
ISSN 1120-1770

Volume XVII
Number 4

2005

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

. 4
/2

00
5 

- T
o

ri
n

o



Ital. J. Food Sci. n. 4, vol. 17 - 2005  369

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.
 	 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 from the “IJFS Official Referee List” composed of 200 qualified Italian or foreign 
scientists. Acceptance of a paper rests with the referees.

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

Impact Factor: 0.387 published in the 2004 Journal of Citation Reports, Institute for Scientific 
Information

Subscription Rate: 2006: Volume XVIII	 Ordinary 	 € 	 120.00
		  Supporting 	 €	 500.00
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.

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.



370  Ital. J. Food Sci. n. 4, vol. 17 - 2005

ITALIAN JOURNAL OF FOOD SCIENCE

ADVISORY BOARD

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

R. Cubadda
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

M. Dalla Rosa
Dip. di Protezione e 
Valorizzazione Agro-Alimentare
Università di Bologna
Bologna, Italy

G. Dall’Aglio
Staz. Sperim. per l’Industria
delle Conserve Alimentari
Parma, Italy

F. Devlieghere
Dept. Food Technology and Nutrition
Faculty of Agricultural
and Applied Biological Sciences
Ghent University
Gent, Belgium

G. Gandemer
INRA – Centre Poitou-Charentes
Lusignan, France

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
S. Garattini
Ist. di Ricerche Farmacologiche
“Mario Negri”
Milano, Italy
A.M. Gattuso
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
Los Alamos National Lab.
Chemistry Division
Los Alamos, NM, USA
T.P. Labuza
Dept. of Food and Nutritional Sciences
University of Minnesota
St. Paul, MN, USA
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
Guilford, 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
Instituto 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
ÅsNLH, 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 (TR), Italy

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



Ital. J. Food Sci. n. 4, vol. 17 - 2005  371

Paper

- Key words: Foodstuff, GMO, maize, multiplex PCR, PCR, soybean -

DETERMINATION OF TRANSGENIC 
MATERIAL ON THE

ITALIAN FOOD MARKET USING
A NEW MULTIPLEX PCR METHOD

DETERMINAZIONE DI MATERIALE TRANSGENICO
NEL MERCATO ALIMENTARE ITALIANO MEDIANTE L’UTILIZZO

DI UN NUOVO METODO DI MULTIPLEX PCR

A. Germini*, C. Salati1, G. Quartaroli and R. Marchelli
Dipartimento di Chimica Organica e Industriale, Università di Parma,

Parco Area delle Scienze 17/A, 43100 Parma, Italy
1 Laboratorio Biotecnologie, Progeo spa, Via Asseverati 1, 42029 Masone, RE, Italy

* Corresponding author: Tel. +39 0521 905406, Fax +39 0521 905472
e-mail: andrea.germini@nemo.unipr.it.

Abstract

A recently developed multiplex PCR 
method, allowing for the simultane-
ous detection of five different trans-
genes (Roundup Ready soybean and 
MON810, Bt176, Bt11 and GA21 
maize), was applied to 40 food prod-
ucts available on the Italian market 
claiming to contain maize and/or soy-
bean as an ingredient. Samples were 
tested for the presence of GM materi-
al using screening methods able to de-
tect DNA traits common to the main 
transenes and the samples which were 

Riassunto

Un metodo di PCR multiplex, recente-
mente sviluppato per l’analisi simulta-
nea di cinque transgeni (soia Roundup 
Ready e mais MON810, Bt176, Bt11 e 
GA21), è stato applicato all’analisi di 40 
campioni alimentari ammessi al com-
mercio in Italia e contenenti mais e/o 
soia tra gli ingredienti. I campioni sono 
stati sottoposti ad uno screening uti-
lizzando protocolli usati per determi-
nare tratti di DNA comuni ai principali 
transgeni, ed i campioni trovati positivi 
sono stati sottoposti all’analisi median-
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found to be positive were further test-
ed by to the multiplex PCR analyses. 
Seven products, some of which claimed 
to be GMO-free or from organic cul-
tivation, were found to contain trac-
es of GM material, although the levels 
were always under the legal limit set 
for compulsory labelling (0.9%).

te multiplex PCR. In sette prodotti, com-
presi alcuni venduti come OGM free o 
da coltivazione biologica, sono state tro-
vate tracce di materiale geneticamente 
modificato, anche se il tenore di OGM 
non superava la soglia stabilita per l’eti-
chettatura obbligatoria (0,9%).

INTRODUCTION

The presence on the market of food 
products obtained by biotechnology has 
generated considerable debate among 
scientists and consumers over the last 
few years. While scientific evidence sug-
gests that genetically modified organ-
isms (GMOs) and their derived prod-
ucts should be considered as safe for 
human consumption as their tradition-
al counterparts, a big gap still exists be-
tween this evidence and the general at-
titude of consumers towards the accept-
ance of engineered products as compo-
nents of their diet. To respect the need 
for consumer choice, the European Un-
ion (EU) has enacted legislation requiring 
strict control of the raw materials used 
for food and feed production throughout 
all the food chain and compulsory label-
ling of foods “containing material which 
contains, consists of or is produced from 
GMOs in a proportion higher than 0.9% 
of the food ingredients considered indi-
vidually...” (EU, 2003). To date the EU 
has only allowed a few GMOs and their 
derivatives to be used for animal or hu-
man consumption. However, around 80 
GMOs have been approved for cultivation 
worldwide (source: http://www.agbios.
com/dbase.php) and most of these will 
probably enter the European food chain 
in some form as a consequence of adven-
titious or fraudulent contamination.

In order to comply with the strict Eu-
ropean regulations and respond to in-
creasing consumer demand for clear la-

bel information, it is of great importance 
for both the producers of raw materials 
and the food industry, to be able to de-
tect the presence of approved and unap-
proved transgenic products in food and 
feed. Moreover, in the case of organic 
food producers, accurate traceability is 
crucial because of the total ban of any 
GM crops from their products.

Although different approaches have 
been used to develop methods for GMO 
detection (ANKLAM et al., 2002), the 
systems used most frequently for rou-
tine analyses are those based on specif-
ic DNA sequence detection by means of 
PCR techniques (MEYER, 1999) due to 
their speed and sensitivity. Amplifica-
tion of DNA by PCR can detect the pres-
ence of trace amounts of GMO products 
in raw materials and processed foods 
(AHMED, 2002; VOLLENHOFER et al., 
1999). Routine protocols for detecting 
GMOs involve the use of screening PCR 
methods to detect DNA traits common 
to the main transgenes (such as specif-
ic promoters and terminators) followed 
by event-specific PCR to detect the sin-
gle transgenes.

The availability of the sequences of 
many transgenic elements used to gen-
erate various GMOs (MATSUOKA et al., 
2002) together with the development of 
modified DNA polymerases, such as hot 
start enzymes, have allowed new, more 
specific PCR protocols to be developed 
that can simultaneously investigate sev-
eral targets with a multiplex PCR ap-
proach (Löffer et al., 1999). Although 
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less sensitive, this approach combines 
several primer pairs in one reaction tube 
and allows several targets to be detected 
simultaneously with less consumption 
of reagents. Methods for the simultane-
ous detection of four (MATSUOKA et al., 
2000) and five (MATSUOKA et al., 2001) 
transgenic types of maize have been de-
scribed. Due to the worldwide distribu-
tion of transgenic soybean and its im-
portance as an ingredient or source for 
derivatives used in the food industry, 
we recently developed and validated a 
multiplex PCR method for the simulta-
neous detection of Roundup Ready soy-
bean and MON810, Bt11, Bt176 and 
GA21 maize in raw material and proc-
essed foods (GERMINI et al., 2004).

This new multiplex PCR, in combina-
tion with a published PCR method for 
the screening of GMOs (LIPP et al., 2001), 
was used to evaluate the occurrence of 
transgenic material in foodstuffs cur-
rently available on the Italian market. 
The performance of the multiplex PCR 
method is compared to that of a single 
PCR for each transgene.

MATERIALS AND METHODS

Food samples

Samples, purchased in different food 
stores, were chosen on the basis of dif-
ferent parameters: declared composi-
tion containing soybean, maize or their 
derivatives as main ingredients; wide-
spread availability to consumers in dif-
ferent food stores; and being represent-
ative of different food processes. Biscuits 
were the main products available on the 
market that specifically claimed to con-
tain maize and/or soybean as the main 
ingredient.

Extraction of genomic DNA

All the products were solid and were 
ground in a Moulinex blender before ex-

traction in order to enhance homogene-
ity. Two samples were taken for every 
product. DNA extraction was performed 
using the Wizard Plus Minipreps System 
(Promega Italia, Milan, Italy) following the 
manufacturer’s specifications with two 
main modifications: first the quantity of 
starting material was increased from 0.35 
to 5 g; and second, lipids were removed 
by extraction with chloroform in an ad-
ditional purification step. The extraction 
procedure is summarized below: 5 g of 
ground sample were transferred to a 25 
mL falcon tube and mixed with 12 mL of 
extraction buffer (10 mM TRIS, 150 mM 
NaCl, 2 mM EDTA, 1% SDS, pH 8) and 3 
mL of 5M guanidine-HCl and incubated 
at 60°C for 3 hours. Lipids were removed 
from each sample by extraction with 5 mL 
chloroform followed by centrifugation at 
7,000 rpm for 10 min. The supernatant 
was then collected in 2 mL plastic tubes 
and 8 µL of Proteinase K (20 mg/mL) were 
added to each tube; the samples were 
incubated at 60°C for 10 min and then 
centrifuged at 14,000 rpm for 1 min. The 
supernatant was transferred to a new 2 
mL plastic tube and 5 µL of RNase (100 
mg/mL) were added; digestion was car-
ried out at 40°C for 10 min. The solution 
transferred to a 14 mL falcon tube and 2 
mL DNA-binding resin (Wizard Plus Min-
ipreps DNA purification system, Promega 
Italia, Milan, Italy) was added and thor-
oughly mixed by inverting several times. 
The resin was then transferred to a min-
icolumn using a 2 mL syringe and sub-
sequently washed with 2 mL of 80% iso-
propanol according to the manufactur-
er’s instructions. The purified DNA was 
eluted from the column with 100 µL of 
pre-warmed water (70°C) and stored at -
20°C before use.

Evaluation of purity
and concentration of extracts

The DNA concentration was meas-
ured by UV absorption at 260 nm, 
while the DNA purity was evaluated on 



374  Ital. J. Food Sci. n. 4, vol. 17 - 2005

the basis of the UV absorption ratio at 
260/280 nm. All the samples showed 
a 260/280 nm ratio ranging from 1.6 
to 2.0. The extracted materials were 
then diluted to a final concentration of 
50 ng/µL and used as stock solutions 
for PCR analysis.

Oligonucleotide primers

All the oligonucleotide primers (Table 
1) were purchased as purified and de-
salted from Sigma Genosys (Cambridge, 
U.K.), then diluted to a final concentra-
tion of 20 µM with double distilled water 
and stored at -20°C until use.

PCR conditions

All the qualitative PCR analyses were 
performed with a PCR Sprint Thermal 
Cycler (Thermo Hybaid, Basingstoke, 
U.K.). Thirteen primers were used in 
the multiplex PCR at final concentra-
tions of: 0.2 µM for MZfor, MZrev, SL-
for, SLrev, Ev176for and Ev176rev; 0.4 

µM for MON810rev, RRrev, Bt11for, 
Bt11rev, GA21for, GA21rev; 0.6 µM for 
P-E35Sfor. Reactions were performed 
in a final volume of 25 µL with the fol-
lowing reagent concentrations: genom-
ic DNA 150 ng, PCR reaction buffer 
1× (provided with the enzyme) (Qiagen 
s.p.a, Milan, Italy), 3.5 mM MgCl2, 0.4 
mM dNTPs, HotStartTaq DNA Polymer-
ase 0.15 U/µL (Qiagen s.p.a, Milan, It-
aly). Thermal cycler conditions were as 
follows: pre-incubation at 95°C for 10 
min; 40 cycles consisting of 95°C for 
50 s, 60°C for 50 s, 72°C for 50 s; and 
final elongation at 72°C for 5 min. All 
the event-specific single PCRs were per-
formed using the same thermal cycler 
conditions and the above-mentioned 
concentrations apart from the concen-
tration of forward and reverse primers 
which were 0.4 µM.

All the single PCRs specific for chloro-
plast, 35S promoter and NOS terminator 
(LIPP et al., 2001) were carried out in a 
final volume of 25 µL at the following re-
agent concentrations: 120 ng of genomic 

Table 1 - Primer names, sequence and target specificity of the set of primers used.

	 Primer	 Sequence (5’-3’)	 Primer specificity

P-E35s for	 CAT TTC ATT TGG AGA GGA CAC G	 MON810 maize / Roundup Ready soybean
MON810 rev	 GCA TTC AGA GAA ACG TGG CAG TA	 MON810 maize
RR rev	 TGG GGT TTA TGG AAA TTG GAA	 Roundup Ready soybean
MZ for	 CGC CAG AAA TCG TTT TTC AT	 Maize zein
MZ rev	 GGT GGT GTC CTT GCT TCC TA	 Maize zein
SL for	 ATG GGC TTG CCT TCT TTC T	 Soybean lectin
SL rev	 CCG ATG TGT GGA TTT GGT G	 Soybean lectin
Bt11 for	 CTG GGA GGC CAA GGT ATC TAA T	 Bt11
Bt11 rev	 GCT GCT GTA GCT GGC CTA ATC T	 Bt11
Ev176 for	 CCC TTC AAC TTC AGC AAC GGC A	 Bt176
Ev176 rev	 TAG TCG GTC ACG TCG GTC TTC AGG	 Bt176
GA21 for	 TCT CCT TGA TGG GCT GCA	 GA21
GA21 rev	 ACG GTG GAA GAG TTC AAT GTA TG	 GA21
CLO1	 TTC CAG GGT TTC TCT GAA TTT G	 Chloroplast
CLO2	 TAT GGC GAA ATC GGT AGA CG	 Chloroplast
35S-cf3	 CCA CGT CTT CAA AGC AAG TGG	 35S promoter
35S-cr4	 TCC TCT CCA AAT GAA ATG AAC TTC C	 35S promoter
HA-nos-118f	 GCA TGA CGT TAT TTA TGA GAT GGG	 NOS terminator
HA-nos-118r	 GAC ACC GCG CGC GAT AAT TTA TCC	 NOS terminator
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DNA, PCR reaction buffer 1× (provided 
with the enzyme) (Euroclone, Milan, It-
aly), 3.0 mM MgCl2, 0.2 mM dNTPs, 0.4 
µM forward primer, 0,4 µM reverse prim-
er, 0.1 U/µL Hot Start Blue Taq (Euro-
clone, Milan, Italy). Thermal cycler con-
ditions were as follows: 95°C for 5 min; 
40 cycles of 95°C for 50 s, 60°C for 50 
s, 72°C for 50 s; and final elongation at 
72°C for 5 min.

Quantitative assays were performed 
using a real time PCR protocol for GMO 
quantification according to a published 
method (VAITILINGOM et al., 1999). Am-
plification reactions were performed in 
a final volume of 30mL and carried out 
using the TaqMan Universal Master-
Mix (Applied Biosystems, Monza, Ita-
ly) consisting of reaction buffer, dUTP, 
AmpliTaqGold DNA polymerase, Am-
pErase uracil N-glycosilase (UNG) and 
MgCl2. The concentration of the prim-
ers was 900 nM both for the trans-
genic target and the endogenous con-
trol. The concentration of the TaqMan 
probes was 200nM both for the trans-
genic target and the endogenous con-
trol. 2% Soybean Powder certified ref-
erence material ERM-BF410e (Fluka, 
Sigma Aldrich, Milan, Italy) was used 
as standard, using dilutions in water 
of the extracted DNA ranging from 150 
to 9.37 ng. All the samples were ana-
lyzed in triplicate.

Agarose gel electrophoresis

PCR products were analyzed by aga-
rose gel electrophoresis. The gel was 
prepared with 2.0 and 3.0% agarose 
(MetaPhor, BioWhittaker 5018, Vallens-
baek Strand, DK), for single and mul-
tiplex PCR, respectively, in Tris Borate 
EDTA (TBE) 0.5× with 0.5 µg/mL of 
Ethidium Bromide (EtBr). The molecu-
lar size ladder used was a 50 bp marker 
(Amersham Biosciences Europe GMBH, 
Cologno Monzese, Italy). The running 
conditions were constant voltage at 120 
V for 1 h in TBE 0.5× buffer.

RESULTS AND DISCUSSION

DNA was extracted from 40 chemical 
products and first screened by PCR to 
detect a chloroplast sequence in order 
to verify the presence of plant material 
and amplifiable DNA in the extracts; a 
GMO screening method was then used 
that is based on two single PCRs for 
the detection of the 35S promoter and 
the NOS terminator sequences (LIPP et 
al., 2001). All the samples which gave 
negative results for chloroplast ampli-
fication (data not shown) were exclud-
ed from further analyses because of the 
lack of amplifiable plant DNA which 
was probably the result of degradation 
during processing. The remaining sam-
ples underwent a preliminary test for 
the presence of the 35S promoter and 
the NOS terminator. Eighteen samples 
were chosen (Table 2) to undergo the 
full analysis process because of: (a) a 
clear positive response in at least one 
of the two screening PCRs used (8 sam-
ples); (b) very weak amplification sig-
nals or; (c) the samples were difficult 
to ascribe (10 samples). The 18 sam-
ples selected were then tested by the 
full analysis process.

The 35S promoter and NOS termina-
tor screenings were repeated and the re-
sults showed that seven samples (2, 4, 
6, 11, 12, 14, 15) were positive for the 
presence of the 35S promoter [Fig. 1 (ex-
pected amplicon length 123 bp)] which is 
present in GM-soybean and GM-maize, 
and three samples (9, 11, 14) were posi-
tive for the presence of the NOS termina-
tor [Fig. 2 (expected amplicon length 118 
bp)] which is only present in GM-soy-
bean and Bt11 and GA21 maize. Eight 
samples (2, 4, 6, 9, 11, 12, 14 and 15) 
had at least one positive result during 
the screening.

In order to evaluate which GMOs were 
responsible for the positive results ob-
served during the screening tests, the 
multiplex PCR method was applied to 
the eight samples which had at least 
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one positive result. While the presence 
of maize or soybean was correctly identi-
fied in all samples by means of their tar-
get sequences [zein gene (expected am-
plicon length 139 bp) and lectin gene 
(expected amplicon length 157 bp) re-
spectively], only three of the eight sam-
ples that were positive in the preliminary 
screening were found to contain GM ma-
terial, namely Roundup Ready soybean 
(expected amplicon length 125 bp). Spe-

Table 2 - Samples selected after preliminary screening to be tested with the multiplex PCR.

