
2001). Furthermore, alpine pasture-fed 
cows produce milk that has an extraor-
dinarily relevant dietetic value for hu-
man health due to its high cLA and n3 
fatty acid content (LEIbEr et al., 2005; 
HAusWIrtH et al., 2004). these positive 
qualities are probably due to the spe-
cies-rich alpine meadows (with a high 
proportion of secondary plant ingredi-
ents) and to the animal energy deficien-
cies which lead to body fat mobilization. 
no significant difference related to sea-
sonal variation was found in the linoleic 
acid (c18:2n6, LA) content of the cheese.

In general, the summer organic Fonti-

na had a lower total sFA, and higher to-
tal MuFA and total PuFA contents and 
a higher HH ratio with respect to winter 
production.

Organic versus conventional (summer)
there were no significant statistical 

differences between the fatty acid pro-
files of summer organic and summer 
conventional Fontina cheese samples, 
or for the milk used for its manufacture, 
with respect to all the parameters deter-
mined (tables 3 and 4). this is in con-
trast with the previous findings by bEr-
GAMO et al. (2003) who reported high-
er LnA (more than 50%) and lower LA 
(about -31%) contents in organic Italian 
products (Fontina cheese included) with 
respect to conventional ones.

 concerning conjugated linoleic acid, 
earlier studies are in contrast with each 
other. Moreover, in the study by MOLKEn-
tIn and GIEsEMAnn (2007) a seasonal in-
fluence on the variation of the cLA con-
tent in organic and conventional milk 
was observed where organic milk had a 
higher cLA content in the summer (but 
not the winter) months. In the current 
study, the cLA levels did not differ sta-
tistically between organic and conven-
tional samples. these findings are in 
agreement with the results of ELLIs et 
al. (2006), tOLEDO et al. (2002) and but-
LEr et al. (2008), but are in contrast with 
the results obtained by JAHrEIs et al. 
(1996), bErGAMO et al. (2003) and cOL-
LOMb et al. (2008).

It has been suggested that some pa-
rameters related to the fat composition 
could be used as markers for distin-
guishing organic dairy products from 
conventional ones (bErGAMO et al., 
2003; ELLIs et al., 2006; MOLKEntIn and 
GIEsEMAnn, 2007). they are the cLA/LA 
ratio, the PuFA/MuFA ratio, the n3 fat-
ty acids content (which were found to be 
significantly higher in organic products) 
and the n6/n3 fatty acids ratio (which in 
contrast was higher in the convention-
al ones). Our results show that the fatty 
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table 3 - Mean values and standard deviations of fatty acid methyl esters (% of total FAMEs) in organic 
(winter/spring and summer production) and conventional (summer production) Fontina PDO cheese1.

 Organic Organic Conventional
 (winter/spring) (summer) (summer) P value
 n = 6 n = 6 n = 6

C6:0 1.25 ± 0.29 1.25 ± 0.13 0.97 ± 0.04 0.106
C8:0 0.93 ± 0.08 a 0.77 ± 0.03 b 0.63 ± 0.11 b 0.001
C10:0 2.46 ± 0.27 a 1.96 ± 0.22 b 1.62 ± 0.09 b 0.002
C10:1 0.20 ± 0.06 0.16 ± 0.01 0.15 ± 0.01 0.251
C12:0 3.28 ± 0.39 a 2.63 ± 0.23 b 2.22 ± 0.12 b 0.003
C12:1 0.23 ± 0.04 0.21 ± 0.02 0.20 ± 0.03 0.467
C14:0 12.84 ± 0.72 a 11.13 ± 0.19 b 9.86 ± 0.35 b  0.000
C14:1 0.43 ± 0.11 0.41 ± 0.04 0.44 ± 0.09 0.925
C15:0 0.75 ± 0.11 0.44 ± 0.04 0.58 ± 0.25 0.170
C15:1 1.32 ± 0.03 1.29 ± 0.16 1.26 ± 0.13 0.821
C16:0 33.95 ± 2.55 a 29.83 ± 0.65 b 28.20 ± 0.42 b 0.005
C16:1 0.36 ± 0.07 0.28 ± 0.09 0.31 ± 0.07 0.338
C17:0 1.71 ± 0.09 a 1.36 ± 0.16 b 1.46 ± 0.14 b 0.005
C17:1 0.66 ± 0.06 0.63 ± 0.03 0.61 ± 0.04 0.373
C18:0 11.10 ± 1.00 12.13 ± 0.35 11.97 ± 0.46 0.169
C18:1c9 25.11 ± 2.95 b 30.34 ± 0.47 a 33.89 ± 0.87 a 0.001
C18:2c9c12 (LA) 2.41 ± 0.38 2.52 ± 0.33 2.60 ± 0.47 0.785
C18:3c9c12c15 (LNA) 0.18 ± 0.03 b 0.26 ± 0.05 a 0.22 ± 0.02 ab 0.023
C18:2c9t11 (CLA) 1.25 ± 0.04 b 2.39 ± 0.70 ab 2.82 ± 0.23 a 0.046
CLA/LA 0.53 ± 0.13 b 0.98 ± 0.38 ab 1.12 ± 0.29 a 0.015
n6/n3 13.78 ± 3.78 9.96 ± 2.52 11.96 ± 2.90 0.312
SFA 67.89 ± 2.78 a 61.51 ± 1.12 b 57.52 ± 0.95 b 0.000
MUFA 28.30 ± 3.05 b 33.33 ± 0.60 a 36.86 ± 0.72 a 0.001
PUFA 3.84 ± 0.34 b 5.17 ± 0.53 a 5.64 ± 0.27 a 0.000
SFA/UFA 2.13 ± 0.25 a 1.60 ± 0.08 b 1.35 ± 0.05 b 0.001
PUFA/MUFA 0.14 ± 0.02 0.16 ± 0.01 0.15 ± 0.01 0.324
HH 0.32 ± 0.05 b 0.43 ± 0.10 a 0.52 ± 0.03 a 0.000
 
1Different letters within rows indicate statistically significant difference among Fontina PDO cheese types.
LA = Linoleic Acid; LNA = Linolenic Acid; CLA = Conjugated Linoleic Acid; SFA = Saturated Fatty Acids; MUFA = Mo-
nounsaturated Fatty Acids; PUFA = Polyunsaturated Fatty Acids; UFA = Unsaturated Fatty Acids; HH = Hypocholeste-
rolemic to Hypercholesterolemic Fatty Acids ratio: HH = (C18:1n9 + C18:2n6 + C18:3n3) / (C12:0 + 4*C14:0 + C16:0).

acid analysis does not allow all organic 
and conventional dairy products to be 
clearly distinguished. In fact, both organ-
ic milk and Fontina cheese samples had 
the same PuFA/MuFA, cLA/LA and n6/
n3 fatty acids ratios, as well as the same 
n3 fatty acid content, as conventional 
ones. the different feeding regimens in 
the two types of farming methods is the 
explanation (MAGKOs et al., 2003b). In 
fact, organic farming systems are nor-
mally expected to provide larger amounts 

of fresh grass and less concentrates in 
the diet with respect to conventional 
ones, especially in the summer months 
(crOIssAnt et al., 2007). this was also 
true in switzerland, even considering the 
noticeably high level of roughage (87%) 
normally used in swiss mountain in-
tegrated farms (cOLLOMb et al., 2008). 
For this reason, many proposed analyt-
ical techniques for determining organ-
ic dairy products are based on parame-
ters linked to pasture consumption. In 
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summer, both organic and conventional 
Fontina PDO cheeses are produced with 
milk derived from the same cow breeds 
grazing on very similar alpine pastures 
(climatic conditions, altitude and local 
flora) in a limited area of production. 
In contrast to the findings of cOLLOMb 
et al. (2008), no differences were found 
in the proportion of grasses fed to cows 
in the two mountain farming systems 
(fresh grass from pasture ad libitum in 
both cases). the amount of concentrate 

table 4 - Mean values and standard deviations of fatty acid methyl esters (% of total FAMEs) in organ-
ic (winter/spring and summer production) and conventional (summer production) bulk milk used for 
the production of Fontina PDO cheese1.

 Organic Organic Conventional
 (winter/spring) (summer) (summer) P value
 n = 6 n = 6 n = 6

C6:0 1.16 ± 0.34 0.82 ± 0.54 0.79 ± 0.23 0.312
C8:0 0.89 ± 0.09 a 0.62 ± 0.06 b 0.58 ± 0.04 b 0.000
C10:0 2.34 ± 0.13 a 1.60 ± 0.13 b 1.64 ± 0.12 b 0.000
C10:1 0.27 ± 0.24 0.15 ± 0.03 0.13 ± 0.02 0.494
C12:0 3.00 ± 0.33 a 2.31 ± 0.09 b 2.34 ± 0.19 b 0.005
C12:1 0.22 ± 0.06 0.20 ± 0.05 0.20 ± 0.03 0.818
C14:0 12.43 ± 0.78 a 10.05 ± 0.05 b 10.01 ± 0.46 b 0.000
C14:1 0.37 ± 0.02 b 0.62 ± 0.07 a 0.61 ± 0.07 a 0.000
C15:0 0.58 ± 0.10 b 0.78 ± 0.06 a 0.78 ± 0.05 a 0.006
C15:1 1.24 ± 0.19 1.34 ± 0.16 1.29 ± 0.12 0.707
C16:0 34.12 ± 2.37 a 28.49 ± 0.68 b 28.43 ± 0.96 b 0.002
C16:1 0.36 ± 0.07 0.46 ± 0.08 0.46 ± 0.11 0.178
C17:0 1.83 ± 0.04 1.72 ± 0.46 1.76 ± 0.10 0.868
C17:1 0.69 ± 0.06 0.69 ± 0.09 0.67 ± 0.08 0.915
C18:0 11.88 ± 1.08 13.18 ± 0.60 13.33 ± 0.35 0.065
C18:1c9 25.10 ± 2.37 b 32.39 ± 0.43 a 32.44 ± 1.20 a 0.000
C18:2c9c12 (LA) 2.01 ± 0.10 2.20 ± 0.29 2.34 ± 0.06 0.198
C18:3c9c12c15 (LNA) 0.20 ± 0.04 0.23 ± 0.07 0.22 ± 0.02 0.633
C18:2c9t11 (CLA) 1.33 ± 0.09 b 2.25 ± 0.23 a 1.98 ± 0.15 a 0.000
CLA/LA 0.66 ± 0.03 b 1.04 ± 0.19 a 0.85 ± 0.04 ab 0.011
n6/n3 10.32 ± 2.32 9.94 ± 1.96 10.54 ± 1.19 0.935
SFA 68.21 ± 2.29 a 59.57 ± 0.89 b 59.67 ± 1.30 b 0.000
MUFA 28.26 ± 2.42 b 35.76 ± 0.50 a 35.80 ± 1.48 a 0.000
PUFA 3.53 ± 0.20 b 4.68 ± 0.38 a 4.54 ± 0.20 a 0.000
SFA/UFA 2.16 ± 0.21 a 1.47 ± 0.05 b 1.48 ± 0.08 b 0.000
PUFA/MUFA 0.13 ± 0.01 0.13 ± 0.01 0.13 ± 0.01 0.861
HH 0.32 ± 0.05 b 0.49 ± 0.02 a 0.49 ± 0.04 a 0.000
 
1Different letters within rows indicate statistically significant difference among milk types.
LA = Linoleic Acid; LNA = Linolenic Acid; CLA = Conjugated Linoleic Acid; SFA = Saturated Fatty Acids; MUFA = Mo-
nounsaturated Fatty Acids; PUFA = Polyunsaturated Fatty Acids; UFA = Unsaturated Fatty Acids; HH = Hypocholeste-
rolemic to Hypercholesterolemic Fatty Acids ratio: HH = (C18:1n9 + C18:2n6 + C18:3n3) / (C12:0 + 4*C14:0 + C16:0).

supplementation was also comparable 
(about 2 kg versus 1.5 kg head-1 day-1 
in organic and conventional farms, re-
spectively). the slightly higher amounts 
of concentrates commonly used in the 
organic farms is, however, unusual be-
cause the use of concentrates is usual-
ly limited in organic farming systems al-
though it can be justified for commercial 
reasons (added value of organic milk and 
cheese). the aboe-mentioned similari-
ties in the diet do not allow organic dairy 
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products to be distinguished on the ba-
sis of their fat composition.

Further investigations will be need-
ed to determine if the above-mentioned 
markers are suitable for identifying or-
ganic and conventional Fontina PDO 
cheeses produced under indoor-stabled 
conditions and which markers can be 
used to differentiate organic from con-
ventional Fontina cheese produced in 
the outdoor grazing months. Parameters 
correlated with fertilization (stable nitro-
gen isotopes) could be appropriate for the 
latter purpose. In fact, the 15n content is 
higher in organic manure than in arti-
ficial fertilizers, thus affecting the rela-
tive d15n content in plants. In the organ-
ic farming systems the use of artificial 
fertilizers is prohibited; consequently, 
as previously pointed out by MOLKEntIn 
and GIEsEMAnn (2007), d15n may differ 
between organically and conventionally 
produced feed. such differences could 
be reflected in the milk protein.

Effect of the cheese-making process
the majority of studies dealing with 

the influence of processing conditions on 
the fatty acid composition of dairy prod-
ucts have mainly related to variations 
in the cLA amounts only. Although re-
sults obtained from different studies are 
quite contrasting, the normal process-
ing procedures for dairy products (such 
as fermentation steps, heat treatments, 
storage and ripening) have only a neg-
ligible effect on the cLA concentrations 
(bIsIG et al., 2007). In the current study, 
no statistically significant differences 
were observed in the cLA amounts be-
tween Fontina cheese and unprocessed 
raw milk. A strong correlation between 
the cLA content of milk and cheese was 
observed (P<0.0001). such results are 
consistent with the earlier findings by 
LunA et al. (2007) on spanish cow and 
ewe PDO cheeses, and by nuDDA et al. 
(2005) on sheep Pecorino romano and 
ricotta cheeses.

to the best of our knowledge, only one 

previous study has dealt with the effect 
of milk composition on fatty acids other 
than cLA (LucAs et al., 2005). In gener-
al, Fontina cheese samples had signif-
icantly higher levels of lauric, myristic 
and linoleic acids and significantly low-
er levels of palmitoleic, heptadecanoic, 
heptadecenoic and stearic acids with re-
spect to the corresponding milk ones (ta-
ble 5). Milk and Fontina cheese samples 
showed a statistically significant corre-
lation for the majority of parameters de-
termined. similar to the results report-
ed by LucAs et al. (2005), the results of 
the present study show that caprylic, de-
canoic, lauric, myristic, palmitic, stear-
ic and oleic acids, as well as cLA, LnA, 
total sFA, MuFA and PuFA were signif-
icantly correlated between the cheese 
samples and the corresponding unproc-
essed milk ones. In contrast to LucAs et 
al. (2005), no statistically significant cor-
relations were found for caproic and li-
noleic acids. In our study, none of the 
other fatty acids (decenoic, myristoleic, 
pentadecanoic, pentadecenoic, palmito-
leic and heptadecanoic acids) were sig-
nificantly correlated in milk and cheese 
samples. this latter group of fatty acids 
was not considered in the study by Lu-
cAs et al. (2005). Further investigations 
will be needed to evaluate the influence 
of specific processing steps on the varia-
tion of individual fatty acids in milk and 
dairy products.

Microbiological characteristics

Organic versus conventional (summer)
bulk milk had low microbial contami-

nation (data not shown). the mesophilic 
bacterial counts for both organic and 
conventional systems were always be-
low the legal limit for raw milk chees-
es (5,00x104 cFu mL-1), and the col-
iforms and proteolytics never exceed-
ed a few hundred cFu mL-1. no signif-
icant differences were found between 
the two systems and between the win-
ter and summer productions, although 



Ital. J. Food Sci. n. 3, vol. 21 - 2009 299

table 5 - Effect of the Fontina cheese-making process on fatty acid methyl esters (% of total FAMEs)1.

 Milk Cheese  Pearson’s
 n = 18 n = 18 P value correlation Sig.
    coefficient

C6:0 0.98 ± 0.38 1.18 ± 0.24 0.064 0.522 0.082
C8:0 0.74 ± 0.16 0.82 ± 0.15 0.053 0.712 0.009
C10:0 1.98 ± 0.39 2.13 ± 0.43 0.069 0.809 0.001
C10:1 0.21 ± 0.18 0.18 ± 0.05 0.609 -0.399 0.198
C12:0 2.66 ± 0.43 2.85 ± 0.55 0.012 0.933 0.000
C12:1 0.21 ± 0.05 0.21 ± 0.03 0.714 0.666 0.018
C14:0 11.23 ± 1.37 11.68 ± 1.40 0.020 0.919 0.000
C14:1 0.49 ± 0.14 0.43 ± 0.09 0.199 -0.054 0.866
C15:0 0.68 ± 0.13 0.63 ± 0.19 0.538 -0.520 0.083
C15:1 1.28 ± 0.16 1.30 ± 0.09 0.710 0.366 0.242
C16:0 31.29 ± 3.40 31.49 ± 3.18 0.487 0.961 0.000
C16:1 0.41 ± 0.09 0.33 ± 0.08 0.019 0.263 0.408
C17:0 1.79 ± 0.06 1.56 ± 0.06 0.005 0.412 0.183
C17:1 0.68 ± 0.06 0.64 ± 0.05 0.015 0.597 0.040
C18:0 12.57 ± 1.06 11.58 ± 0.88 0.000 0.956 0.000
C18:1c9 28.73 ± 4.15 28.61 ± 4.39 0.780 0.939 0.000
C18:2c9c12 (LA) 2.14 ± 0.21 2.49 ± 0.36 0.009 0.193 0.548
C18:3c9c12c15 (LNA) 0.21 ± 0.04 0.21 ± 0.05 0.682 0.703 0.011
C18:2c9t11 (CLA) 2.47 ± 0.60 2.65 ± 1.41 0.506 0.929 0.000
CLA/LA 1.15 ± 0.24 1.09 ± 0.60 0.660 0.621 0.031
n6/n3 10.28 ± 1.86 12.37 ± 3.45 0.040 0.445 0.147
SFA 63.92 ± 4.79 63.70 ± 5.02 0.681 0.935 0.000
MUFA 32.02 ± 4.31 31.70 ± 4.32 0.505 0.928 0.000
PUFA 4.07 ± 0.61 4.62 ± 0.90 0.000 0.956 0.000
SFA/UFA 1.82 ± 0.39 1.80 ± 0.39 0.629 0.960 0.000
PUFA/MUFA 0.13 ± 0.01 0.15 ± 0.02 0.000 0.907 0.000
HH 0.40 ± 0.10 0.40 ± 0.10 0.530 0.908 0.000

1Values are expressed as mean ± standard deviation of the mean.
LA = Linoleic Acid; LNA = Linolenic Acid; CLA = Conjugated Linoleic Acid; SFA = Saturated Fatty Acids; MUFA = Mo-
nounsaturated Fatty Acids; PUFA = Polyunsaturated Fatty Acids; UFA = Unsaturated Fatty Acids; HH = Hypocholeste-
rolemic to Hypercholesterolemic Fatty Acids ratio: HH = (C18:1n9 + C18:2n6 + C18:3n3) / (C12:0 + 4*C14:0 + C16:0).

the latter usually had slightly higher 
counts. Escherichia coli was never de-
tected. such favourable hygienic reports 
are most likely correlated with the rap-
id processing of the milk (according to 
Manufacturing rules) i.e. within 2 h of 
milking, when it still has natural anti-
biotic properties.

no significant microbiological differ-
ences were found between the summer 
cheeses from the two systems, due to 
the great variability among samples, as 
indicated by the high sD values (table 

6). the total lactic microflora at the end 
of the maturing period was abundant 
in both cases, but was slightly higher 
(about 1.3x108 versus 8.0x107 cFu g-1) 
in conventional Fontina. In this case, 
Streptococcus thermophilus was the 
prevalent component (almost 1.0x108 
cFu g-1), while in the organic system 
samples S. thermophilus was replaced 
by the mesophilic Lactococcus spp. 
group (where the starter species Lacto-
coccus lactis is likely to be found). the 
thermophilic Lactobacillus spp. group 
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(where the other starter species Lactoba-
cillus delbrueckii subsp. lactis belongs) 
was present in similar quantities (2.5-
3.0x107 cFu g-1) in both cheese types. 
considering the very low contamination 
levels in the bulk milk, such high levels 
of the lactic microflora could be related 
to the use of starters at the beginning 
of processing.

At the end of the maturing period the 
coliform count was quite low (<1.0x105 

cFu g-1) in both organic and convention-
al Fontina. As desired in Fontina manu-
facturing, the coliforms were surpassed 
by the lactic acid microflora. E. coli were 
sporadically found, in very low numbers 
(<1x103 cFu g-1).

the uniform microbial situation 
found in this study for both organic and 
conventional Fontina could have been 
due to the low number of cheese forms 
that were analyzed. It is quite prob-
able that the starter used (the same 
for conventional and organic chees-
es) played an important role in inte-
grating the initially low autochthonous 
population and standardizing its sub-
sequent evolution. It must be recalled 
that the starter is a mixture of local-
ly isolated species that have particular 
genetic features (AnDrIGHEttO et al., 
2002) that have been specifically cho-
sen to obtain a correct and consistent 
maturation.

table 6 - Microbial counts (cFu/g*103) in organic and conventional summer Fontina PDO cheeses1.

Microbial Groups Organic Conventional P value
 n = 6 n = 6

Streptococcus thermophilus 5.30x104 ± 5.23x104 9.53x105 ± 1.34x103 0.516
Lactococcus spp. 2.25x103 ± 2.48x103 450 ± 354 0.489
Thermophilic Lactobacillus spp. 2.55x104 ± 3.46x104 3.30x104 ± 2.55x104 0.830
Total Coliforms 77.45 ± 103 60.20 ± 84.57 0.872
Escherichia coli 0.51 ± 0.70 0.21 ± 0.28 0.654
Total Mesophilic Aerobic Count 2.15x104 ± 2.12x103 2.15x104 ± 3.04x104 1.000
Yeasts 11.50 ± 3.54 177.50 ± 243.95 0.512

1Values are expressed as mean ± standard deviation of the mean.

cOncLusIOns

this study provides the first char-
acterization of the chemical, microbio-
logical and nutritional quality of organ-
ic Fontina PDO cheese comparing the 
cheeses produced during the indoor pe-
riod and the summer-pasture period; the 
organic and conventional Fontina chees-
es produced in summer were also com-
pared. As for the cheeses produced in 
the winter months, those produced from 
June to August had a higher HH ratio 
and higher total PuFA content (in both 
milk and cheese samples); the cLA (milk 
samples) and LnA (cheese samples) lev-
els were also higher in the summer pro-
ductions. these findings are consistent 
with a significant decrease in the sFA/
uFA ratio and in the amount of total sFA 
observed in both the summer milk and 
cheese samples. Highly significant cor-
relations were found between the main 
groups of fatty acids (sFA, MuFA and 
PuFA) as well as between parameters 
commonly used as nutritional indicators 
(sFA/uFA and HH) in milk and Fontina 
cheese. the results clearly show that the 
Fontina cheese produced in summer has 
better nutritional characteristics due to 
the beneficial effect of the pasture-based 
diet on milk fat composition.

As in previous reports (MAGKOs et al., 
2006), the results of this study did not 
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attribute superior safety or nutritional 
quality to organic foods of animal ori-
gin with respect to conventional ones. It 
seems that the feeding regimen strong-
ly affects the future nutritional value 
and quality of ruminant-derived prod-
ucts (butLEr et al., 2008; GIVEns, 2005). 
this assumption is confirmed by the fact 
that 1) no variation was found between 
organic and conventional milk and Fon-
tina cheese samples during the grazing 
months due to an almost identical diet 
for the cows and 2) summer convention-
al milk and cheese samples had a bet-
ter lipid fraction value than the winter 
organic ones.