Sample	 Product	 Note*

  1	 Maize biscuits	 Total maize content 16%
  2	 Maize fettuccine	 Maize flour (100%)
  3	 Ready to cook polenta	 Maize flour (100%)
  4	 Soybean drink	 Soybean proteins. Infant formula
  5	 Soybean sauce	 Soybean seeds
  6	 Soybean burger	 Soybean protein (40%). “OGM-free” product
  7	 Maize biscuit	 Maize flour (20%). From organic production
  8	 Maize flakes	 Maize seeds
  9	 Maize chips	 Maize flour
10	 Soybean lecithin	 Pure
11	 Soybean biscuits	 Soybean flour (6.1%). From organic production
12	 Soybean biscuits	 Soybean flour (15.5%)
13	 Maize biscuit	 Total maize content 6%
14	 Soybean biscuits	 Soybean flour (8%)
15	 Maize biscuits	 Maize flour
16	 Soybean biscuits	 Soybean flour and proteins
17	 Maize and soybean biscuits	 Maize starch and flour, soybean flour
18	 Maize biscuits	 Maize flour (6.8%)

* Where not stated, the quantity was not declared on the label.

Fig. 1 - Agarose gel 
electrophoresis of 
the PCR amplifica-
tion products for the 
detection of a DNA 
sequence specific for 
the 35S promoter 
(expected amplicon 
length 123 bp). Sam-
ples from 1 to 18 are 
as reported in Table 
2; P: positive control; 
N: negative control; 
50 bp marker.

cifically, samples 2, 6, 9, 11, 12 and 15 
were found to contain maize; samples 4, 
6, 11, 12 and 14 were found to contain 
soybean, and among these, samples 4, 6 
and 14 contained Roundup Ready soy-
bean (Fig. 3).

Because of the low number of posi-
tive results obtained by the multiplex 
PCR compared with what observed dur-
ing the screening with the specific se-
quences for the 35S promoter and the 
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NOS terminator, it was decided to test 
the whole pool of 18 samples by single 
PCR with the same primer pairs specif-
ic for each transgene used during the 
multiplex test. This was done because 
multiplex PCRs, while allowing for fast-
er analyses due to multiple simultane-
ous DNA amplifications, are reported to 
be less sensitive than single end point 
PCRs. The multiplex PCR used here was 
previously found to have a detection lim-
it of 0.25% for each transgene which is 
in agreement with other similar meth-
ods (GERMINI et al., 2004).

Thus the 18 samples reported in Ta-
ble 2 underwent specific single PCR am-
plification for the detection of MON810, 
Bt11, Bt176 and GA21 maize and Round-
up Ready soybean. No traces of MON810, 
Bt11 or GA21 were found among the 

Fig. 2 - Agarose gel 
electrophoresis of 
the PCR amplifica-
tion products for the 
detection of a DNA 
sequence specific for 
the NOS terminator 
(expected amplicon 
length 118 bp). Sam-
ples from 1 to 18 are 
as reported in Table 
2; P: positive control; 
N: negative control; 
50 bp marker.

samples tested (data not shown), while 
positive results were observed for the 
presence of Roundup Ready soybean 
and Bt176 maize. In particular, Round-
up Ready soybean was found in three 
other samples [Fig. 4 (expected ampli-
con length 125 bp)], not detected by the 
multiplex PCR (samples 12, 16 and 17). 
In order to better evaluate these results, 
the content of GM soybean in all six pos-
itive samples was determined, using a 
standard real time PCR protocol (VAI-
TILINGOM et al., 1999) (complete data 
not shown). Using this method, samples 
4 and 6 were found to contain levels of 
Roundup Ready greater then the 0.25% 
detection limit for the multiplex assay 
(0.5% and 0.6%, respectively), whereas 
samples 12, 14, 16 and 17 were found 
to have levels of Roundup Ready low-

Fig. 3 - Results of the application 
of the multiplex PCR method for 
the detection of maize, soybean 
and MON810, Bt11, Bt176, GA21 
maize and RR soybean to eight 
commercial samples found posi-
tive after 35S and/or NOS screen-
ing (2: maize fettuccine; 4: soy-
bean drink; 6: soybean burger; 9: 
maize chips; 11, 12, 14: soybean 
biscuits; maize biscuits). P: pos-
itive control; N: negative control; 
50 bp marker.
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er then 0.25% (0.2% or less). These re-
sults closely match and would support 
the results obtained with the multiplex 
PCR method which correctly identified 
samples 4 and 6, and also sample 14, 
but failed to identify the presence of the 
transgene in samples 12, 16 and 17. It 
must be noted that, despite the greater 
sensitivity of the single PCRs, the pre-
vious screening test failed to detect the 
presence of Roundup Ready soybean in 
samples 16 and 17. This was the reason 
why these samples were excluded from 
the multiplex analysis; however, the sin-
gle PCR detected it.

A similar interpretation could be giv-
en for the results of the single PCR spe-

Fig. 4 - Results of 
the application of the 
single PCR for the 
detection of Round-
up Ready soybean 
(expected amplicon 
length 125 bp). Sam-
ples from 1 to 18 are 
as reported in Table 2; 
P: positive control; N: 
negative control; 50 
bp marker.

cific for Bt176 maize [Fig. 5 (expected 
amplicon length 209 bp)]. Sample 7 was 
the only one found to be positive during 
the single PCR analysis, although it had 
been excluded from the multiplex PCR 
test on account of its negative response 
during the preliminary screening test.

The results obtained using screening 
(35S and NOS) and transgene-specif-
ic PCRs (multiplex, RoundupReady and 
Bt176) are summarized in Table 3.

CONCLUSIONS

In conclusion, the multiplex PCR cor-
rectly identified the presence of every 

Fig. 5 - Results of the 
application of the sin-
gle PCR for the detec-
tion of Bt176 maize 
(expected amplicon 
length 209 bp). Sam-
ples from 1 to 18 are 
as reported in Table 2; 
P: positive control; N: 
negative control; 50 
bp marker.
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target sequence in the samples when 
the amount of the product was above or 
around its detection limit (0.25%). The 
method is therefore suitable and relia-
ble for a fast analysis of foodstuffs when 
the presence of GMOs must be labelled 
above the 0.9% level. However, as already 
reported in the literature, the multiplex 
method is less sensitive than the single 
PCR (LOD 0.25% against 0.10%).

Regarding the single PCR method used 
to detect the 35S promoter and the NOS 
terminator in the preliminary screen-
ing, it must be noted that, although the 
analyses were repeated twice, once dur-
ing the pre-screening phase and again 
during the full analysis process, con-
flicting results, were obtained when 
compared with the data obtained from 
the transgene specific PCRs. In partic-
ular four samples which were positive 
for 35S and/or NOS could not be con-
firmed by the transgene specific PCRs. 
This is probably not ascribable to viral 
or bacterial contamination of the test-

Table 3 - Results of GMO analysis by screening, multiplex and event-specific PCRs.

	 Screening PCRs	 Transgene specific PCRs

Sample	 35S	 NOS	 Multiplex	 RR	 Bt176

  1
  2	 +
  3
  4	 +	 	 +	 +
  5
  6	 +	 	 +	 +
  7	 	 	 	 	 +
  8
  9	 	 +
10
11	 +	 +
12	 +	 	 	 +
13
14	 +	 +	 +	 +
15	 +
16	 	 	 	 +
17	 	 	 	 +
18

ed products due to the unknown origin 
of the different raw materials used dur-
ing manufacturing of the foodstuffs. It 
is probably due to either the presence 
of trace amounts of GMOs authorized in 
the EU under Reg. 258/97/CE but oth-
er than those targeted by the multiplex 
PCR (e.g. NK 603 maize contains both 
35S and NOS, and T25 maize contains 
NOS) or to trace amounts of target DNA 
close to the LOD of the PCR methods em-
ployed. Furthermore, the screening pro-
cedure failed to correctly identify its tar-
get in three out of the 18 cases but these 
were later identified by their transgene-
specific single PCR. This can be proba-
bly ascribed to the different sensitivity of 
these screening assays was compared to 
the transgene specific PCRs. The above-
mentioned considerations raise doubts 
about the reliability of screening proto-
cols. Although they are fast, relatively 
easy routine analyses for testing a large 
number of samples, they can lead to false 
negative results.
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In contrast, using the combined PCR 
methods reported above it was possible 
to verify that seven food samples out of 
40 (17.5%) randomly chosen from the 
store shelves contained traces of trans-
genic material. All the results obtained, 
however, were consistent with the infor-
mation reported on the label. Although 
none of the labels on the products ex-
amined claimed to contain GMOs, the 
content of transgene found during the 
analysis was always under the 0.9% le-
gal limit for compulsory labelling. On 
the other hand, two products with la-
bels that claimed to be “GMO-free” and 
“Organic Production” were found to con-
tain Roundup Ready and Bt176, respec-
tively.

Finally, among the set of samples an-
alysed, the only transgenes found were 
Roundup Ready soybean and Bt176 
maize, both allowed by the European 
regulations.
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Abstract

The antioxidant activity of 20 red 
wines (12 young wines and 7 one-year-
old wines) was measured by two in vit-
ro assays: the inhibition of coupled ox-
idation of β-carotene/linoleic acid mix-
ture and the free radical scavenger ac-
tivity using 2,2-diphenyl-1-picrylhydra-
zyl (DPPH*). Total phenolics, total flavo-
noids and total anthocyanins of wines 
were determined spectrophotometrical-
ly; individual phenolic compounds were 
also determined by HPLC. The antioxi-
dant activity of the wines was correlat-

Riassunto

L’attività antiossidante di 20 vini ros-
si (12 vini giovani e 7 vini invecchiati per 
12 mesi) è stata determinata mediante 
due sistemi in vitro: l’inibizione dell’os-
sidazione accoppiata di una miscela β-
carotene/acido linoleico in emulsione e 
l’attività di radical scavenger su 2,2-di-
phenyl-1-picrylhydrazyl (DPPH*). Il pro-
filo polifenolico dei vini è stato determi-
nato mediante valutazione dei polifeno-
li totali, dei flavonoidi totali e degli an-
tociani totali, mentre i singoli composti 
sono stati determinati mediante anali-
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ed to their phenolic composition: corre-
lation models showed that the antioxi-
dant activity (evaluated by both meth-
ods and expressed as I50) was related to 
the total phenolics and total flavonoids 
by a non-linear correlation, while linear 
correlations were observed if the recip-
rocal of the I50 values were considered. 
Non-significant correlations were found 
between the antioxidant activity and to-
tal anthocyanins or individual phenolic 
compounds. The correlation model was 
the same when young or one-year-old 
wines were considered, showing that a 
relatively short storage time under re-
ducing conditions does not substantial-
ly modify the antioxidant activity of the 
phenolic pool.

si HPLC. I dati di correlazione mostra-
no che l’attività antiossidante, determi-
nata con entrambi i sistemi ed espres-
sa come I50, è correlata ai polifenoli to-
tali e ai flavonoidi totali mediante una 
relazione esponenziale; la correlazione 
è di tipo lineare se si considerano i va-
lori di 1/I50. Non sono state evidenzia-
te correlazioni significative tra l’attivi-
tà antiossidante e il contenuto di anto-
ciani o di singoli composti polifenolici. 
Dodici mesi di invecchiamento dei vini 
in condizioni riducenti non sembrano 
modificare sostanzialmente la relazio-
ne tra il potere antiossidante e il pool 
delle sostanze polifenoliche.

INTRODUCTION

It has been widely demonstrated that 
the consumption of fruit and vegetables 
can reduce the risk of cardiovascular 
disease and certain forms of cancer. 
The beneficial effect of food is mainly 
associated with its antioxidant com-
ponents (HERTOG et al., 1993; Gold-
berg, 1998; Frankel, 1999). Red wine 
is a rich source of polyphenols (mainly 
flavonoids and anthocyanidins), which 
have been shown to exert antioxidant 
activity by various mechanisms (free 
radical terminators, singlet oxygen 
quenchers, metal chelators) (Bors et 
al., 1990; Jovanovic et al., 1998; Rice-
Evans, 1999; Kinsella et al., 1993). 
Several methods have been proposed to 
evaluate the antioxidant activity of veg-
etable products, based on both in vivo 
and in vitro reactions. In vitro assays 
are generally based on the inhibition 
of various oxidation reactions, such as: 
low density lipoprotein oxidation (Fran-
kel et al., 1992; Furhman et al., 1995; 
Landbo and Meyer, 2001; Yildirim 

et al., 2004), linoleic acid peroxidation 
in micelles of detergent (Pryor et al., 
1993), methyl-linoleate oxidation (Hei-
nonen et al., 1998) and coupled oxida-
tion of linoleic acid/β-carotene emul-
sified mixtures (Marco, 1968; Bader-
schneider et al., 1999). Another ap-
proach is to evaluate the inactivation 
of stable synthetic radicals, such as: 
2,2-diphenyl-1-picrylhydrazyl (DPPH*) 
(Sánchez-Moreno et al., 1999), 2,2’-
azinobis (3-ethylbenzthiazoline-6-sul-
fonic acid) diammonium salt (ABTS) 
(Miller et al., 1993; Pellegrini et al., 
2000; Minussi et al., 2003) and N,N-
dimethyl-p-phenylenediamine (DMPD) 
(Fogliano et al., 1999). In all cases, 
the synthetic radical has a character-
istic colour and the radical inactivation 
can be followed by spectrophotometry. 
The direct measurement of oxygen rad-
ical absorbance capacity (ORAC) has 
also been proposed to evaluate anti-
oxidant activity (Cao et al., 1995). Var-
ious studies have been conducted on 
the antioxidant activity of wines in re-
lation to their phenolic content. Bader-
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schneider et al. (1999), BRENNA and 
PAGLIARINI (2001), MINUSSI et al. (2003) 
and Sánchez-Moreno et al. (2002) 
found a positive correlation between 
the antioxidant activity as measured 
by different methods and the total phe-
nolic content of wines; corresponding-
ly, red wines exert higher antioxidant 
activity than rosé or white wines. Zaf-
rilla et al. (2003) and HEINONEN et al. 
(1998) did not find good correlation be-
tween total phenolics and antioxidant 
activity of wines and various fruit wines 
and liquors. Mastrocola et al. (2001) 
observed that white wine and red wine 
phenolics exert similar antioxidant ac-
tivity as measured by the DPPH* as-
say, whereas white wine phenolics are 
more effective than red wine phenolics 
towards oxygen scavenging. Ghisel-
li et al. (1998) observed that anthocy-
anins are the most effective red wine 
phenolic fraction for scavenging reac-
tive oxygen species and inhibiting lipo-
protein oxidation. Other studies have 
shown some correlation between anti-
oxidant activity and individual phenolic 
components (Yildirim et al., 2004; Mi-
nussi et al, 2003). With regard to age-
ing, Pellegrini et al. (2000) showed 
that the antioxidant activity of young 
red wines is higher than that of aged 
red wines when related to total phenol-
ic content. On the contrary, other au-
thors (Larrauri et al., 1999; Echever-
ry et al., 2005) have observed that the 
antioxidant capacity of red wines in-
creases during ageing. In most stud-
ies, the wines were tested without pre-
vious fractionation or purification, so 
that sulphur dioxide and other antioxi-
dant components could have contribut-
ed to their antioxidant activity.

From literature data it is clear that 
the antioxidant activity of food ma-
terial depends on the oxidation sub-
strate, the oxidation mechanism and 
the reaction medium (Baderschnei-
der et al., 1999; Rice-Evans, 1999). 
Moreover, phenolic compounds can be 

evaluated by using a number of differ-
ent methods, which can give different 
results. The aim of our study was to 
evaluate the antioxidant activity of red 
wines by using different methods and 
then relate the results to their phenol-
ic profile. Therefore, 20 red wines, pro-
duced by the same cellar from different 
grapes in two subsequent years, were 
analysed for their antioxidant activity 
by two in vitro assays: the inhibition of 
coupled oxidation of β-carotene/lino-
leic acid mixture, and the free radical 
scavenger activity using 2,2-diphenyl-
1-picrylhydrazyl (DPPH*). The phenolic 
profile of the samples was evaluated by 
spectrophotometric measurement and 
by HPLC and correlations between the 
data were studied. To avoid interfer-
ence by other wine components, before 
the antioxidant activity and total phe-
nolics were evalutated, samples were 
purified by cartridge fractionation to 
exclude other antioxidant components 
(principally sulphur dioxide, ascorbic 
acid and sugars).

MATERIALS AND METHODS

The 20 red wine samples were sup-
plied by the Istituto Sperimentale per 
l’Enologia (Barletta, Italy). Grapes were 
grown in the Puglia region following or-
ganic farming or integrated pest man-
agement practices. The grape varie-
ties were Primitivo (samples 1, 2, 11, 
12 and 14-19), Negroamaro (samples 3-
5, 9, 10 and 20), Montepulciano (sam-
ple 13), Sangiovese (sample 8), Bombino 
(sample 7) and Uva di Troia (sample 6). 
All wines were obtained by microvinifi-
cation in similar and standard condi-
tions (6 to 10 days maceration, use of 
active dry yeast inoculum, sulphur di-
oxide addition and no addition of stabi-
lizers or fining agents). The final prod-
ucts were bottled in 750 mL dark glass 
bottles sealed by crown caps and stored 
at 15°C. The wines were from two sub-
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sequent years (samples from 1 to 7 were 
one-year-old samples and samples from 
8 to 20 were the young wines); samples 
identified by * were produced from or-
ganically grown grapes.

All chemicals and reagents were an-
alytical grade or HPLC grade. Stand-
ard compounds used were: gallic acid, 
(+)catechin, quercetin, trans-resvera-
trol, trolox (6-hydroxy-2,5,7,8-tetram-
ethylchroman-2-carboxylic acid) and 
ascorbic acid (Sigma Aldrich, Italia); 
procyanidin B2, epicatechin, querce-
tin-3-glucoside, malvidin-3-glucoside 
(Extrasynthèse, France); trans-caffeic 
acid, p-coumaric acid, myricetin (Flu-
ka, Italia).

Analytical methods

Free and total sulphur dioxide were 
determined following the simplified io-
dometric official method (Gazzetta Uf-
ficiale CE, 1990).

Total anthocyanin index (TAI) and fla-
vonoid index (FI) were determined spec-
trophotometrically as described by Di 
Stefano et al. (1989). Total anthocy-
anin index is obtained by absorbance 
at 540 nm and results are expressed 
as mg/L malvidin-3-glucoside; the fla-
vonoid index is obtained by the rela-
tive height of the peak at 280 nm on the 
absorbance curve and results are ex-
pressed as mg/L catechin.