Every country has different regula-
tions for organic production, and each 
typical PDO cheese is produced accord-
ing to particular rules that can lead to 
differences in the organic and conven-
tional systems with respect to chemical 
and microbiological quality. this varia-
tion is also strongly affected by the sea-
son of production. Pasture-derived al-
pine dairy products (and not only the or-
ganic ones) often meet the requirements 
for organic production and have extraor-
dinary nutritional/nutraceutical and 
physiological properties. For these rea-
sons they should be recognized as “or-
ganic foods” regardless of the livestock 
farming system used.
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AbstrAct

several commercial samples of to-
mato pulp and tomato puree produced 
by major Italian companies and corre-
sponding to different lots were exam-
ined to determine the overall compo-
sition and concentrations of antioxi-
dant components (namely all-trans-
lycopene, b-carotene, ascorbic acid, 
total polyphenols and rutin), in order 
to obtain reliable nutritional informa-
tion about tomato preserves that are 
typically consumed in Italy. Analysis 

rIAssunto

L’obiettivo del lavoro è stato di va-
lutare la composizione in generale e, 
in particolare, la concentrazione dei 
composti antiossidanti (trans-licope-
ne, b-carotene, acido ascorbico, polife-
noli totali e rutina) di una serie di cam-
pioni commerciali di polpe e passate di 
pomodoro prodotti dai maggiori mar-
chi aziendali italiani, allo scopo di ot-
tenere informazioni nutrizionali affida-
bili sui derivati del pomodoro maggior-
mente consumati in Italia.
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of the data showed that the two types 
of products differ in ascorbic acid and 
rutin concentrations, whereas similar 
values were found for lycopene, b-caro-
tene and total phenolics. the differenc-
es can be ascribed to the quality of the 
raw materials as well as the process-
ing technology used, as shown by the 
pilot-scale experimentation. the com-
positional data reported can be used to 
improve and enhance nutritional infor-
mation about Italian tomato products.

L’analisi dei risultati ha evidenziato 
che le due tipologie di prodotto differi-
scono per il contenuto di acido ascor-
bico e di rutina, mentre presentano va-
lori simili di licopene, b-carotene e poli-
fenoli totali. Queste differenze possono 
essere imputate, in base ai risultati del-
la sperimentazione su scala pilota, alla 
diversa qualità delle materie prime e al 
processo di produzione. I dati di com-
posizione ottenuti, infine, possono es-
sere utilizzati per migliorare e comple-
tare le informazioni nutrizionali sui de-
rivati del pomodoro italiano.

IntroDuctIon

the Mediterranean diet is associated 
with a low incidence of chronic diseases 
and, in particular, of several types of can-
cer (rIso et al., 2003). the health prop-
erties of this dietary model are ascribed 
to the high content of complex carbohy-
drates, fibers and antioxidants and to a 
low animal fat content. For this reason, 
nutritional recommendations include 
greater consumption of fruit and vegeta-
bles that are rich in antioxidants such as 
vitamin c and E, carotenoids and phe-
nolic substances.

tomato is a typical dietary component 
in southern Europe and is known to be a 
rich source of antioxidants, mainly car-
otenoids, ascorbic acid and polyphenols 
(AbusHItA et al., 1997; LEonArDI et al., 
2000; bEEcHEr, 1998; GIoVAnELLI et 
al., 1999; stEWArt et al., 2000; Frus-
cIAntE et al., 2007). over the last few 
decades scientists have investigated the 
disease-preventing properties of toma-
toes and tomato components. they have 
demonstrated that regular tomato con-
sumption is associated with a reduced 
risk of various types of cancer (rAo and 

AGArWAL, 2000) and in particular pros-
tate cancer (GIoVAnnuccI, 1999) and 
colorectal adenomas (ErHArDt et al., 
2003). tomato consumption has also 
been correlated with a lower incidence 
of cardiovascular disease (WILLcoX et 
al., 2003; PAnDEY et al., 1995; rAo and 
AGArWAL, 2000).

several studies have been carried out 
on the effects of processing and ther-
mal treatments on tomato antioxidants 
and antioxidant activity (nGuYEn and 
scHWArtZ, 1999; GIoVAnELLI et al., 
2001; ZAnonI et al., 2003; sAHLIn et 
al., 2004; cHArAnjEEt et al., 2004). 
the results have shown substantial 
lycopene stability and variable chang-
es in ascorbic acid and polyphenols. 
these studies have been conducted on 
different products, cultivated in differ-
ent countries and obtained from differ-
ent tomato varieties, so it is difficult to 
compare the nutritional data. More-
over, data are often given on a fresh 
weight basis, whereas tomato products 
are marketed at different concentration 
levels, depending on local food legisla-
tion and traditions.

the aim of this study was to evaluate 



Ital. J. Food Sci. n. 3, vol. 21 - 2009 307

the antioxidant composition of tomato 
products that are mainly consumed in 
Italy, where both fresh and processed to-
mato products are very popular.

In 2003 in Italy 5.2 million tons of to-
matoes were processed into tomato con-
centrate (16%), whole peeled tomatoes 
(38%), tomato pulp (29%) and tomato 
puree (14%) (IsMEA, 2004). these prod-
ucts are exclusively made of tomato; only 
nacl and citric acid are added (the lat-
ter to adjust the pH).

Domestic consumption of tomato 
products in Italy is mainly based on to-
mato puree, whole peeled tomatoes and 
tomato pulp, which make up the princi-
pal ingredients of sauces for pasta, pizza 
and various meat and fish recipes. to-
mato concentrate is principally used in 
industrial food production and catering 
(IsMEA, 2004).

For the purpose of this study, 15 to-
mato purees (passata) and 13 toma-
to pulps (diced tomato in tomato juice) 
from three major national companies 
were purchased on the market and the 
usual quality parameters and the anti-
oxidant composition were determined, 
particularly the quantities of all-trans-
lycopene and all-trans-b-carotene, 
ascorbic acid, total phenolics and ru-
tin (quercetin-3-rutinoside). Furosine 
[e-n-(2-furoyl-methyl-L-lysine)] was de-
termined as a heat-damage index in the 
tomato products.

two experimental tomato purees and 
two experimental tomato pulps were pro-
duced using a pilot plant and then an-
alysed for the same parameters as the 
commercial samples, in order to obtain 
some information about the effects of in-
dustrial processing on the antioxidant 
composition of the products.

Data are given on both fresh weight 
and dry weight basis, in order to com-
pare products with different solid con-
tents. these data could be of great in-
terest to nutritionists and can be used 
to enhance and complete nutritional 
food tables.

MAtErIALs AnD MEtHoDs

tomato products

tomato puree (700 g glass bottles) and 
tomato pulp (450 g cans) were purchased 
on the market during the study period 
(approximately 6 months). three major 
Italian brands were chosen and various 
production lots from each producer were 
collected. the samples are identified in 
the text by X (pulp) or Y (puree), a letter 
(a, b, c) for the producer and a number 
(1 to 6) for the lot.

the two experimental tomato purees 
and two experimental tomato pulps were 
produced on a pilot scale, using an in-
dustrial variety of tomato (brigade) and 
a high-lycopene experimental hybrid (Pc 
30956), characterised by high-pigment 
genes (sM, sp+, hp-2, u+); the latter will 
be referred to as the high-lycopene to-
mato. both raw materials were supplied 
by cirio ricerche, Piana di Monte Ver-
na, salerno, Italy. Experimental samples 
are identified by letters d and e, which 
correspond to the different tomato va-
rieties (brigade and high-lycopene, re-
spectively).

For pilot-scale production, about 100 
kg of tomatoes were washed in a soak 
tank with mechanical agitation, put on a 
roller conveyor where the tomatoes were 
rinsed by spraying with water. the pulp 
production plant was a continuous line, 
consisting of a heater where the tomatoes 
were dipped in hot water (100°c) for 30 s, 
put into a hopper where tomatoes were 
cooled by a cold-water spray. the toma-
toes were then conveyed to a scoring knife 
which made a shallow slit in the peel of 
each tomato and next through jaws that 
gripped the peels and slipped the toma-
toes out of the peels. the tomatoes then 
moved onto rotating rubber rollers that 
eliminated any residual peels. Defective 
tomatoes were eliminated by an oper-
ator. tomatoes were then mechanical-
ly sliced (12 mm width); the slices were 
drained on vibrating sieves to remove se-
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rum and seeds, and then passed through 
a chopper (to obtain 12 mm cubes). cans 
(400 g) were manually filled with toma-
to pulp (310-320 g) and tomato juice at 
10.5-11.0°bx (80-90 g) and sterilised by 
heating in a 100°c water bath to obtain 
a treatment equal to F100 = 12. the steri-
lizing effect was monitored by a thermo-
couple inserted into one of the cans. Af-
ter sterilisation, the cans were cooled by 
immersion in tap water.

tomato puree was produced by a dis-
continuous line; the washed tomatoes 
were crushed and blanched in the same 
plant, by pushing tomatoes through a 
grid into a tubular heat exchanger where 
the product was heated up to 96°-98°c. 
the product was directly discharged into 
a refiner made of two subsequent verti-
cal tubular sieves (1.5 mm and 0.8 mm, 
respectively); the product was forced 
through the sieves by a rotating tree. 
the refined puree passed through the 
sieves while the peels, seeds and coarse 
material were discarded. the tomato pu-
ree was then concentrated to the desired 
degree (9°brix) in a batch pan evapora-
tor (capacity 50 L) for 35-40 min at 65°c 
(- 600 mm Hg). the desired amount of 
nacl was added (about 0.5%), then the 
tomato puree was heated up to 92°c in 
the same pan before manual hot-filling 
of the glass bottles (750 g). the bottles 
were sterilised in a water bath (100°c) to 
obtain the desired heat treatment (F100 
= 12-14), then cooled in the same bath 
with tap water. 

Analytical methods

Analytical determinations were carried 
out on tomato pulp, puree and on raw to-
matoes. For the analysis of raw tomatoes, 
5-6 tomatoes were blanched in boiling 
water for 30 s and manually peeled. the 
peeled tomatoes were homogenised in an 
ice bath (60 s with a Waring blender at 
moderate speed) and aliquots were imme-
diately extracted with a suitable solvent. 
For the analysis of commercial samples, 

two packages of each sample were poured 
together and homogenised with the War-
ing blender for a few seconds.

Dry weight was determined gravimet-
rically after drying in a vacuum oven at 
70°c (AoAc, 2002); nacl, pH, titratable 
acidity and reducing sugars were deter-
mined as reported by PorrEttA (1991).

colour indices (L*, a* and b*) were 
measured with a tristimulus chromam-
eter (Minolta, tokyo, japan, model cr-
210), calibrated with a red standard (no. 
482, bureau communitaire de refer-
ence: L* = 25.6, a* = 33.5, b* = 14.7) and 
red colour index is expressed as a*/b*; 
each colour value was obtained by 5 re-
peated measurements.

Ascorbic acid was extracted with 0.3% 
meta-phosphoric acid and determined by 
HPLc and electrochemical detection, as 
previously described (GIoVAnELLI et al., 
2002). All-trans-lycopene and all-trans-
b-carotene were determined by extrac-
tion with tetrahydrofuran and subse-
quent reverse-phase HPLc analysis with 
uV detection, as previously described 
(GIoVAnELLI et al., 2002). total phenolics 
were extracted, purified by separation on 
a c18 sep Pak cartridge (Waters, Mill-
ford, MA, usA) and determined by Folin-
ciocalteau reagent, while rutin (querce-
tin-3-rutinoside) was determined by re-
verse-phase HPLc analysis on the phe-
nolic extract (GIoVAnELLI et al., 2001); 
furosine was determined by HPLc af-
ter acid hydrolysis and is expressed as 
milligrams of furosine per 100 g of pro-
tein, as reported by HIDALGo and PoM-
PEI (2000).

statistical analysis

All chemical analyses were carried out 
in triplicate and data are expressed as 
the mean value ± standard deviation. 
the data were submitted to analysis of 
variance (one-way AnoVA), F-test and 
Multiple range test (LsD), performed by 
statgraphics plus 5.1 package (Graphics 
software systems, rockville, MD, usA).
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Principal components Analysis (PcA) 
was also performed in order to interpret 
differences between the tomato products; 
the unscrambler 9.5.0 software was used 
(camo As, trondheim, norway).

rEsuLts

table 1 reports the analytical compo-
sition of the raw tomatoes used for pi-
lot-scale production. two lots of d to-
matoes (brigade) and three lots of e to-
matoes (high-lycopene hybrid) were an-
alysed during the experimental period. 
the e tomatoes were higher in solid con-
tent and richer in lycopene, b-carotene, 
ascorbic acid and total polyphenols than 
the d tomatoes, while there were no sub-
stantial differences in rutin concentra-
tion (data compared on a dry weight ba-
sis). both varieties had higher concentra-
tions of all the antioxidant components 
when compared to the literature data 
(DAVIEs and Hobson, 1981; AbusHItA 
et al., 1997; LEonArDI et al., 2000). LE-
nuccI et al. (2006) reported higher con-
centrations of lycopene and total phe-
nolics in high-pigment tomato hybrids.

the analytical data for the commercial 
tomato pulp (13 lots) and tomato puree 
(15 lots) are shown in tables 2 and 3, 
respectively. the mean values for each 
analytical parameter in the commercial 
products and data obtained for the two 
experimental tomato pulps and purees 
are also reported.

commercial tomato pulps

With regard to tomato pulp (table 2), 
the typical composition of the product 
showed a certain variability. the dry 
matter varied between 6.82 and 9.18 
and the °brix between 5.43 and 7.70. 
the nacl varied from 1.13 to 5.50 g/kg.

the pH varied within a narrow range 
(4.19-4.38), as did the titratable acidity 
(5.15-6.60). the reducing sugar content 
was between 26.39 and 34.5 g/kg, with t
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the exception of one sample that had a 
much higher value (40.58 mg/kg). the 
colour index a*/b* was quite homogene-
ous, with values between 1.76 and 2.06.

With regard to the antioxidant com-
ponents, the lycopene content, i.e. the 
main carotenoid found in tomatoes, var-
ied between 106.3 and 187.3 mg/kg, 
whereas the b-carotene concentrations 
were much lower (2.29-6.99 mg/kg). the 
ascorbic acid concentration varied be-
tween 66.4 and 162.9 mg/kg.

significant variability was observed in 
the total polyphenols (between 223-621 
mg/kg). rutin, the most representative 
flavonoid in tomatoes (stEWArt et al., 
2000) and especially important for its 
high antioxidant activity, showed high 
variability (13.4-37.5 mg/kg), which was 
not strictly related to the total polyphe-
nol concentration.

the furosine content is directly relat-
ed to the intensity of the heat treatment 
and represents a heat damage index 
(HIDALGo and PoMPEI, 2000). the furo-
sine values were substantially homoge-
neous (between 51.0 and 79.7 mg/100 g 
protein), and reflect a substantial stand-
ardization of the industrial processing 
technologies.

Experimental pulps

the data regarding the general com-
position of the experimental pulps (dry 
matter, °brix, pH, total acidity, reducing 
sugars and a*/b*), were within the rang-
es of the commercial products.

the pulp samples obtained with the 
pilot plant from the two tomato varie-
ties used in this study (Xd and Xe) had 
much higher ascorbic acid concentration 
values than those found in the commer-
cial products. the lycopene concentration 
was also higher than that determined in 
the commercial pulps. the Xe sample had 
very high concentrations of lycopene and 
ascorbic acid, which are typical of the raw 
material (table 1). on the contrary, the 
total polyphenol and rutin values of the 

experimental pulps were similar to the 
lower values detected in the commercial 
products. the furosine level of the experi-
mental pulps was higher than that of the 
commercial pulps, especially for sample 
Xd. this was probably due to the steri-
lization treatment performed in a stat-
ic bath at 100°c, which was more severe 
than that applied at the industrial level.

commercial tomato purees

Analysis of the commercial purees 
(table 3) shows that the dry matter val-
ue was higher than in the pulps with 
an average of 9 g/100 g (between 8.32 
and 9.78 g/100 g), and the °brix value 
ranged between 7.33 and 8.83 (average 
value 8.04). the nacl content was high-
er than in the pulps and varied between 
3.26 and 8.07 g/kg.

the pH value of the pulp samples was 
homogeneous (average value 4.37) as 
was the titratable acidity (average value 
5.87 g/kg), which is similar to that ob-
served in the pulps. the reducing sug-
ar values varied a little, between 32.87 
and 40.61 g/kg, with an average value 
slightly higher than that of the pulps.

the colour index (a*/b*) values of the 
purees were very similar, with an av-
erage value of 2.07. the lycopene con-
tent of the commercial purees ranged 
between 127.4 and 196.3 mg/kg, while 
the b-carotene content varied between 
4.54 and 6.58 mg/kg (average values 
of 168.2 and 5.22 mg/kg, respective-
ly). these data were similar to those ob-
tained for the pulps. Ascorbic acid con-
centration values showed some varia-
bility (between 108.7 and 259.5 mg/kg, 
average value 188.5 mg/kg) and were 
generally higher than those in commer-
cial pulps.

the total polyphenol and rutin values 
were higher than those observed in the 
pulps and had less variability. the av-
erage furosine concentration was 73.9 
mg/100 g protein and the spread was 
relatively low; sample Ya4 was an ex-
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ception with a much higher concentra-
tion (120 mg/100 g protein).

Experimental purees

the compositional data of the experi-
mental purees Yd and Ye were within the 
variability range observed in the com-
mercial products with the exception of 
the nacl concentration that was slightly 
lower, the total acidity which was slight-
ly higher and the colour index which was 
significantly higher.

the pilot plant purees had high lyc-
opene concentrations, similar to those 
found in the corresponding pulps; a par-
ticularly high value was recorded in sam-
ple Ye obtained from the high-lycopene 
tomato variety. the b-carotene content 
was similar to that of the experimental 
pulps and was within the range observed 
in the commercial purees.

the concentration of ascorbic acid was 
very high in sample Ye, as already ob-
served in the pulps. the total polyphe-
nol values were slightly higher than those 
obtained in the corresponding pulps; the 
concentrations were lower than those 
found in the commercial products. rutin 
values were lower than those found in the 
commercial purees and were significant-

ly higher than those of the commercial 
pulps. the furosine values for samples 
Yd and Ye were 26.9 and 172.0 mg/100 g 
protein, respectively. this marked differ-
ence was presumably due to a prolonged 
heat treatment of sample Ye.

statistical evaluation

to analyse the variability of the pa-
rameters considered, the data were sub-
mitted to one-way AnoVA and multiple 
range test using the LsD (Least signifi-
cant Difference) procedure; the samples 
were grouped by brand and product type 
(pulp and purees).

In comparing products with different 
concentrations of solids, all the data re-
fer to the dry weight (table 4). the anal-
ysis was conducted on the parameters of 
greater nutritional significance: nacl, re-
ducing sugars and the antioxidant com-
ponents. the results show a significant 
effect (p<0.001) between groups for all 
the parameters, except for reducing sug-
ars (p<0.05) and b-carotene.

the nacl concentration was higher in 
the purees than in the pulps, and varied 
significantly according to the brand. the 
pulps and purees of brand a had a high-
er nacl content than those in brands b 

table 4 - comparison of different brands of commercial tomato pulp and puree (data expressed on 
dry weight).

 NaCl Reducing sugars Lycopene b-carotene Ascorbic acid Total phenolics Rutin
 (g/kg dw) (g/kg dw) (mg/kg dw) (mg/kg dw) (mg/kg dw) (mg/kg dw) (mg/kg dw)

products:
Xa (n=6) 45.0 bc 396.5 ab 1673 a 52.0 a 1404 b 3628 a 262.5 a
Xb (n=4) 17.7 a 416.9 c 2004 c 47.6 a 1512 b 4735 b 270.3 a
Xc (n=3) 39.4 b 379.6 a 1932 bc 55.7 a 1014 a 5499 c 298.7 a
Ya (n=6) 70.5 e 400.9 bc 1744 ab 59.0 a 2283 c 4687 b 615.5 c
Yb (n=5) 56.2 d 393.1 ab 1924 c 58.7 a 2366 c 4385 b 393.9 b
Yc (n=4) 54.9 cd 409.1 bc 1953 c 54.8 a 1414 b 4238 b 618.4 c

F ratio 20.68 3.04 4.75 2.00 34.17 8.18 127.6
p *** * *** ns *** *** ***

n = number of lots examined;
n.s. = not significant; * p<0.05; ** p<0.01; *** p<0.001.
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and c. the reducing sugars showed low-
er variability and no significant differenc-
es were noted between brands or type of 
product. the lycopene concentration ap-
peared to be influenced by the brand but 
not by the type of product: the pulps and 
purees of brands b and c had very sim-
ilar lycopene contents which were sig-
nificantly higher than that of brand a.

the ascorbic acid concentration was in-
fluenced by the product and the brand. 
the pulps and purees of producers a and 
b had significantly higher ascorbic acid 
contents than those of brand c, with gen-
erally higher concentrations in the purees. 
the total polyphenol values were signifi-
cantly different with respect to the brands 
only for the pulps. the rutin concentra-
tions were similar in the pulps from differ-
ent brands whereas there were differenc-
es in the purees according to the brands; 
the rutin concentration was significant-
ly higher in the purees than in the pulps.

Data regarding the composition of 
each product were then submitted to 
principal component analysis (PcA) in 
order to study the influence of the var-
ious parameters. As it can be seen in 
Fig. 1 (score plot), the first two princi-
pal components explain 58% of the to-
tal variance. the tomato samples are well 
separated in the space. the tomato pulp 
samples are separated from tomato pu-
rees along the first component (explained 
variance 41%). the second component 
(explained variance 17%) distinguishes 
sample Ye (experimental sample partic-
ularly high in lycopene, b-carotene and 
ascorbic acid) from the other products.

Fig. 2 (bi-plot) shows how the load-
ing plot (descriptors) is superimposed 
on the mapping of the samples (Fig. 1, 
score plot). As can be seen, pulp sam-
ples on the right of the first component 
are characterised by lower scores of all 
the parameters considered. on the con-
trary, the puree samples are richer in 
polyphenols, nacl, reducing sugars, ru-
tin and dry matter and have higher pH 
and °brix values. Along the second di-

mension, the Xe, and in particular the 
Ye samples, differ from the others due to 
the high lycopene, ascorbic acid, colour 
index and furosine values. these values 
are dependent on the raw material used 
and on the sterilisation process applied.

DIscussIon AnD concLusIon

the data obtained in this study show 
that, although there was some variabil-
ity in the composition of commercial to-
mato products, the nutritional values 
were quite homogeneous, especially 
when considered on a dry weight basis. 
With respect to the concentration of re-
ducing sugars, all products ranged be-
tween 379 and 409 g/kg dw, regardless 
of the kind of product and the brand; the 
same was observed for lycopene (rang-
ing from 1,673 and 2,004 mg/kg dw) and 
b-carotene (from 47.6 to 59 mg/kg dw). 
some differences between the samples 
were found in the nacl content, which 
was higher in the tomato purees in order 
to meet sensory requirements; ascorbic 
acid also seemed to be higher in tomato 
puree, which could have been due to the 
different industrial stabilisation treat-
ments applied to these products. Dur-
ing this study, time-temperature proc-
ess profiles were examined for the in-
dustrial lines of tomato pulp and toma-
to puree (the evaluation was carried out 
in a factory of producer a); the sterilisa-
tion treatment of tomato pulp was car-
ried out at 118°c for 30 min, whereas the 
sterilisation treatment of tomato puree 
was carried out at 92°c for 10 min. this 
difference is due to the fact that, in the 
case of pulp, the core of the solid pieces 
in the can must reach the final temper-
ature, while in tomato puree, the prod-
uct is rapidly heated to the sterilisation 
temperature in a heat exchanger and 
then hot-filled. the holding time and en-
tire treatment time are therefore much 
shorter. Various studies have shown that 
ascorbic acid can be degraded during to-
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Fig. 1 - 
Principal 

component 
score plot 

from analyt-
ical param-
eters of to-
mato pulp 

(X) and pu-
ree (Y) sam-

ples.

Fig. 2 - 
Principal 

component 
bi-plot: 

loading plot 
superim-

posed over 
score plot 

from analyt-
ical param-
eters of to-
mato pulp 

(X) and pu-
ree (Y) sam-

ples.

mato processing, depending on the se-
verity of the heat treatment (AbusHItA et 
al., 2000; GIoVAnELLI et al., 2001; ZAno-
nI et al., 2003; sAHLIn et al., 2004). Low-
er ascorbic acid concentrations in toma-
to pulp samples can be ascribed, at least 
in part, to the above-described differenc-
es in the sterilisation process.