Most data in the literature about anti-
oxidant activity of wines were obtained 
without any sample treatment, so that 
relationships between the antioxidant 
activity and the phenolic content of wines 
cannot be fully interpreted.

In this study total phenolics (TP) and 
antioxidant activity analyses were per-
formed on samples previously purified 
by SepPak C18 cartridge (Waters, Ita-
lia) as described by Di Stefano et al. 
(1989). Wine was diluted 1:1 with 0.01 N 
H2SO4. An aliquot of 2 mL diluted sam-
ple was loaded on a C18 SepPak car-
tridge, previously activated with 2 mL 

methanol and 3 mL 0.01 N H2SO4. After 
washing the cartridge with 3 mL 0.01 N 
H2SO4, polyphenols were eluted with 2 
mL methanol. The methanolic eluate rep-
resents the purified sample. Total pheno-
lics were determined by the Folin-Ciocal-
teau method, and results are expressed 
as mg/L catechin.

Determination
of antioxidant activity

Linoleic acid/β-carotene coupled ox-
idation.

The method proposed by Badersch-
neider et al. (1999) was followed with 
minor modifications. The reaction mix-
ture was prepared as reported in the lit-
erature but using Tween 20 (Sigma, Ita-
lia) instead of Tween 40. An aliquot of 5 
mL of the mixture was mixed with 250 
µL of properly diluted purified sample 
(methanol was used as dilution solvent). 
Absorbance at 500 nm was read (1 cm 
optical path) at the initial time and af-
ter incubation at 50°C for 30 min. Anti-
oxidant activity is expressed as percent-
age inhibition with respect to a control 
reaction (no sample added) and is cal-
culated as:

% inhibition = (∆ Abs control - ∆ Abs 
sample) / ∆ Abs control * 100, where:

∆ Abs control = Abs control at initial 
time – Abs control after 30 min

∆ Abs sample = Abs sample at initial 
time – Abs sample after 30 min.

At least four different dilutions were 
assayed for each sample, in order to ob-
tain a percentage inhibition between 20 
and 80% with respect to the control re-
action. Results were plotted to obtain 
a dose-response curve and the sam-
ple volume corresponding to 50% inhi-
bition was calculated by interpolation. 
Two dose-response curves were built 
for each sample. The antioxidant activ-
ity of samples is then expressed as I50, 
i.e. the original wine volume (µL) corre-
sponding to 50% inhibition of the con-
trol reaction.
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DPPH* assay

The radical scavenger activity of wines 
was determined using the radical 2,2-
diphenyl-1-picrydazyl (DPPH*), follow-
ing the method proposed in the litera-
ture (Sánchez-Moreno et al., 1999). 
A 25 mg/L DPPH* methanolic solution 
was prepared daily and stored protect-
ed from the light. A 30 µL sample (prop-
erly diluted with methanol) was added 
to 3 mL DPPH* solution and incubated 
at 40°C for 50 min. The DPPH* discol-
oration reaction was followed by meas-
uring absorbance at 515 nm (1 cm op-
tical path). Absorbance was read on the 
blank (Absblank) (30 µL sample + 3 mL 
methanol), on the control (Abscontrol)(30 µL 
methanol + 3 mL DPPH* solution) and on 
the sample solution (30 µL sample + 3 
mL DPPH* solution) after the incubation 
time (Abssample t50). The antioxidant activ-
ity is expressed as percentage residual 
DPPH*, calculated as follows:

% residual DPPH* = (Abssample t=50 – 
– Absblank) / Abscontrol * 100

Five sample dilutions were tested, to 
obtain the % residual DPPH* in the range 
of 20 to 70%. In this case too, dose-re-
sponse curves (sample amount vs % re-
sidual DPPH*) were built to calculate the 
original sample amount (µL) correspond-
ing to 50% residual DPPH*, which corre-
sponds to I50. Determinations were car-
ried out in duplicate (two dose-response 
curves for each sample).

HPLC determination of individual phe-
nolic substances was performed using a 
Waters HPLC apparatus equipped with 
gradient pumps (mod. 600E) and photo-
diode array detector (mod. 996). A Sym-
metry C18 column (4.6x250 mm, 5 µm, 
Waters, Italia) was used. The chromato-
graphic system was controlled by Millen-
nium 2010 software. Wines were diluted 
1:1 with 0.2 M o-phosphoric acid and in-
jected into the system (injection volume 
20 µL). Binary gradient elution was car-

ried out at 35°C, at 1 mL/min flow rate 
(eluent A: 0.2 M o-phosphoric acid; elu-
ent B: 20% A + 80% acetonitrile), accord-
ing to the following pattern:

	Time (min)	 %A	 %B

	 0	 90	 10
	 10	 80	 20
	 25	 60	 40
	 35	 40	 60
	 45	 30	 70
	 46	 0	 100
	 60	 90	 10

Individual compounds were identi-
fied by retention time and spectral anal-
ysis.

Statistical analysis of data

Each analytical determination was 
performed at least in duplicate and val-
ues are given as the mean value ± stand-
ard deviation. Analytical data were proc-
essed by one-way ANOVA and by the 
least significant difference test (LSD), us-
ing Statgraphics Plus v. 5 (Manugest KS 
Inc, Rockville, USA) to determine signifi-
cant differences among samples.

Correlations between parameters were 
evaluated using Table Curve 2D v. 4 
(Jandel Scientific, CA, USA).

RESULTS AND DISCUSSION

Several trials were carried out to de-
fine the best conditions for determining 
the antioxidant activity of wines by the 
DPPH* and linoleic acid/β-carotene as-
says. For the DPPH* assay, reaction ki-
netics with various sample concentra-
tions was followed to determine the fi-
nal reaction time (or equilibrium time). 
For all concentrations, 50 min at 40°C 
allowed completion of the reaction. Re-
peatability of the assay was tested by 
performing 10 determinations on the 
same sample, obtaining an I50 value of 
6.38±0.49 µL (standard deviation).
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Similar trials were carried out to op-
timise the linoleic acid/β-carotene as-
say. Since the substrate mixture is quite 
unstable (coupled oxidation occurs even 
at room temperature), the mixture was 
prepared daily just before the determi-
nation. The control reaction (no anti-
oxidant added, incubation at 50°C) was 
completed within 30 min. The reaction 
kinetics in the presence of various sam-
ple concentrations was followed: linear 
reaction kinetics was observed at high 
sample levels, while asymptotic kinet-
ics was observed at low sample levels. A 
final reaction time of 30 min was cho-
sen, which corresponds to linear kinet-
ics (i.e. constant reaction rate) in all cas-
es. This fact was critical in that various 
sample concentrations were to be tested 
in order to interpolate the I50 concentra-
tion. Repeatability of the method was de-
termined by performing the assay eight 
times on the same sample: an I50 val-
ue of 8.49±1.66 µL (standard deviation) 
was obtained.

To compare the performance of the two 
methods with respect to different anti-
oxidant substances, the antioxidant ac-
tivities of four representative antioxidant 
compounds were determined: trolox (6-
hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid, the water-soluble analo-
gous of vitamin E), ascorbic acid, (+)cate-
chin and malvidin-3-glucoside. Dose-re-
sponse curves obtained with catechin in 
the two assays are shown in Fig. 1. The 
antioxidant activity of the standard com-
pounds is reported in Table 1.

Table 1 - Antioxidant activity (I50) of standard compounds as measured by the DPPH* and linoleic acid/
β-carotene assays.

	 DPPH* assay	 linoleic acid/β-carotene assay
	 I50 (µmol/L)	 I50 (µmol/L)

trolox	 0.041±0.001	 0.014±0.001
ascorbic acid	 0.033±0.001	 1.86±0.04
(+)catechin	 0.015±0.001	 0.040±0.001
malvidin-3-glucoside	 0.029±0.001	 -

Fig. 1 - Dose-response curves obtained with (+)cat-
echin in the DPPH* (A) and in the linoleic acid/β-
carotene (B) assays. Different symbols represent 
duplicate analyses.

The data show that in the DPPH* as-
say similar I50 values were obtained for 
the four compounds tested, with cate-
chin being the most effective and trolox 
the least effective. These data are com-
parable to those found in the litera-
ture (Sánchez-Moreno et al., 1999). 
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On the contrary, li-
noleic acid/β-caro-
tene coupled oxida-
tion was more inhibit-
ed by trolox and cate-
chin than by ascorbic 
acid (high antioxidant 
activity corresponds 
to low I50 values and 
vice-versa). It was not 
possible to evaluate 
the antioxidant effect 
of malvidin-3-gluco-
side in this assay, be-
cause there was an 
antioxidant effect at 
low concentrations 
(<0.1 µmol/L), which 
became a pro-oxidant 
effect at higher con-
centrations. In this 
model system, water-
soluble compounds 
(such as ascorbic 
acid) are less effec-
tive than lipophilic 
ones (Baderschnei-
der et al., 1999). The 
rank of antioxidant 
activity (trolox>cate
chin>ascorbic acid) 
can be ascribed to the 
different solubilities 
of these compounds 
in the emulsion and 
at the surface of li-
pid particles, where 
the oxidation reaction 
takes place.

The analytical data 
of the 20 wine sam-
ples are shown in Ta-
ble 2. Samples dif-
fered significantly one 
from another as dem-
onstrated by ANOVA 
analysis. All wines 
contained sulphur di-
oxide within the legal 
limit (150 mg/L). The 
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total phenolics (TP) (measured by the 
Folin-Ciocalteau method) varied wide-
ly among samples, ranging from 846 to 
3,800 mg/L. Accordingly, the flavonoid 
index (FI) (spectrophotometric determi-
nation) varied from 689 to 3,920 mg/L. 
The total anthocyanin index (TAI) also 
varied widely, from 43 to 600 mg/L, and 
was not related to TP or FI. The statisti-
cal analysis shows that differences be-
tween samples cannot be ascribed to the 
farming system and the storage period, 
except for anthocyanin concentration, 
which was lower in aged samples.

With regard to the antioxidant activ-
ity, the I50 values obtained by the two 
methods are consistent, although the 
variation was greater for the linoleic 
acid/β-carotene assay (ranging from 
4 to 22 µL) than for the DPPH* assay 
(from 2 to 15 µL). The data also show 
that the I50 values were lower in samples 
with high TP and FI; the average phe-
nolic content was higher in the young 
wines than in the one-year-old wines, 
which corresponded to higher antioxi-
dant activity.

HPLC analysis of the wines allowed 
various compounds to be identified 
and quantified; the most representa-
tive compounds were: gallic acid, trans-
caftaric acid, resveratrol, myricetin, 
quercetin, cyanidin-3-glucoside and 
malvidin-3-glucoside. HPLC data were 
also used to determine the monomer-
ic anthocyanins (MA), measured as the 
sum of the peak areas determined at 
520 nm and referred to as malvidin-3-
glucoside. Relevant data are reported in 
Table 3. Trans-caftaric acid (trans-caf-
feil-tartaric acid) was the most abun-
dant compound, followed by malvidin-
3-glucoside and gallic acid. Resveratrol 
was determined in most samples in low 
quantities (0.25-1.5 mg/L). For most 
parameters, the one-year-old wines did 
not differ from the young wines and 
no differences can be ascribed to the 
farming system. The only discriminant 
parameter was the anthocyanin con-

tent, as already shown by the spectro-
photometric evaluation: the one-year-
old wines (samples from 1 to 7) had a 
much lower anthocyanin content due 
to the fact that anthocyanins under-
go condensation reactions with other 
polyphenols, which is a typical conse-
quence of wine ageing.

The analytical data were ana-
lysed to determine significant corre-
lations between parameters. The re-
sults obtained by the different ana-
lytical methods for determining the 
phenolic compounds were examined 
first. There were good linear corre-
lations between TP (determined by 
the Folin-Ciocalteau method) and FI 
(determined by spectrophotometry): 
FI = 0.974 TP – 109.7; R2 = 0.935. 
Good linear correlation was also 
found between TAI (spectrophotomet-
ric analysis) and MA (determined by 
HPLC): TAI = 0.814 MA – 55.988; R2 

= 0.929.
The two in vitro assays used to meas-

ure the antioxidant activity were then 
compared (Fig. 2). There was poor cor-
relation between the I50 values obtained 
by the two methods (linear correlation 
coefficient R2=0.321). As already ob-
served with standard compounds, the 
two methods give different responses, 
and therefore this result was partly ex-
pected.

The I50 values were then related to 
the phenolic composition of the wines, 
in order to determine which of the ana-
lytical indexes correspond better to the 
antioxidant activity. Fig. 3 shows the 
correlations between the I50 values ob-
tained by the two methods and TP and 
FI, respectively. One-year-old samples 
(empty symbols) showed correlations 
similar to those of young wines (full 
symbols), so the data were pooled to 
obtain the model. Correlation param-
eters, reported in Table 4, show that 
the relationship is similar for the two 
methods used to measure the antioxi-
dant activity and for the two parame-



Ital. J. Food Sci. n. 4, vol. 17 - 2005  389

T
a
b
le

 3
 -

 P
h

en
ol

ic
 c

on
te

n
t 

of
 r

ed
 w

in
es

 a
s 

d
et

er
m

in
ed

 b
y 

H
P
L
C

. 
D

if
fe

re
n

t 
le

tt
er

s 
in

 t
h

e 
sa

m
e 

co
lu

m
n

 c
or

re
sp

on
d
 t

o 
si

gn
ifi

ca
n

tl
y 

d
if

fe
re

n
t 

va
l-

u
es

 (
p
<
0
.0

5
).

Sa
m

ple
	

Ga
llic

 a
cid

	
Tra

ns
-c

af
ta

ric
 a

cid
	

Tra
ns

-re
sv

er
at

ro
l	

M
yr

ice
tin

	
Qu

er
ce

tin
	

Cy
an

idi
n-

3-
glu

co
sid

e	
M

alv
idi

n-
3-

glu
co

sid
e	

M
on

om
er

ic 
an

th
oc

ya
nin

s
	

(m
g/

L)
	

(m
g/

L)
	

(m
g/

L)
	

(m
g/

L)
	

(m
g/

L)
	

(m
g/

L)
	

(m
g/

L)
	

(m
g/

L 
m

alv
idi

n-
3-

glu
)

 1
	

83
.6

±2
.5

l 	
19

.2
±0

.1
b 	

nd
	

1.
9±

0.
1e 	

5.
0±

0.
1e 	

nd
	

nd
	

14
.4

±4
.5

a

 2
	

20
8.

7±
1.

4m
	

nd
	

nd
	

nd
	

nd
	

nd
	

nd
	

7.
9±

1.
2a

 3
	

45
.4

±1
.0

i 	
21

8.
5±

0.
3p 	

nd
	

2.
5±

0.
1g 	

4.
3±

0.
2cd

	
nd

	
nd

	
14

.6
±0

.1
a

 4
	

17
.4

±0
.8

cd
e 	

18
7.

1±
0.

4o 	
0.

8±
0.

1e 	
1.

8±
0.

1d 	
4.

1±
0.

1c 	
nd

	
nd

	
12

.4
±1

.5
a

 5
	

15
.8

±0
.1

cd
	

16
2.

3±
0.

5n 	
0.

5±
0.

1bc
d 	

nd
	

2.
8±

0.
1b 	

nd
	

nd
	

9.
5±

0.
7a

 6
	

39
.4

±1
.8

h 	
nd

b 	
1.

1±
0.

1fg
	

nd
	

4.
4±

0.
4cd

	
nd

	
nd

	
14

.3
±0

.2
a

 7
	

10
.6

±2
.6

b 	
8.

6±
0.

1a 	
1.

5±
0.

1h 	
1.

9±
0.

1de
	

2.
9±

0.
2b 	

nd
	

nd
	

15
.1

±0
.7

a

 8
	

39
.2

±2
.5

h 	
nd

	
nd

	
1.

3±
0.

1c 	
5.

5±
0.

1f 	
22

.8
±0

.6
d 	

50
.5

±0
.9

ab
c 	

95
.8

±1
.5

bc

 9
	

9.
5±

0.
1ab

	
14

4.
7±

1.
6m

	
0.

3±
0.

1a 	
2.

2±
0.

1f 	
4.

4±
0.

1cd
	

nd
	

92
.9

±0
.5

bc
de

	
18

5.
4±

1.
6fg

10
	

10
.0

±0
.4

ab
	

13
1.

3±
1.

2l 	
0.

3±
0.

1a 	
2.

7±
0.

lh 	
7.

7±
0.

7g 	
10

.8
±1

.6
bc

	
94

.7
±1

.0
cd

e 	
20

7.
7±

10
.6

g

11
	

22
30

±2
.4

fg
	

67
.5

±2
0.

6d 	
0.

7±
0.

1e 	
1.

8±
0.

1de
	

1.
9±

0.
1a 	

7.
5±

0.
1ab

	
69

.3
±1

.5
ab

cd
	

14
2.

3±
18

.9
de

12
	

20
.7

±3
.3

ef
g 	

87
.0

±2
.5

g 	
1.

0±
0.

3f 	
3.

4±
0.

1i 	
2.

8±
0.

1b 	
30

.6
±0

.5
e 	

13
1.

3±
1.

2ef
	

27
0.

9±
23

.2
h

13
	

23
.3

±0
.7

g 	
91

.9
±2

.1
h 	

1.
2±

0.
1fg

	
2.

4±
0.

1g 	
4.

0±
0.

1c 	
29

.6
±1

.4
e 	

21
7.

1±
3.

2g 	
49

7.
5±

0.
3l

14
*	

14
.4

±1
.1

c 	
70

.2
±0

.1
e 	

0.
2±

0.
1a 	

1.
1±

0.
1b 	

nd
	

nd
	

31
.2

±0
.5

a 	
67

.5
±2

.1
b

15
*	

21
.2

±0
.9

ef
g 	

10
4.

6±
0.

4i 	
0.

6±
0.

1cd
e 	

nd
	

4.
8±

0.
2de

	
10

.4
±0

.2
bc

	
10

5.
6±

2.
7de

	
18

1.
0±

3.
7fg

16
*	

18
.9

±0
.3

de
f 	

67
.2

±0
.8

d 	
0.

5±
0.

1bc
	

nd
	

4.
5±

0.
3cd

	
28

.8
±1

.2
e 	

16
1.

6±
2.

4f 	
30

7.
2±

13
.5

i

17
*	

15
.6

±1
.0

cd
	

93
.0

±0
.1

h 	
0.

7±
0.

1de
	

1.
7±

0.
1d 	

1.
6±

0.
2a 	

3.
5±

0.
5a 	

40
.5

±5
6.

1a 	
16

7.
8±

3.
3ef

18
*	

17
.4

±0
.4

cd
e 	

78
.0

±1
.1

f 	
0.

3±
0.