With regard to polyphenols, significant 
differences in rutin concentrations were 
observed between pulps and purees. ru-
tin (quercetin-3-rutinoside) is the most 
representative flavonoid in tomatoes and 
it has been shown that flavonoids are lo-
cated mainly in the skins (stEWArt et 
al., 2000). the higher rutin concentration 

in tomato puree can again be attributed 
to the technology used. the tomatoes are 
peeled before processing to give tomato 
pulp, while tomato puree is obtained by 
crushing and refining whole tomatoes, 
with a subsequent higher extraction from 
the peels. the rutin concentrations found 
in commercial Italian products were con-
sistent with those reported by stEWArt 
et al. (2000) for tomato puree. the PcA 
analysis confirmed these observations. 
the purees could be distinguished from 
the pulps by a higher solid concentration 
(which means higher values for reducing 
sugars, °brix and solid content). these re-
sults correspond to somewhat higher con-
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centrations in antioxidant components 
(lycopene, b-carotene, ascorbic acid, to-
tal polyphenols and rutin).

In general, the levels of antioxidant 
substances in pulps and purees ob-
tained from the pilot-scale production 
were correlated with corresponding raw 
materials, as reported in table 1. these 
results show that industrial processing 
preserves, in part, the nutritional char-
acteristics of the raw material.

It can be concluded that the carotenoid 
composition of Italian tomato pulps and 
purees, which are the main forms of do-
mestic consumption of tomato preserves, 
varies over a relatively narrow range, es-
pecially when considered on a dry weight 
basis, and depends mostly on the anti-
oxidant concentration of the raw materi-
al. tomato purees generally have a high-
er ascorbic acid and rutin concentration, 
depending upon the technological proc-
ess adopted. these data can be used to 
compile a more complete nutritional char-
acterisation of Italian tomato preserves.
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AbstrAct

Proximate analysis, fatty acid profile 
and mineral content were investigated 
in brown (Cystoseira corniculata, Padi-
na pavonia) and red seaweeds (Lauren-
cia papillosa and Jania rubens). the 
highest protein content was obtained 
for P. pavonia (35.40% dry weight) fol-
lowed by L. papillosa (34.65% dry wt). 
Lipid contents of seaweeds ranged from 
6.73% for L. papillosa to 0.12% dry 
weight for J. rubens. the fatty acid com-
positions of seaweed species includ-

riAssunto

sono stati studiati la composizione 
elementare, il profilo in acidi grassi ed 
il contenuto in sostanze minerali di al-
ghe brune (Cystoseira corniculata, Pa-
dina pavonia) e rosse (Laurencia papil-
losa and Jania rubens). il più alto con-
tenuto proteico è stato ottenuto per la 
P. pavonia (35,40% peso secco) segui-
ta dalla L. papillosa (34,65% peso sec-
co). il contenuto lipidico delle alghe va-
riava dal 6,73% per la L. papillosa allo 
0,12% (peso secco) per la J. rubens. La 
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ed 31.66-47.97% saturated fatty acids 
(sFA), 23.04-32.06% monounsaturated 
fatty acids (MuFAs) and 11.58-18.08% 
polyunsaturated fatty acids (PuFAs). 
Mineral analysis showed that the sea-
weeds contain high amounts of both 
macro minerals (ca, Mg, na, P and K) 
and trace elements (Zn and Mn).

composizione in acidi grassi delle specie 
algali evidenziava dal 31,66 al 47,97% 
di acidi grassi saturi (sFA), dal 23,04 
al 32,06% di acidi grassi monoinsaturi 
(MuFAs) e dall’11,58 al 18,08% di acidi 
grassi polinsaturi (PuFAs). La determi-
nazione delle sostanze minerali mostra-
va che le alghe contenevano alte quanti-
tà sia di macro minerali (ca, Mg, na, P 
and K) sia di oligoelementi (Zn and Mn).

introDuction

Macroalgae, also known as seaweeds, 
are quite diverse and included members 
of the red, brown and green algae. Fos-
sil evidence suggests that coastal ma-
rine seaweed communities have existed 
for about 500 million years (GrAHAM and 
WiLcoX, 2000). they make up an im-
portant biomass in coastal ecosystems. 
in coastal habitats they are the primary 
producers in the food chain, producing 
organic material from sunlight, carbon 
dioxide and water (LEE, 1989). the pri-
mary productivity of seaweed communi-
ties is equal to or greater than that of the 
most productive terrestrial plant com-
munities (GrAHAM and WiLcoX, 2000). 
in addition to their role as primary pro-
ducers, they provide an environment 
that is favourable for other living or-
ganisms and for reproduction (WiLson, 
2002; FLEurEncE, 1999).

some seaweeds, especially brown and 
red seaweeds, are harvested and used as 
food or for commercial products (LEE, 
1989; sZE, 1998). seaweeds are rich 
in minerals, vitamins and some specif-
ic components. the mineral content of 
some seaweeds accounts for up to 36% 
of the dry weight (burtin, 2003). the nu-
trient composition of seaweed varies de-
pending on species, geographical area, 

season and water temperature. Writ-
ten records confirm that humans have 
harvested seaweed for more than 2000 
years. the annual world production of 
seaweed was 12.9 tonnes in 2002 (FAo, 
2003). Human consumption of seaweed 
is widespread in the Pacific and in Asian 
countries, where several seaweed species 
are commercially farmed (sZE, 1998). in 
Europe, seaweeds are used to produce 
additives (e.g. alginates) or meal for an-
imal nutrition. in most cases, seaweed 
is used in human food or animal feed 
for their mineral content and/or for the 
functional properties of their polysaccha-
rides (FLEurEncE, 1999; burtin, 2003). 
today, seaweed polysaccharides are 
used in the food, cosmetics, paint, crop, 
paper and building industries (DErE et 
al., 2003).

the chemical content of seaweed can 
be assessed by using advanced analyti-
cal techniques. the results have indicat-
ed new opportunities for their use in dif-
ferent technological applications.

turkey is surrounded on three sides 
by seas, so there is an enormous sea-
weed biomass available for use. How-
ever, seaweed harvesting is very rare in 
turkey. A number of studies have been 
carried out on the taxonomy and distri-
bution of seaweed on the northeastern 
Mediterranean coast of turkey (AYsEL 
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and GÜnEr, 1980; DurAL et al., 1989; 
AYsEL and GEZErLEr-ŞiPAL, 1996; ÖZ-
tÜrK et al., 1996) and the chemical 
content of seaweeds in the turkish seas 
have been analyzed by several research-
ers (ÇEtinGÜL and GÜnEr, 1996; biLG-
in and ErtAn, 2002; DErE et al., 2003).

the aim of this study was to deter-
mine the chemical constituents (prox-
imate composition, fatty acid profiles 
and macro and trace mineral elements) 
of some seaweed species collected from 
the northeastern Mediterranean coast of 
turkey. Four species (C. corniculata, L. 
papillosa, J. rubens, P. pavonia), common 
in the region, were selected for the study.

MAtEriALs AnD MEtHoDs

sample collection
seaweeds were collected from the 

northeastern Mediterranean coast of 
turkey in october 2005. Four species, 
commonly distributed in the region, 
were selected; Jania rubens (L.) Lam-
ouroux and Laurencia papillosa (Agar-
dh Greville) belong to rhodophyta (red 
seaweeds), while Cystoseira corniculata 
(turner) Zanardini and Padina pavonia 
(L.) Gaillon belong to Phaeophyta (brown 
seaweeds). Epiphytes were removed and 
the samples were then washed with sea 
water and distilled water. the samples 
were then packaged in polyethylene bags 
and stored at -20°c until chemical anal-
yses were performed.

Proximate composition
the seaweed samples were analyzed in 

triplicate for proximate composition: lip-
id content by the bLiGH and DYEr (1959) 
method, moisture content by the AoAc 
(1990) method, total crude protein by 
the Kjeldahl method (protein conversion 
factor: 6.25) (AoAc, 1984), ash content 
by the AoAc (1990) method and neutral 
detergent fibre content as described by 
VAn soEst et al. (1991) using an AnKoM 
Fibre Analyzer.

For lipid analyses, approximately 10 
g of sample were homogenized with a 
chloroform/methanol mixture (1:2) and 
left in a dark place overnight after add-
ing cacl2. the chloroform layer was re-
moved, evaporated first using an evap-
orator and then in an oven at 105°c for 
30 min. the lipid content was calculated 
using differences between flask weights.

Fatty acid methyl esters (FAME) 
analyses
Fatty acid profiles from the seaweed 

samples were determined by gas chro-
matography (Gc) of methyl esters. bo-
ron trifluoride/methanol was used to 
prepare the fatty acid methyl esters 
(AoAc, 1990).

Gas chromatographic conditions
the fatty acid composition was ana-

lyzed using a Gc clarus 500 with au-
tosampler (Perkin Elmer, shelton, ct, 
usA) equipped with a flame ionization 
detector and a fused silica capillary sGE 
column (30 m X 0.32 mm iD X 0.25 µm 
bP20 0.25, sGE Analytical science Pty 
Ltd, Victoria, Australia). the oven tem-
perature was 140°c, for 5 min, and in-
creased to 200° at 4°c/min intervals and 
then increased to 220° at 1°c/min. the 
injector and detector temperatures were 
set at 220° and 280°c, respectively. the 
sample size was 1 µL and the carrier gas 
was held at 16 psi. the split ratio used 
was 1:100. Fatty acids were identified by 
comparing the retention times of FAME 
in the samples with a standard 37 com-
ponent FAME mixture. two replicate Gc 
analyses were performed and the results 
are expressed in Gc area % as a mean 
value ± standard deviation.

Mineral analysis
the mineral content of seaweeds was 

determined by the dry ash method. the 
samples (~1 g) were placed in a pre-
washed crucible with nitric acid and 
burned at 550°c for 24 h until grey ash 
was obtained. First, 5 mL of nitric acid 
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(Merck 65%) were added to the result-
ant ash, and the mixture was stirred on 
a hot plate until dry. then, 10 mL of the 
same acid were added continuously until 
a clear solution was obtained. the mix-
ture was then filtered through an ash-
free filter paper and made up to 25 mL 
with ultra pure water. icP-AEs (Varian 
Model-Liberty series ii, Victoria, Austral-
ia) was used to determine the elements. 
the operational parameters for icP AEs 
are indicated below; each element was 
quantified by preparing a four point cal-
ibration curve for individual elements 
and the results are expressed as ppm. 
Pump rate: 15 rpm; Plasma Gas: 15L/
min; Fast Pump: on; PMt Voltage: 650 
V; Auxiliary Gas flow: 1.5 L/min; rinse 
time: 10 sec.

rEsuLts AnD Discussion

Proximate composition

the proximate composition of the sea-
weeds expressed on a dry weight basis is 
shown in table 1. the protein content of 
macroalgae ranged from 7.2% for J. ru-
bens to 35.40% for P. pavonia. the pro-
tein contents of marine algae depend on 
species and season (FLEurEncE, 1999; 
AbDEL-FAttAH and sArY, 1987). the 
protein content of the brown seaweeds 
was low (5-15% of the dry weight) com-
pared to those of red and green sea-
weeds (10-30% of the dry weight) (bur-
tin, 2003). in this study, the brown 

seaweeds C. corniculata and P. pavonia, 
had 30.43 and 35.40% protein on a dry 
weight basis, respectively. the red sea-
weeds, L. papillosa and J. rubens had 
protein contents of 34.65 and 7.2% dry 
weight, respectively.

the lipid level of seaweeds is generally 
low (1-5% of dry matter), and similar re-
sults were found in this study. the lipid 
content of seaweeds ranged from 6.73% 
for L. papillosa to 0.12% for J. rubens 
as dry weight. Although J. rubens had 
a significantly lower (0.12%) fat content 
(P<0.05), its ash content was notably 
higher (80.73%) (P<0.05) on a dry weight 
basis than the other seaweed species. 
the ash content of the seaweed species 
ranged from 28.97 to 80.73%. J. rubens 
had the highest ash content. the neutral 
detergent fibre level ranged from 14.01% 
for C. corniculata to 11.62% for J. rubens.

Fatty acid composition

table 2 gives the percentage as a mean 
value of 20 fatty acids for each seaweed 
species. the fatty acid compositions of 
the seaweed species varied from 31.66 
to 47.97% in saturated (sFA), 23.04 to 
32.06% in monounsaturated (MuFAs) 
and 11.58 to 18.08% in polyunsaturat-
ed acids (PuFAs). Among them, palmit-
ic acid (c16:0, 30.93-40.64%), myris-
toleic acid (c14:1, 2.52-6.02%), palmi-
toleic acid (c16:1, 2.98-18.84%), oleic 
acid (c18:1n9 cis, 1.37-23.17%), linoleic 
acid (c18:2n6, 0.95-4.25%), arachidonic 
acid (c20:4n6, 3.21-9.42%), and cis-5, 8, 

table 1 - the proximate composition of seaweeds expressed on dry weight basis (%).

Seaweed Dry matter Protein Lipid Ash Neutral detergent fibre

Cystoseira corniculata 29.54 30.43±0.36 5.45±0.17 28.97±0.56 14.01±1.10
Padina pavonia 25.62 35.40±0.56 5.89±0.24 44.92±1.60 13.64±0.75
Laurencia papillosa 19.91 34.65±0.48 6.73±0.33 44.05±1.10 13.55±1.36
Jania rubens 65.45 7.20±0.19 0.12±0.01 80.73±3.16 11.62±1.40

Values are expressed as means ± standard deviation (n=3).



Ital. J. Food Sci. n. 3, vol. 21 - 2009 321

11, 14, 17-eicosapentaenoic acid (EPA, 
c20:5n3, 0.57-7.29%) had the highest 
proportions. these results are in agree-
ment with previous studies on fatty ac-
ids in other species (burtin, 2003; KA-
MEnArsKA et al., 2002). Docosahexae-
noic acid (DHA, c22:6n3) was only de-
tected in P. pavonia.

in general there was a dominance 
of sFAs and MuFAs, whereas the pro-
portion of PuFAs was low in all of the 
seaweed species. the highest propor-
tion of PuFAs-n3 was found in C. cor-
niculata (14.89%), followed by J. ru-

bens (7.29%), L. papillosa (4.69%) and 
P. pavonia (4.32%). the highest PuFAs-
n6 values were obtained from C. cornic-
ulata (13.79%), followed by P. pavonia 
(10.76%), L. papillosa (7.9%) and J. ru-
bens (4.29%). the u.K. Department of 
Health recommends an ideal ratio of 
n6/n3 of 4.0 at the maximum (DEPArt-
MEnt oF HEALtH, 1994). Values high-
er than the maximum value are harm-
ful to human health and may promote 
cardiovascular diseases (MorEirA et al., 
2001). in this study, the ratio of n6/n3 
ranged from 0.58 for J. rubens to 2.49 

table 2 - Fatty acid profiles of seaweed species.

Fatty acids (%) Cystoseira corniculata Padina pavonia Laurencia papillosa Jania rubens

C14:0 0.27±0.01 0.49±0.04 0.71±0.04 1.29±0.08
C15:0 0.35±0.02 0.49±0.02 0.72±0.06 1.36±0.47
C16:0 30.93±0.68 33.23±0.07 38.00±0.47 40.64±1.82
C18:0 0.11±0.01 0.31±0.01 0.49±0.01 0.61±0.06
C22:0 - 1.47±0.05 - -
C23:0 - - 1.40±0.01 4.07±0.04
∑ SFA 31.66 35.99 41.32 47.97

C14:1 4.73±0.11 6.02±0.00 4.42±0.10 2.52±0.21
C15:1 0.51±0.01 0.11±0.06 - -
C16:1 2.98±0.23 12.49±0.47 17.75±4.34 18.84±0.67
C18:1n9 23.17±0.30 13.13±0.39 4.03±0.28 1.37±0.04
C20:1 0.25±0.03 0.26±0.01 - 0.31±0.01
C22:1n9 0.08±0.01 0.05±0.02 - -
∑ MUFA 31.72 32.06 26.02 23.04

C18:2 n6 4.04±0.08 4.25±0.25 2.14±0.49 0.95±0.16
C18:3 n6 0.33±0.06 0.93±0.44 0.82±0.69 0.13±0.01
C18:3 n3 1.08±0.02 2.96±0.09 - -
C18:4 n3 0.20±0.01 0.69±0.00 - -
C20:2 cis 0.16±0.01 - - -
C20:4 n6 9.42±0.20 5.58±0.24 4.94±0.06 3.21±0.06
C20:5 n3 2.85±0.23 0.57±0.01 4.69±0.42 7.29±0.16
C22:6 n3 - 0.10±0.05 - -
∑ PUFA 18.08 15.08 12.59 11.58

PUFA/SFA 0.57 0.41 0.30 0.23
∑n6 13.79 10.76 7.9 4.29
∑n3 14.89 4.32 4.69 7.29
n6/n3 0.92 2.49 1.68 0.58
Unidentified 18.54 16.87 20.07 17.41

Values are expressed as means ± standard deviation (n=2).



322 Ital. J. Food Sci. n. 3, vol. 21 - 2009

for P. pavonia. the minimum PuFA/
sFA ratio recommended was 0.45 (DE-
PArtMEnt oF HEALtH, 1994). the high-
est PuFA/sFA ratio was obtained for C. 
corniculata (0.57) followed by P. pavonia 
(0.41), whereas the lowest values were 
found for L. papillosa (0.30) and J. ru-
bens (0.23).

the main acids found in C. cornicula-
ta and P. pavonia (brown seaweed) were 
palmitic acid, followed by oleic acid, myr-
istoleic acid, arachidonic acid and lino-
leic acid. similar results were found by 
KAMEnArsKA et al. (2002) who investi-
gated the fatty acid content of Padina 
pavonia from the southern Adriatic sea. 
Palmitic acid was the most abundant 
fatty acid in algae as in this study. the 
proportion of palmitoleic acid (c16:1) 
(12.49%) in P. pavonia, was higher than 
in C. corniculata (2.98%). behenic acid 
(c22:0) and DHA (c22:6n3) were detect-
ed in P. pavonia, whereas eicosadienoic 
acid (c20:2cis) was only detected in C. 
corniculata. the EPA content was also 
higher (2.85%) in C. corniculata than in 
P. pavonia (0.57%).

Palmitic acid, palmitoleic acid and 
EPA were the major fatty acids found 
in red seaweeds (L. papillosa and J. ru-
bens). Eicosanoic acid (c20:1) was only 
detected in J. rubens, which had a high-
er EPA content (7.29%) than L. papillo-
sa (4.69%). the red seaweed species in-
vestigated in this study had higher lev-
els of palmitic acid, palmitoleic acid and 
EPA than the brown seaweeds, whereas 
brown seaweed had higher proportions 
of oleic and arachidonic acids. behenic 
acid (c22:0), cis-10-pentadecanoic acid 
(c15:1), linolenic acid (c18:3n3), octa-
decatetraenoic acid (c18:4n3) and cis-
11, 14-eicosadienoic acid (c20:2) were 
not detected in the red seaweed species. 
the seaweeds had high levels of sFA and 
MuFAs and also contained a consider-
able amount of PuFAs. these findings 
indicate that these seaweeds could be 
used as a source of PuFAs in the formu-
lation of diets.

Mineral content

since the metabolic system of seaweeds 
can absorb elements directly from the 
seawater, they are rich minerals (nor-
ZiAH and cHinG, 2000). it is therefore, 
important to determine the mineral con-
tent in seaweed for nutritional and tox-
icological purposes (subbA rAo et al., 
2007). the macro- and micro-minerals 
found in the seaweeds are presented in 
table 3. the ca content was higher in red 
algae (7,953.03 µg/g d wt for L. papillo-
sa and 8,837.78 µg/g d wt for J. rubens) 
compared to the brown algae (1,161.62 
µg/g d wt for C. corniculata and 2,256.47 
µg/g d wt for P. pavonia). the Mg content 
in the red seaweeds was almost twice that 
found in brown seaweeds. the highest 
na and K levels were found in L. papillo-
sa (252.85 µg/g d wt and 863.30 µg/g d 
wt, respectively), whereas C. corniculata 
had the highest amount of P (45.30 µg/g 
d wt, followed by L. papillosa (14.51 µg/g 
d wt). the mineral contents of seaweeds 
were generally lower than those reported 
by ruPErEZ (2002) for brown seaweeds 
(Fucus vesiculosus, Laminaria digitata, 
Undaria pinnatifida) and red seaweeds 
(Chondrus crispus and Porphyra tenera). 
Macro mineral contents when expressed 
as na+K+ca+Mg in land vegetables such 
as potato (6,015), sweet corn (1,347) and 
carrots (3,276) (usDA, 2001) are all low-
er than those of seaweeds, except spin-
ach (9,679), which has a value compara-
ble to that of red algae (L. papillosa and J. 
rubens). na/K ratios in all the seaweeds 
studied ranged from 0.20 to 1.23. High 
na/K ratios are related to hypertension 
(ruPErEZ, 2002).

the levels of trace elements found in 
the seaweeds are given in table 3. the 
lowest Zn content was found in L. papil-
losa (2.56 µg/g d wt), while the highest 
level was found in J. rubens (3.99 µg/g 
d wt). the Mn content ranged from 0.78 
to 4.93 µg/g d wt and was higher in red 
algae than in brown seaweeds (table 3). 
the mineral content varies according to 
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species, locality, season, environmental 
factors and processing methods (YosHiE 
et al., 1994; HonYA et al., 1993).

in conclusion, this study has shown 
that seaweeds (J. rubens, L. papillosa, C. 
corniculata, P. pavonia) have a high nu-
tritional value in terms of protein, fatty 
acids (especially PuFAs), and macro and 
trace mineral elements. these seaweeds 
could be used as a food supplement to 
improve the nutritive value of human or 
animal diets, especially as a source of 
minerals due to their rich macro miner-
al and trace element content.
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AbstrAct

the effects of Ozone and negative air 
ions (NAI) on the growth rate of Botrytis 
cinerea and Penicillium expansum col-
onies, and on sporulation, have been 
investigated. Inoculated plates were 
stored in Air (control), or air with Ozone 
(0.5 ppm), NAI (6.1x106 ioni/cm3) and 
a NAI+Ozone (6.1x106 ioni/cm3 + 0.5 
ppm) mixture at 7°c and 95% rH. Af-
ter 48 h a reduced growth rate of the 

rIAssuNtO

È stata studiata l’efficacia dell’ozono 
e/o dell’aria ionizzata (NAI) sulla veloci-
tà di crescita e sulla produzione di spore 
di colonie di Botrytis cinerea e Penicillum 
expansum. Le muffe sono state inocu-
late su piastre di potato dexstrose agar 
(PDA) e sottoposte a trattamento con 
Aria (controllo), miscela Aria-Ozono (0,5 
ppm), miscela Aria-NAI (6,1x106 ioni/
cm3), miscela Aria-NAI+Ozono (6,1x106 
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cultures stored in the presence of the 
fungistatic agents was observed. the 
reduction was greater when B cine-
rea and P. expansum were exposed to 
NAI+Ozone (30 and 83%, respectively). 
Ozone stopped the production of P. ex-
pansum spores and delayed spore pro-
duction of B. cinerea.

ioni/cm3 e 0,5 ppm) a 7°c e circa 95% 
ur. Durante i primi due giorni è stata 
osservata una riduzione della velocità 
di crescita delle colture sottoposte agli 
agenti fungistatici; in seguito la velocità 
di crescita fungina aumenta fino a rag-
giungere condizioni normali e costan-
ti. La riduzione è stata maggiore quan-
do le muffe sono state esposte a ozono 
e ioni negativi contemporaneamente. P. 
expansum sembra essere più sensibi-
le all’azione degli agenti fungistatici ri-
spetto a B. cinerea. È stato osservato 
anche che l’ozono ha inibito reversibil-
mente la produzione di spore di P. ex-
pansum e ritardato quella di B. cinerea.