1ab
	

nd
	

1.
7±

0.
2a 	

15
.2

±1
.5

c 	
13

8.
2±

2.
9ef

	
26

0.
6±

9.
1h

19
*	

15
.3

±1
.1

cd
	

25
.9

±0
.7

c 	
nd

	
0.

9±
0.

1a 	
nd

	
nd

	
45

.2
±1

.2
ab

	
98

.2
±5

5.
8bc

20
*	

6.
8±

0.
1a 	

22
8.

1±
1.

6q 	
1.

2±
0.

1g 	
nd

	
10

.0
±0

.2
h 	

3.
6±

0.
1a 	

47
.9

±0
.6

ab
c 	

12
3.

6±
4.

9cd

n.
d.

: n
ot

 d
et

ec
ta

ble
; *

 in
di

ca
te

s 
or

ga
ni

ca
lly

 g
ro

wn
 g

ra
pe

s.

ters, TP and FI. The 
I50 values are relat-
ed to TP and FI by a 
power equation, and 
the DPPH* assay pro-
vides results which 
fit the mathemati-
cal model better. The 
linear correlation is 
also highly signifi-
cant (p<0.01). Our 
data are in agree-
ment with those of 
Baderschneider et 
al. (1999) and Bren-
na and Pagliarini 
(2001), who found 
a significant corre-
lation between to-
tal  phenol ics and 
antioxidant activity 
measured by the li-
noleic acid/β-caro-
tene assay in white 
wines and by an elec-
trochemical meth-
od in red wines, re-
spectively. The pow-
er equations indicate 
a reciprocal correla-
tion (exponent value 
close to -1), so the 
data were rearranged 
to obtain the linear 
equations shown in 
Fig. 4. In this case, 
the phenolic concen-
tration is related to 
the 1/I50 values and 
the data fit the line-
ar model (correlation 
parameters are given 
in Table 4).

No significant cor-
relations were found 
between antioxidant 
activity and TAI: for 
the linear model, R2= 
0.235 (DPPH*) and 
R2= 0.221 (linoleic 
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acid/β-carotene assay), corresponding 
to p>0.1 in both cases. It can thus be 
concluded that the antioxidant activ-
ity, measured by both the DPPH* and 
by the linoleic acid/β-carotene assays, 
is strongly correlated to TP and FI. If 
the 1/I50 values are used, the relation-
ship is described by a linear model. 
Even in this case, the data obtained 
by the DPPH* assay fit the mathemat-
ical model better and the correlation 
coefficients are higher when the TP are 
considered.

Correlations with the I50 values were 

Fig. 2 - Correlation between I50 values obtained 
by the DPPH* and the linoleic acid/β-carotene as-
says.

Fig. 3 - Correlation between total phenolic concentration (A) and flavonoid index (B) and the antioxi-
dant activity determined by the DPPH* () and the linoleic acid/β-carotene () assays. Open symbols 
refer to one-year-old samples.

also examined with regard to individual 
phenolic compounds (as determined by 
HPLC). The data are shown in Table 5: 
significant relationships (p<0.01) were 
only observed for gallic acid and malvi-
din-3-glucoside, while the cyanidin-3-
glucoside concentration was correlat-
ed to the antioxidant activity as meas-
ured by the DPPH* method only (p>0.01). 
This result was partly expected, in that 
single phenolics make up a very small 
part of the antioxidant pool and behave 
differently towards different evalua-
tion systems. Monomeric anthocyanins 
(MA) were not correlated to the I50 val-
ues (p>0.1).

The general conclusion of the study 
is that the DPPH* and the linoleic acid/
β-carotene assays are suitable for eval-
uating the antioxidant activity of red 
wines: both methods are simple, can 
be executed rapidly and provide suffi-
ciently accurate results. As expected, 
the two assays behaved differently to-
wards standard compounds, depending 
on their chemical characteristics. Nev-
ertheless, when applied to red wines, 
the two assays performed in a similar 
way. When the antioxidant activity was 
tested on purified samples, so that in-
terference or side-reactions from wine 
components other than polyphenols 

I 50
 (m

L)

I 50
 (m
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Fig. 4 - Correlation between total phenolic concentration (A) and flavonoid index (B) and 1/I50 values 
determined by the DPPH* () and the linoleic acid/β-carotene () assays. Open symbols refer to one-
year-old samples.

Table 4 - Correlation models of antioxidant activity (I50 values) measured by the DPPH* and the linoleic 
acid/β-carotene assays and phenolic content of red wines.

	 correlation model	 R2, (p)	 parameter value

I50 vs total phenolics
DPPH* assay	 power y = a+b*xc	 0.808 (p<0.01)	 a = 0.109; b = 59803; c = -1.263
	 linear y = a+b*x	 0.602 (p<0.01)	 a = 12.472; b = -3.493 10-3

linoleic acid/β-carotene	 power y = a*xb	 0.616 (p<0.01)	 a = 4395; b = -0.821
assay	 linear y = a+b*x	 0.558 (p<0.01)	 a = 18.965; b = -4.591 10-3

I50 vs flavonoid index
DPPH* assay	 power y = a*xb	 0.747 (p<0.01)	 a = 12466; b = -1.058
	 linear y = a+b*x	 0.531 (p<0.01)	 a = 11.637; b = -3.257 10-3

linoleic acid/β-carotene	 power y = a+b*xc	 0.478 (p<0.01)	 a = 1.907; b = 3278; c = -0.819
assay	 linear y = a+b*x	 0.424 (p<0.01)	 a = 17.455; b = -3.973 10-3

1/I50 vs total phenolics
DPPH* assay	 linear y = a+b*x	 0.914 (p<0.01)	 a = -2.552 10-2; b = 1.332 10-4

linoleic acid/β-carotene	 linear y = a+b*x	 0.813 (p<0.01)	 a = 6.281 10-3; b = 6.091 10-5

assay

1/I50 vs flavonoid index
DPPH* assay	 linear y = a+b*x	 0.878 (p<0.01)	 a = -9.047 10-4; b = 1.296 10-4

linoleic acid/β-carotene	 linear y = a+b*x	 0.665 (p<0.01)	 a = 2.266 10-2; b = 5.468 10-5

assay

R2: determination coefficient; p: probability level.
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were minimised, it was strictly corre-
lated to the total phenolics and flavo-
noid index. The results of this study 
also show that one-year storage un-
der non-oxidative conditions does not 
seem to influence the antioxidant ac-
tivity of red wines. This is principally 
due to the fact that anthocyanins, the 
phenolic components which undergo 
major changes during this kind of stor-
age, are minimally involved in antioxi-
dant activity.
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Abstract

The relative antioxidant activities of 
17 commercial herbal spirits were in-
vestigated by using two different ana-
lytical assays: the Briggs-Rauscher os-
cillating reaction method (carried out at 
pH ≈ 2) and the Trolox Equivalent Anti-
oxidant Capacity method (carried out at 
pH = 7.4). The total phenolic content of 
these spirits was also determined us-
ing the Folin-Ciocalteu reagent. The re-
sults show that the antioxidant activity 

Riassunto

L’attività antiossidante relativa di 17 
amari è stata valutata usando due di-
versi saggi in vitro: il metodo della rea-
zione oscillante di Briggs-Rauscher (che 
lavora pH ≈ 2) e il metodo TEAC (Trolox 
Equivalent Antioxidant Capacity, che 
lavora a pH = 7,4). È stato anche de-
terminato il loro contenuto totale di fe-
noli con il reagente di Folin-Ciocalteu. I 
risultati mostrano che l’attività antios-
sidante delle bevande alcoliche esami-
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of the herbal spirits was similar to that 
of white wines, while their total phenol-
ic content was somewhat higher than 
that of white wines. A comparison of the 
ranking order of the antioxidant capac-
ity obtained with the different methods 
is reported and discussed.

nate è simile a quella dei vini bianchi, 
mentre il loro contenuto totale di fenoli 
è più alto rispetto a quello dei vini bian-
chi. Viene infine riportato e discusso un 
confronto degli ordini di attività ottenu-
ti con i diversi metodi utilizzati.

INTRODUCTION

Cardiovascular diseases and can-
cer are ranked as the first and second 
leading causes of death in most indus-
trialized countries. Regular consump-
tion of fruit and vegetables is associat-
ed with reduced risk of cancer, cardio-
vascular diseases, stroke, Alzheimer dis-
ease, cataracts and some of the function-
al declines associated with ageing. Pre-
vention is a more effective strategy than 
pharmacological treatment in chronic 
diseases. Food that contains significant 
amounts of bioactive components pro-
vides desirable health benefits as well 
as basic nutrition, and plays an impor-
tant role in the prevention of chronic 
diseases (LIU, 2003; FREI, 1994; MAD-
HAVI et al., 1996; CADENAS and PACK-
ER, 1996; HANNUM, 2004; HEBER, 2004; 
BOYER and LUI, 2004; PARK and SURH, 
2004). Antioxidants found in many foods 
strengthen the endogenous antioxidant 
system by reducing oxidative stress and 
thereby help protect against pathologi-
cal events (PACKER, 1996; SIMONETTI et 
al., 1997).

Several studies have shown that a 
moderate consumption of wine, especial-
ly red wine, may have protective effects 
(RENAUD and DE LORGERIL, 1992; CRIQ-
UI and RINGEL, 1994; KROENKE et al., 
2003; SATO et al., 2002; CORDER et al., 
2001; STOCLET, 2001; SUN et al., 2002). 
The results indicate that ethanol itself 
has potential positive effects but that 
wine with its phenolic compounds may 

give additional benefits due to its great-
er antioxidant activity. The antioxidant 
defence depends specifically on the rad-
ical-scavenging properties of these phe-
nolic substances (FRANKEL et al., 1993; 
TEISSEDRE et al., 1996; PELLEGRINI et 
al., 2000; LANDRAULT et al., 2001; SI-
MONETTI et al., 1997).

Besides the possible positive effects of 
some alcoholic beverages, the metabolism 
of alcohol might lead to the production of 
hydroxyl radicals (NORDMANN, 1994; AL-
BANO et al., 1996; IMARK et al., 2001; CE-
DERBAUM, 2001). Hydroxyl radicals are 
very reactive among the radicals and oth-
er reactive oxygen species that play a role 
in human metabolism. Their presence 
can readily lead to uncontrolled reactions, 
resulting in oxidative damage to impor-
tant biological macromolecules such as 
nucleic acids, proteins, and lipids (ROB-
ERFROID and BUC CALDERON, 1995; AL-
BANO et al., 1996).

Commercially-sold herbal spirits or 
liquors are known for the positive effects 
they have on the gastroenteric system, 
such as aiding digestion and strength-
ening the stomach wall. Some stud-
ies have been carried out using vari-
ous methods to determine the antioxi-
dant activity of herbal and other spir-
its in order to evaluate the total phe-
nolic content and the antioxidant ac-
tivities (IMARK et al., 2001; GOLDBERG 
et al., 1999).

To produce herbal spirits, selected 
herbs are extracted with a mixture of al-
cohol and water. The exact recipe is a se-
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cret of the producer. In some spirits the 
number of herbs and/or plants used is 
reported on the bottle label. Besides their 
positive digestive effects, phenolic com-
pounds can also react with radicals in 
the upper part of the gastroenteric tract, 
i.e. the stomach (KANNER et al., 2003; TA-
LAVERA et al., 2003; PASSAMONTI et al., 
2003). In fact phenolic compounds have 
an inhibiting effect on chemical-induced 
tumors in the stomach and in other or-
gans (COHEN, 1988).

Several chemical testing methods 
are available for measuring in vitro the 
antioxidant capacity of beverages and/
or plant extracts (FRANKEL et al., 1992; 
MARCO, 1968; PRYOR et al., 1993; MILL-
ER et al., 1993, BRAND-WILLIAMS et al., 
1995; FOGLIANO et al., 1999). Many of 
these methods are carried out at the 
same pH as that of blood (pH = 7.4). A 
commonly used test is the Trolox Equiv-
alent Antioxidant Capacity (TEAC) as-
say, of which there are different modifi-
cations (RE et al., 1999).

Some of these testing methods were 
recently compared on the basis of the 
ranking order of the antioxidant capaci-
ty of some pure substances and beverag-
es (BADERSCHNEIDER et al., 1999; SCH-
LESIER et al., 2002). The results showed 
that the methods were not fully compa-
rable because the ranking order differed 
from assay to assay (SCHLESIER et al., 
2002). The authors concluded that the 
differences were probably caused by the 
different pH values at which the meth-
ods were performed. They recommended 
using at least two methods when study-
ing the protective in vitro efficacy of the 
samples.

A method that is still largely used to 
determine the total phenolic content is 
based on the Folin-Ciocalteu (FC) rea-
gent (DI STEFANO et al., 1989; CHU et 
al., 2002), even if more selective, pre-
cise methods are now available such as 
1HNMR (DEL CAMPO MARTINEZ et al., 
2002) or micro methods (ROMANI et al., 
1996). The results of the Folin Ciocal-

teu method are sometimes used to get 
an indication of the antioxidant capaci-
ty of the samples (MADHAVI et al., 1996; 
IMARK et al., 2001; BADERSCHNEIDER et 
al., 1999; SCHLESIER et al., 2002; HEI-
NONEN et al., 1998).

The aim of the present study was 
to evaluate the antioxidant activity of 
seventeen herbal spirits. The Briggs-
Rauscher oscillating reaction method 
(BR) was used under acidic conditions, 
and the results were compared with 
those obtained with the TEAC assay un-
der physiological conditions (pH = 7.4). 
The total phenolic content was also de-
termined using the Folin-Ciocalteu rea-
gent method, which is based on the re-
dox reaction between phenolate anions 
and a mixture of phosphotungstate and 
phosphomolybdate.

The BR method like other methods 
is based on the generation of free rad-
icals in the reaction mixture. Antioxi-
dant scavengers of free radicals added 
to an active oscillating BR mixture im-
mediately quench the oscillations, but, 
after some time (inhibition time that lin-
early depends on the amount of anti-
oxidant added) the oscillations resume 
(CERVELLATI et al., 2000; 2001). The BR 
reaction method was tested successful-
ly on white and red wines (HÖNER et al., 
2002; PRENESTI et al., 2005), several 
fruit and vegetable extracts (HÖNER and 
CERVELLATI, 2002; 2003) and some nat-
ural polyphenolic compounds (CERVEL-
LATI et al., 2002). In the present work 
the Briggs-Rauscher oscillating reaction 
method was used to determine the anti-
oxidant activities. The BR method works 
at an acidic pH and could therefore give 
some further information about antioxi-
dant activity at low pH values, similar to 
the pH of human gastric fluids.

The TEAC assay analyses the ability of 
antioxidants to reduce the radical cation 
ABTS•+. One version of this assay uses 
a pre-formed ABTS•+ radical and deter-
mines the decrease in absorbance (RE 
et al., 1999).
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MATERIALS AND METHODS

Malonic acid (Merck, reagent grade, 
>99%), manganese (II) sulfate mono-
hydrate (Merck, reagent grade, >99%), 
NaIO3 (Merck, reagent grade, >99.5%), 
Na2CO3 anhydrous (Merck; reagent grade, 
>99,9%), gallic acid (= 3,4,5-trihydroxy 
benzoic acid, Fluka; reagent grade, ≥98%), 
2,6-DHBA (= 2,6-dihydroxy benzoic acid, 
Aldrich; reagent grade ≥98%), K2S2O8 (Flu-
ka; reagent grade ≥99%), ABTS (2,2’-azi-
no-bis-(3-ethylbenzthiazoline-6-sulfon-
ic acid), Fluka No. 11557), Trolox (6-hy-
droxy-2,5,8-tetrametylchroman-2-car-
boxylic acid, Aldrich No. 39,192-3) were 
used without further purification. Fo-
lin-Ciocalteu reagent (Fluka No. 47641), 
HClO4, H2O2, and other chemicals were of 
analytical grade. All stock solutions were 
prepared with double distilled, deionized 
water. Perchloric acid was analyzed by ti-
tration vs. a standard 0.1 M NaOH solu-
tion (from Merck). H2O2 was standardized 
daily by manganometric analysis.

Seventeen herbal spirits were tested. 
They were kept in subdued lighting and 
were diluted in a suitable way with dou-
ble distilled, deionized water prior to the 
measurements.

BR measurements

Oscillations in the BR mixtures were 
followed potentiometrically by recording 
the potential of a combined redox elec-
trode (Mettler Toledo InLab 501, Gies-
sen, Germany). The electrode was con-
nected to a multimeter (WTW, model pH 
540 GLP, Weilheim i. OB, Germany) con-
trolled by an IBM-compatible PC. The ac-
curacy of the multimeter was ±1 mV. The 
data-acquisition program Multi Achat II 
(WTW, Weilheim i. OB, Germany) was 
used. The multimeter was equipped with 
a temperature sensor with an accuracy 
of ±0.1°C. All solutions and reaction mix-
tures were maintained at constant tem-
perature (25.0°C) using a thermostating 
system (accuracy ±0.1°C).

One millilitre of diluted spirit was add-
ed to 30 mL of an active, well-stirred BR 
mixture (initial composition: [H2O2] = 1.5 
M, [HClO4] = 0.0266 M, [IO3

-] = 0.0667 M, 
[malonic acid] = 0.05 M, [Mn2+] = 0.0063 
M) after the third oscillation. The order 
of addition was malonic acid, MnSO4, 
HClO4, NaIO3, and H2O2. The oscillations 
started after H2O2 was added and then 
the inhibition times were measured.

All sample dilutions were analyzed at 
least in triplicate and the results are ex-
pressed as the mean values of 2,6-DHBA 
equivalents (mg/L) ± standard devia-
tion. 2,6-DHBA was chosen as stand-
ard because the concentration intervals 
explored for all the samples fell within 
the concentration interval for 2,6-DHBA. 
The spirits were suitably diluted accord-
ing to their activity. Dilutions from 3:10 
to 5:1000 were used.

TEAC measurements

For the TEAC measurements, the 
ABTS•+ radical cation was prepared by mix-
ing ABTS stock solution (7 mM in water) 
with 2.45 mM potassium persulfate. The 
mixture must be kept in the dark for 12 to 
24 h until the reaction is complete and ab-
sorbance is stable. For the measurements, 
the ABTS•+ solution was diluted with eth-
anol to an absorbance of 0.800±0.020 at 
734 nm. The herbal spirits were diluted 
from 1:1 to 2:10. For the photometric as-
say 3.0 mL of diluted ABTS•+ solution and 
30 µL of the sample solution were mixed 
in a photometric cuvette (1.00 cm opti-
cal path length) for 45 s and the absorb-
ance was measured after exactly 1 min at 
734 nm. A blank with distilled water was 
measured in the same way. The differ-
ence between the results of the blank and 
the sample gave ∆E60 (E60blank-E60sample = 
∆E60), the value used for further calcu-
lations of the Trolox equivalents (TEAC) 
in mg/L. A stock solution of Trolox 0.25 
mg/mL was prepared and diluted to an 
amount ranging from 0.05 to 0.1875 mg/
mL. Absorbance was measured by using 
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a CECIL 3000 spectrophotometer (W.S.B. 
Electronic, Worpswede, Germany).

Ethanol does not interfere in either the 
TEAC (GOLDBERG et al., 1999) or the BR 
(CERVELLATI et al., 2002 b) assays.

Determination of total phenolics
using the Folin-Ciocalteu reagent

This test is based on the oxidation of 
phenolic groups by phosphomolybdic and 
phosphotungstic acids (Folin-Ciocalteu re-
agent). After oxidation the absorbance of 
a green-blue complex can be measured at 
765 nm. The procedure was used for the 
total volume (20 mL) of the reacting mix-
ture (SINGLETON and ROSSI, 1965).

Two millilitres of a suitably diluted 
sample solution were mixed with 10 mL 
of Folin-Ciocalteu reagent (diluted 1:10 
with distilled water) in a 20 mL volumet-
ric flask and allowed to stand at 24°C 
for exactly 5 min. Then eight millilitres 
of a sodium carbonate solution contain-
ing 0.6 g anhydrous Na2CO3 were added 
to the mixture. After exactly 2 hours at 
24°C, absorbance was measured at 765 
nm. The blank (2 mL of distilled water) 

was treated in the same way. Gallic acid 
was used as standard and the total phe-
nolic content is expressed as gallic acid 
equivalents (GAE) in mg/L.

A stock solution of gallic acid (1 g/L) 
was prepared and diluted to an amount 
ranging from 10 to 70 mg/L just before 
the measurements were taken. The spir-
its were diluted from 3:10 to 1:100. All 
measurements were made in triplicate. 
Because the spirits were diluted, the 
resulting sugar content in the reacting 
mixture did not interfere with the meas-
urements; this was controlled with stock 
sugar solutions up to 300 g/L. The eth-
anol content did not interfere with the 
measurements (SINGLETON and ROSSI, 
1965). Absorbance was measured by us-
ing a CECIL 3000 spectrophotometer.

RESULTS

Antioxidant activity
in acidic conditions

Table 1 reports the origin, alcoholic 
strength, sugar content and the number 

Table 1 - Origin, alcoholic strength, sugar content and the number of herbs used (when reported) of 
the herbal spirits tested.

N.	 Origin	 Alcohol vol.%	 Sugar content g/L	 N. of herbs used

  1	 Germany	 35	 ≥100	 n.r.
  2	 Italy	 16	 ≥100	 n.r.
  3	 Germany	 32	 231	 60
  4	 Germany	 44	 <20	 n.r.
  5	 Germany	 32	 ≥100	 n.r.
  6	 Germany	 16.5	 261	 n.r.
  7	 Italy	 40	 16	 40
  8	 Germany	 30	 ≥100	 n.r.
  9	 Germany	 38	 <30	 n.r.
10	 Germany	 35	 ≥100	 n.r.
11	 Germany	 35	 ≥100	 50
12	 Germany	 35	 167	 n.r.
13	 Germany	 58	 60	 n.r.
14	 Italy	 30	 196	 n.r.
15	 Germany	 35	 <100	 n.r.
16	 Germany	 32	 ≥100	 n.r.
17	 Germany	 44	 <30	 43

n.r. = not reported.
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Fig. 1a - Effect of dilution on inhibition time of 
three herbal spirits (BR measurements).

of herbs in the herbal spirits. For each 
spirit studied, the inhibition time de-
pended on the dilution. The tinhib vs. di-
lution values for some spirits are report-
ed in Fig. 1a.

The experimental data are well-fitted 
by straight lines. The parameters of the 
straight lines together with their confi-
dence limits and the R-squared values 
are reported in Table 2.

Table 2 - Parameters of the straight lines of the BR measurements, confidence limits and R-squared 
values for the spirit samples.

N. spirit	 slope, m	 95% Confidence limit	 intercept, q [s]	 95% Confidence limit	 R2

	 [s mL mL-1]	 on m [s mL mL-1]	 	 on q [s]

1	 18,875.0	 18,641.05 <µ< 19,108.95	 -194.72	 -200.79 <β< -188.64	 0.999
2	 10,840.90	 9,654.02 <µ< 12,027.78	 -454.29	 -550.71 <β< -357.87	 0.956
3	 4,699.76	 4,582.81 <µ< 4,816.71	 -143.59	 -155.99 <β< -131.19	 0.998
4	 3,474.40	 3,295.64 <µ< 3,653.16	 -137.04	 -156.00 <β< -118.08	 0.990
5	 3,514.52	 3,301.98 <µ< 3,727.06	 -264.38	 -297.14 <β< -231.63	 0.986
6	 3,338.00	 3,228.69 <µ< 3,447.31	 -151.90	 -166.10 <β< -137.70	 0.996
7	 3,190.68	 3,121.63 <µ< 3,259.73	 -83.83	 -94.48 <β< -73.19	 0.998
8	 19,008.80	 18,554.46 <µ< 19,463.14	 -185.37	 -197.18 <β< -173.57	 0.998
9	 2,012.36	 1,910.61 <µ< 2,114.11	 -144.87	 -160.55 <β< -129.19	 0.990
10	 3,096.92	 2,972.15 <µ< 3,221.69	 -191.38	 -210.61 <β< -172.16	 0.994
11	 4,785.36	 4,455.66 <µ< 5,115.06	 -209.30	 -244.27 <β< -174.33	 0.982
12	 1,884.00	 1,801.73 <µ< 1,966.27	 -171.96	 -188.67 <β< -155.26	 0.993
13	 1,637.36	 1,585.38 <µ< 1,689.34	 -71.94	 -79.95 <β< -63.93	 0.996
14	 2,204.80	 2,150.27 <µ< 2,259.33	 -137.82	 -146.22 <β< -129.42	 0.998
15	 2,552.00	 2,356.08 <µ< 2,747.92	 -118.40	 -148.59 <β< -88.21	 0.978
16	 44,766.40	 42,446.39 <µ< 47,086.41	 -121.18	 -159.65 <β< -82.71	 0.990
17	 26,794.60	 25,229.18 <µ< 28,360.02	 -196.89	 -230.11 <β< -163.69	 0.987

The most suitable standard was 2,6-
dihydroxybenzoic acid (2,6-DHBA). The 
equation for the straight line of 2,6-
DHBA is:

tinhib (s) = 62.31 x conc (mg/L)
	 – 220 (s)	R 2= 0.994

The relative antioxidant activity was 
then calculated as equivalents of 2,6-
DHBA in mg/L (DHBAE).

Antioxidant activity at pH = 7.4

For each spirit, the ∆E60 at different 
dilutions was measured. The results of 
some ∆E60 vs dilution are reported in 
Fig. 1b. The experimental data are well-
fitted by straight lines. The parameters 
of the straight lines together with their 
confidence limits and the R-squared 
values are reported in Table 3.

Trolox was used as standard; the 
equation of its straight line is:

∆E60 = 0.250 x conc (mmol/L) + 
	 + 0.005	R 2 = 0.990
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Fig. 1b - Effect of dilution on ΔE60 of three herb-
al spirits (TEAC measurements).

Table 3 - Parameters of the straight lines of the TEAC measurements, confidence limits and R-squared 
values for the spirit samples.

No. spirit	 slope, m	 95% Confidence limits	 Intercept, q [DE60]	 95% Confidence limits	 R2

	 [DE60 mL mL-1]	 on m [DE60 mL mL-1]	 	 on q [DE60]

  1	 0.3885	 0.3786 <µ< 0.3985	 0.0146	 0.008 <β< 0.0213	 0.999
  2	 0.1029	 0.0968 <µ< 0.1091	 0.0038	 -0.0079 <β< 0.0004	 0.993
  3	 0.3362	 0.3287 <µ< 0.3437	 0.0518	 0.0468 <β< 0.0568	 0.999
  4	 0.2476	 0.2331 <µ< 0.2621	 0.0126	 -0.0222 <β< -0.0029	 0,993
  5	 0.1288	 0.1240 <µ< 0.1337	 0.0032	 0.0 <β< 0.0064	 0.997
  6	 0.1065	 0.0999 <µ< 0.1130	 0.0019	 -0.0025 <β< 0.0063	 0.992
  7	 0.2097	 0.1970 <µ< 0.2224	 0.0109	 0.0024 <β< 0.0194	 0.992
  8	 0.2256	 0.2131 <µ< 0.2381	 0.0784	 0.0701 <β< 0.0867	 0.994
  9	 0.1112	 0.1038 <µ< 0.1185	 0.0035	 -0.0014 <β< 0.0085	 0.991
10	 0.1041	 0.0969 <µ< 0.1113	 0.0011	 -0.0041 <β< 0.0062	 0.996
11	 0.2009	 0.1940 <µ< 0.2078	 0.0025	 -0.0021 <β< 0.0071	 0.998
12	 0.1629	 0.1567 <µ< 0.1692	 -0.006	 -0.0102 <β< -0.0018	 0.997
13	 0.1782	 0.1689 <µ< 0.1875	 -0.0079	 -0.0141 <β< -0.0018	 0.994
14	 0.1235	 0.1136 <µ< 0.1335	 0.0036	 -0.0030 <β< 0.0103	 0.987
15	 0.1171	 0.1109 <µ< 0.1233	 0.0228	 0.0187 <β< 0.0269	 0.994
16	 0.5515	 0.5150 <µ< 0.5879	 0.0646	 0.0403 <β< 0.0889	 0.991
17	 1.9033	 1.8059 <µ< 2.001	 -0.0036	 -0.0151 <β< 0.0079	 0.995

The relative antioxidant activity was 
calculated as Trolox equivalents in 
mmol/L.

Total phenolic content

For each spirit the absorbance of dif-
ferent FC reagent dilutions was meas-
ured. Some results of Abs vs dilution 
are reported in Fig 1c. The experimental 
data are well-fitted by straight lines. The 

parameters of the straight lines together 
with their confidence limits and the R-
squared values are reported in Table 4.

It can be seen that the slopes of the 
straight lines are different (Figs. 1a-c), 
so the calculation of the relative anti-
oxidant activites or total phenolic con-
tent depends on the substance chosen 
as standard and the sample concentra-
tion. The slopes of the straight lines are 
given in Table 4.

Fig. 1c - Effect of dilution on absorbance of three 
herbal spirits (total phenolic content measure-
ments).
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Gallic acid was used as standard; the 
equation of its straight line is

Abs = 0.0147 x conc (mg/L) +
	 + 0.0055	R 2 = 0.998

The total phenolic content was then 
calculated as gallic acid equivalents 
(GAE) in mg/L.

The calculated mean values of the rel-
ative antioxidant activities and total phe-
nolic content are reported in Table 5. All 
the results are the average of at least 
three measurements for each dilution. 
Mean values are given along with the 
standard deviation; the variation coeffi-
cient is reported in %.

Correlations between
radical-scavenging properties
and total phenolic content

Correlations were obtained by Pear-
son correlation coefficient in bivariate 
correlation. A high correlation coefficient 
(0.859, p<0.01) was found between the 
TEAC and DHBAE values; the ranking 

Table 4 - Parameters of the straight lines of the total phenolic measurement, confidence limits and R-
squared values for the spirit samples.

No. spirit	 slope, m	 95% Confidence limit	 Intercept, q [ABS ]	 95% Confidence limit	 R2

	 [ABS mL mL-1]	 on m [ABS  mL mL-1]	 	 on q [ABS]

  1	 7.2429	 7.1474 <µ< 7.3383	 0.0018	 -0.0011 <β< 0.0046	 0.999
  2	 2.3324	 2.2843 <µ< 2.3806	 0.0016	 -0.0007 <β< 0.004	 0.998
  3	 7.8071	 7.6304 <µ< 7.9839	 0.0238	 0.0131 <β< 0.0345	 0.997
  4	 3.5529	 3.5092 <µ< 3.5965	 -0.0025	 -0.0051 <β< 0.0002	 0.999
  5	 2.9800	 2.8597 <µ< 3.1003	 -0.0167	 -0.0271 <β< -0.0063	 0.990
  6	 3.5958	 3.5112 <µ< 3.6804	 0.0105	 0.0032 <β< 0.0178	 0.997
  7	 6.6886	 6.6352 <µ< 6.7419	 0.0049	 0.0017 <β< 0.0081	 0.999
  8	 7.0171	 6.8974 <µ< 7.1369	 -0.0061	 -0.0097 <β< -0.0025	 0.998
  9	 2.3414	 2.3168 <µ< 2.366	 0.0021	 0.0 <β< 0.0041	 0.999
10	 3.0451	 2.9988 <µ< 3.0915	 0.0195	 0.0130 <β< 0.0260	 0.999
11	 4.1986	 4.1176 <µ< 4.2795	 0.0029	 -0.0020 <β< 0.0078	 0.998
12	 2.3309	 2.2836 <µ< 2.3781	 0.0074	 0.0029 <β< 0.0120	 0.997
13	 1.5451	 1.5244 <µ< 1.5658	 0.0018	 0.0 <β< 0.0035	 0.999
14	 4.6493	 4.5680 <µ< 4.7306	 0.0113	 0.0043 <β< 0.0183	 0.998
15	 2.8321	 2.7979 <µ< 2.8663	 0.0021	 -0.0009 <β< 0.0051	 0.999
16	 6.5163	 6.2595 <µ< 6.7730	 -0.0357	 -0.0578 <β< -0.0136	 0.990
17	 14.9857	 14.8584 <µ< 15.1130	 -0.0061	 -0.010 <β< -0.0023	 0.999

order of activity was almost the same for 
the two free-radical scavenging testing 
methods. A significant correlation was 
found between the DHBAE and GAE val-
ues (0.552, p<0.05) and also between the 
TEAC and GAE values (0.676, p<0.01). In 
this case the total phenolic content can 
be used as an indication of antioxidant 
capacity, but this it is not true in  oth-
er cases (HÖNER et al., 2004; HEINONEN 
et al., 1998).

DISCUSSION AND CONCLUSIONS

Even though the results of the chem-
ical in vitro assays cannot be directly 
transferred to human body processes, 
they at least give an idea about the free 
radical scavenging activity of pure anti-
oxidants or of those in matrices.

To better compare the ranking orders 
of antioxidant activity obtained by the 
BR and the TEAC assays, herbal spir-
it 4 was chosen as a standard because 
it had a mid-range activity in relation to 
all other samples. All the activities were 
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Table 5 - Antioxidant activity given as DHBAE, TEAC and GAE values together with the coefficients of 
variation.

No. spirit	 DHBAEmean±std	 cv%	 TEACmean±std	 cv%	 GAEmean±	 cv%
	 (mg/L)	 	 (mmol/L)	 	 (mg/L)

1	 321±7	 2.2	 1.61±0.08	 4.93	 484±11	 2.3
2	 126±11	 8.6	 0.32±0.08	 25.97	 154±5	 3.4
3	 90±7	 7.6	 1.7±0.3	 17.98	 573±41	 7.1
4	 72±9	 13	 0.8±0.1	 15.49	 226±19	 8.5
5	 51±2	 4.1	 0.49±0.01	 2.5	 178±19	 11
6	 63±4	 6.0	 0.39±0.02	 5.6	 249±16	 6.3
7	 67±4	 6.2	 0.88±0.08	 9.2	 456±5	 1.0
8	 330±12	 3.6	 1.5±0.5	 30	 431±48	 11
9	 41±3	 7.2	 0.42±0.04	 9.1	 157±2	 1.6
10	 53±1	 1.9	 0.37±0.02	 6.4	 222±8	 3.8
11	 79±6	 7.3	 0.77±0.03	 3.5	 280±18	 6.6
12	 34±1	 2.8	 0.54±0.06	 11	 162±5	 2.9
13	 43±5	 11	 0.58±0.09	 16	 102±2	 1.8
14	 45±3	 6.4	 0.46±0.04	 9.1	 324±9	 2.9
15	 52±3	 5.9	 0.6±0.1	 20	 190±4	 2.2
16	 870±133	 15	 2.7±0.3	 11	 395±43	 11
17	 454±34	 7.5	 1.4±0.2	 13	 973±44	 4.5

calculated in percentages with respect 
to this standard (Fig. 2).

The activities of the herbal spirits 1, 
2, 8, 16 and 17 were higher with the BR 
method. Only spirit 3 showed significant-
ly higher activity with the TEAC meth-
od. The differences could depend on the 
pH of the testing methods. It seems that 
the antioxidants in herbal spirits are 
more active in an acidic medium, which 
could depend on the dissociation con-
stants of the phenolic acid compounds. 
Similar results have also been found for 
several German white wines (HÖNER et 
al., 2002).

The TEACmean value for the examined 
herbal spirits (0.91 mmol/L) is in line 
with that found for German white wines 
(0.87 mmol/L); it is more than one or-
der of magnitude less than the TEACmean 
for red wines (16.7 mmol/L) (PAGANDA 
et al., 1999; HENN and STEHLE, 1998). 
The GAEmean value for the herbal spir-
its (327 mg/L) was greater than that for 
white wines (197 mg/L). Herbal spirits 
contain very complex mixtures of com-
pounds with different antioxidant be-

Fig. 2 - Comparison of the different herbal spirits 
with respect to spirit number 4, used as stand-
ard.

haviours and this complexity may cause 
varied responses in the tests used which 
make it difficult to establish relation-
ships between the scavenging activity 
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and the polyphenolic content profile of 
the samples.

KANNER and LAPIDOT (2001) investi-
gated reactions that occur in the acid-
ic pH of the stomach that accelerate 
the generation of lipid hydroperoxides 
and co-oxidation of dietary constitu-
ents. Given that other dietary constit-
uents, such as antioxidants, probably 
reach the stomach during the same 
meal, there is evidence that the stom-
ach acts as a bioreactor in which many 
chemicals can interact (KANNER and 
LAPIDOT, 2001). KANNER et al. (2003) 
also studied the inhibition of lipid per-
oxidation by polyphenols in simulated 
and human gastric fluid. They report-
ed the potentially harmful effects of ox-
idized fat intake in the presence of en-
dogenous catalysts found in foods, and 
the major benefit of including plant-de-
rived antioxidants in the meal (KANNER 
et al., 2003). In addition, recent in vivo 
studies demonstrated that an impor-
tant amount of dietary anthocyanins 
are promptly absorbed in the stomach 
(RICE-EVANS et al., 1996; TALAVERA et 
al., 2003; PASSAMONTI et al., 2003). 
Since there are anthocyanins in the 
examined herbal spirits (HÖNER, 2005) 
that are quite stable at low pH levels, 
their absorption would be favoured by 
the acidic gastric environment. An or-
ganic anion carrier, bilitranslocase, ex-
pressed in the gastric epithelium, may 
be involved in the absorption of an-
thocyanins at the gastric level (PASSA-
MONTI et al., 2003). These results in-
dicate the importance of investigating 
the chemical in vitro antioxidant activ-
ity of phenolic compounds at acidic pH 
levels as a first step.