INtrODuctION

In recent years, the social and eco-
nomic importance of food quality and 
safety issues has increased. consumer 
awareness of produce quality and pes-
ticide use requires the industry to con-
sistently improve quality while aiming 
to minimize pesticide use on produce. 
In the food industry, the sanitization 
of equipment and the treatment of food 
is currently carried out by chemical or 
physical means. thermal treatment, es-
pecially steam, is effective in destroying 
contaminating microorganisms but is 
quite expensive to generate and is not 
applicable if high temperature negatively 
affects food quality or equipment integ-
rity (trOLLer, 1993). Irradiation is not 
recommended in food processing plants 
because of the inherent hazards for the 
operators associated with a radioactive 
source. chemicals, such as derivatives 
of chlorine, acids, bases, hydrogen per-
oxide, iodine, and quaternary ammoni-
um compounds are currently the most 
common by used sanitation methods in 
the food industry. each has some sig-

nificant disadvantages, e.g. iodine has 
a pungent smell, is expensive, corrosive 
and may cause irritation; hydrogen per-
oxide is less effective, tends to degrade 
and loses its sanitizing activity if not 
properly handled; quaternary ammoni-
um compounds, while odourless, colour-
less and flavourless, are chemically very 
stable and therefore they can remain on 
food for a long time. chlorine and its de-
rivatives are used worldwide for water 
and wastewater treatment, food wash-
ing and the cleaning-in-place (cIP) pro-
cedure for processing plants and equip-
ment. these compounds are not expen-
sive, are effective against all kinds of veg-
etative cells and spores, and play an im-
portant role in the control of food-borne 
diseases, as well as in the prevention of 
fruit and vegetable spoilage. However, 
chlorinated agents also have some se-
rious disadvantages; they require large 
amounts of water for rinsing, are harm-
ful and are irritant in humans at high 
concentrations and are not environ-
mentally friendly (beLLAr et al., 1974). 
Moreover, chlorine reacts with many or-
ganic compounds, e.g., aquatic humus 
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compounds, to form by-products, such 
as trihalomethanes and haloacetic ac-
ids, that have been judged mutagen-
ic and carcinogenic (trusseLL and uM-
PHres, 1978; GOPAL et al., 2007). these 
substances can contaminate food and 
drinking water, adversely affecting pub-
lic health and the native aquatic and 
terrestrial species. Despite the hazards 
of forming carcinogenic and mutagenic 
compounds, chlorine and its derivates 
are still widely used because the lack 
of adequate sanitizers would result in 
a worse situation such as much more 
illness and loss of life due to microbial 
contamination of food and water (GuzeL-
seyDIM et al., 2004).

the food industry is currently looking 
for innovative technologies that are envi-
ronmentally sound and meet consumer 
demand for fresh, safe ready-to-eat prod-
ucts. In addition, new sanitizing agents 
should be non-corrosive for expensive 
processing equipment, and should not 
affect foodstuff quality. Ozone seems to 
meet all of these needs; it is one of the 
most potent sanitizers due to its high ox-
idation potential (e° = +2,076 V) (MANLey 
and NIeGOwskI, 1967). It is active against 
all forms of microorganisms at relative-
ly low concentrations, and an excess of 
Ozone rapidly auto-decomposes into oxy-
gen, leaving no chemical residues on food 
(kArAcA and VeLIOGLu, 2007).

Gas-phase Ozone treatment of fruits 
and vegetables has been used to increase 
shelf-life (NOrtON et al., 1968). Ozone 
has also been used to prevent surface 
contamination on grapes and blackber-
ries (sArIG et al., 1996; beucHAt, 1992), 
whole and sliced tomatoes (AGuAyO et 
al., 2006), broccoli florets (zHuANG et 
al., 1996), and whole black peppercorns 
and ground black pepper as a substitute 
for ethylene oxide (zHAO and crANstON, 
1995). the increased shelf-life of apples, 
oranges, tomatoes, stone fruits, melons 
and kiwi fruits after Ozone treatment has 
been attributed to the oxidation of ethyl-
ene (rIce et al., 1982; bArry and GIO-

VANNONI, 2007; LOVINO et al., 2007). Low 
concentrations (<1 ppm) and prolonged 
contact time (several days) are required 
to inhibit microbial growth during stor-
age of kiwi fruit (LOVINO et al., 2006).

the sanitizing mechanism of Ozone 
consists mainly in the deactivation of 
intracellular enzymes, probably due to 
the oxidation of sulfhydryl groups into 
cysteine residues (cHANG, 1971), the 
oxidation of various components of the 
cell envelope, including polyunsaturated 
fatty acids, membrane-bound enzymes, 
glycoproteins and glycolipids, that cause 
leakage of the cell contents and cell lysis 
(scOtt and LesHer, 1963; MurrAy et 
al., 1965), and the reaction with nu-
cleic acids, especially thymine, (scOtt, 
1975; IsHIzAkI et al., 1981), and pro-
teins of bacterial spore coats (FOeGeD-
ING, 1985) and of viral capsides (sPrOuL 
and kIM, 1980; kIM et al., 1980). High 
Ozone concentration are required to rap-
idly kill fungi or pathogen spores that 
cause citrus spoilage, i.e., blue mould, 
sour rot and green mould (sMILANIck, 
2003). However, excessive concentra-
tions of Ozone may cause oxidation of 
food surfaces (especially on Ozone-sensi-
tive products) resulting in discouloration 
and the deterioration of flavour and aes-
thetic characteristics (rIce et al., 1982). 
In addition, high Ozone concentrations 
require corrosion-resistant facilities and 
appropriate safety measures. currently, 
Ozone is ordinarily used in drinkable-
water treatment plants in europe. In the 
usa, the Food and Drug Administration 
has decreed Ozone to be a Generally rec-
ognized as safe (GrAs) substance and 
has approved its use in gas and aqueous 
phases as an additive for the treatment, 
storage, and processing of food (FeDer-
AL reGIster, 2001).

there is a debate about the sanitizing 
effects of negative air ions (NAI) on liv-
ing organisms but researchers agree that 
they can be bacteriostatic (krueGer and 
reeD, 1976; cHArry and kAVet, 1987; 
reIter, 1993; tANIMurA et al., 1997). 
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NAI has been shown to reduce airborne 
microbial contamination in dental clin-
ics (GAbbAy et al., 1990), Salmonella con-
tamination in chicken hatcheries (GAst 
et al., 1998), and the airborne spread 
of viruses in poultry houses (MItcHeLL 
and kING, 1994). studies by tANIMurA 
et al. (1998, 1999) and FAN et al. (2002) 
showed that the sanitizing activity of 
Ozone against some bacteria was im-
proved when used in combination with 
NAI; no explanation of the mechanism 
of this synergism was given.

this synergism could improve the ef-
ficacy and lower the doses of Ozone. the 
goal of this study was to compare the 
fungistatic action of both Ozone and NAI 
on two important spoilage moulds, Bot-
rytis cinerea and Penicillum expansum, 
and to determine if there is a synergic 
effect of the NAI+Ozone mixture.

MAterIALs AND MetHODs

Pure cultures of Botrytis cinerea Pers. 
and Penicillum expansum Link were 
treated with cold forced air or with cold 
forced Ozone, NAI and NAI+Ozone in a 
pilot plant. the growth inhibition was 

determined by measuring the colony 
growth rates and the inhibition of sporu-
lation; its reversibility was determined 
by incubating the treated fungi at 3°, 5° 
and 25°c.

Pilot Plant

the stainless steel pilot plant (pro-
totype from Ionex s.r.l., Vicenza, Italy), 
shown in Fig. 1, had a volume of 1 m3 
and consisted of a treatment chamber 
and a fan that generated airflow. the in-
put air was taken from the ambient air 
and was first enriched with Ozone pro-
duced by a corona discharge genera-
tor (-8 kV Ozone generator, Ionex s.r.l., 
Vicenza, Italy), and then with NAI also 
produced by a corona discharge gener-
ator (-12 kV NAI generator, Ionex s.r.l., 
Vicenza, Italy). the gas mixture was re-
cycled in the test chamber by a fan. the 
output air was filtered through an ac-
tivated charcoal filter. the Ozone and 
NAI concentrations in the test cham-
ber were set by regulating the inlet and 
outlet valves, in other words by regulat-
ing the quantity of Ozone free - fresh air 
introduced into the pilot plant. the pi-
lot plant was installed in a 20 m3 indus-

Fig. 1 - Pilot plant scheme. Legend: (1) inlet air; (2) inlet air gate; (3) ventilation fan; (4) -8 kV corona 
discharge Ozone generator; (5) -12 kV corona discharge NAI generator; (6) test chamber; (7) recircula-
tion air gate; (8) outlet air gate; (9) activated carbon filter; (10) outlet air.
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trial cold storage room that was main-
tained at 7±1°c and high relative hu-
midity (95-98% rH) operating with par-
tial recirculation of air. Inside the treat-
ment chamber, a 0.7 m/s air flow was 
maintained and the Ozone and NAI con-
centrations were set at 0.5±.05 ppm (v/v) 
and about 6.1x106 ions/cm3, respective-
ly. the Ozone concentration was moni-
tored continuously by an Ozone analys-
er (model Os-4, eco sensors, Inc, santa 
Fe, New Mexico, usa), while the NAI con-
centration was measured with an ion de-
tector (Air Ion counter, Alpha Lab, Inc., 
salt Lake city, ut, usa). A thermo-hy-
grometer (model 635, testo, Milan, Ita-
ly) was used to check temperature and 
air humidity in both the pilot plant and 
in the cold storage room.

Mycelia growth rate experiments

Pure cultures of B. cinerea and P. ex-
pansum were maintained on potato dex-
trose agar (PDA) in test tubes at 4°c. At 
the start of each test, young cultures 
were prepared by incubating the moulds 
on PDA medium at 25°c for 10 days (5 
days under lamp light and 5 days in 
the dark). Agar plugs of about 5 mm di-
ameter were taken from the margins 
of 15-day-old cultures and aseptical-
ly placed in the centre of 20 PDA Petri 
plates (NADAs et al., 2003). After one day 

of incubation at 25°c, the border of each 
colony was marked to determine the col-
ony size at the starting time. In addi-
tion, two perpendicular lines were traced 
across the centre of the colony. colony 
growth rate was evaluated by measuring 
the diameters on the two perpendicular 
lines. subsequently, the twenty plates, 
with their lids removed, were placed ran-
domly inside the treatment chamber (in 5 
lines of 4 plates each), and continuous-
ly exposed to one of the following treat-
ments: Air, Ozone, NAI or NAI+Ozone. 
the treatment time for tests was fixed 
at 96 h (120 h for Air and Ozone on B. 
cinerea). every 24 h, two orthogonal di-
ameters of the colonies of each kind of 
mould were measured with calipers and 
a stereoscope. For each exposure time, 
the mean diameter of the colony was cal-
culated as the average of twenty values. 
Fig. 2 shows the methodology used to 
calculate the variation of mean diame-
ter (ΔDm), for example, over the time in-
terval 0-24 h.

the experiments with B. cinerea and 
P. expansum were carried out separate-
ly. each treatment was repeated at least 
twice. the data were subjected to an 
analysis of variance (ANOVA) and the 
means were separated by Duncan’s mul-
tiple range test (with P<0.05) to deter-
mine if there were significant differenc-
es in the radial growth rate of moulds, 

Fig. 2 - Methodolo-
gy used to calculate 

variation of mean 
diameter of fun-

gal colonies in the 
time interval 0-24 

h; Dm1-2 is the mean 
between the two 

perpendicular diam-
eters of each plate; 
Dm20(0 h) and Dm20(24 

h) are the mean val-
ues of twenty plates 
calculated at 0 hour 
and after 24 hours, 

respectively.
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with respect to the mean value of the ex-
periments.

It was observed that the position of 
the plates inside the pilot plant did not 
influence the radial growth rate and ef-
fectiveness of each treatment.

sporulation control experiments

the same P. expansum plates used for 
the growth rate test were monitored dai-
ly to determine mould sporulation under 
different environmental conditions (Air, 
Ozone, NAI, or NAI+Ozone). Other incu-
bated control plates were placed in an 
incubator at 25°c for one day, and then 
in other rooms at different temperatures 
and 95-98% rH. the presence of green-
coloured spores (indicating sporulation) 
was determined by examining the cul-
tures under a stereomicroscope.

to determine if the inhibition of mould 
sporulation was reversible, plates from 
the NAI+Ozone test were subsequent-
ly placed in rooms at different temper-
atures: cold room 1, cold room 2 and 
Incubator. table 1 gives the details of the 
treatment conditions.

each test lasted up to 120 h. the 
plates used for the NAI+Ozone experi-
ment were tested for an additional 96 h 
to determine the reversibility of sporula-
tion inhibition. the following qualitative 
scale was used to characterize sporula-
tion: - spores absent; + start of sporu-

lation; ++ spores present (PALOu et al., 
2002).

It was not possible to carry out this 
test with B. cinerea because its sporu-
lation time is much longer than that of 
P. expansum. consequently, the extend-
ed exposure of the open Petri plates to 
the airflow caused the PDA to dehy-
drate making the test impossible. How-
ever, as an alternative test, after 96 h in 
the NAI+Ozone the B. cinerea treatment 
plates were placed in a cold storage room 
at 3°c and 95-98% rH. the results were 
compared with B. cinerea colonies grown 
from the beginning under control condi-
tions (3°c and 95-98% rH) and with col-
onies grown at 25°c.

resuLts AND DIscussION

In vitro mycelia growth

the radial growth rate of the fungal 
cultures, subjected to the different treat-
ments, is reported in Fig. 3. the growth 
rate is expressed as a variation of the 
mean diameter of the fungal colony as 
a function of time. the radial growth of 
P. expansum was significantly reduced 
by all treatments compared to Air dur-
ing the first 48 h; B. cinerea growth was 
significantly reduced by all treatments 
during the first 24 h, but was reduced 
only by NAI and NAI+Ozone treatments 
at the end of 48 h. After 48 h of any treat-
ment on P. expansum and of the NAI and 
NAI+Ozone treatments on B. cinerea, it 
was observed that the colony growth rate 
was not statistically different from that 
in Air. with the Ozone treatment on B. 
cinerea, the colony growth rate was sta-
tistically different from that in Air at 72 
and 96 h, but the results were not sta-
tistically different from those with Air at 
120 h (data not reported).

the fungal colonies were able to over-
come the inhibitory effect of the fungi-
stats and their development was similar 
to the control colonies without NAI and/

table 1 - Operating conditions in the treatment 
chambers.

Treatment T [Ozone] [NAI]
 (°C) (ppm) (Ions/mL)

Pilot Plant - Air 7 - -
Pilot plant - Ozone 7 0.5 -
Pilot Plant - NAI 7 - 6.1x106

Pilot plant - NAI+Ozone 7 0.5 6.1x106

Cold Room 1 - Air 3 - -
Cold Room 2 - Air 5 - -
Incubator - Air 25 - -



Ital. J. Food Sci. n. 3, vol. 21 - 2009 331

Fig. 3 - effect of Ozone (0.5 ppm) and/or negative air ions (6.1x106 NAI/mL) on radial growth rate of B. 
cinerea (a) and P. expansum (b). Different letters on value indicate a statistically significant difference 
(P≤0.05) according to the Duncan test.
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or Ozone. this fact can be explained by 
assuming that the fungistatic action oc-
curred during the initial growth period 
(24-48 h), while the moulds adjusted to 
the new environmental conditions and 
probably when they were more vulnera-
ble to the hostile agents.

the best results were achieved with 
NAI+Ozone treatment at 24 h; the B. ci-
nerea and P. expansum colony diameters 
were reduced 30 and 83%, respectively; 
the effect was synergistic on B. cinerea 
(e.g., Ozone 9% and NAI 13% at 24 h) in 
the first 48 h.

P. expansum was more sensitive to 
fungistats than B. cinerea; this could be 
due to the growth limit temperature of P. 
expansum (0°c) compared to that of B. 
cinerea (- 4°c) (rAPer and tHOM, 1949; 
eLAD and eVeNseN, 1995). At the first 
sight, the effectiveness of the NAI+Ozone 
treatment, like the others, could appear 
to be limited. However, it should be con-
sidered that all of the treatments were 
carried out on already developed fungal 
colonies on PDA, a medium that provides 
nutrients and physical protection for the 
hyphae. better results would be expect-
ed under real conditions of fruit and veg-
etable treatment, because their surfac-
es do not provide the same favourable 

growing conditions, as observed by PAL-
Ou et al. (2001), who found that Ozone 
is especially effective on the non-protect-
ed aerial growth of mycelia.

NADAs et al. (2003) observed a 90 and 
40% reduction in the B. cinerea colo-
ny growth, inoculated on PDA plates at 
2°c, 90% rH and in an Ozone-enriched 
atmosphere (1.5 ppm), after 12 and 18 
days, respectively. similar results were 
obtained by LIew and PrANGe (1994) re-
garding the daily growth rate of B. cine-
rea exposed to 60 ppm Ozone at 2°, 8° or 
16°c. In contrast, PALOu et al. (2001) ob-
served little or no difference in the radial 
growth of P. italicum and P. digitatum col-
onies exposed to 0.3 ppm Ozone at 5°c 
and 90% rH. kLOtz (1936) reported sim-
ilar observations on the same microor-
ganism. therefore it seems that the in-
hibition of fungal growth is improved by 
increasing the fungistat concentration.

sporulation experiments

the results on sporulation tests of P. 
expansum are reported in table 2.

the sporulation of the control started 
after 24 h with the Air treatment. In the 
case of both the Ozone and NAI+Ozone 
treatments, sporulation was suppressed 

table 2 - Influence of continuous 0.5 ppm Ozone and/or 6.1x106 NAI/mL exposure on sporulation of 
Penicillum expansum. sporulation rating: - spores absent; + start of sporulation; ++ spores present. the 
percentages refer to the number of colonies at a certain sporulation rating.

Treatment Exposure time (h)

 0 24 48 72 96 120

Pilot plant - Air 100% - 90% + 90% ++ 100% ++
  10% - 10% +
Pilot plant - Ozone 100% - 100% - 100% - 100% - 100% -
Pilot plant - NAI 100% - 100% - 100% - 90% + 90% +
    10% ++ 10% ++
Pilot plant - NAI+Ozone 100% - 100% - 100% - 100% -
Cold Room 1 (3°C) 100% - 100% - 67% + 67% + 67%++ 100% ++
   33% - 33% - 33% +
Cold Room 2 (5°C) 100% - 100% + 100% ++
Incubator (25°C) 100% - 100% ++
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table 3 - Influence of continuous 0.5 ppm Ozone and 6.1x106 NAI/mL exposure on sporulation of Pen-
icillum expansum after treatment. sporulation rating: - spores absent; + start of sporulation; ++ spores 
present. the percentages refer to the number of colonies at a certain sporulation rating.

Treatment Exposure time (h)

 120 144 168 192 216

Cold Room 1 (3°C) 100% - 100% - 100% + 100% ++
Cold Room 2 (5°C) 100% - 100% - 50% - 50% + 100% ++
   50% + 50% ++
Incubator (25°C) 67% - 100% ++
 33% +

during the 96 h experiment, while NAI 
treatment only delayed sporulation; for-
mation of spores was detected after 72 
h. therefore it is reasonable to suppose 
that the inhibition of sporulation is due 
to Ozone rather than NAI. For the oth-
er three treatments, temperature was a 
decisive factor: at higher temperatures 
spore formation occurs more rapidly.

the plates exposed to the NAI+Ozone 
treatment were divided into three groups 
and were kept in an incubator and in two 
different cold rooms for varying lengths 
of time (table 3).

After the elapsed times that varied 
with the treatment, all of the fungal 
colonies resumed normal sporulation. 
these results demonstrate that the in-
hibition of sporulation by Ozone is re-
versible once the Ozone is removed. sev-
eral other authors (PALOu et al., 2001; 
HArDING, 1968) have shown that the 
sporulation of other Penicillium species 
was inhibited only as long as Ozone 
was present.

the delay in B. cinerea sporulation 
was longer than that of P. expansum af-
ter exposure to NAI+Ozone because it 
has a longer life cycle than Penicillium. 
the fungal colonies grown at 25° or 3°c 
produced conidia after 5 and 13 days, re-
spectively. In contrast, the moulds stored 
first in the pilot plant under NAI+Ozone 
treatment for 96 h and then in a cold 
store room at 3°c, started sporulation 
after 20 days. similar findings have been 

reported by several Authors (tzOrt-
zAkIs et al., 2008; PALOu et al., 2002; 
sPALDING, 1966, 1968; rIDLey and sIMs, 
1967), but only for Ozone treatment and 
at different concentrations. HIbbeN and 
stOtzky (1969) concluded that spore 
sensitivity to the oxidizing action of 
Ozone depended on the fungal species, 
spore morphology, substrate, moisture, 
and Ozone dosage. As previously report-
ed, in an in vitro test, while Ozone gas 
and NAI do not kill spores or affect ger-
mination, they do inhibit normal myce-
lial growth (at least initially) and great-
ly reduce sporulation (especially Ozone 
gas). the inhibition of fungal sporulation 
by Ozone and NAI treatment on infect-
ed fruits and vegetables in storage could 
prevent the spread of fungal contamina-
tion from infected fruit and vegetables to 
adjacent healthy ones as well as to pack-
ages, room walls and floors. storage un-
der Ozone and NAI could greatly reduce 
the load of airborne pathogenic spores 
which would subsequently reduce spoil-
age in the stored produce. with the use of 
sanitizing treatments, the lack of sporu-
lation on decayed fruits could reduce the 
use of fungicidal treatments and pre-
vent the proliferation of fungicide-re-
sistant strains of the pathogens. usual-
ly, fruits stored at low temperature are 
treated with fungicides and, therefore, 
many spores produced during storage 
come from resistant strains. Any practice 
that reduces inoculum production on 
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decayed fruit after fungicide treatment, 
could help prevent and control contam-
ination and resistance in target patho-
gen populations (PALOu et al., 2001).

Overall, the best results were ob-
tained with the combined NAI+Ozone 
treatment, probably due to a synergistic 
effect between the Ozone and NAI. FAN 
et al. (2002) reported a strong synergy 
between Ozone and NAI on bacterial cell 
death; the degree of this effect varied de-
pending on the bacterial species. tAN-
IMurA et al. (1998) obtained the best 
results; in in vitro experiments 0.05 ppm 
Ozone and 3.0x105 NAI/cm3 completely 
inhibited the germination and sporula-
tion of Aspergillus niger mould. several 
authors (LI et al., 1989; HILDebrAND et 
al., 2001; sONG et al., 2000) have found 
that different concentrations of Ozone 
gas and NAI reduced decay in manda-
rin oranges, table grapes and onions.

the probable interaction of Ozone and 
NAI could be exploited to control decay in 
cold stored fruits and vegetables. Howev-
er, additional research is needed to un-
derstand how the nature and composi-
tion of their surfaces, type of microbial 
contaminants, fungistats concentration 
and environmental conditions affect the 
inactivation of microflora without harm-
ing the foodstuff, equipment and work-
er’s health.
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AbstrAct

the purpose of this work was to as-
sess the antioxidant activity of fresh 
juice from Prunus spinosa L. fruit (ro-
saceae) growing wild in Urbino (cen-
tral Italy) by using different in vitro an-
alytical methods: 5-lipoxygenase test, 
1,1-diphenyl-2-picrylhydrazyl (DPPH) 
free radical scavenging and OrAc (Ox-
ygen radical Absorbance capacity). 
bHt, trolox, and ascorbic acid were 
used as reference antioxidant com-
pounds. In the 5-lipoxygenase test the 
fresh fruit juice of P. spinosa showed 

rIAssUntO

Lo scopo di questo lavoro è stato 
quello di valutare l’attività antiossi-
dante del succo fresco di frutti di Pru-
nus spinosa L. (rosaceae), pianta spon-
tanea delle campagne di Urbino (Italia 
centrale). tale attività è stata studiata 
in vitro mediante tre test: quello della 
5-lipoxygenase, del 1,1-diphenil-2-pi-
crylhydrazyl (DPPH) free radical sca-
venging e OrAc (Oxygen radical Ab-
sorbance capacity). come antiossidan-
ti di riferimento sono stati considerati 
bHt, trolox ed Acido ascorbico. nel test 
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a good antioxidant activity when com-
pared to trolox; in the DPPH test the 
samples showed Ic50 values that were 
comparable to ascorbic acid, while 
the OrAc value was 36.02 µmol eq. 
trolox/g of fruit. these values are in 
accord with data reported in the liter-
ature for small fruits such as vaccin-
ium, rubus and ribes. the antioxidant 
activity of red berries is correlated with 
the anthocyanin content. the results of 
this study indicate that the three most 
representative anthocyanins in sloe 
fruit juice (cyanidin-3-rutinoside, peo-
nidin-3-rutinoside and cyanidin-3-glu-
coside) contribute in varying amounts 
to the antioxidant properties.

della 5-lipoxygenase, tale succo di frut-
ta ha mostrato una buona attività an-
tiossidante paragonabile al trolox, nel 
test del DPPH il campione ha mostrato 
una Ic50 comparabile a quella dell’Aci-
do ascorbico, mentre il valore di OrAc 
pari a 36.02 µmol eq. trolox/g di frutti 
è risultato in accordo con i dati riportati 
in letteratura per piccoli frutti tipo vac-
cinium, rubus e ribes. È noto che l’atti-
vità antiossidante dei frutti rossi è cor-
relata al contenuto in antocianine: i no-
stri risultati mostrano che le tre princi-
pali antocianine presenti nel succo di 
frutti di prugnolo (cianidin-3-rutinosi-
de, peonidin-3-rutinoside e cianidin-
3-glucoside) contribuiscono all’attività 
antiossidante in percentuali differenti 
nei tre test utilizzati.