The TEAC assay and the determina-
tion of the total phenolic content are usu-
ally performed in triplicate at only one 
concentration or dilution of the sample. 
As can be seen from Table 5 there is a 
noticeable variation in the vc% of the 
measurements at different dilutions. 
More realistic TEAC and total phenol-

ic content values can be obtained using 
different dilutions. Four different dilu-
tions (each in triplicate) were measured 
with the TEAC assay, and five different 
dilutions (each in triplicate) were used 
to determine the total phenolic content. 
When the BR reaction method is used 
several different sample concentrations 
must be measured (CERVELLATI et al., 
2001). Consequently, in this study five 
different sample dilutions (each in trip-
licate) were used to determine the inhi-
bition times.

Since different testing methods give 
different ranking orders of antioxidant 
capacity due to different experimental 
conditions (radicals produced in the re-
acting mixture, pH of the mixture, sol-
vent of the system, etc.) (SCHLESIER et 
al., 2002), at least two different testing 
methods should be used in order to ob-
tain a realistic estimate of the antioxi-
dant activity of pure polyphenolic sub-
stances or mixtures.

For the study of antioxidative activ-
ity some factors of the methods have 
to be considered. i.e. the practicabili-
ty, instrumental requirements and the 
time, expertise and cost necessary for 
the analysis. Concerning these aspects, 
the BR method has many advantages: 
the analysis is inexpensive and rap-
id, and reagents and apparatus are in 
common use in all chemical laborato-
ries. Another advantage is the type of 
radical (HOO•) produced in the reaction 
mixture because it is a radical that is 
also present in the human body. We 
are obviously aware that on no account 
can in vitro chemical antioxidant assays 
mimic physiological conditions. On the 
other hand, recent in vivo experiments 
on rats and mice have shown that some 
plant extracts with in vitro antioxidant 
activity (BR method) show gastrointes-
tinal protective effects (SPERONI et al., 
2005). Thus we can conclude that a 
moderate consumption of herbal spirits 
after a meal could reduce some stom-
ach diseases.
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Abstract

The effects of microwave heating on 
antinutrients, raffinose family oligosac-
charides, sucrose, in vitro protein di-
gestibility and solubility of three se-
lected varieties of whole common bean 
(Roba, Awash and Beshbesh) were eval-
uated. The increase in in vitro protein 
digestibility as a consequence of mi-
crowave heating depends on the time 

Riassunto

Gli effetti del riscaldamento a mi-
croonde sui composti antinutriziona-
li, oligosaccaridi della famiglia del raf-
finosio e del saccarosio, sulla digeribi-
lità e sulla solubilità delle proteine di 
tre varietà selezionate di fagiolo comu-
ne (Roba, Awash and Beshbesh) sono 
state saggiate in vitro. L’incremento del-
la digeribilità proteica in vitro come con-
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of heating. The best in vitro protein di-
gestibility due to reduced antinutri-
ents such as tannins, phytic acid and 
trypsin inhibitor activity was obtained 
with a 3-minute exposure. Protein solu-
bility, tannins and trypsin inhibitor ac-
tivity of treated whole bean samples de-
creased as microwave time increased. 
The results indicate that microwave 
heating can be used to effectively re-
duce some antinutrients and improve 
protein quality.

seguenza del riscaldamento a microon-
de dipende dal tempo di riscaldamento. 
La migliore digeribilità proteica in vitro, 
dovuta alla riduzione di composti an-
tinutrizionali quali tannini, acido fitico 
e dell’attività dell’inibitore di tripsina, è 
stata riscontrata dopo una esposizione 
al riscaldamento di 3 min. La solubili-
tà proteica, i tannini e l’attività dell’ini-
bitore di tripsina dei campioni di fagio-
lo trattati diminuisce all’aumentare del 
tempo di trattamento con microonde. I 
risultati indicano che il riscaldamento 
con microonde può efficacemente esse-
re utilizzato per ridurre la concentrazio-
ne di alcuni composti antinutrizionali e 
per migliorare la qualità proteica.

INTRODUCTION

Lowland pulses provide variety to the 
human diet and, more importantly, are 
an economical source of protein for many 
people in developing countries, espe-
cially in Africa, lacking animal protein 
in their diet. Among the commonly con-
sumed lowland pulses, common bean 
(Phaseolus vulgaris L.) is an important 
element in the human diet in the east-
ern and Great Lakes regions of Africa. 
Common beans are a major staple food 
being the least expensive protein source 
for resource-poor people who cannot af-
ford to buy expensive meat. The beans 
however, also contain various antinutri-
ents which elicit adverse nutritional, bi-
ological, and physiological responses in 
humans and animals (RACKIS, 1972). 
Common beans are not free from flat-
ulence-causing factors and some other 
antinutritional factors such as, tannins, 
phytic acid, saponins, phytohaemagglu-
tinins and enzyme inhibitors, which in 
turn affect the digestibility of protein 
and starch. Thus, beans should be con-
sumed after being treated to reduce the 

antinutritional substances and increase 
protein quality.

In order to increase the biological ben-
efit and digestibility and decrease an-
tinutrient compounds in beans, tradi-
tional procedures such as heating or 
blanching, soaking, germination, cook-
ing, steaming, roasting and dehulling 
are generally used. A heating process 
to remove antinutritional factors is es-
sential for the use of beans as a food or 
feed (WRIGHT, 1968; RACKIS, 1974). This 
is particularly important in the prepara-
tion of common bean for consumption, 
from the point of view of acceptability as 
well as improved protein digestibility. Ac-
ceptability of thermally processed com-
mon bean is influenced not only by its 
taste, color, aroma and texture but also 
by its protein quality and the presence 
of antinutritional factors such us poly-
phenolic compounds, trypsin inhibitors 
and phytates. The presence of enzyme 
inhibitors in common bean varieties can 
reduce protein digestibility.

Various methods of heating, including 
microwaving, have been used to improve 
the nutritional value of beans (WHITE et 
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al., 1967; SIMOVIC et al., 1972; POUR-
EL and PECK, 1973; HILL and HARSH-
BURGER, 1979; COLLINS and BEATY, 
1980; HAFEZ et al., 1983; HERNÁNDEZ-
INFANTE et al., 1998). The literature in-
dicates that heating may not facilitate 
the complete hydrolysis of proteins, leav-
ing about 5.6% protein unhydrolyzable 
(VAINTRAUB et al., 1979). Various au-
thors have suggested using microwave 
heating to more rapidly eliminate del-
eterious components (POUR-EL et al., 
1981; CHUNG et al., 1981; RUNNELS et 
al., 1978; HAFEZ et al., 1983, 1984,1985; 
RAJKO et al., 1997). Microwave ener-
gy is non-ionizing radiation that leads 
to instantaneous heat generation with-
in the product due to molecular motion 
(the migration of ions and the rotation 
of dipoles) but does not cause changes 
in the molecular structure (MUDGETT, 
1985). The characteristic features of mi-
crowave heating are that it ensures ho-
mogeneous operation in the whole vol-
ume of the substance, has great pene-
trating depth and selective absorption 
(RAJKO et al., 1997).

The aim of this study was to assess 
the microwave conditions required to 
improve protein digestibility, reduce an-
tinutrients and specifically inactivate 
trypsin inhibitor activity in three com-
mon bean varieties grown in Ethiopia.

MATERIALS AND METHODS

Materials, transportation
and preparation

The common bean (Phaseolus vulgaris 
L.) varieties Roba, Awash and Beshbesh 
were grown at the Nazareth Agricultur-
al Research Center, Ethiopia. The beans 
are improved and export and food-type 
varieties, and nationally released from 
lowland pulse breeding and crop pro-
tection research programs. They were 
grown by the lowland pulse breeding and 
food science and post-harvest technology 

research program of the Ethiopian Agri-
cultural Research Organization (EARO) 
under similar field conditions and nor-
mal agronomic practices required for 
bean crops. These varieties were select-
ed from among many other varieties due 
to their low, medium and high levels of 
antinitritional factors and in vitro pro-
tein digestibility. The physico-chemical 
properties and proximate composition of 
these improved dry bean varieties were 
determined by SHIMELIS and RAKSHIT 
(2005). Bean varieties were transported 
from Ethiopia by air to the Food Engi-
neering and Bioprocess Technology Lab-
oratory of the Asian Institute of Technol-
ogy (AIT), Bangkok, Thailand. The bean 
samples were dried in a ventilated oven 
at 55°C for 24 h, and ground in an an-
alytical mill (Cole-Parmer, Cole-Parmer 
Instrument Company, Model 4301-02, 
Illinois, USA) to a fine powder that was 
able to pass through an 80-mesh screen 
for the analyses of the unprocessed bean 
samples. The bean powder obtained after 
grinding was placed in plastic containers 
and stored at room temperature (20°C) 
until experiments for untreated bean 
samples were conducted. Sub-samples 
were then taken for subsequent analysis 
of each variety of common beans. Simi-
larly, after microwave heat treatment of 
the three improved bean varieties, stan-
dard procedures and methods were used 
for the analyses of antinutrients, pro-
tein and its solubility, in vitro protein di-
gestibility and some other sugars. Most 
chemicals and reagents were purchased 
from Sigma Chemical Co. Ltd. (St. Lou-
is, MO, U.S.A.). All chemicals used were 
analytical and reagent grade.

Microwave heating procedure

The effect of microwave heating on 
protein solubility and digestibility of 
common bean samples was determined 
by the modified procedure of HAFEZ et 
al. (1985). One hundred-fifty grams of 
whole common beans of the three vari-



410  Ital. J. Food Sci. n. 4, vol. 17 - 2005

eties (Roba, Awash and Beshbesh) were 
microwaved for 0.0, 1.0, 2.0, 3.0, 4.0, 
6.0 and 10.0 min. A domestic size micro-
wave oven (Hitachi, Convection, Model 
MR-8290, 1.18 kW power at 2450 MHZ, 
Stuttgart, Germany) was used. The oven 
was rated to 800 watts at 2450 MHz and 
operated at full power. In order to obtain 
uniform heating, the micro-oven turnta-
ble was used to slowly rotate the sample 
in the direction opposite of the built-in 
microwave stirrer. The three bean sam-
ples were microwaved in their contain-
ers (2.85 mm thick microwavable circu-
lar plastic), in tripilicate. The effect of mi-
crowave heating on reducing the antinu-
tritional factors, protein solubility and in 
vitro digestibility of proteins were then 
analyzed using standard procedures.

Protein composition and solubility

Crude protein content (N x 6.25) of 
raw and microwaved bean samples was 
performed according to standard AOAC 
(2003) methods by micro-Kjeldhal di-
gestion.

Microwave treated samples (about 100 
g) were ground in an analytical mill (Mod-
el 4301-02 Cole-Parmer Instrument Co., 
Illinois, USA) and passed through an 80-
mesh screen. The solubility of common 
bean protein was determined by extrac-
tion with distilled water for 2 h at room 
temperature (23°C) using the meth-
od of BETSCHART (1974). Protein solu-
bility profiles of the microwave-treated 
common bean flours were measured ac-
cording to the adopted method of ARA-
BA and DALE (1990). About 1.5 g of the 
flour were dispersed in 75 mL of distilled 
water (1:50 w/v) in a stoppered conical 
flask. The pH of the dispersion was ad-
justed to the desired value pH = 2-10 by 
adding a few drops of 0.1N or 1.0 M so-
dium hydroxide or hydrochloric acid so-
lution, respectively. The dispersion was 
then shaken in a Gallenkamp shaker 
at 100 oscillations min-1 for 45 min at 
room temperature (18°-20°C). The pH 

of the mixture was checked at intervals 
and adjusted, if necessary, to the origi-
nal value. After shaking, the dispersion 
was then centrifuged at 3,000 x g for 30 
min using a high-speed centrifuge (Mod-
el, Centrikon T-324, Kontron Instru-
ments, Milan, Italy). The supernatant 
was decanted, avoiding centrifuge, and 
filtered through a Whatman No. 1 filter 
paper to obtain a clear solution. Final-
ly, about 40 mL of solution was recov-
ered in a 50 mL beaker. Subsequently, 
15 mL in triplicate from each filtrate was 
transferred to Kjeldahl tubes giving a 0.3 
g aliquot of the original sample (1.5 g x 
15 mL per 75 mL). Concentrated H2SO4 
(12.5 mL), two Kjeltab and 2 mL of 30% 
H2O2 were added to each tube. Then, 
soluble protein (N) was then determined 
with the micro-Kjeldahl method. Protein 
solubility is expressed as the percentage 
of the amount of protein (N) in the super-
natant compared to the amount of pro-
tein (N) in the sample.

In vitro protein digestibility

The procedure used to isolate pro-
teins from common beans for in vitro 
protein digestibility analysis was de-
scribed by SATTERLEE et al. (1975). Di-
alysis tubing, with an average flat width 
of 32 mm, benzoylated with product no. 
D-7884 from Sigma Chemical, Co. (St. 
Louis, Mo, USA, via U & V Holding Co. 
Ltd., Thailand), was used to isolate pro-
teins from the common bean varieties. 
The fractions obtained (albumin and 
globulin) were recombined to get a bean 
protein concentrate (BPC) in the pro-
portions that exist in the common bean 
(1.00 part albumin to 1.85 parts of glob-
ulin). The in vitro protein was digestibil-
ity of raw and processed common bean 
varieties determined using the method of 
HSU et al. (1977). In this method the de-
crease in pH is measured, which occurs 
following the digestion of the bean pro-
tein concentrate with a mixture of 3 en-
zymes: trypsin (porcine pancreatic tryp-
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sin type IX-S, with 14,900 units per mg 
solid of enzymatic activity, product no. 
T-0303), α-chymotrypsin (bovine pan-
creatic chymotrypsin, type II, 66 units 
per mg solid, product no. C-4129) and 
peptidase (porcine intestinal mucosa, 
grade III, 102 units per gm solid, prod-
uct no. P-7500). All these enzymes were 
procured from Sigma Chemical Co. (St. 
Louis, MO, USA via U&V Holding Co. 
Ltd., Thailand). Percent digestibility (Y) 
was calculated according to the regres-
sion equation (Y = 210.464 - 18.103X, 
where X is the pH of the suspension) of 
HSU et al. (1977). The decrease in pH of 
the suspension was recorded automat-
ically over a 10-minute period of diges-
tion with a freshly prepared multi-en-
zyme solution. Its activity was deter-
mined using casein (from bovine milk, 
purchased from Sigma Chemical Co., St. 
Louis, MO, USA) of known in vivo appar-
ent digestibility.

Determination of trypsin
inhibitor activity (TIA)

Trypsin inhibitor activity (TIA) of raw 
and microwaved common beans was de-
termined by the methods of KAKADE et 
al. (1974) and SMITH et al. (1980). The 
method involves extraction of the tryp-
sin inhibitors from the samples at pH 9.5 
and mixing unfiltered suspension with 
bovine trypsin. Bovine trypsin (trypsin 
from bovine pancreas with 9,600 units/
mg solid, purchased from Sigma Chemi-
cal Co., St. Louis, Mo, USA) and N-ben-
zoyl-DL-arginine-P-nitroanilide (BAPNA) 
hydrochloride (Sigma Chemical Co., St. 
Louis, Mo, USA) was used as a synthet-
ic trypsin substrate. The activity of the 
remaining trypsin was then measured 
by offering it BAPNA under standard 
conditions; the p-nitroaniline released 
(product of reaction) is measured spec-
trophotometrically. Greater color inten-
sity of the clear solution indicates less 
trypsin inhibition. One trypsin inhibitor 
unit (TIU) was expressed as an increase 

of 0.01 absorbance units per 10 mL of 
reaction mixture at 410 nm. Trypsin in-
hibitor activity was expressed in terms 
of trypsin units inhibited per mg sample 
(TIU mg-1) on a dry weight basis.

Determination of tannins

Tannin contents were determined ac-
cording to the vanillin-HCl method of 
PRICE et al. (1978). Catechin [(+) - Cate-
chin hydrate, purity greater than 98%, 
product no. C1251, Sigma, Chemical, St. 
Louis, MO, USA] was used as the refer-
ence standard; the minimum tannin val-
ues were expressed in mg of D-catechin 
equivalents per g of sample (mg g-1 cate-
chin equivalents, dry weight basis).

Phytic acid analysis

Phytic acid was determined using the 
method of HAUG and LANTZSCH (1983). 
After the samples were extracted with 
0.2N HCl, ferric solution was added and 
centrifuged; the supernatant was then 
transferred to another test tube. Finally, 
2,2’-bipyridine (Merck Art.3098) solution 
was added. The absorbance was then 
read at 519 nm on a spectrophotometer 
(UV/Vis spectrophotometer, model 6405, 
Jenway Ltd. UK, 1999) against distilled 
water. Sodium salt of phytic acid, (type 
V, 97% purity and containing about 15% 
water) obtained from Sigma (P-5756) 
was used as phytate reference solution 
for the standard calibration curve. The 
phytic acid was estimated as phytate in 
mg g-1 dry weight basis (DWB).

Extraction and chromatographic
analyses of sugars by HPLC

The raffinose family oligosaccha-
rides (verbascose, stachyose, and raf-
finose) and other sugars (glucose, su-
crose, fructose and maltose) were ex-
tracted from raw and processed com-
mon bean seeds using AOAC official 
method 982.14 (AOAC, 2003). About 5 
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g of fine powdered sample in a 250 mL 
Pyrex flask were treated with 60 mL of 
60% ethanol to water (v/v; aqueous eth-
anol) for the first extraction. The sam-
ple was thoroughly mixed using a vortex 
mixer and then shaken in a water-bath 
at 60°C for 1h with occasional stirring. 
The mixture was then cooled to room 
temperature and centrifuged for 5 min 
at 653xg using a high speed centrifuge 
(Model Centrikon T-324, Kontron Instru-
ments, Milan, Italy) and the supernatant 
was transferred to another 80 mL poly-
ethylene tube collector. The sample resi-
due in the first centrifuge tube was treat-
ed with 10 mL of 60% ethanol to water 
(v/v) and the extractions were repeated 
as previously described. Finally, 10 mL 
of 60% ethanol: water (v/v) were added 
to the same sample residue and the ex-
traction was repeated as in the two pre-
vious steps. The three supernatants were 
combined in a second polyethylene cen-
trifuge tube, and 10 mL of 10% zinc sul-
phate: water (w/v) were added in order 
to deproteinize the solution. The mix-
ture was shaken using a vortex mixer 
until a homogeneous mixture was ob-
tained and then centrifuged for 10 min at 
653xg. The extract obtained was trans-
ferred to a 100 mL volumetric flask, and 
brought up to 100 mL with ethanol to 
water (60:40,v/v). The extract obtained 
was filtered through 0.45 µm Pall nylon 
filter and then analyzed by liquid chro-
matography.

The analyses of raffinose family oli-
gosaccharides and other sugars were 
carried out by high-performance liq-
uid chromatography (HPLC) according 
to the method of DOYON et al. (1991). A 
Hewlett-Packard 1100 series liquid chro-
matograph (Hewlett Packard, GmbH, 
Germany) equipped with a LiChrospher 
100-NH2 analytical column (5 µm, 250x4 
mm, LxID) and a refractive index detec-
tor (RID, Hewlett Packard, Waldbronn, 
Germany) were used. Solute elution was 
monitored using a differential refractive 
index (RI) detector. The prepared extracts 

and solvents were purified by passing 
them through a Sep-pak C18 cartridge 
(Waters Associates, Milford, MA, USA) 
and a Millipore (Milford, MA, USA) sys-
tem, cellulose acetate membrane filters 
with a pore size of 0.45 µm, before in-
jection into the column. Individual sug-
ar standards were allowed to dry for 12 
h at 60°C under vacuum. Subsequent-
ly, standard solutions were prepared of 
raffinose family oligosaccharides; HPLC-
grade raffinose with product no. R-0250 
and purity minimum 98%, stachyose 
with product no. S-4001 and product pu-
rity minimum 98% from Sigma Chemi-
cal (St. Louis, MO, USA) and verbascose 
with product no. 56217, purity of great-
er than 98% was from Fluka Chemika, 
Buchs AG, Switzerland; and other sug-
ars (HPLC-grade glucose, sucrose, fruc-
tose and maltose; purchased from Sig-
ma Chemical, St. Louis, MO, USA) were 
prepared at a concentration of 0.0625 
to 1.000 mg mL-1 for each of the raffi-
nose series oligosaccharides and 0.250 
to 2.500 mg mL-1 for the other sugars 
used for calibrate a selected plot.

HPLC grade acetonitrile and water 
(from Fisher Scientific, Leicestershire, 
UK) purified with a Milli-Q system (Mil-
lipore, Bedford, Waters Co., MA, USA) 
were used as mobile phase with 50:50 
(v/v), flow rate of 1mL min-1 for raffi-
nose series oligosaccharide detection. 
Other sugars (sucrose, fructose, malt-
ose and glucose) were eluted with ace-
tonitrile/water 73:27 (v/v) as a mobile 
phase at a pump rate of 1 mL min-1 and 
injection volume of 10 µL to meet the 
column criteria. The prepared extracts 
(unknown samples) were then injected 
into the HPLC column, was quantified 
by comparison with the standard sug-
ars and expressed as mg g-1.

Statistical analysis

Data were analyzed using a two-way 
analysis of variance (ANOVA) followed 
by least significant difference (LSD) for 
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multiple comparison among treatment 
means at a 5% level of significance. Sta-
tistical analyses were performed using 
SPSS/12 software for Windows.

RESULTS AND DISCUSSION

Two-way ANOVA showed that total mi-
crowave heating had significant effect 
(P<0.05) on tannins, in vitro protein di-
gestibility, protein solubility, trypsin in-
hibitor activity, stachyose, raffinose, to-
tal α-galactosides and oligosaccharides, 
phytic acid, sucrose and soluble protein 
in the bean varieties, but, had no signifi-
cant effect (P>0.05) on total protein. Mul-
tiple comparisons showed that Awash 
had less soluble protein than the Besh-
besh and Roba varieties after 10 min of 
microwave heating. Roba and Beshbesh 
did not differ. Beshbesh had significantly 
lower protein solubility after 4 min of mi-
crowave heating compared to the Awash 
and Roba varieties. Roba and Awash did 
not differ in protein solubility.

The total protein of common beans 
was not affected by microwave heat-
ing (Table 1). Microwave heating for up 
to 3 min, however, drastically reduced 
the protein solubility (soluble protein) 

in beans in deionized H2O (Table 1 and 
Fig. 1). Earlier reports (CLARK et al., 
1977); BERRIG et al., 1974; KING and PU-
WASTIEN, 1984) indicated that heat treat-
ment, either dry or moist, considerably 
decreased solubility of bean protein. As 
the common bean was heated, the rela-
tive proportion of the albumin and glob-
ulin fractions decreased with a corre-
sponding reduction in nitrogen solubility 
(CLARK et al., 1977). These studies also 
demonstrated that heating caused an ir-
reversible disruption of the quaternary 
structure of globulin, the major compo-
nent of bean proteins (YAMAGISHI, et al., 
1980; MORI et al., 1981).

The results of the present study in-
dicate that microwave heating has the 
same effect as other heat treatments. 
In vitro protein digestibility for micro-
wave-heated common beans is illustrat-
ed in Fig 2. The protein digestibility in-
creased for microwave-heating periods 
of 1 to 3 min; 81.84 to 85.75%, 75.78 to 
83.78% and 71.63 to 80.75%, for Roba, 
Awash and Beshbesh varieties, respec-
tively, and then declined after 3 min ex-
posure. The decrease in protein digest-
ibility may be attributed to an increase 
in browning substances. A dark brown-
ish color, indicating caramelization of the 

Table 1 - Effect of microwave heating on the protein solubility of common bean varietiesm.

Microwave time	 Total protein n(g/100 g)	 Protein solubility (%)
(Min)
	 Roba	 Awash	 Beshbesh	 Roba	 Awash	 Beshbesh

  0	 20.55a	 21.95b	 20.44c	 80.49a	 81.15a	 79.45a

  1	 20.56a	 21.95 b	 20.43 c	 76.79b	 76.86b	 76.22b

  2	 20.48a	 21.95 b	 20.44 c	 60.05c	 60.86c	 58.81c

  3	 20.55a	 21.94 b	 20.45 c	 20.78d	 20.91d	 21.38d

  4	 20.55a	 21.95 b	 20.44 c	 19.90ex	 19.95ex	 19.42e

  6	 20.55a	 21.95 b	 20.45 c	 18.93f	 18.17f	 18.25f

10	 20.55a	 21.95 b	 20.45 c	 16.89 g	 15.58g	 17.17g

a-g Means with the same superscript letters within a column are not significantly different at P≤0.05.
m Whole common bean seeds were microwaved in 150 g batches.
n Total protein (soluble and insoluble) content of common bean expressed per 100 g dry seeds (wet basis).
All values are means of three replicates.



414  Ital. J. Food Sci. n. 4, vol. 17 - 2005

Fig. 1 - Effect of microwave heating on soluble 
protein.

Fig. 2 - Influence of microwave heating on in vitro 
protein digestibility.

sugar released during microwave heat-
ing, and burnt odor became apparent af-
ter 10 min in common beans that were 
not water soaked. A decrease in the sol-

ubility of common bean protein with in-
creasing microwaving time was accom-
panied by increased digestibility. These 
results agree with the fact that proper 
heat treatment increases the digestibility 
of legume proteins reported by HSU et al. 
(1977) and RHEE and RHEE (1981).

The reduction in digestibility after 3 
min of microwave treatment was proba-
bly due to the Maillard reaction and the 
formation of browning substances which 
were found after microwave heating. The 
Maillard or browning reaction is a type of 
non-enzymatic browning which involves 
the reaction of simple sugars (carbon-
yl groups) and amino acids (free amino 
groups). The early stage of the Maillard 
reaction consists of the process where 
by an Amadori rearrangement product 
is formed via 1,2-eminal after Schiff base 
formation between the amino group of 
protein and the aldehyde group of the 
reducing sugar (KAWAKISHI et al., 1991). 
The late stage involves oxidation, dehy-
drogenation and condensation followed 
by formation of fluorescent proteins con-
taining advanced glycation end products 
(AGEs- are a generic name for advanced 
glycation end products by the Maillard 
reaction) and intra- and intermolecular 
cross linkage of the proteins (HAYASE et 
al., 1989). Therefore, Maillard browning 
destroy essential amino acids during mi-
crowave heating.

The tannin content of the microwaved 
common bean sample followed a nega-
tive trend to the protein digestibility of 
beans. The results show that bean tan-
nins adversely affect the nutritive value 
of beans by decreasing the digestibili-
ty of the bean proteins. As mentioned 
above, the decrease in protein digestibil-
ity did not continue after 3 min of micro-
wave heating, even though tannin con-
tent continues to decrease (Table 2). This 
could have been due to the Maillard re-
action of the proteins. RHEE and RHEE 
(1981) reported a decrease in the in vi-
tro digestibility of protein when browning 
substances increased. HSU et al. (1977) 
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reported that soy grits or soy flour with 
lower solubility index and lower protein 
dispersion index values contain less ac-
tive trypsin inhibitor and more dena-
tured protein which increases the pro-
tein digestibility in vitro. The phytic acid 
values changed minimally after micro-
wave heating (Table 2), in agreement with 
MÁNEZ et al. (2002).

Mean values respectively of stachy-
ose, raffinose and sucrose for microwave 
heated and raw beans ranged from 15.79 
to 15.82 mg g-1, 2.73 to 2.87 mg g-1 and 
27.39 to 23.12 mg g-1. The results of the 
analyses for raffinose family oligosaccha-
rides after processing showed minimum 
changes (Table 3). However, the sucrose 
content increased in the microwave-
heated samples. Sugars decompose eas-
ily on heating because of their tendency 
to lose water (HEIMAN, 1980). Stachoyse 
was not affected by microwave heating, 
but raffinose was reduced considerably 
after 3 min of treatment. Therefore, re-
sults of the quantification analyses for 
raffinose and stachyose show that, heat-
ing is an inadequate method for destroy-
ing oligosaccharides. However, HAFEZ et 
al. (1983) reported that microwave heat-
ing of whole beans in 150 g batches with 
10.9% moisture content in dry matter 
basis for two minutes destroyed trypsin 
inhibitor by 70.3%. The results of our 

Table 2 - The impact of microwave heating on tannins and phytic acid of common bean seeds.

Microwave time	 Tannins (mg g-1)	 Phytic acid (mg g-1)
(Min)
	 Roba	 Awash	 Beshbesh	 Roba	 Awash	 Beshbesh

0	 5.38a	 17.55a	 28.78a	 23.52a	 24.07a	 17.33a

1	 5.21b	 17.04b	 27.44b	 23.24b	 23.67b	 17.12b

2	 4.84c	 16.45c	 25.03c	 22.83c	 23.28c	 16.66c

3	 2.50d	 12.35d	 20.45d	 22.34d	 22.94d	 16.37d

4	 2.37e	 11.89e	 19.17e	 22.02e	 22.60e	 15.73e

6	 2.32e	 11.57f	 18.35f	 21.75f	 22.22f	 15.68f

10	 2.25f	 11.39g	 18.02g	 21.41g	 21.87g	 15.27g

a-g Means with different superscript letters within a column indicate statistically significant differences (P≤0.05).
All values are means of triplicates.

study are in agreement, indicating that 
microwave heating of 3 different com-
mon bean varieties as a whole in 150 g 
batches with moisture contents of 10.0, 
10.5 and 11.0 g/100 g dry matter basis 
at about 3 minutes of microwave heat-
ing, destroyed 57.52, 55.29 and 50.68% 
of the trypsin inhibitor activity for Roba, 
Awash and Beshbesh varieties, respec-
tively (Fig. 3). It should be pointed out 
that the microwaving time would vary 
according to the weight of the sample to 
be microwaved, moisture content and 
the power of the oven.

Evidently, heat treatment induces 
some denaturation changes in trypsin 
inhibitors whereby the amino acid resi-
dues at reactive sites become inaccessi-
ble for the formation of the trypsin-tryp-
sin inhibitor complex (LIENER and KA-
KADE, 1969). This observation is also in 
agreement with the findings of ESAKA et 
al. (1987) and YOSHIDA and KAJIMOTO 
(1988) who reported that the percentag-
es of destroyed trypsin inhibitor activity 
and protein digestibility reached maxi-
mum levels only within the optimum mi-
crowaving time. HERNANDEZ-INFANTE et 
al. (1998), however, reported that micro-
wave heating of common beans failed to 
destroy hemagglutinins and trypsin in-
hibitors, and consequently their digest-
ibility and protein efficiency ratio (PER) 
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Fig. 3 - The impact of microwave heating on TIA in 
whole common bean varieties by using zero time 
as a control.

values were poor. The literature indict-
ed that the browning substances have 
proteolytic inhibitor activity which in-
hibit proteolytic enzymes in vitro (HSU et 
al., 1977; RHEE and RHEE, 1981), but 
their in vivo mechanism needs to be elu-
cidated. In general, the extent to which 
trypsin inhibitor activity is destroyed by 
heating is a function of temperature, du-
ration of heating, particle size and mois-
ture conditions.

CONCLUSIONS

The present study showed that micro-
wave treatment is an effective way to in-
activate trypsin inhibitor in whole com-
mon bean seeds. The increase in pro-
tein digestibility as a consequence of mi-
crowave heating depends on the time of 
heating. Initially, protein digestibility of 
beans increased with microwave heat-
ing time and the tannins and trypsin in-
hibitor activity decreased. However with 
prolonged heating, the Maillard reaction 
has been presumed to affect the quali-
ty of the protein due to the blockage of 
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amino acids in the Amadoric compounds 
and the browning compound formed has 
proteolytic inhibitor activity that reduc-
es its in vitro protein digestibility. Micro-
wave heating of common beans failed to 
destroy raffinose family oligosaccharides 
due to their heat-stable nature, and as a 
result, the composition of stachyose re-
mained the same and that of raffinose 
changed slightly.

The use of only a single method cannot 
eliminate all of the antinutrients, flatu-
lence-causing and toxic factors such as, 
tannins, phytic acid, saponins, phyto-
haemagglutinins, protease inhibitor ac-
tivities and raffinose family oligosaccha-
rides in beans. A combination of two or 
more methods seems to be a practical 
approach for changing the seed compo-
sition and improving palatability. Proper 
processing of beans under well-defined 
and controlled conditions renders them 
palatable and removes or lowers most of 
the antinutritional factors to a level that 
eliminates any deleterious physiological, 
biological and nutritional effects.

Simple, inexpensive processing meth-
ods which can reduce undesirable sugar 
content and antinutritional compounds 
will help overcome the problem of pro-
tein-energy malnutrition (PEM) which is 
very common in Africa and Asia. These 
methods are under study in many lab-
oratories including ours and will be 
used to make appropriate recommen-
dations to increase the protein quality 
of common beans. Microwave heating 
along with some other processing tech-
niques can be expected to play an im-
portant role, especially in industrial ap-
plications.
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Abstract

The oxidative status and meat quality 
of pigeons fed a standard diet or a diet 
with the addition of rosemary extract 
were studied. The trial was carried out 
on 45 pairs of breeders per treatment. 
Pigeons were fed the two diets ad libi-
tum for 120 days, after which 30 fry-
er pigeons per group were slaughtered. 
Half of the refrigerated carcasses were 
used for analyses of the fresh meat and 
the remainder was stored under vac-
uum conditions for 90 days at -18°C. 
The pectoralis major muscles were re-

Riassunto

È stato studiato l’effetto dell’integra-
zione alimentare di estratto di rosma-
rino sulla stabilità ossidativa e sulla 
qualità della carne di piccione. La pro-
va è stata effettuata su 45 coppie di ri-
produttori per trattamento (rosmari-
no e controllo). I piccioni sono stati ali-
mentati ad libitum per 120 giorni; alla 
fine del periodo sperimentale sono stati 
macellati 30 piccioncini. Metà carcas-
sa refrigerata è stata subito utilizzata 
per le analisi mentre l’altra metà è sta-
ta conservata sotto vuoto per 90 giorni 
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INTRODUCTION

The consumption of pigeon meat is 
widespread in some areas of central 
and northern Italy, with a production of 
about 50,000 tons/year (ISTAT, 2004). To 
satisfy this demand, there are specialized 
pigeon farms, with their own slaughter-
houses. In order to guarantee the avail-
ability of the meat during the critical 
period when the productive perform-
ance decreases, farmers freeze pigeon 
carcasses for two to three months. This 
can promote autoxidation of lipids that, 
in turn, can alter the sensorial and nu-
tritional quality of the meat. It is known 
that some of the major changes that oc-
cur during food processing and storage 
are due to lipid oxidation that initiates 
reactions which affect the nutritional 
quality, wholesomeness, safety, colour, 
flavour and texture of the food (Morris-
sey et al., 1998; Shahidi, 2001).

Consumers greatly appreciate the or-
ganoleptic characteristics of pigeon meat 
which is lean and rich in protein and 
with intramuscular fat that contains 
high proportions of monounsaturated 

moved and analysed for pH, colour, wa-
ter-holding capacity, tenderness, fatty 
acids and oxidative stability. The oxi-
dative status of the young birds was af-
fected by the dietary treatment. Gener-
ally, the physical traits were better in 
the supplemented group. The positive 
effect was more relevant in frozen meat 
as also denoted by the significant diet 
x storage interactions. The positive ef-
fect of rosemary extract during storage 
was also confirmed by the lipid oxida-
tion level which, after freezing-thaw-
ing, was lower in pigeons in the sup-
plemented group.

a -18°C. Sul muscolo pectoralis major 
sono state determinate le caratteristi-
che fisiche (pH, colore, capacità di ri-
tenzione idrica, perdite di liquidi, tene-
rezza, umidità) e chimiche (stabilità os-
sidativa, composizione acidica). Lo sta-
to ossidativo dei piccioncini è stato in-
fluenzato dal trattamento alimentare. 
Per ciò che concerne le caratteristiche 
fisiche l’effetto positivo è stato osser-
vato in maniera più rilevante dopo la 
conservazione della carne. L’effetto del-
l’estratto di rosmarino è stato confer-
mato dai livelli di ossidazione lipidica 
che dopo lo scongelamento sono stati 
significativamente più bassi nel grup-
po supplementato.

and polyunsaturated fatty acids (Cas-
tellini et al., 1996). While polyunsatu-
rated fatty acids are very important for 
human health (Warris, 2000; Harris, 
2004), they are very susceptible to ox-
idation and therefore particular atten-
tion must be given to storage (Stanley, 
1991; O’Keefe et al., 1995).