IntrODUctIOn

Prunus spinosa L. (rosaceae) known 
as “blackthorn” or “sloe” is a wild shrub, 
native to scotland and commonly found 
in deciduous forests in Europe and tem-
perate countries in Asia, especially in 
central, north, west and south Anatolia 
(KUMArAsAMY et al., 2003). It is resist-
ant to cold, drought, and calcareous soils 
and is one of the ancestors of P. domes-
tica (APArAJItA et al., 2002). the fruit is 
bluish black, bloomy, 5-7 mm globular 
drupes, with green astringent flesh; they 
are popularly called “sloes” and despite 
their succulent appearance are far too 
bitter for human consumption, except as 
flavouring in liqueurs and wine. In the 
Marche region (central Italy), P. spino-
sa fruit is used to make a wine called 
“Lacrima di spino nero” (boll. Uff. reg: 
Marche, 2002).

the medicinal properties of black-
thorn fruit extracts (purgative, diuret-
ic, disintoxicant) make them suitable 

for the preparation of natural medicines 
(APArAJItA et al., 2002). Anthocyanins 
were detected in “sloe” fruits by WErn-
Er et al. (1989), rAMOs and MAcHEIX 
(1990), cAsADO-rEDIn et al. (1992) and 
DEInEKA et al. (2005), and cyanidin-3-
glucoside and cyanidin-3-rutinoside 
with peonidin-3-glucoside and peoni-
din-3-rutinoside were identified as the 
main anthocyanins. caffeoil-3’-quinic 
acid was the most abundant hydroxyci-
namic derivative and different quercetin 
glycosides were also detected.

Anthocyanins are widely distributed 
in fruit and vegetables. they are one of 
the main classes of water-soluble fla-
vonoids and contribute significantly to 
the antioxidant activities of the flavo-
noids (LAPIDOt et al., 1999). they are 
well known for their ability to give red, 
blue, and purple colours to plants. they 
are also free radical-scavengers and can 
potentially interact with biological sys-
tems, to confer enzyme-inhibiting, anti-
bacterial, cardiovascular protection and 
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antioxidant effects (DE GrOOt and rAU-
En, 1998; cOWAn, 1999). WAnG and LIn 
(2000) found a strong correlation be-
tween antioxidant capacity, total phenols 
and anthocyanins, while other investiga-
tions have indicated that anthocyanins 
may be less significantly correlated with 
the antioxidant properties (FrAnKEL et 
al., 1995; bUrns et al., 2000; AMOU et 
al., 2002; KALLItHrAKA et al., 2005). to 
date only seed extracts (KUMArAsAMY et 
al., 2004) and aqueous extracts (thea) 
from dried fruit of P. spinosa (KIsELOVA 
et al., 2006) have been tested for anti-
oxidant activity.

In this paper, for the first time, the 
antioxidant activity of fresh P. spinosa 
juice is reported and compared to the 
activity of grape juice and to the activi-
ty of the three most representative an-
thocyanins (commercially available) con-
tained in “sloe” juice.

MAtErIALs AnD MEtHODs

chemicals

trolox (6-hydroxy-2,5,7,8-tetrame-
thylchroman-2-carboxylic acid), bHt 
(butylated hydroxytoluene), ascorbic acid, 
quercetin, 5-lipoxygenase, 2,2I-azobis(2-
amidinopropane) dihydrochloride (AAPH), 
and fluorescein sodium salt were pur-
chased from sIGMA (Milano, Italy).

cyanidin-3-O-glucoside chloride, cyani-
din-3-O-rutinoside chloride and peonidin.-
3-O-rutinoside chloride were purchased 
from Extrasynthese (Lyon, France).

All other reagents and chemicals were 
of analytical grade and purchased from 
sIGMA.

Plant materials 
and juice preparation

P. spinosa fruit was collected in 
Urbino, the Marches, central Italy, at 
500 m a.s.l., in november 2007 and 
identified by D. Fraternale. A vouch-

er specimen is deposited in the her-
barium of the botanical Garden of the 
University of Urbino (P.s.F. 163). Juice 
was prepared as follows: 10 g of “sloe” 
fruit were crushed in a mortar and the 
mush was filtered through Whatman 
no. 1 filter paper under vacuum and 
the residue was squeezed until exhaus-
tion. the juice, 6 mL, was then cen-
trifuged at 2,500 rpm for 10 min and 
stored in ice.

Vitis vinifera L. fruit (sangiovese cul-
tivar, the Marches, Italy) was collected 
from the vineyards of Urbino, and the 
juice was obtained as described above 
for “sloe”.

total anthocyanin content (tA)

the total anthocyanin content of the 
“sloe” and grape fruit juices was meas-
ured using the differential pH meth-
od reported by ELIsIA et al. (2007) and 
tZULKEr et al. (2007). two aliquots of 
juice were dissolved separately in po-
tassium chloride buffer (KcL, 0.025 
M, pH 1.0) and sodium acetate (cH-

3cO2na. 3H2O, 0.4 M, pH 4.5) with a 
pre-determined dilution factor. the ab-
sorbancy measurements of the samples 
were read at 510 and 700 nm against 
a blank cell containing distilled and 
deionized water. the absorbance (A) of 
the diluted sample was then calculat-
ed as follows:

A = (A510nm – A700 nm)pH 1.0 –
– (A510nm – A700 nm)pH 4.5

the monomeric anthocyanin pigment 
concentration in the original sample 
was calculated according to the follow-
ing formula:

Anthocyanin A x MW x DF x 1000
content (mg/L) =
 ε x L

where cyanidin-3-glucoside molecular 
weight (MW=449.2) and the molar ab-
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sorptivity (ε = 26.900) constants were 
used.

total polyphenol content

the total content of the polyphenol-
ic compounds in fresh “sloe” and grape 
juices was determined by the Prussian 
blue method described by HAGErMAn 
and bUtLEr (1994) with slight modifi-
cations. Aliquots of the juice were made 
up to 1 mL with distilled water; after 
adding 60 µL of 0.1 M FenH4(sO4)2, they 
were incubated for 20 min at room tem-
perature. subsequently, 60 µL of 8 mM 
K3Fe(cn)6 were added to the sample, and 
after 20 min at room temperature the 
optical density of the mixture was de-
termined at 720 nm (Jasco V-530 spec-
trophotometer, tokyo, Japan). Querce-
tin was used as standard to construct a 
calibration curve.

DPPH assay

radical scavenging activity was de-
termined by a spectrophotometric 
method based on the reduction of an 
ethanol solution of 1,1-diphenyl-2-pic-
rylhydrazyl (DPPH) (MELLOrs and tAP-
PEL, 1966).

the DPPH assay was conducted as 
follows: a 100 µM DPPH ethanolic solu-
tion was prepared and 1.5 mL was add-
ed to the same volume of sample dilut-
ed in distilled water. the decreasing ab-
sorbance at 517 nm was recorded after 
10 min and the percent decrease (cor-
rected for the control, without addition 
of antioxidant agents) was taken as an 
index of the antioxidant capacity. tests 
were carried out in triplicate.

trolox (6-hydroxy-2,5,7,8-tetrame-
thylchroman-2-carboxylic acid), bHt 
(butylated hydroxytoluene) and ascorbic 
acid were used as positive controls.

the Ic50 values, defined as the amount 
of antioxidant necessary to decrease the 
initial DPPH concentration by 50%, were 
calculated from the results.

Lipoxygenase test

Inhibition of lipid peroxide formation 
was evaluated by the 5-lipoxygenase test 
in the sample and in the positive con-
trols. the activity of the enzyme was as-
sayed spectrophotometrically according 
to the method of HOLMAn, which was 
modified by sUD’InA et al. (1993).

the assay mixture (1 mL) contained: 10 
mM linoleic acid, the sample (or the same 
quantity of solvent as reference) and 50 
mM sodium phosphate, pH 6.8. this mix-
ture was maintained at 20°c for 20 min.

subsequently, 0.18 µg mL-1 of com-
mercial 5-lipoxygenase was added to 
the mixture and the formation of hy-
droperoxides from linoleic acid was ob-
served spectrophotometrically at 235 
nm at 20°c.

the Ic50 values, defined as the amount 
of antioxidant necessary to inhibit lip-
id peroxidation by 50%, were calculated 
from the results.

Oxygen radical 
Absorbance capacity (OrAc)

the original method of cAO et 
al.(1993) was used with slight modifi-
cations. Fluorescein (3I,6I-dihydroxy-
spiro[isobenzofuran-1[3H] ,9I[9H]-
xanthen]-3-one) was chosen as the flu-
orescent probe instead of b-phycoeryth-
rin (b-PE) (OU et al., 2001). When the 
sample with antioxidant activity had ex-
hausted its capacity to trap the peroxyl 
radicals that had been induced by 2,2I-
azobis(2-amidinopropane)dihydrochlo-
ride (AAPH) at 37°c, fluorescein became 
the target of the radicals and lost its fluo-
rescence. the area under the curve (AUc) 
of fluorescence decay was proportional 
to the antioxidant capacity of the sam-
ple, and a comparative evaluation with 
trolox was performed.

the final reaction mixture for the as-
say (1 mL) was prepared as follows: 825 
µL of 0.05 µM fluorescein sodium salt 
in 0.075 M sodium phosphate buffer, 
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pH 7.0, 100 µL of properly diluted sam-
ple in 0.075 M sodium phosphate buff-
er, pH 7.0 or 50 µM trolox. the control 
was 0.075 M sodium phosphate buff-
er, pH 7.0. the fluorescence was read 
every 5 min at 37°c using a JAscO FP-
6200 spectrofluorometer at 485 nm ex-
citation, 520 nm emission. When stabili-
ty was reached, the reaction was started 
with 75 µL of 5.55 mM AAPH and fluo-
rescence was measured every 10 sec un-
til zero fluorescence was detected.

the OrAc value is calculated accord-
ing to the formula:

OrAc (µmol trolox equivalent/g DW) 
= [(As - Ab)/(At - Ab)] kah, where As is the 
AUc of fluorescein in the presence of the 
sample calculated with spectra Manag-
er for Windows 95/nt (spectra Analysis) 
program, At is the AUc of the trolox, Ab 
is the AUc of the control, k is the dilution 
factor, a is the concentration of trolox in 
mmol/L and h is the ratio between the 
litres of extract and the grams of sam-
ple used for the extraction.

the contribution 
of individual anthocyanins 
to the antioxidant activity

considering the total content of an-
thocyanidins found in the specimen was 
55.13 mg/g DW and the ratios as report-
ed in the literature, the following three 
anthocyanidins were relevant (DEInE-
KA et al., 2005): cyanidin3-o-glucoside 
(11.4%), cyanidin3-o-rutinoside chloride 
(53.5%), peonidin3-o-rutinoside chloride 
(32.4%).

respectively, the above ratios were 
used to determine the concentrations in 
our sample as follows:

cyanidin-3-o-glucoside 6.28 mg/g DW
cyanidin-3-o-rutinoside chloride 29.49 mg/g DW
peonidin-3-o-rutinoside chloride 17.86 mg/g DW

the above concentrations (mg/g) were 
then expressed as (mg/mL), based upon 
the DW content of prunus as (g/mL).

From the results obtained from the 
antioxidant dosages (DPPH, LIPOX, 
OrAc), which were obtained with the 
standard compounds (anthocyanidins), 
the antioxidant activity ascribed to the 
above-mentioned concentrations was 
estimated and the individual contribu-
tion was determined as the percentage 
of each anthocyanidin.

statistical analysis

All the data are the average of a trip-
licate analysis. the data were recorded 
as mean ± standard deviation and ana-
lysed by sPss (Version 9.0 for Windows 
98, sPss Inc.). One-way analysis of var-
iance was performed by AnOVA proce-
dures. significant differences between 
means were determined by Duncan’s 
multiple range test. the p values <0.05 
were regarded as significant and those 
<0.01 very significant.

rEsULts AnD DIscUssIOn

In this study, the total polyphenol lev-
els were determined both in the “sloe” 
juice and in the grape juice which has 
been shown to exert antioxidant activity 
(KEDAGE et al. 2007). the total polyphe-
nol content was assessed as 83.54 mg/g 
DW and 1.38 mg/g DW for sloe juice and 
grape juice, respectively (table 1). the to-
tal levels of anthocyanins assessed in the 
“sloe” juice and in the grape juice were 
55.13 mg/g DW and 1.15 mg/g DW, re-
spectively. both the phenolic and an-
thocyanin contents determined in the P. 
spinosa juice were considerably higher 
than those of the grape juice whose val-

ues are quite similar to those detected 
in different cultivars of red grapes typi-
cal of southern Italy, known as carigna-
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no, Gaglioppo, Primitivo. the total con-
tent of polyphenols and anthocyanins in 
red grapes were dependent upon culti-
var, and determined a different aptitude 
to wine production: a high concentration 
in polyphenolic substances could be add-
ed to the native grape varieties in order to 
produce wine with a more complex aroma 
(LOVInO et al., 2006). KEDAGE et al. (2007) 
reported that the polyphenolic content 
of red and white grape varieties showed 
considerable differences and that a good 
correlation is found to exist between the 
total polyphenol content and their anti-
oxidant power. these varieties of grapes, 
if consumed in adequate amounts, may 
confer health benefits, especially in pop-
ulations prone to cardiovascular diseas-
es (cVDs) (KEDAGE et al. 2007).

the results obtained showed that the 
juice from P. spinosa fruit has a signifi-
cant antioxidant capacity compared with 
the activity of known antioxidants (ascor-

bic acid, bHt and trolox). this was de-
termined with three different acellular, in 
vitro tests, namely DPPH assay, 5-lipoxy-
genase assay and OrAc assay (table 2).

the “sloe” fruit juice showed a good in-
hibition to lipid peroxidation. the value, 
expressed as Ic50 in the 5-lipoxygenase 
assay (table 2), is very similar to the value 
obtained with ascorbic acid and is com-
parable to the value obtained with trolox, 
the elective standard for this assay.

In the reduction of the stable radical 
DPPH, the activity of the juice sample was 
comparable to ascorbic acid (Ic50= 0.16 
and 0.11 mg/mL, respectively). the liter-
ature reports that anthocyanins such as 
cyanidin-3-o-glucoside and cyanidin-3-o-
rutinoside contribute to the DPPH scav-
enging activity in the mature fruit. these 
two anthocyanins are well represented in 
“sloe” juice (OKI et al., 2006).

Finally the antioxidant capacity of “sloe” 
fruit juice when measured by OrAc was 
36.02 µmol trolox equivalents/g of fruit 
(table 2). these data are in accord with 
the OrAc values reported in the literature 
for small fruits such as vaccinium (blue-
berry, huckleberry, cranberry), rubus 
(raspberries, blackberries) and ribes (cur-
rants): the values obtained ranged from 
19 to 131 µmol trolox equivalents/g fruit 
for vaccinium, from 13 to 146 in rubus, 
and from 17 to 116 in ribes (MOYEr et al., 
2002; ELIsIA et al., 2007). Different culti-
vars of four vaccinium species were ana-
lyzed for their antioxidant capacity which 
ranged from 13.9 to 45.9 µmol trolox 
equivalents/g fruit (PrIOr et al., 1998).

table 2 - Antioxidant activity of Prunus spinosa juice. the results (± sD) are the means of 3 separate 
determinations.

 Lipoxygenase DPPH ORAC
 IC50 (µg/mL) IC50 (mg/mL) µmol eq. Trolox/g

Juice (Prunus spinosa) 18.00±1.97 0.160±1.1500 36.02±2.78

BHT 3.86±0.25 0.087±0.0120
Trolox 11.89±1.22 0.007±0.0009
Ascorbic acid 18.63±1.31 0.110±0.0073

table 1 - Polyphenol and anthocyanin content of 
Prunus spinosa and Vitis vinifera juice. the re-
sults (± sD) are the means of 3 separate deter-
minations.

 Prunus spinosa Vitis vinifera

POLYPHENOLS
mg/mL 154.12±30.71 2.55±0.19
mg/g DW 83.54±2.49 1.38±0.08

ANTHOCYANINS
mg/mL 101.44±11.07 1.98±0.07
mg/g DW 55.13±5.64 1.15±0.08
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the data reported in the literature for 
other juices of fruits and vegetables and 
measured by OrAc assay showed that 
strawberry had the highest OrAc activity, 
followed by plum, orange, red grape, kiwi 
fruit, pink grapefruit, white grape, ba-
nana, apple, tomato, pear and melon with 
values ranging from 12.44 to 0.88 µmol 
trolox equivalents/g fruits (WAnG et al., 
1996). consistently, it may be deduced 
that the antioxidant power of our sam-
ple (juice of Prunus spinosa) is compara-
ble to the activity of small berries and is 
higher than several fruits and vegetables.

In many fruits and vegetables, the 
antioxidant activity can be attributed to 
the level of total polyphenols (sELLAPPAn 
et al., 2002; rAbAbAH et al., 2005; sOLO-
MOn et al., 2006). Polyphenols are com-
prised of several types of phytochemical 
compounds; one of the dominant class-
es in fruits are the anthocyanins that be-
long to the flavonoid group (rAPIsArDA 
et al., 1999). Anthocyanins, known for 
their antioxidant activity, are water-solu-
ble pigments that are responsible for the 
red-blue color of many fruits (sEErAM et 
al., 2001; nODA et al., 2002).

tZULcHEr et al. (2007) reported a 
positive correlation between the total 
polyphenol and anthocyanin contents 
and antioxidant activity of Punica grana-
tum fruit juice.

similarly, rAnILLA et al. (2007) found a 
positive correlation between antioxidant 
activity and anthocyanin content in seed 
coats from brazilian and Peruvian cul-
tivars of Phaseolus vulgaris. the results 
reported indicate that polyphenols, and 
more specifically anthocyanins, contrib-
ute the major part of the antioxidant ac-
tivity to some fruits.

A positive correlation has been estab-
lished between the antioxidant activity 
and the polyphenol content of fruits (PrI-
Or et al., 1998; KIsELOVA et al., 2006; 
KEDAGE et al., 2007), suggesting that 
these compounds are responsible to a 
great extent for the activity. Furthermore, 
phenolic antioxidants contribute towards 

the protection of other antioxidants such 
as ascorbic acid (vitamin c), thus prevent-
ing its oxidative decomposition in fruit 
(MILLEr and rIcE-EVAns, 1997). consid-
ering that VArDJAn et al. (1976) reported 
the content of ascorbic acid in P. spinosa, 
we may assume such interaction of com-
pounds in our sample.

MOnAGAs et al. (2006) observed that 
the OrAc values in grape skin were 
very close to the anthocyanin content. 
Once again this suggests that the anti-
oxidant capacity was mainly due to the 
anthocyanins.

In accord with data reported in the lit-
erature for different fruits and vegetables, 
the total phenol and anthocyanin con-
tents probably contributed a significant 
part of the antioxidant activity to “sloe” 
fruits, because P. spinosa fruit is rich in 
cyanidin-3-rutinoside (53.5%), peonidin-
3-rutinoside (32.4%) and cyanidin-3 glu-
coside (11.4%) (DEInEKA et al., 2005).

ELIsIA et al. (2007) found that when 14 
different anthocyanins were compared, 
cyanidin-3-glucoside showed a marked 
antioxidant efficacy in vivo and in vitro. 
Moreover anthocyanins have been shown 
to be novel antioxidants and potent in-
hibitors of lipid peroxidation when com-
pared with other natural antioxidants 
(ZAFrA-stOnE et al., 2007).

considering that anthocyanins con-
tribute greatly to the antioxidant proper-
ties of “sloe” juice, the antioxidant capac-
ity of “sloe” juice was compared to that 
of purified anthocyanins in order to cal-
culate the extent of the antioxidant ac-
tivity of these compounds.

the antioxidant activity of P. spino-
sa juice was evaluated by 5-lipoxygen-
ase and DPPH assay and compared to 
the main anthocyanin standards (Figs. 
1A and 1b) (DEInEKA et al., 2005). the 
results shown in the graph are corre-
lated to the concentration of each an-
thocyanin in “sloe” juice. the antioxi-
dant activities of cyanidin-3-O-gluco-
side, cyanidin-3-O-rutinoside and pe-
onidin-3-O-rutinoside with respect to 
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Fig. 1A - Antioxidant ca-
pacity of P. spinosa juice 
(◆), cyanidin-3-O-gluco-

side (∆), cyanidin-3-O-ru-
tinoside (■) and peonidin-

3-O-glucoside ( ) in the 
lipoxygenase assay). re-
sults represent the per-
centage of inhibition in-

duced by increasing con-
centrations of sample on 

the hydroperoxide pro-
duction and are the 

means s.E.M. from 3 sep-
arate determinations.

Fig. 1b - Antioxidant ca-
pacity of P. spinosa juice 
(◆), cyanidin-3-O-gluco-

side (∆), cyanidin-3-O-ru-
tinoside (■) and peonidin-

3-O-glucoside ( ) in the 
DPPH assay. results rep-

resent the percentage of 
inhibition induced by in-

creasing concentrations of 
sample on the DPPH rad-
icals, and are the means 

s.E.M. from 3 separate de-
terminations.

the total activity were calculated to be: 
31.9, 28.0 and 25.1% (lipoxygenase as-
say) and 5.0, 38.6, 17.8% (DPPH assay), 
respectively.

Fig. 2 shows the same results ob-
tained by the OrAc test; the antioxidant 
activity of “sloe” juice was compared to 
the three standard anthocyanins named 
above and to grape juice. the grape juice 
contained polyphenols and anthocyani-
dins (reported in table 1). before test-
ing, the grape juice was adjusted so that 

it had the same total phenol concen-
tration as that of the “sloe” juice. the 
two juices exhibited comparable activi-
ties, while cyanidin-3-O-glucoside, cy-
anidin-3-O-rutinoside and peonidin-3-
O-rutinoside were responsible for 11.5, 
38.4 and 12.1%, respectively, of the to-
tal activity of “sloe” juice. the different 
results obtained with the three assays 
could depend on the different sensitiv-
ities and specificities of each method.

In conclusion, the data reported in this 



Ital. J. Food Sci. n. 3, vol. 21 - 2009 345

Fig. 2 - Fluorescence de-
cay curves induced by 

AAPH of 5 μM trolox (●), 
fresh juice of P. spinosa 

fruits (◆), grape juice (o), 
cyanidin-3-O-glucoside 

(∆), cyanidin-3-O-rutino-
side (■) and peonidin-3-O-

glucoside ( ).

paper could be of interest to the food in-
dustry particularly the sector involved 
in formulating dietary supplements that 
contain plant material as well as devel-
oping new ingredients with improved 
antioxidant properties from new plant 
sources such as P. spinosa fruit which 
is a spontaneous plant in the region of 
the Marches, but could be easily culti-
vated for more widespread use.
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AbstrAct

In the present study, the chemical 
composition and antibacterial activi-
ty of essential oils of bitter fennel (Foe-
niculum vulgare Mill. var. vulgare) and 

rIAssunto

nel presente lavoro è stato studiato 
l’effetto della composizione chimica e 
l’attività antibatterica sulla crescita di 
batteri patogeni di origine alimentare e 
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dill (Anethum graveolens L.) were inves-
tigated against food-borne and seed-
borne pathogenic bacteria. the chemi-
cal composition of bitter fennel and dill 
essential oils was analyzed by gas chro-
matography-mass spectroscopy. the 
major compounds found in the essen-
tial oils of bitter fennel and dill were es-
tragole (37.6%) and limonene (33.1%), 
respectively. these essential oils have 
antibacterial activity against food-borne 
as well as seed-borne pathogenic bac-
teria. Fennel essential oil had the high-
est antibacterial activity against the 
food-borne bacterial pathogen Staph-
ylococus aureus, while dill essential 
oil had the highest antibacterial activ-
ity against seed-borne pathogenic Cla-
vibacter michiganensis subsp. michi-
ganensis. Amongst all the bacterial spe-
cies tested, the plant pathogenic agent 
Pseudomonas syringae pv. tomato had 
the greatest resistance to both essen-
tial oils. considering the significant lev-
el of bacterial growth inhibition of seed-
borne and food-borne pathogens, es-
sential oils or their components could 
be promising seed disinfectants or food 
additives in appropriate products.

sementiera, di oli essenziali di finocchio 
amaro (Foeniculum vulgare Mill. var. 
vulgare) e di aneto (Anethum graveolens 
L.). La composizione chimica degli oli 
essenziali di finocchio amaro e di ane-
to è stata analizza per via gas-croma-
tografica accoppiata alla spettrometria 
di massa. I principali composti ritrovati 
negli oli essenziali di finocchio amaro e 
aneto erano rispettivamente l’estrago-
lo (37,6%) e il limonene (33,1%). Que-
sti oli essenziali presentano una attivi-
tà antibatterica nei confronti dei batte-
ri patogeni di origine alimentare e se-
mentiera. L’olio essenziale di finocchio 
presentava l’attività antibatterica più 
alta nei confronti del batterio patoge-
no di origine alimentare Staphylococus 
aureus, mentre l’olio essenziale di ane-
to presentava l’attività antibatterica più 
alta nei confronti del patogeno di origi-
ne sementiera Clavibacter michiganen-
sis subsp. michiganensis. Fra tutte la 
specie batteriche testate l’agente pato-
geno delle piante Pseudomonas syrin-
gae pv. Tomato presentava la maggio-
re resistenza nei confronti di entrambi 
gli oli essenziali. considerando la signi-
ficativa inibizione della crescita batte-
rica dei patogeni di origine alimentare 
e sementiera, gli oli essenziali o i loro 
componenti potrebbero risultare, quan-
do inseriti in appropriati prodotti, pro-
mettenti disinfettanti delle sementi o 
additivi alimentari.

IntroDuctIon

Food-borne bacterial disease agents 
are the cause of dangerous infections in 
humans. It has been estimated that as 
many as 30% of the people in developing 
countries suffer from food-borne diseas-
es each year. Plant diseases caused by a 
range of bacteria are also one of the ma-

jor problems in the cultivation of sever-
al crops. In many countries, quick and 
effective management of plant diseases 
and microbial contamination is gener-
ally achieved by using synthetic pesti-
cides and antibiotics. chemical control 
of plant diseases is based on the use of 
antibiotics (such as streptomycin) in the 
usA or copper compounds in the rest of 
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the world. these methods prevent bac-
terial multiplication, but are not always 
adequate for controlling seed-borne inoc-
ulum. unfortunately, the frequent use of 
pesticides and antibiotics against plant 
and human pathogenic bacteria has led 
to the selection of bacterial populations 
that are resistant to antibiotics (urEcH 
et al., 1997). Factors including the high 
cost of pesticides, the development of 
pesticide-antibiotic-resistant food-borne 
and plant pathogenic isolates, govern-
mental restrictions on the use of anti-
biotics against plant pathogens in the 
European countries, including turkey, 
and concern for the environment high-
light the need to find alternative control 
methods.

secondary metabolites from aromatic 
and medicinal plants and essential oils 
have been used empirically for a wide 
variety of purposes for many centuries. 
Many of them have potential uses in 
medical procedures, and in the cosmet-
ic, food preservation and pharmacologi-
cal industries as well as for crop protec-
tion (HostEttMAnn and WoLFEnDEr, 
1997; rIcE et al., 1998). the antimicro-
bial properties of essential oils and their 
major constituents from a wide range 
of aromatic plant species have been as-
sessed against the comprehensive range 
of microorganisms including bacteria, 
fungi and viruses (reviewed by JAnssEn 
et al., 1987; DorMAn and DEAns, 2000; 
IsMAn, 2000; burt, 2004; bAKKALI et al., 
2008). bactericides of plant origin could 
be one approach to bacterial plant dis-
ease management because of their eco-
friendly nature.

the Eastern Mediterranean region of 
turkey has a flora that is rich in indige-
nous aromatic and medicinal plant spe-
cies. bitter fennel (Foeniculum vulgare 
Mill. var. vulgare) and dill (Anetheum gra-
veolens L.), belong to the parsley family 
(Apiacaea). they have been widely grown 
in the Mediterranean basin of turkey 
since antiquity and are known for their 
medicinal and aromatic properties. the 

seeds and essential oils of fennel are 
commonly used in the perfume indus-
try, as a natural remedy against diges-
tive disorders and to flavor foods and li-
quors. Dill plants are cultivated and the 
leafy tops are used for fresh consump-
tion and food dressing. After flowering at 
the end of the harvest period, both plant 
species are left in the field for domestic 
animal consumption.

the objectives of this study were (a) 
to identify the chemical composition of 
the essential oils isolated from two re-
lated plant species, bitter fennel (F. vul-
gare var. vulgare) and dill (A. graveolens) 
grown in the region and (b) to investigate 
the in vitro antibacterial activities against 
ten bacterial species of Gram-positive 
and Gram-negative food-borne (Salmo-
nella thyphimirium, Listeria monocyto-
genes, Escherichia coli o157:H7, Staph-
ylococus aureus and Salmonella Enter-
itidis) and seed-borne pathogenic bacte-
ria (Pseudomonas syringae pv. tomato, 
Xanthomonas axonopodis pv. vesicato-
ria, Erwinia carotovora, Clavibacter mich-
iganensis subsp. michiganensis, Agro-
bacterium tumefaciens).

MAtErIALs AnD MEtHoDs

Plant material and extraction 
of essential oils

the plants used in this study were 
identified and a voucher specimen was 
deposited in the herbarium of the Plant 
Protection Department of Mustafa Ke-
mal university (no. FvAu2 and Agsc4). 
For the extraction of essential oils, dill 
plants and fennel seeds were collect-
ed in the samandağ (36° 16’ n; 35° 48’ 
E, 38 m) and narlıca (36° 14’ n; 36° 13’ 
E, 104 m) districts, respectively, in the 
Eastern Mediterranean region of tur-
key. the annual average temperatures 
in samandağ and narlıca were 20.1° and 
18.1°c; rainfall was 750 and 1,124 mm, 
respectively. the characteristic soils of 
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samandağ and narlıca are aquic xe-
rofluent and calcixerept, respectively. 
the leaves and stems of the dill plants 
were used for the extraction of the es-
sential oils, while the seeds were used 
for the extraction of the fennel essen-
tial oil. three different lots of air-dried 
plant material were used separately for 
extraction. For each lot, the air-dried 
plant material (200 g) was placed in a 
5 L round-bottom distillation flask and 
3 L of double-distilled water were add-
ed. the essential oils were obtained by 
steam distillation using a clevenger-
type apparatus (Ildam, Ankara, tur-
key) for 3 h. the oils were separated, 
dried over anhydrous sodium sulphate 
and stored in an amber bottle at 4°c 
until used.

Gc-Ms analysis of the essential oil

the essential oil analysis was per-
formed using a Hewlett-Packard 6890 
(Waldbronn, Germany) Gc linked to 
a Hewlett-Packard 5973 mass selec-
tive detector equipped with a HP-5 Ms 
(crosslinked 5% Phenyl Methyl silox-
ane) capillary column (30 m x 0.25 mm 
i.d., 0.25 µm film thickness). the carri-
er gas was helium, at a ratio of 1.0 mL 
min-1. the amount of the sample inject-
ed was 0.1 µL in split mode (50:1). the 
initial oven temperature was 50°c, in-
creased at a rate of 2°c min-1 to 90°c, 
5°c min-1 to 210°c and finally isother-
mal for 5 min. the injector and detector 
temperatures were maintained at 250° 
and 280°c, respectively. the quadru-
pole mass spectrometer was scanned 
over the 50-550 amu range at 1.53 scan 
s-1, with an ionizing voltage of 70 eV. 
the major components of the essential 
oils were identified by comparing the re-
tention indices and mass spectra with 
those of authentic samples or published 
data (ADAMs, 2001). they were then 
matched with the Wiley275.L registry 
of Mass spectral Data (McLAFFErtY, 
1994). the retention indices were cal-

culated for all of the volatile constitu-
ents using a homologous series of n-al-
kanes c8-c20.

test microorganisms 
and culture methods

the food-borne and human patho-
genic bacteria used were Escherichia coli 
o157:H7 (Atcc 35218), Salmonella ty-
phimurium (rHsM 1996), Listeria mono-
cytogenes (nctc 2167), Staphylococcus 
aureus (Atcc 43300) and Salmonella en-
teritidis (osu 799). stock cultures were 
maintained at 4°c on tryptic soy broth 
(Merck) amended with 5 g L-1 Yeast Ex-
tract (Merck, Darmstadt, Germany) and 
15 g L-1 agar agar (Merck, Darmstadt, 
Germany). cultures of the plant patho-
genic bacterial isolates of Pseudomo-
nas syringae pv. tomato (PstHd1), Xan-
thomonas axonopodis pv. vesicatoria 
(XavMd3), Erwinia carotovora pv. caroto-
vora (EccMd17), Clavibacter michiganen-
sis subsp. michiganensis (CmmAd12) 
and Agrobacterium tumefaciens (AtAd2) 
used in the study were isolated from in-
fected leaves, fruit and stems of toma-
to and pepper plants growing in the re-
gion. they were identified on the basis of 
fatty acid methyl ester (FAME) analysis 
as described by sAssEr (1990). Pst was 
grown and maintained on King’s medi-
um b (Kb) agar (Merck, Darmstadt, Ger-
many), while other isolates (Xav, Cmm, 
Ecc and At) were grown on yeast glucose 
chalk (YDc) agar. stock cultures were 
maintained on appropriate media at 4°c 
and sub-cultured once a month.

Active cultures were prepared for the 
experiments by transferring a loopful 
of cells from the stock cultures to 10 
mL flasks of appropriate nutrient broth 
which were then incubated for 24 h at 
37°c (food-borne pathogen) or 26°c 
(plant pathogen). the cultures were di-
luted with an appropriate fresh broth to 
achieve optical densities corresponding 
to 108 cFu mL-1. these suspensions were 
used as required.
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Determination of antibacterial 
activity of the essential oil

the antibacterial activity of the essen-
tial oils was determined by using the pa-
per disc diffusion technique. briefly, the 
test was performed in sterile Petri dishes 
(100 mm diameter) containing an appro-
priate solid and sterile media. the sur-
face of the plates was inoculated with 
200 µL of bacterial suspension prepared 
as described previously. sterile filter pa-
per (Whatman no. 1) discs (6 mm in di-
ameter) containing 10 µL of the test-
ed essential oils were placed in the cen-
tre of the agar surface. A disc contain-
ing the 10 µL of sterile broth media was 
used as the negative control. two differ-
ent reference antibiotic, rifampicin and 
tetracycline, (sigma, taufkirchen, Ger-
many) amended discs, at 100 µg mL-1 
concentrations, were used as the posi-
tive control for comparison. Each indi-
vidual Petri dish was immediately cov-
ered to prevent eventual evaporation. Af-
ter allowing the essential oils to diffuse 
across the surface for 1 h at room tem-
peratures, the plates were sealed with 
sterile parafilm and incubated at 26°c 
(for plant pathogens) or 37°c (for food-
borne pathogens) for 48 h. the antibac-
terial activities of the oils and antibiot-
ics were demonstrated by a clear zone 
of inhibition around the disc. the zone 
of inhibition was measured using Ver-
nier calipers.

statistical analysis

All experiments were performed twice 
using five replicate plates of each es-
sential oil for each bacterium. the data 
were subjected to analysis of variance 
(AnoVA) using the sPss statistics pro-
gram (Version 11.5). the significance be-
tween treatments was determined using 
tukey’s test (P≤0.05). the data from two 
independent experiments were analyzed 
separately but were not significantly dif-
ferent (P>0.05).

rEsuLts AnD DIscussIons

the average essential oil yields of bit-
ter fennel and dill were about 7.9 and 
0.9% (v/w), respectively. the qualitative 
and quantitative analyses of essential oil 
constituents were identified by Gc-Ms 
and the results are reported in table 1, 
together with their relative percentages 
in the order of elution from the column. 
the bitter fennel essential oil is made 
up of 13 constituents, which account 
for the total amount. the major com-
ponent was estragole (37.6%), followed 
by limonene (35.4%), fenchone (12.8%) 
and carvone (3.4%). the composition of 
the bitter fennel oil analysed was typi-
cal of the variety of Foeniculum vulgare 
Mill. var. vulgare (bitter fennel) (bArAZ-
AnI et al., 2002). While some variations 
were observed, the composition of the 
bitter fennel essential oil was general-
ly in agreement with that reported from 
different countries.

the essential oil of dill had a very dif-
ferent chemical composition with a to-
tal of 16 constituents, which accounted 
for 99.1% of the total amount. Accord-
ing to Gc-Ms analysis, limonene was 
the most abundant volatile compound, 
comprising 33.1% of the total volatiles, 
followed by α-phellandrene (24.9%), car-
vone (16.8%), dillapiole (9.6%), p-cy-
mene (3.7%) and α-pinene (3.0%). the 
properties of dill oil depend largely on 
the proportions of limonene, carvone 
and α-phellandrene; the characteristics 
of the essential oil predominated if the 
carvone content was less than 35%. the 
aroma of dill herb oil from the leaves and 
stems is due to phellandrene and dill 
ether. Minor components like apiole or 
myristicin may be typical of some variet-
ies which allow the chemotypes to be dis-
tinguished (KrÜGEr and HAMMEr 1996). 
notable quantities of apiole were detect-
ed in this study. Myristicin accounted for 
1.38% of the total oil. Quantitative dif-
ferences in the essential oil components 
in F. vulgare and A. graveolens from dif-
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table 1 - chemical constituents of essential oils of bitter fennel (F. vulgare var. vulgare) and dill (A. gra-
veolens). the compounds are listed in order of elution time from a HP-5Ms column.

   Fennel Dill
No. Compounds RIa % MSb % MSb

 1 α-Pinene 935 2.6±0.03 3.0±0.08
 2 Sabinene 971 1.5±0.02 0.4±0.03
 3 Myrcene 990 0.8±0.02 0.5±0.02
 4 α-Phellandrene 1002 0.4±0.03 24.9±0.3
 5 p-Cymene 1021 - 3.7±0.25
 6 Limonene 1025 35.4±0.69 33.1±0.17
 7 trans-β-Ocimene 1035 2.1±0.02 -
 8 γ-Terpinene 1060 0.4±0.02 0.4±0.03
 9 Fenchone 1081 12.8±0.26 -
10 Terpinen-4-ol 1180 - 0.2±0.01
11 Dill ether 1187 - 0.6±0.03
12 cis-Dihydrocarvone 1191 - 1.1±0.07
13 Estragole 1193 37.6±0.59 -
14 trans-Dihydrocarvone 1197 - 1.7±0.02
15 Carvone 1242 3.4±0.05 16.8±0.24
16 p-Anisaldehyde 1250 0.3±0.02 -
17 trans-Anethole 1286 2.0±0.07 -
18 β-Caryophyllene 1417 - 0.4±0.03
19 Germacrene D 1477 0.1±0.01 0.9±0.04
20 Myristcin 1518 - 1.8±0.05
21 Dillapiole 1623 - 9.6±0.04

a The retention index was calculated using a homologous series of n-alkenes C8-C20.
b The values (±SE) are expressed as means of three different determinations and were obtained from electronic in-
tegration measurements using selective mass detector.
Dash indicates the compound was not found.

ferent countries indicate that environ-
mental and genetic factors strongly in-
fluence its chemical composition (MA-
rottI et al., 1994).

the antibacterial activities of the es-
sential oils measured by the agar disc 
diffusion method are given in table 2. 
the essential oils isolated from both 
plant species showed varying levels of 
antibacterial activities and significant 
differences in microbial susceptibility. 
the essential oil of F. vulgare showed 
the highest and lowest activities against 
food-borne bacterial pathogens S. aere-
us (13.4 mm) and P. syringae pv. tomato 
(6.5 mm), respectively. the essential oil 
of A. graveolens had the highest activity 
against gram-positive plant pathogenic 

bacterial agent C. michiganensis subsp. 
michiganensis (19.4 mm). Gram-nega-
tive bacterial agent P. syringae pv. syrin-
gae was the most resistant bacterial spe-
cies to the dill essential oil just like fen-
nel (6.3 mm). Volatile compounds from 
plants, especially essential oils, have an-
timicrobial activity against a variety of 
food-borne, human and plant pathogens 
(bAKKALI et al., 2008). A relatively limit-
ed number of reports were found in the 
literature regarding plant extracts and/
or essential oils against phytopathogenic 
bacteria. to our knowledge no research 
has been conducted to evaluate the ef-
ficacy of the essential oils used in this 
study against plant pathogenic bacteria. 
the results of this study confirm that es-
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sential oils from the turkish specimens 
of F. vulgare and A. graveolens have an-
tibacterial activity against food-borne 
and economically important seed-borne 
plant pathogenic bacteria. similar anti-
bacterial activities of essential oils and/
or major components of dill and fennel 
plants from different countries against a 
variety of food-borne and human patho-
gens have been reported (AGGrAWAL et 
al., 2002; DELAQuIs et al., 2002; DADA-
LIoGLu and EVrEnDILEK, 2004; oZKAn 
et al., 2003; rubErto et al., 2000; sInGH 
et al., 2005; scHELZ et al., 2006). on 
the other hand, very few studies have 
shown the antibacterial activities of es-
sential oils against plant pathogenic bac-
teria (sAtIsH et al., 1999; Lo cAntorE 
et al., 2004).

the chemical methods of plant dis-
ease management are expensive and can 
damage the beneficial microbial popula-
tion present in the ecosystem. the obvi-
ous pollution problems that result from 
indiscriminate use of synthetic pesti-
cides and their toxic effect on non-tar-
get organisms have prompted investiga-
tions on the use of pesticides of plant or-
igin. natural plant products are impor-

tant sources of new agrochemicals for 
the control of plant diseases. Further-
more, biocides of plant origin are non-
phytotoxic, systemic and easily biode-
gradable (bAKKALI et al., 2008).

Among the bacteria, six species 
showed similar sensitivity to both essen-
tial oils, whereas four bacteria showed 
differences in the sensitivity to fen-
nel and dill oils. the size of the inhibi-
tion zone recorded for A. tumefaciens, 
C. michiganensis subsp. michiganen-
sis, and L. monocytogenes in Petri dish-
es with fennel oil added was significant-
ly less than that recorded in the Petri 
dishes with dill oil added (table 2). the 
size of the inhibition zone recorded for 
Staphylococus aureus was significantly 
greater in fennel oil-added Petri dishes 
than that in the dill oil-added Petri dish-
es. the mode of action of essential oils 
against bacterium is unclear. the essen-
tial oil and its components may disrupt 
the cell membrane of the fungal and bac-
terial pathogen and change its permea-
bility (coX et al., 2000). Given the broad 
spectrum activities of fennel and dill es-
sential oils and the general membrane-
damaging effects of essential oils, this 

table 2 - Antibacterial activities of bitter fennel (F. vulgare var. vulgare) and dill (A. graveolens) essen-
tial oils against plant pathogenic and food-borne bacterial species.

 Inhibition zone (mm)a

Microorganisms Bitter Fennel Dill Tetracycline Rifampicin

Pseudomonas syringae pv. tomato 6.5 aA 6.3 aA 20.6 bC 15.8 bB
Erwinia carotovora pv. carotovora 6.9 abA 6.78 aA 41.4 cdC 21.1 cB
Xanthomonas axonopodis pv. vesicatoria 10.9 efA 12.9 eA 42.6 dB 49.7 eC
Agrobacterium tumefaciens 8.5 cdA 10.4 cdB 50.7 eD 29.6 dC
Clavibacter michiganensis subsp. michiganensis 9.6 deA 19.4 fB 18.7 bB 53.0 fC
Listeria monocytogenes 7.4 abcA 10.1 cdB 39.6 cD 12.4 aC
Staphylococcus aureus 13.37 gC 10.8 dB 8.4 aA 12.6 aC
Escherichia coli 11.8 fB 11.4 deB 8.3 aA 16.6 bC
Salmonella Enteritidis 8.1 bcA 8.8 bcA 9.4 aAB 16.5 bC
Salmonella Thyphimirium 8.6 cdA 8.4 bA 9.6 aB 11.6 aC

a Includes diameter of disc (6 mm). Mean values (n=5) followed by the same small or capital letters within the col-
umn or row, respectively, are not significantly different according to Tukey’s test (P≤0.05).
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variability is probably due to the rate at 
which their active components diffuse 
through the cell wall into the phospho-
lipid regions of the cell membrane struc-
ture as suggested by coX et al. (2000).

In addition to their antibacterial activ-
ities, the F. vulgare essential oil show an-
tiviral activity that has inhibitory prop-
erties against PVX (potato virus X), tMV 
(tobacco mosaic virus) and trsV (to-
bacco ring spot virus). the essential oil 
at a concentration of 3000 ppm totally 
inhibited the formation of local lesions 
(sHuKLA et al., 1989). similar studies 
were conducted previously to assess the 
efficacy of essential oils from medicinal 
plants, including sweet fennel, which is 
rich in trans-anethole, against phyto-
pathogenic fungi (soYLu et al., 2006; 
2007).

In summary, it can be concluded that 
the essential oils of bitter fennel and dill, 
rich in estragole (37.6%) and limonene 
(33.1%), respectively, possess signifi-
cant antibacterial activities against not 
only food-borne, but also seed-borne 
pathogenic bacterial agents. copper-
based preparations are generally ap-
plied to fight against plant pathogen-
ic bacterial agents using foliar spray-
ing, which only controls leaf symptoms. 
However, the development of fungicide 
resistance requires that new fungicides 
be developed that have different modes 
of action. since essential oils and/or 
their main components have been re-
ported to possess fungicidal and bac-
tericidal activities, the treatment of 
seeds with essential oils or their compo-
nents could be used as a seed disinfec-
tant against seed-borne plant bacteri-
al agents. However further experiments 
are needed to obtain information about 
the economic aspects and antibacteri-
al activities of essential oils in vivo and 
determine if there are phytotoxic effects 
on seed germination. It is also likely that 
these essential oils could be used as an-
timicrobial agents to prevent the spoil-
age of food products.
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AbstrAct

the effect of adding Spirulina plat-
ensis on the viability of a yogurt start-
er and Bifidobacterium animalis was 
assessed during 28 days of refrigerat-
ed storage. Four types of yogurts were 
manufactured: the control yogurt; yo-
gurt containing S. platensis; yogurt con-
taining B. animalis; yogurt containing 
S. platensis and B. animalis. On aver-
age, the survival rate of Streptococcus 
salivarius ssp. thermophilus was bet-
ter than those of both Lactobacillus del-

riAssuntO

È stato valutato l’effetto dell’aggiun-
ta di Spirulina platensis sulla vitalità 
di uno yogurt starter e sul Bifidobacte-
rium animalis durante 28 giorni di stoc-
caggio refrigerato. sono state prodotte 
quattro tipologie di yogurt: yogurt con-
trollo, yogurt contenente S. platensis; 
yogurt contenente B. animalis; yogurt 
contenente S. platensis e B. animalis. 
in media il tasso di sopravvivenza del-
lo Streptococcus salivarius ssp. thermo-
philus risultava migliore sia di quello 
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brueckii ssp. bulgaricus and B. anima-
lis. S. platensis biomass significantly 
decreased the viability of S. thermophil-
us but increased the viable cell counts 
of L. bulgaricus in both traditional and 
probiotic yogurts. the stability of B. an-
imalis, on average, remained statistical-
ly constant throughout the refrigerated 
storage period in probiotic algal yogurt 
compared to probiotic non-algal yogurt. 
it was also shown that probiotic algal 
yogurt has a shelf-life of one month with 
a viable Bifidobacterium cell count of at 
least 6 log cfu g-1.

del Lactobacillus delbrueckii ssp. bul-
garicus sia del B. animalis. La biomas-
sa della S. platensis riduceva significa-
tivamente la vitalità dello S. thermophi-
lus ma incrementava la conta vitale del 
L. bulgaricus, negli yogurts tradizionali 
e probiotici. La stabilità del B. anima-
lis, in media, restava statisticamente 
costante durante il periodo di stoccag-
gio refrigerato nello yogurt probiotico 
algale rispetto al probiotico non-algale. 
È stato inoltre dimostrato che lo yogurt 
probiotico algale presentava una shelf-
life di un mese con la conta vitale del 
Bifidobacterium di almeno 6 log cfu g-1.

intrODuctiOn

Yogurt is a common dairy product that 
is consumed worldwide. the addition of 
probiotic bacteria to yogurt improves its 
functionality and health benefits. With-
in the various probiotic organisms, the 
genus Bifidobacterium has been exten-
sively studied in fermented dairy prod-
ucts and the health benefits derived from 
the consumption of bifidobacteria have 
been well documented (de rOss and KA-
tAn, 2000; rOLFE, 2000).

A number of studies have demon-
strated that the viability of bifidobacte-
ria incorporated in yogurt is often poor 
and that more attention should be given 
to accurately identifying and describing 
the safety and functionality of these mi-
croorganisms (HAMiLtOn-MiLLEr et al., 
1999; tEMMErMAn et al., 2003). A total 
of 58 probiotic products obtained world-
wide, which claimed to contain Bifido-
bacterium strains (including 22 yogurts) 
were investigated; Bifidobacterium ani-
malis ssp. lactis was the most frequent-
ly found species (MAscO et al., 2005). 
JAYAMAnnE and ADAMs (2006) investi-
gated the level, species and resistance 

to acidity and oxidative stress of com-
mon Bifidobacterium ssp. found in bio-
yogurts in the uK. they reported that 
Bifidobacterium animalis ssp. lactis, 
the only Bifidobacterium species found 
in bio-yogurts, were highly resistant to 
acidity and oxidative stress.

indigenous populations have used 
microalgals for centuries. the grow-
ing demand for natural additives for 
healthy foods has increased interest 
in microalgal biotechnology over the 
last two decades (JiMÉnEZ et al., 2003; 
DuFOssÉ et al., 2005; sPOLAOrE et al., 
2006). the marine world is a relatively 
untapped reservior of bioactive ingre-
dients that could have numerous ap-
plications in food processing, storage 
and fortification (rAsMussEn and MOr-
risEY, 2007).

cyanobacteria or blue-green algae 
are photoautotrophic microorganisms 
that are widely distributed in nature 
(PArADA et al., 1998; MOLnAr et al., 
2005). Spirulina is the best known ge-
nus because of its high protein content 
and excellent nutritional value. Spir-
ulina has been reported to have var-
ious health-promoting effects; it alle-
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viates hyperlipidemis, reduces hyper-
tension, protects against renal failure, 
promotes the growth of intestinal Lacto-
bacillus, and reduces elevated serum 
glucose levels. the chemical compo-
sition includes essential amino acids, 
vitamins, natural pigments, and es-
sential fatty acids, particularly a-lino-
lenic acid, a precursor of prostagland-
ins (de cAirE et al., 2000; PArADA et al., 
1998; sHiMAMAtsu, 2004; sPOLAOrE 
et al., 2006). it has also been reported 
that Spirulina has antimicrobial activ-
ity (MEnDiOLA et al., 2007).

S. platensis has been shown to pro-
mote the growth of lactic acid bacte-
ria in synthetic media (PArADA et al., 
1998), milk and fermented milk (VArGA 
and sZiGEti, 1998; de cAirE et al., 2000; 
VArGA et al., 2002). However, the effect 
of S. platensis on the viability of starter 
bacteria and B. animalis in yogurt has 
not been studied. the objective of this 
study was to investigate the effect of S. 
platensis on the growth and viability of 
yogurt starter bacteria and B. animalis 
in the presence of yogurt bacteria during 
28 days of refrigerated storage at 4°c.

MAtEriALs AnD MEtHODs

strains and ingredients

A commercial yogurt starter cul-
ture containing Streptococcus salivarius 
ssp. thermophilus and Lactobacillus del-
brueckii ssp. bulgaricus (Yc X-11) and 
B. animalis (bb-12) (chr. Hansen A/s, 
Hørsholm, Denmark) was used in freeze-
dried direct vat set (DVs) form contain-
ing 10 E-11 and 10 E-10, respectively, 
and stored according to the manufactur-
er’s recommendations.

skim milk powder was provided by 
Pınar Dairy Products (İzmir, turkey).

S. platensis (Ege-Macc 31) was ob-
tained from the culture collection of Ege 
university Microalgae culture collection 
(Ege-Macc, turkey).

culture conditions 
for Spirulina platensis biomass

S. platensis was cultured in Zarrouk’s 
medium (FOX, 1996) in outdoor paddle-
wheel circulating ponds in a greenhouse. 
the day-night temperatures were ap-
proximately 28°-30°c and 25°-27°c, re-
spectively. the culture was illuminat-
ed by daylight and had a pH of 9.5. the 
culture was harvested in the logarithmic 
phase by filtration with a plankton net 
(30 µm mesh). the paste was squeezed 
in the plankton net to remove the cul-
ture medium. the biomass was dried at 
27°c for 3 h. the dried S. platensis bio-
mass contained 68% protein, 1.5% lipid, 
21% carbohydrate, and 7% ash.

Yogurt preparation

Yogurts (set style) were made from cow 
milk having 3.1% (W/V) milk fat, 3.04% 
(W/V) protein and 0.70% (W/V) ash. 
skim milk powder (3.5%) was added to 
raw milk at 20°c. raw milk was treated 
at 85°c for 30 min, then cooled to 45°c 
and divided into four lots. All mixtures 
were then inoculated with yogurt start-
er culture. the first lot with no supple-
ments or probiotic bacteria was used 
as the control. S. platensis biomass (3 g 
L-1) was added to the second lot, while 
B. animalis was added to the third lot. 
the fourth lot contained both S. platen-
sis biomass and B. animalis. All cultures 
were used according to the manufac-
turer’s instructions. Yogurt starter cul-
ture was poured into sterilized milk (1 
L) at 40°c and mixed thoroughly; 4 mL 
of the mixture were then added. B. ani-
malis (0.01%) was also added. the mix-
tures were poured into 100 mL plastic 
cups and incubated at 40°c for about 
4 h until the pH was 4.7. After fermen-
tation, yogurt samples were cooled and 
transferred to a refrigerator at 4°c and 
stored at this temperature for 28 days 
during which time cell counts were tak-
en. All yogurt samples were uniformly 
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mixed and samples were taken asepti-
cally for microbiological analyses.

chemical analyses

total solids, protein and ash contents 
were determined by the AOAc methods 
(1999), while the fat contents were an-
alyzed by the Gerber method (rEnnEr, 
1993). the pH values of the yogurt sam-
ples were measured at 17°-20°c using 
a pH meter (Hanna instruments Model 
pH:211, Woonsocket, ri, usA).

Microbiological analyses

One gram of each yogurt sample was 
diluted with 9 mL of sterile 0.1% (W/V) 
peptone water (Oxoid, Hampshire, uK) 
and mixed uniformly with a vortex mix-
er. subsequent serial dilutions were 
made and the viable yogurt starter and 
B. animalis counts were taken using the 
pour plate technique. the counts of S. 
thermophilus were taken on M-17 agar 
(Merck, Darmstadt, Germany) after in-
cubating the plates aerobically at 37°c 
for 72 h (LucAs et al., 2004). Mrs agar 
(Merck, Darmstadt, Germany) adjust-
ed to pH 5.2, and anaerobic incuba-
tion at 42°c for 72 h was used for the 
L. bulgaricus counts (sHAH, 2000). B. 
animalis was counted according to the 
method of LAnKAPutHrA et al. (1996) 
using Mrs-nnLP (nalidixic acid, neo-
mycin sulphate, lithium chloride and 

paramomycin sulphate) agar. the in-
oculated plates were incubated anaer-
obically at 37°c for 72 h using an oxy-
gen-free environment and a cO2 atmos-
phere in anaerobic jars (Merck, Darm-
stadt, Germany). Plates containing 25 
to 250 colonies were counted and re-
corded as colony forming units (cfu) per 
gram of sample.

statistical analyses

Each experiment was independent-
ly replicated twice in a completely rand-
omized design. All analyses and counts 
were done in duplicate.

Analysis of variance (AnOVA) was ap-
plied on chemical and microbiological 
data using the sPss programme. Differ-
ences among means were tested for sig-
nificance using Duncan’s multiple range 
test. the level of significance was set at 
95% (sPss, 1997).

rEsuLts AnD DiscussiOn

table 1 shows the mean values for 
total solids, protein and ash contents 
and pH of the yogurt samples on the 
first day.

the pH values of yogurt samples b and 
D decreased when S. platensis was add-
ed compared to those of the other sam-
ples (p<0.05). this decline was probably 
due to the fact that the S. platensis bio-

table 1 - total solids, milk fat, protein and ash content and pH values of yogurt samples at the first 
day (mean values±standard deviations, n=2)*.

Product Total solids (%) pH Protein (%) Milk fat (%) Ash (%)

A 14.69±0.06a 4.65±0.00b 3.95±0.08b 3.05±0.02a 0.89±0.01c

B 14.78±0.02a 4.50±0.00c 4.43±0.00a 3.00±0.00a 0.90±0.01c

C 14.66±0.00a 4.70±0.00a 4.06±0.02b 3.05±0.02a 0.99±0.01b

D 14.68±0.06a 4.50±0.00c 4.32±0.00a 3.00±0.00a 1.05±0.01a

Yogurts A, B, C and D contain no supplement, S. platensis, B. animalis and S. platensis and B. animalis, respectively.
a-c Means with different letters in the same column are different (p<0.05).
* Total solids, milk fat, protein and ash values were measured as W/V.
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mass stimulated the growth of L. bulgari-
cus. the viable cell counts of L. bulgari-
cus were higher in algal yogurts on the 
first day of storage. VArGA and sZiGEti 
(1998) also reported pH values that were 
lower in algal yogurt containing dried S. 
platensis biomass than those of natu-
ral yogurt at the beginning of storage. 
similarly, the pH values in milk inocu-
lated with the mixed culture of S. ther-
mophilus and L. bulgaricus and contain-
ing S. platensis decreased more rapidly 
than those in the control samples dur-
ing the first 3 h of fermentation (VArGA 
et al., 1999a). VArGA et al. (2002) also 
reported a more marked decrease in pH 
value in the S. platensis-supplemented 
fermented Abt milk than in the control 
Abt milk during storage.

S. platensis-supplemented yogurts 
had higher protein contents than the 
yogurts with no supplements (p<0.05). 
this was due to the high protein content 

table 2 - changes in the viable counts of S. thermophilus, L. bulgaricus and B. animalis during refrig-
erated storage of yogurt samples (log cfu g-1).

 Storage days   Mean
    of
Product 1 7 14 21 28 storage

S. thermophilus
A 8.90±0.09aA 8.75±0.05abAB 8.76±0.02aAB 8.86±0.06aA 8.67±0.07abB 8.78±0.10a

B 8.51±0.02bAB 8.64±0.00bA 8.28±0.14cBC 8.42±0.06cABC 8.18±0.20cC 8.41±0.19c

C 8.80±0.00aB 8.79±0.06aB 8.77±0.04aB 8.72±0.00abB 8.91±0.01aA 8.80±0.07a

D 8.49±0.04bA 8.43±0.03cA 8.52±0.10bA 8.58±0.06bA 8.50±0.02bA 8.50±0.07b

L. delbrueckii ssp. bulgaricus
A 5.64±0.05bA 5.79±0.05cA 4.54±0.08bC 5.29±0.13cB 5.25±0.07bB 5.30±0.46d

B 5.83±0.00bA 5.51±0.04dB 5.72±0.00aA 5.77±0.06bA 5.48±0.11bB 5.66±0.16c

C 5.60±0.42bB 6.86±0.01bA 5.90±0.02aB 5.89±0.06bB 6.83±0.18aA 6.21±0.57b

D 6.58±0.00aC 7.21±0.03aA 5.45±0.02aE 6.22±0.06aD 6.78±0.01aB 6.45±0.63a

B. animalis
C 7.04±0.02B 6.30±0.00C 6.39±0.13C 7.52±0.01A 6.45±0.21C 6.74±0.50a

D 6.44±0.06B 7.03±0.00A 6.82±0.31AB 7.00±0.00A 6.73±0.18AB 6.80±0.26a

Each value is a mean of two trials, and each trial was examined in duplicate. Data are presented as mean values ± 
standard deviation.
Yogurts A, B, C and D contain no supplement, S. platensis, B. animalis and S. platensis and B. animalis, respectively.
a-d Means in the same column with different small letters are significantly different (p<0.05).
A-E Means in the same row with different capital letters are significantly different (p<0.05).

of the microalgae S. platensis which was 
also reported by PELiZEr et al. (2003).

the changes in the viable counts of S. 
thermophilus, L. bulgaricus and B. ani-
malis in the yogurt samples during re-
frigerated storage are reported in table 2. 
there were significant differences in the 
viability of S. thermophilus between the 
yogurt samples with or without S. plat-
ensis. in general, higher viable counts of 
S. thermophilus were obtained in yogurts 
without S. platensis (p<0.05).

in contrast to the present results, de 
cAirE et al. (2000) reported that S. plat-
ensis promoted the growth of S. ther-
mophilus in milk. similarly, S. platensis-
supplemented Abt fermented milk con-
tained higher (p<0.05) S. thermophilus 
counts than the control Abt fermented 
milk after 6 weeks of refrigerated stor-
age (VArGA et al., 2002).

the viable counts of S. thermophilus 
in all the yogurt samples were above 8 
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log cfu g-1 during the 28 d storage period. 
VArGA and sZiGEti (1998) also counted 
a minimum of 8 log cfu g-1 of viable S. 
thermophilus in both natural and algal 
yogurts during storage at 4°c.

significant (p<0.05) decreases (ap-
proximately 0.2-0.3 log cycles), in the 
survival rates of S. thermophilus were 
observed in yogurts A and b after 28 
days of storage. similar results were ob-
tained in the control and algal Abt fer-
mented milk at the end of the storage 
period (VArGA et al., 2002). On the other 
hand, the viable counts of S. thermophil-
us did not change significantly in sam-
ple D during the storage time (p<0.05). 
On average, the survival rate of S. ther-
mophilus was better than that of both 
L. bulgaricus and B. animalis. the via-
ble counts of S. thermophilus were 2-3 
log higher than those for L. bulgaricus 
in the yogurt samples. these observa-
tions are in line with those of VinDErO-
LA et al. (2000) and AKALin et al. (2004).

According to the mean storage values, 
supplementation with S. platensis signif-
icantly increased the viable L. bulgaricus 
counts when compared to those of yogurts 
containing no algae (p<0.05). supplemen-
tation with algae biomass significantly in-
creased the viable L. bulgaricus counts in 
both the natural and probiotic yogurts 
(p<0.05). this effect can be attributed to 
the presence of free amino acids, peptone, 
adenine and hypoxanthine in the algal bi-
omass. these nitrogenous substances are 
capable of significantly (p<0.05) stimulat-
ing the growth and acid production of L. 
bulgaricus (VArGA et al., 1999b; MOLnAr 
et al., 2005). VArGA and sZiGEti (1998) 
observed that S. platensis promotes the 
growth of L. bulgaricus in yogurt. they re-
ported L. bulgaricus counts above 7 log cy-
cle while in the present study the counts 
were below 6 log cycle in the treatments A 
and b. the addition of S. platensis also in-
creased the viable counts of L. bulgaricus 
in synthetic media (PArADA et al., 1998) 
and in milk (VArGA et al., 1999a; de cAirE 
et al., 2000).

Although the data on the viable cell 
counts of L. bulgaricus showed some 
fluctuations, it is certain that the counts 
decreased in yogurts A and b but in-
creased significantly (p<0.05) in yogurts 
c and D at the end of the storage peri-
od when compared to the beginning. the 
mean storage counts were below 6 log cy-
cle in yogurts A and b, but were above 6 
log cycle in yogurts c and D. the higher 
counts of L. bulgaricus in probiotic yo-
gurts could be the result of the competi-
tion between B. animalis and L. bulgari-
cus. DOnKOr et al. (2006) reported that 
the presence of probiotic organisms in-
cluding bifidobacteria increased the pro-
teolytic activity and improved the surviv-
al of L. bulgaricus in yogurt.

B. animalis cell counts were not sig-
nificantly influenced by the addition of 
S. platensis in yogurt D. the viability of 
B. animalis remained well above the rec-
ommended limit of 6 log cfu g-1 in yo-
gurts during the refrigerated storage. 
similar findings were reported in oth-
er studies (sHAH et al., 1995; DAVE and 
sHAH, 1997; sHin et al., 2000). in yogurt 
D, the viable cell counts of B. animalis 
were stable during the 28 d storage pe-
riod, whereas a significant decrease was 
observed in the B. animalis counts in 
yogurt c at the end of the storage when 
compared to the first day.

in yoghurt c the viable cell counts 
of B. animalis decreased significant-
ly (p<0.05) on the 7th and 28th days of 
storage. this could be explained by the 
significant increase in the L. bulgaricus 
cell counts on days 7 and 28. it has been 
claimed that higher counts of L. bulgari-
cus have an adverse effect on the via-
bility of probiotic organisms because of 
a decrease in the pH value (sHAH et al., 
1995).

S. platensis biomass showed no influ-
ence on the growth of B. bifidum when 
the milk was inoculated with the mixed 
culture of S. thermophilus and B. bifi-
dum (VArGA et al., 1999a). On the other 
hand, in contrast to the results of this 
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study, the Spirulina-supplemented fer-
mented Abt milk contained significant-
ly (p<0.05) higher levels of viable bifido-
bacteria throughout the whole storage 
compared to the control product (VAr-
GA et al., 2002). this could have been 
due to the different starter culture used 
and competition among the bacteria. it 
can be seen that the suppressive, com-
petitive impact of L. bulgaricus on B. bi-
fidum was much more pronounced than 
the beneficial effect of adding algal bio-
mass to yogurt containing B. bifidum.

cOncLusiOns

this study demonstrated that the ad-
dition of S. platensis biomass increased 
the protein level in yogurts, and signifi-
cantly (p<0.05) enhanced the viability of 
L. bulgaricus.

While the addition of S. platensis did 
not significantly influence the surviv-
al of B. animalis in probiotic yogurt, it 
decreased the survival of S. thermophil-
us in both traditional and probiotic yo-
gurts. Probiotic algal yogurt has a one 
month shelf-life with a viable Bifidobac-
terium cell count of at least 6 log cfu g-1.
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AbstrAct

breed identification of animal prod-
ucts is a fundamental tool used to con-
trol food quality, add value to region-
al products and exploit local breeds as 
well as prevent food adulteration. My-
ostatin (MSTN) and Melanocortin 1 Re-
ceptor (MC1R) are ideal candidate genes 
for molecular breed traceability of cat-
tle because of their breed-specific vari-
ability. A novel method based on prim-
er extension (sNaPshot) was success-

riAssuNto

L’identificazione della razza con cui 
è stato ottenuto un particolare prodot-
to di origine animale è un punto fon-
damentale nel controllo della qualità e 
nella valorizzazione dei prodotti ottenu-
ti impiegando razze locali. i geni della 
Miostatina (MSTN) ed il recettore 1 del-
la Melanocortina (MC1R) sono due im-
portanti geni candidati per la tracciabi-
lità molecolare nella specie bovina data 
la loro variabilità razza-specifica. un 
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fully used for the MSTN and MC1R gen-
otyping of eight bovine breeds. A total of 
114 samples from hair bulb and cheese 
were analyzed. the results obtained al-
lowed the breeds to be identified and re-
sults were confirmed by Pcr-rFLP and 
DNA sequencing. the proposed sNaP-
shot method provides rapid through-
put analysis from highly fragmented 
DNA of processed foods from animals, 
such as cheese.

metodo basato sulla minisequenza del 
DNA, lo “sNaPshot”, è stato impiegato 
con successo nella genotipizzazione di 
otto razze bovine ai loci MSTN e MC1R. 
sono stati analizzati complessivamen-
te 114 campioni di DNA ottenuti da 
bulbo pilifero e da formaggio. i risulta-
ti ottenuti in questo lavoro garantisco-
no l’identificazione della razza di prove-
nienza applicando il metodo sNaPshot 
e sono stati confermati grazie ai metodi 
Pcr-rFLP e sequenziamento. il nuovo 
metodo di sNaPshot si propone come 
tecnica innovativa che consente di re-
alizzare le analisi velocemente e su un 
gran numero di campioni anche par-
tendo da DNA notevolmente frammen-
tato perché isolato da matrici alimen-
tari quali il formaggio.

iNtroDuctioN

breed certification has been recently 
regulated by the European community 
(Ec n. 1760/2000); a compulsory system 
of meat labelling has been established in 
order to check its origin. For this reason, 
cattle traceability has become an impor-
tant priority in animal biotechnology re-
search (PoPPiNg, 2002). Product tracea-
bility is a fundamental tool used to con-
trol food quality, give added value to re-
gional products and prevent food adul-
teration by exploiting local breeds (McK-
EAN, 2001). For this reason, valid and 
reliable methods are necessary to detect 
the breed of origin of products such as 
milk, cheese and meat. several studies 
have demonstrated the feasibility of us-
ing DNA analysis to successfully trace 
the origin of meat or milk to an individ-
ual animal and to infer the breed. breed 
identification can be achieved either by a 
probabilistic approach based on hyper-

variable loci analysis (ciAMPoLiNi et al., 
2006; NEgriNi et al., 2007) or by using 
a deterministic approach supported by 
breed-specific allele analysis (russo et 
al., 2007; chuNg et al., 2000). Among 
the loci identified on livestock genomes, 
the Myostatin (MSTN) and Melanocortin 
1 Receptor (MC1R) genes were found to 
be suitable for breed traceability of cat-
tle because of their breed-specific vari-
ability.

MstN is a member of the transform-
ing growth factor-b superfamily and a 
negative regulator of skeletal muscle 
growth. Mutations in the MSTN gene are 
responsible for double muscling or mus-
cular hypertrophy phenotype in many 
European cattle breeds (grobEt et al., 
1997; KAMbADur et al., 1997; McPhEr-
roN and LEE, 1997; cAPPuccio et al., 
1998). the MSTN gene has been wide-
ly studied and has a surprisingly high 
number of breed-specific polymorphisms 
(grobEt et al., 1998). since it was first 
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detected, the double muscling condition 
has become widespread among the dou-
ble-muscled Piemontese cattle, leading 
to higher development of valuable com-
ponents of the carcass.

conversely, the MC1R gene, is involved 
in the regulation of eu-/pheo-melanin 
synthesis; to date, four distinct allelic 
forms have been described. three exten-
sion alleles have been identified (KLuNg-
LAND et al., 1995): wild-type E+ is 954 bp 
long and produces a variety of colours 
depending on the agouti locus; the dom-
inant ED allele is characterized by a t > 
c missense mutation responsible for the 
black coat colour, whereas the recessive 
e allele caused by a single nucleotide de-
letion produces a premature stop codon 
that results in a red coat. the fourth al-
lelic variant, named E1, was firstly de-
scribed by rouzAuD et al. (2000) and 
displays a duplication of 12 nucleotides 
in position 669 resulting in attenuated 
coat colour. table 1 reports the MC1R al-
leles and genotypes that determine the 
different coat colours and their distribu-
tion among cattle breeds.

both the MSTN and MC1R genes have 
been widely employed as genetic mark-
ers for genotyping (FAhrENKrug et al., 
1999; KAriM et al., 2000; rouzAuD et 
al., 2000; bErry et al., 2002; MirANDA 
et al., 2002; crEPALDi et al., 2003; Di 

stAsio and roLANDo, 2005) and breed 
traceability (MAuDEt et al., 2000; ro-
LANDo and Di stAsio, 2006) since they 
display alternative allele distribution in 
several breeds (roLANDo and Di stA-
sio, 2006; russo et al., 2007). how-
ever, the techniques utilized so far are 
neither economical, suitable or reliable 
for high throughput analysis, nor are 
they easy to perform when using frag-
mented DNA isolated from processed 
animal foods such as cheese. the aim 
of the current investigation is to estab-
lish and discuss a new method, using 
the sNaPshot technique that is useful 
for tracing products of specific cattle 
breeds (cheese) and suitable for high 
throughput genotyping.

MAtEriALs AND MEthoDs

A total of 114 DNA samples were an-
alyzed, 106 of which were isolated from 
hair bulb: 18 holstein Friesian, 11 
Maremmana, 27 italian brown, 15 ro-
magnola, 10 chianina, 10 Piemontese, 
10 italian simmental and 5 Marchigiana; 
8 DNA samples were isolated from 4 
different samples of Parmesan cheese. 
cheese samples were provided by the 
DisoLobruNA consortium (bussolen-
go, Vr, italy).

table 1 - Polymorphisms and their haplotype combinations in determining MC1R alleles and genotype 
fixation in different breeds.

Allele C/T SNP in MC1R locus G deletion at sequence Genotype Breed
 sequence position 296 (U39469) position 310 (U39469)

ED C G ED/ED or ED/e Holstein Friesian
E+ or E1 T G E+/E+ or E+/e Italian Brown, Chianina,
   E1/E+ or E1/E1 Marchigiana, Maremmana,
    Piemontese, Podolica,
    Gasconne, Romagnola
e T (delG) e/e Blonde D’Aquitane,
    Charolaise, Limousine,
    Italian Simmental, Salers,
    Pinzgauer
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DNA extraction from cheese

DNA was extracted using two different 
kits: Qiagen Dneasy™ tissue Kit (Quia-
gen inc, Valencia, cA, usA) and invitro-
gen PureLink™ genomic DNA Mini Kit 
(carlsbad, cA, usA) according to the 
manufacturer’s instructions. both meth-
ods produced good quality DNA.

DNA extraction from hair bulb

three individual hair samples were 
cut at 0.5 cm from the hair bulb and in-
cubated in a Pcr thermocycler at 60°c 
for 45 min and at 95°c for 15 min with 
100 µL of Lysis buffer (0.5% tween 20; 
0.6% NP 40, Amresco solon, oh, usA) 
supplemented with 10 µL of Pcr buffer 
10X, 0.85 mM of Mgcl2 and 0.10 mg/mL 
Proteinase K. DNA was then precipitat-
ed with cold 2-propanol, centrifuged for 
20 min at 15,300 g, air dried and then 
used for Pcr amplification.

Myostatin analysis

MSTN gene polymorphism was ana-
lyzed in 5 samples for each breed using 
the sNaPshot method as described below.

Polymerase chain reaction
Pcr was performed to amplify a 351 

bp fragment, (genbank accession n. 
Ab076403) in a total volume of 10 µL 
containing 20 ng of DNA, 1X Pcr buff-
er, 1.5 mM Mgcl2, 200 µM dNtPs, 0.625 
u taq DNA polymerase (Promega Madi-
son, Wi, usA), and 0.3 µM of each prim-
er (P2F-My 5’ ttg ggc ttg Att gtg 
Atg AA 3’and P2r-My 5’ ggA Agc tAt 
gAA ccA AAt AtA gAc c; designed on 
the Ab076403 sequence) under the fol-
lowing conditions: initial denaturation at 
94°c for 5 min, followed by 35 cycles at 
94°c for 30 s, 56°c for 30 s, 72°c for 1 
min and a final extension at 72°c for 7 
min. Pcr products were resolved in 2% 
agarose gel electrophoresis in 0.5X tbE 
buffer, stained with ethidium bromide.

single nucleotide 
primer extension (sNaPshot)
Amplification products were puri-

fied from primers and dNtP residues 
through Exo-sAP treatment. A total 
volume of 10 µL containing 5 µL of Pcr 
product, 5 u of Exoi (New England bi-
oLabs, hertfordshire, uK), 1X buffer 
Exo and 1u sAP (shrimp Alkaline Phos-
phatase, Promega, Madison, Wi, usA) 
was incubated for 1 hour at 37°c and 
successively treated for 15 min at 75°c 
to inactivate the enzyme.

the sNaPshot reaction was performed 
according to manufacturer’s instruc-
tions, with minor modifications, in a 5.5 
µL total volume containing 1.0 µL of pu-
rified Pcr, 1.25 µL sNaPshot ready reac-
tion premix (Applied biosystems, Foster 
city, cA, usA), 1.35 µM extension prim-
er (sn-MyF 5’ ccA Att Act gct ctg 
gAg AAt 3’ and sn-Myr 5’ ctt ttg cAA 
AAA tAc AAA ttc A 3’; designed on the 
Ab076403 sequence). the sNaPshot re-
action mix amplification condition was: 
25 cycles of 96°c for 10 s, 50°c for 5 s 
and 60°c for 30 s. upon completion, 0.05 
u sAP was added and the reaction mix-
ture was again incubated for 60 min at 
37°c and 15 min at 75°c. before load-
ing onto the Abi Prism 310 sequencer, 9 
µL hi-Dye formamide and 0.3 µL Liz 120 
internal standard (Applied biosystems, 
Foster city, cA, usA) were added to 0.5 
µL of reaction mixture and samples were 
heated to 95°c for 5 min. the fragments 
were analyzed using Abi Prism geneM-
apper®

, version 4.0 (Applied biosystems, 
Foster city, cA, usA).

MC1R analysis

the MC1R polymorphisms were ana-
lyzed in all samples through Pcr-rFLP 
(restriction fragment length polymor-
phism) and also in 5 samples for each 
breed using the sNaPshot technique. 
in the italian simmental breed, all 10 
samples were analyzed with both tech-
niques.
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Pcr-rFLP analysis
A single Pcr was carried out to ampli-

fy a 138 bp fragment, (genbank acces-
sion n. u39469). Pcr reactions were per-
formed in a total volume of 30 µL con-
taining 20 ng of genomic DNA, 1X Pcr 
buffer, 2.0 mM Mgcl2, 200 µM dNtPs, 1 
u taq DNA polymerase (Promega Mad-
ison Wi, usA), 0.15 µM of each prim-
er (Mc1rF 5’ cAA gAA ccg cAA cct 
gcA ct 3’and Mc1rE6 5’ gcc tgg gtg 
gcc Agg AcA 3’; designed by KLuN-
gLAND et al., 1995) under the follow-
ing conditions: initial denaturation at 
94°c for 3 min, followed by 40 cycles at 
94°c for 30 s, 63°c for 45 s, 72°c for 1 
min, and a final extension at 72°c for 5 
min. Pcr products were resolved in 2% 
agarose gel electrophoresis in 0.5X tbE 
buffer, stained with ethidium bromide. 
Pcr products were double digested in 
two separate reactions, with Mspi and 
Acii enzymes, according to manufactur-
er’s instructions (New England biolabs, 
beverly, MA, usA). Fragments were re-
solved on a 4% agarose gel and visual-
ized on a uV light source after staining 
with ethidium bromide.

single nucleotide 
primer extension (sNaPshot)
the assay was carried out as previous-

ly described using the following sNaP-
shot primers: sn-Mc1r_ct-F 5’ cgt 
gct ggA gAc ggc Agt cAt gc 3’ and 
sn-Mc1r_Delgr2 5’ (c)30cgc ctg ggt 
ggc cAg gAc Ac 3’, designed on the 
u39469 sequence.

rEsuLts AND DiscussioN

Myostatin gene analysis by means of 
the sNaPshot method using both for-
ward and reverse primers revealed the 
A/g polymorphism. the Piemontese 
breed presented the A nucleotide at po-
sition 4,942 of the Ab076403 sequence, 
whereas the other breeds revealed the g 
nucleotide at the same position. Electro-

pherograms were obtained using the re-
verse extension primer, thus the alleles 
are t and c (Fig. 1). the other breeds re-
vealed a c nucleotide at the same posi-
tion. All samples were assigned correct-
ly, but in the romagnola and Piemontese 
breeds, one animal among the five an-
alyzed for each breed was heterozygous 
(A/g). the forward and reverse sequence 
in both samples confirmed this result.

the MC1R gene was genotyped for pol-
ymorphism c/t (ED allele), and the de-
letion of g (e allele) was successful us-
ing the same sNaPshot reaction mix con-
taining both the extension primers to an-
alyze two polymorphic positions in just 
one reaction. All the genotypes detected 
were in agreement with the allele distri-
bution in the breeds. Fig. 2 shows the 
two peaks obtained for the ED allele (hol-
stein Friesian; panel A), the peaks due 
to E+ or E1 alleles (Maremmana, italian 
brown, romagnola, chianina, Piemon-
tese and Marchigiana; panel b) and the e 
allele (panel c). Five of the 10 samples of 
the italian simmental breed were heter-
ozygous for the e allele (Fig. 2, panel D), 
confirming that the e allele is not fixed 
(russo et al., 2007).

the MC1R polymorphism detection 
sNaPshot method has been successfully 
applied to discriminate among genotypes 
on DNA isolated from hair bulb, as well 
as on DNA isolated from cheese. Moreo-
ver, genotyping by means of Pcr-rFLP 
was performed to compare the results; 
both methods correlated perfectly (Pho-
to 1). however, it should be noted that 
the restriction analysis conducted on the 
138 bp fragment required more experi-
ence because the shorter fragments were 
difficult to detect. in contrast, the read-
ing of the sNaPshot peak could be eas-
ily carried out. other Pcr-rFLP meth-
ods based on longer fragments were test-
ed (data not shown); however, they were 
not suitable for amplifying a degraded 
DNA template such as the DNA isolated 
from cheese.

three alleles are not sufficient for 
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Fig. 1 - Example of an electropherogram resulting from myostatin (MSTN) genotyping using the sNaP-
shot method.
Panel (A), the t allele of Piemontese cattle; panel (b), the c wild-type allele. the products were obtained 
using the reverse 22-bp–long sNaPshot primer. orange peaks represent the standard Liz 120 frag-
ments. the y-axis reports the height of the peaks and size of the fragments expressed in base-pairs.

breed assignment, but this statement 
is true only when the sNPs are used 
as anonymous markers in the proba-
bilistic approach. the scenario chang-
es completely when sNPs are in codify-
ing gene regions and modify phenotyp-
ic traits under selection pressure (e.g., 
coat colour). in fact, since the time of 
the introduction of the first modern cat-
tle breeds, coat colour has usually been 
considered an aid to identifying breeds. 
therefore, registration of the animals to 
herd-books requires coat colour specifi-
city. these rules set out in establishing 
distinctive coat colours in the vast major-
ity of European cattle breeds, including 
those that were considered in our study 
(russo et al., 2007). by adopting a de-
terministic approach, statistical anal-
ysis was not required, since sNPs are 
fixed and generate different fixed haplo-
types which allow breed classification. 

For example, the ED allele in the MC1R 
locus was detected only in black breeds 
(rouzAuD et al., 2000; crEPALDi et al., 
2003; roLANDo and Di stAsio, 2006).

the present study demonstrates that 
the sNaPshot technique can be relia-
bly employed to analyze MC1R and My-
ostatin genotypes. Even if other meth-
ods based on Pcr-rFLP have been de-
signed to detect this polymorphism (Di 
stAsio and roLANDo, 2005), the novel 
sNaPshot method offers improvements. 
single nucleotide primer extension tech-
niques are reliable and fast and the pu-
rification steps and extension reaction 
could be easily automated which allows 
rapid, simple and high throughput anal-
ysis. in addition, the sNaPshot meth-
od can be employed to analyze numer-
ous DNA samples isolated from animal 
products (e.g., cheese and meat) (rE-
ALE et al., 2006). sNaPshot was suc-

A

B
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Fig. 2 - Example of an electropherogram resulting from Melanocortin-1 Receptor (MC1R) genotyping us-
ing the sNaPshot method.
Panel (A), result obtained analyzing an animal ED/ED (genotype cc/cc) at the MC1R locus. Panel (b), 
the E+/E+ or E1/E+ or E1/E1 (genotype tc/tc).
Panel (c), the e/e animal (genotype tg/tg).
Panel (D), an italian simmental heterozygous (having a t nucleotide at a homozygous state in the first 
position and a c/g in the second position).
the products were obtained using a 23-bp–long forward sNaPshot primer to genotype the first posi-
tion, and a reverse 50-bp–long sNaPshot primer to genotype the second polymorphic position. orange 
peaks are the standard Liz 120 fragments. the y-axis reports the height of the peaks and size of the 
fragments expressed in base-pairs.

A

B

C

D
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cessfully used for the characterization 
and genotyping of the caprine κ-casein 
variants (yAhyAoui et al., 2003). Moreo-
ver, because DNA samples isolated from 
processed foods are heavily fragment-
ed, their large fragment size that could 
be easily evaluated on agarose gel af-
ter rFLP analysis cannot be easily ob-
tained. on the contrary, the sNaPshot 
method can also be performed on very 
short fragments containing the poly-
morphic point.

genotyping of the MC1R locus can be 
applied to detect holstein Friesian milk 
contamination or the addition of it in ital-
ian brown cheese labelled as a mono-
breed product. Moreover, it can be use-
ful to discriminate between meat with 
the Protected geographical indication 
(chianina, Marchigiana, romagnola) and 
the main imported French breeds (Lim-

Photo 1 - Example of Melanocortin-1 Receptor genotyping using Mspi and Acii Pcr-rFLP methods.

Lane 1: 50 bp ladder (sigma Aldrich Missouri, usA)
Lane 2: Mspi digestion; genotype g/g in an ED/ED animal (118bp+20bp)
Lane 3: Mspi digestion; genotype g/g in an E+/E+ or E1/E+ or E1/E1 animal (118bp+20bp)
Lane 4: Mspi digestion; genotype delg/delg in an e/e animal (138bp)
Lane 5: 138 bp amplified fragment (138 bp)
Lane 6: Acii digestion, genotype c/c in an ED/ED animal (97bp+33bp+8bp partially indigested)
Lane 7: Acii digestion, genotype t/t in an E+/E+ or E1/E+ or E1/E1 animal (130bp+8)
Lane 8: Acii digestion, genotype t/t in an e/e animal (130bp+8)
Lane 9: 138 bp amplified fragment (138bp)
Lane 10: 50 bp ladder (sigma Aldrich Missouri, usA)
Please note that shorter fragments are not visible on agarose gel.

ousine and charolaise). Myostatin locus 
genotyping is useful in the Piemontese 
consortium labelled meat traceability, 
since the A allele appears only in this 
breed. the MSTN and MC1R genotyp-
ing method tested in this study on eight 
italian bovine breeds and cheese sam-
ples can be employed in mono-breed–
labelled product identification and as a 
deterrent against fraud.
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AbstrAct

A 45-year-old woman reported re-
current episodes of urticaria, which 
had first appeared about one year ear-
lier, when she started a diet which in-
cluded eating frozen vegetable soup al-
most daily. Patch tests with the stand-
ard European series, food preservatives 
and colourings were performed and the 
results were only positive (+++, follow-
ing the International contact Dermati-
tis research Group criteria) for p-ami-
noazobenzene. After avoiding eating 

rIAssunto

una donna di 45 anni riferiva epi-
sodi ricorrenti di orticaria, che erano 
esorditi circa un anno prima. Veniva 
eseguito patch test per la serie stan-
dard europea, conservanti alimentari 
e coloranti, con risultato positivo (+++, 
seguendo i criteri dell’International 
contact Dermatitis research Group) 
solo per il p-aminoazobenzene. La pa-
ziente riferiva che questi episodi ave-
vano avuto inizio 1 anno prima quan-
do la stessa aveva iniziato una dieta 

- Key words: azo dyes, chronic urticaria, p-aminoazobenzene, para-amino compounds, systemic 
contact dermatitis -
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frozen vegetable soup from a coloured 
plastic wrapper, which was probably 
coloured with para-amino compounds 
that cross-reacted with p-aminoazoben-
zene, the patient’s urticaria rapidly dis-
appeared.

IntroDuctIon

p-Aminoazobenzene (Fig. 1) is an azo 
dye which belongs to a broad group of 
chemicals that are used in a variety of 
applications, such as in hair dyes, food, 
and in the paper and textile industries 
(sEIDEnArI et al., 1997; DEVos and VAn 
DEr VALK, 2001).

contact allergies to azo dyes are quite 
frequent (0.05-15.9%) and some authors 
have noted that the incidence is rising 
(utEr et al., 2001; PrAtt and tArAsKA, 
2000). to date systemic contact dermati-
tis (scD) to p-aminoazobenzene has not 
been reported.

cAsE rEPort

A 45-year-old woman reported recur-
rent episodes of systemic urticaria which 
had first appeared about one year earli-
er. treatment with antihistamines and 
corticosteroids only gave temporary re-
lief. the patient was advised to follow an 
elimination diet and after 20 days the ur-
ticaria disappeared. Adverse drug reac-
tions were excluded and all the diagnos-
tic procedures for screening the possi-
ble causes of urticaria were carried out.

MAtErIALs AnD MEtHoDs

results from differential blood count, 
erythrocyte sedimentation rate (Esr), 

Anti nuclear Antibodies (AnA), thyroid 
hormones (Ft3, Ft4, tsH) and autoan-
tibodies (tPoAb, tMAb), autologous se-
rum skin test, Helicobacter pylori breath 
test and stool examination for worm eggs 
and/or parasites were negative.

therefore allergological evaluations 
were carried out including a skin Prick 
test with commercial extracts (stall-
ergenes, saronno, Varese, Italy) of the 
most common inhalants (house dust 
mites, moulds, Parietaria judaica, grass 
pollen, dog and cat dander) and food 
(milk proteins, egg yolk, egg white, cod, 
shrimp, Anisakis simplex, peanut, soy-
bean, tomato, wheat flour, celery, car-
rot, potato, bean, eggplant, apple, or-
ange). A patch test was conducted with 
commercial series: standard Europe-
an series, food preservatives and col-
ourings (Lofarma, Milan, Italy); specif-
ic IgE antibodies (Phadia cAP system 
fluorimetric test, uppsala, sweden) for 
the above reported inhalants and food 
allergens and a Double blind Placebo 
controlled Food challenge (DbPcFc), 
the gold standard test in food allergy 
(bocK et al., 1988).

rEsuLts AnD DIscussIon

the skin prick tests for the common 
inhalants and foods were negative as 
were the determinations of specific IgE 
(<0.35 Ku/L) for the same allergens.

the patch test was strongly positive 

mangiando frequentemente minestro-
ne surgelato. Dopo aver evitato l’inge-
stione di minestrone surgelato in bu-
ste colorate, che probabilmente con-
tenevano composti para-amino cross-
reagenti con il p-aminoazobenzene, la 
paziente presentava una rapida scom-
parsa dell’orticaria.



Ital. J. Food Sci. n. 3, vol. 21 - 2009 377

after 72 h (vesicles spreading over the 
chamber mark; +++ following the Inter-
national contact Dermatitis research 
Group criteria) for p-aminoazobenzene 
only. A second reading after 96 h con-
firmed positivity.

Further investigation of the patient re-
vealed that the urticaria had started a 
year earlier when she had begun a diet 
which included eating frozen vegetable 
soup nearly every day.

A patch test with a 1 cm2 piece of the col-
oured plastic wrapping, which contained 
the frozen vegetable soup, was applied to 
the patient’s back with scanpor tape; the 
test was evaluated after 72 h and the re-
sults were positive (vesicles; ++ following 
the International contact Dermatitis re-
search Group criteria). A second reading 
after 96 h confirmed the positivity.

A Double blind Placebo control-
led Food challenge (DbPcFc) was per-
formed first with a vegetable soup from 
a transparent plastic wrapping and the 
results were negative. A week later, the 
test was carried out with the kind of veg-
etable soup that the patient usually con-
sumed that was packaged in a coloured 
plastic wrapper. the systemic urticaria 
appeared within two h.

the coloured plastic wrapping, which is 
in direct contact with the vegetable soup 
was considered to be the cause of the scD.

reactive dyes consist of a direct color-
ant, with an azo or, more rarely, an an-
thraquinone structure or a phthalocy-
anin derivative group, which is connect-
ed to a reactive group, that is capable of 
bonding to amine or sulfhydryl groups of 
proteins, by covalent bonds. these could 
be responsible for the sensitizing proc-
ess (burKInsHAW, 1991). Allergic sensi-
tivity to different chemicals with a para 
di-substituted structure (MAYEr, 1928), 
often termed para-amino compounds, 
is frequent (bruZE, 1984). the degree 
of cross-reactivity between members of 
this chemical group is quite variable, giv-
en that the formation of reactive nucle-
ophilic quinine imines is the presumed 

mechanism that leads to common hap-
tens (utEr et al., 2002).

p-Aminoazobenzene appears to be 
the most suitable screening allergen 
for para-amino compound allergies and 
shows cross-reactivity with several mol-
ecules including p-phenylenediamine, 
Disperse orange 3 and p-toluylenedi-
amine, p-aminophenol and 4,4’- diami-
nophenylmethane (utEr et al., 2002).

Migration is a property common to 
many colorants used in food packaging 
materials, that is; they are transferred 
to foodstuffs even though the packaging 
materials and articles should not trans-
fer their constituents to the foodstuffs 
in quantities that could endanger hu-
man health (ArVAnItoYAnnIs and bos-
nEA, 2004). the allergic response (scD), 
observed in this patient could have been 
due to a para-amino compound (proba-
bly an oxidative or azoic dye) present in 
the coloured plastic, soup wrapper that 
cross-reacted with p-aminoazobenzene. 
After the diagnosis, the patient remem-
bered a previous erythematous reaction 
to a pair of nylon tights; p-aminoazoben-
zene can also be found in nylon hosiery 
(sEIDEnArI et al., 2002).

scD, in fact, develops after oral or 
parenteral exposure to an allergen in a 
topically sensitized individual. this is 
believed to be the results of the hema-
togenous spread of the allergen, such 
as antibiotics, penicillin or metals and 
flavouring agents that provoke a cuta-
neous reaction. It can be manifested as 
dyshidrotic eczema, a flare of patch test 
reaction sites, generalized maculopapu-
lar eruption, erythroderma, or less com-
monly as multiform erythema, urticaria 
and vasculitis. systemic effects such as 
rhinitis, conjunctivitis, headache, gas-

Fig. 1 - chemical structure of p-aminoazobenzene.
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trointestinal complaints, or anaphylax-
is may also occur. closed patch testing 
to potential allergens for scD is consid-
ered a reliable and safe means of test-
ing (brAncAccIo and ALVArEZ, 2004).

It has been shown in nickel-sensitised 
patients with allergic contact dermatitis 
syndrome that a mixed cytokine pattern 
is present as peripheral blood mononu-
clear cells from nickel-allergic individ-
uals responded to nickel with signifi-
cantly higher IL-4, IL-5, IL-13 (th-2 cy-
tokines) and IFn-g (th-1 cytokine) pro-
duction to non-allergic controls (JAKob-
son et al., 2002).

of course the hypothetical explanation 
of this case is merely speculative, since 
a simultaneous occurrence of positive 
patch tests to different allergens cannot 
be automatically equated with allergen-
ic cross-reactivity and previous expo-
sure to other compounds could be the 
cause of the co-sensitization. For exam-
ple, a cross-reaction of p-aminoazoben-
zene with sulphonamide cotrimoxazole 
may occasionally occur (DE WAArD-VAn 
DEr sPEK and orAnJE, 2008).

In conclusion the data suggest that 
para-amino dyes may be released from 
coloured plastic packaging and be trans-
ferred to the foodstuff in quantities that 
are sufficient to trigger allergic reactions 
in sensitive subjects.
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