Antioxidants can be use to reduce ox-
idation processes. The food industry has 
used synthetic antioxidants for over 50 
years (Cuvelier et al., 1994; Brand-
Williams et al., 1995), but these com-
pounds have been shown to be related 
to health risks, so on their use in food is 
now strictly regulated (Hettiarachchy 
et al., 1996). Barlow (1990), caution-
ing about the long-term effect of some 
commonly used synthetic antioxidants 
(BHT, propyl gallate), reported that con-
sumer preference for “natural” ingredi-
ents has motivated extensive research 
on effective plant-derived antioxidants. 
It has been shown that the addition of 
spices in sensorially acceptable amounts 
improves the oxidative stability of cooked 
meat products (Huisman et al., 1994). 
The compounds responsible for the anti-
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oxidative effect have been identified for 
many spices, including rosemary (Ina-
tani et al., 1983). The antioxidative ef-
fect is due to the phenolic compounds 
(Hermann, 1973), mainly carnosic and 
rosemarinic acids with carnosol being 
the major antioxidant.

Few studies have been conducted 
on the use of antioxidants in pigeon 
meat. The present study was carried 
out in response to an urgent need to 
find antioxidants capable of maintain-
ing the characteristics of fresh meat, 
as much as possible, during storage. 
The aim of this study was to use rose-
mary extract as an additive in diets of 
breeder pigeons on commercial farms 
and to evaluate the oxidative stability 
of fresh and frozen meat.

MATERIALS AND METHODS

Animals and diets

The trial was carried out on a com-
mercial farm (10,000 breeder couples) 
in central Italy, using 90 couples of 
White King breeder pigeons random-
ly assigned (45 couples/group) to two 
different dietary treatments: a) Con-
trol – standard commercial pellets + a 
grain mixture (cereals and legumes); b) 
Rosemary – standard commercial pel-
lets with the addition of 1,000 mg/kg 
of rosemary (Rosmarinus officinalis L.) 
extract + a grain mixture. The charac-
teristics of the commercial pellets are 
reported in Table 1. Rosemary pow-
der extract (6% - Sochim Internation-
al, Milano, Italy) contains 6.23% car-
nosic acid, 1.20% rosmarinic acid and 
2.87% ursolic acid.

Breeder pigeons were fed diets ad libi-
tum for 120 days and the fryer pigeons 
were slaughtered at the end of the ex-
perimental period. Feed consumption 
was evaluated daily to assess the intake 
of both pellets and grain (28.7±5 and 
78.2±8 g/d/couple, respectively).

Sample collection and
analytical determinations

At 30 days-of-age (standard slaugh-
tering age in Italy for fryer pigeons), 15 
young pigeons were randomly taken from 
each group. The birds were electrical-
ly stunned, killed by manual exanguin-
ation, plucked and eviscerated (elimi-
nation of non-edible viscera: intestines, 
proventriculus, gall bladder, spleen, 
oesophagus and full crop).

Immediately before slaughter, blood 
samples were collected in heparinized 
vacutainers and centrifuged at 1,500 x 
g for 10 min at +4°C, to measure the ox-
idative status in vivo using the BAP Test 
(Biological Antioxidant Potential) and d-
ROMs tests produced by Diacron s.r.l. 
(Italy) (Cesarone et al., 1999).

Briefly, the BAP test evaluates the ef-
ficacy of a solution of ferric ions (Fe3+) 
tied to a chromogen to decolor when 
they are reduced to ferrous ions (Fe2+) 
when an antioxidant system, like plas-
ma, is added.

The d-ROMs test is a spectrophoto-
metric test that allows the concentration 
of hydroperoxides (ROOH) in a biological 
sample to be assessed. Such compounds 
are generated in the cells by the oxidative 
attack of reactive oxygen substances on a 
number of organic substrates (e.g. carbo-
hydrates, lipids, amino acids, proteins, 
nucleotides, etc.). The initials “ROMs” 
indicate that the analites measured by 
this test, i. e. hydroperoxides, belong to 
the reactive oxygen metabolites.

The edible viscera (heart, liver, and giz-
zard) were removed from the refrigerated 
carcasses (24 hours at +4°C) in order to 
obtain ready-to-cook carcasses. The pec-
toralis major muscles were removed from 
the carcasses and half of them were used 
for the fresh meat analyses and the re-
mainder were stored (-18°C) under vac-
uum conditions for 90 days.

Proximate chemical analyses of diet 
and meat were done according to AOAC 
methods (1995).
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Table 1 - Formulation and chemical composition 
of the diet.

	 %

Vicia faba	 40.00
Wheat wholemeal	 30.00
Wheat bran	 12.40
Wheat germ	 5.00
Calcium carbonate	 3.50
Dicalcium phosphate	 3.00
Molasses	 3.00
Vitamin-mineral premix**	 1.80
Sodium bicarbonate	 0.50
Salt	 0.50
Methionine	 0.20
Lysine	 0.10

	 % d.m.

Crude protein	 17.90
Ether extract	 2.56
Crude fibre	 5.67
Ash	 9.80
NDF - Neutral Detergent Fibre	 9.74
ADF - Acid Detergent Fibre	 2.81
ADL - Acid Detergent Lignin	 0.95
Cellulose	 3.56

* Added per kg: Vit. A 11.000 IU; Vit. D3 2.000 IU; Vit. 
B1 2.5 mg; Vit. B2 4 mg; Vit. B6 1.25 mg; Vit. B12 0.01 
mg; α-tocopheryl acetate 50 mg; Biotin 0.06 mg; Vit. K 
2.5 mg; Niacine 15 mg; Folic acid 0.30 mg; Pantothen-
ic acid 10 mg; Choline 600 mg; Mn 60 mg; Fe 50 mg; 
Zn 15 mg; I 0.5 mg; Co 0.5 mg.

Meat cholesterol was quantified colori-
metrically (wavelength 405 nm) using Bi-
ochemia enzymatic kit n. 139050 (Boe-
hringer, Mannheim, Germany – Manual 
for Food Analysis, 1995).

To evaluate cooking loss, samples of 
muscle (about 20 g) were placed in open 
aluminium pans and roasted in an elec-
tric oven (pre-heated to 200°C) for 15 min 
to an internal temperature of 80°C (Cyril 
et al., 1996). Cooking loss was estimated 
as the percentage of weight of the roast-
ed samples (cooled for 30 min to about 
15°C and dried on the surface with a pa-
per towel) with respect to the weight of 
the raw samples.

Ultimate pH (pHu) was measured at 24 
h with a Knick digital pHmeter (Broadly 
Corp., Santa Anna, CA, USA) after ho-
mogenization of 1 g of raw muscles for 
30 sec in 10 mL of 5M iodoacetate (Ko-
rkeala et al., 1986).

The water holding capacity (WHC) was 
estimated (Nakamura and Katoh, 1985) 
by centrifuging 1 g of muscle placed on 
tissue paper inside a tube for 4 min at 
1,500xg. The water remaining after cen-
trifugation was quantified by drying the 
samples at 70°C overnight. WHC was 
calculated as follows: (weight after cen-
trifugation - weight after drying)/initial 
weight x 100.

Shear force was evaluated on cores 
(1.25x2 cm) obtained from the mid-por-
tions of the roasted samples (as above) 
by cutting them perpendicularly to the 
fibre direction, using an Instron, model 
1011, equipped with a Warner-Blatzler 
Meat Shear Apparatus (Instron Interna-
tional Ltd., Great Britain).

The colour parameters (L*, a*, b*) were 
measured on the raw muscles using a 
tristimulus analyser (Minolta Chroma 
Meter CR-200, Azuchi-Machi Higashi-
Ku, Osaka 541, Japan), with the CIE-
LAB Colour System (1976).

The extent of lipid oxidation was 
evaluated in fresh and stored meat as 
TBA-RS (Thio Barbituric Acid Reactive 
Substances) according to the modified 
method of Ke et al. (1977). Ten grams 
of minced muscles were homogenised 
for 2 min with 95.7 mL of distilled wa-
ter and 2.5 mL of 4N HCl. The mixture 
was distilled until 50 mL were obtained. 
Five milliliters of the distillate and 5 
mL of TBA reagent (15% trichloroacetic 
acid, 0.375% thiobarbituric acid) were 
then heated in a boiling water bath for 
35 min. After cooling under running tap 
water for 10 min, the absorbance was 
measured at 538 nm against a blank. 
Oxidation products were quantified 
as malondialdehyde equivalents (MDA 
mg/kg muscle).

The fatty acid composition of the pec-
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toralis major muscle was determined on 
lipids extracted from samples of about 
5 g in a homogeniser with 20 mL of 2:1 
chloroform/methanol (Folch et al., 
1957), followed by filtration through 
Whatman No. 1 filter paper. Fatty ac-
ids were determined as methyl esters 
with a Mega 2 Carlo Erba Gas Chro-
matograph, model HRGC (Milano, Ita-
ly), using a D-B wax capillary column 
(0.25 mm ∅, 30 m long). The fatty acid 
percentages were calculated with the 
Chrom-Card software. The mean val-
ue of each fatty acid was used to cal-
culate the sum of saturated (SFA), mo-
nounsaturated (MUFA), polyunsaturat-
ed (PUFA) and peroxidability index (PI) 
with the equation of Arakawa and Sa-
gai (1986): PI = (% monoenoic x 0.025) 
+ (% dienoic x 1) + (% trienoic x 2) + (% 
tetraenoic x 4) + (% pentaenoic x 6) + 
(% hexaenoic x 8).

Quantitative fatty acid composition 
was used to calculate atherogenicity and 
thrombogenicity indexes as proposed by 
Ulbricht and Southgate (1991):

- atherogenicity index = (C12:0 
+4xC14:0 + C16:0) / [∑MUFA + ∑ (n-6) 
+ ∑ (n-3)];

- thrombogenicity index = (C14:0 + 
C16:0 + C18:0) / [0.5 x ∑MUFA + 0.5 x 
(n-6) + 3 x (n-3) + (n-3)/(n-6)].

Statistical analyses

Data of qualitative traits were ana-
lysed with a linear model (COPYRIGHT, 
2002, The R development Core Team) in-
cluding the effect of diet x storage. Sig-
nificance of differences was evaluated 
by the t-test.

RESULTS AND DISCUSSION

Regarding the oxidative status of the 
young birds (Table 2), after just 30 days 
of dietary supplementation, the rose-
mary extract significantly improved the 
plasma antioxidant capacity (BAP test; 

P<0.01), with a significant increase in 
the ROMs level (P<0.05).

The reason for the increase in ROMs 
is not completely clear but it can be hy-
pothesised that carnosic acid has an as-
pecific stimulating effect on body metab-
olism (Singletary, 1996; Kosaka and 
Yokoi, 2003). Although there are many 
factors that affect oxidative stress, these 
findings confirm the positive effect of 
rosemary extract on the in vivo antioxi-
dant capacity and demonstrate the abili-
ty of the parent birds to transfer the anti-
oxidant compounds ingested with their 
diet to the offspring.

Many researchers have demonstrat-
ed the antioxidant activity of the phe-
nolic compounds of R. officinalis both in 
vivo or in vitro. One of the mechanisms 
of the proposed in vivo antioxidant ef-
fect is related to the chelation of iron by 
rosemary extracts and thus to the low-
er adsorption of non-haeme iron (Sam-
man et al., 2001). In this case, the vari-
ation in antioxidant capacity could also 
be associated with a different iron lev-
el in the body.

Auroma et al. (1992) measured the 
inhibition power of rosemary on lipid 
peroxidation in microsomial and lipo-
somial systems, emphasising the rele-
vant scavenger activity versus perox-
ylic radicals and H2O2. In comparing 
various antioxidant substances Zhao 
et al. (1989) found that rosemary has 
less scavenger activity than vitamin C 
but more than vitamin E. In humans, 
Zeng et al. (2001) confirmed the in-
hibitory ability of carnosic and ros-
marinic acids on LDL oxidation and 

Table 2 - In vivo oxidative status of fryer pigeons.

	 	 control	 rosemary	 SED

ROMs	 mg H2O2 100 mL-1	 6.41a	 7.94b	 1.33
BAP	 µEQ/L	 1,290A	 1,749B	 625

n=15 for each treatment. Level of significance: a.b: P<0.05; A: 
P<0.01.
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their scavenger effect against free rad-
icals and superoxide anions. Compar-
ing the antioxidant activities of some 
spices and spice extracts with two dif-
ferent laboratory assays, Madsen et al. 
(1996) observed good antioxidant prop-
erties of rosemary.

Different hypotheses can be proposed 
regarding the transfer of antioxidants 
from parent diets to the offspring: a) 
compounds are transferred through the 
digestive apparatus-blood-reproduc-
tive system to the egg; b) modification 
of the “crop milk” produced by the par-
ents and fed to offspring; c) feed regur-
gitated by parents to offspring contains 
the antioxidants.

In hens, Galobart et al. (2001) ob-
served a good transfer of antioxidant 
compounds from eggs to chicks which 
explains the better reproductive per-
formance recorded, whereas Lemoni-
ca et al. (1996) did not find any effect 
of rosemary extract on embryonic and 
post-natal development.

The chemical composition and the 
amount of cholesterol in breast meat 
was not affected by dietary treatments 
(Table 3).

Concerning the physical traits of 
the meat (Table 4), the positive effect 
of rosemary was more relevant in fro-
zen meat of the supplemented group 
as shown by the significant diet x stor-
age interactions. The dietary effect was 
significant for pH and colour parame-

ters, particularly of the skin; the re-
sults were very significant after freez-
ing as shown by the significant diet x 
storage interaction.

The supplemented group, in both 
fresh and stored meat, showed higher 
pH values, so the water holding capacity 
improved. On the other hand, after freez-
ing, the pH increased less in the rose-
mary group than in the control (+0.04 
vs. 0.07), presumably, because the in-
creased protection of the cell membranes 
reduced the dispersion of free fatty ac-
ids caused by lipolysis.

Another important effect of rosemary 
extract was that the red parameter (a*) 
of the meat was lower in the supple-
mented group than in the control. It is 
known that meat colour depends on the 
state of the myoglobin (reddish) and on 
the degree of iron oxidation in the haeme 
(Hulot and Ouhayoun, 1999). The anti-
oxidant compounds of rosemary reduced 
such processes and consequently re-
duced the production of meta-myoglobin 
(brownish colour). This trend was more 
pronounced in fresh meat probably due 
to the above-mentioned positive effect of 
the antioxidant, while after storage the 
differences were less. A decrease in red-
ness was also found by McCarthy et al. 
(2001), who added rosemary powder to 
frozen pork patties kept under chilled 
display conditions for 9 days. Another 
possible hypothesis could be related to 
the above-mentioned iron chelation by 

Table 3 - Chemical characteristics of breast meat.

	 Control	 Rosemary	 Significance
	 	 	 	 SED
	 	 Fresh	 Frozen	 Fresh	 Frozen	 Diet	 Storage	 Diet x Storage

Moisture	 %	 76.23	 76.17	 75.86	 75.72	 n.s.	 n.s.	 n.s.	 2.14
Protein	 %	 21.18	 20.91	 21.502	 21.45	 n.s.	 n.s.	 n.s.	 1.98
Ether extract	 %	 1.54	 1.49	 1.41	 1.43	 n.s.	 n.s.	 n.s.	 0.43
Ash	 %	 1.05	 1.43	 1.23	 1.40	 n.s.	 n.s.	 n.s.	 0.36
Cholesterol	 mg/100 g	 38.71	 37.45	 39.27	 38.42	 n.s.	 n.s.	 n.s.	 1.78

n=30 for each treatment. Level of significance: **: P<0.01; *: P<0.05; n.s. = not significant.
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rosemary extracts (Samman et al., 2001) 
and to the subsequent reduction of my-
oglobin.

Brightness (L*) was improved by the 
herb only in the skin and the increase 
was more relevant in frozen meat than 
in fresh meat (+8.74 vs 2.53).

The fatty acid composition of the mus-
cle was improved by rosemary supple-
mentation (Table 5). In fact, the amount 
of SFA and MUFA decreased in both fresh 
and frozen meat, while that of PUFA in-
creased (P<0.01). Evidently, the rose-
mary exerted a protective action on the 
long chain PUFA (≥20 carbon chain), 
that are more susceptible to oxidative 
processes. Although present in small 
amounts, the differences in these fatty 
acids (≥20 and with more than 3 double 
bonds) were significant and more pro-
nounced.

The analyses of the quantitative fatty 
acid composition of breast meat clearly 
showed the positive effect of rosemary 
extract after freezing (Table 6); the de-
crease of unsaturated fatty acids in the 
control group was particularly evident. 

Table 4 - Physical characteristics of breast meat.

	 Control	 Rosemary	 Significance	 	
	 	 	 	 SED
	 	 Fresh	 Frozen	 Fresh	 Frozen	 Diet	 Storage	 Diet x Storage

pH	 	 5.75	 5.85	 5.82	 5.89	 *	 *	 *	 0.14
Moisture	 %	 80.03	 79.81	 79.82	 79.08	 n.s.	 *	 *	 2.98
WHC	 %	 58.02	 56.97	 58.79	 57.45	 n.s.	 *	 *	 2.03
Cooking loss	 %	 37.58	 38.77	 37.01	 37.87	 n.s.	 n.s.	 n.s.	 1.45
Shear force	 kg/cm2	 1.52	 1.48	 1.37	 1.23	 n.s.	 n.s.	 n.s.	 0.25
Skin Colour
L*	 	 66.53	 52.61	 69.06	 61.35	 *	 **	 **	 2.41
a*	 	 10.42	 7.43	 8.98	 7.79	 **	 **	 **	 1.02
b*	 	 10.16	 8.61	 12.59	 10.74	 **	 **	 **	 1.24
Meat Colour
L*	 	 49.46	 45.13	 48.35	 43.69	 n.s.	 **	 **	 2.04
a*	 	 18.87	 16.53	 17.98	 17.02	 **	 **	 **	 1.23
b*	 	 -4.55	 -0.62	 -3.89	 -0.17	 n.s.	 **	 **	 0.15

n=30 for each treatment. Level of significance: **: P<0.01; *: P<0.05; n.s. = not significant.

This trend was also confirmed by the 
TBA-RS level, which was lower (P<0.01) 
in the pigeon meat of the supplemented 
group after thawing.

After feeding broilers a diet contain-
ing 500 mg/kg of rosemary extract 
Lopez-Bote et al. (1998) observed a 
high oxidative stability of lipids and 
a significant reduction of microsomi-
al and cholesterol oxidation in frozen, 
as well as fresh and refrigerated meat. 
These results were better than ours and 
were obtained with less rosemary ex-
tract (500 vs 1000 mg/kg). This could 
be explained by the fact that the anti-
oxidant present in fryer pigeons came 
from an indirect pathway being mod-
ulated by the ingestion and/or metab-
olism of their parents.

The peroxidability index showed a 
higher level of unsaturation in meat of 
the supplemented group but it was not 
correlated with an unbalanced oxida-
tive status as confirmed by the TBA-RS 
analysis. Moreover, the rosemary group 
had a lower thrombogenicity (P<0.01; 
0.84 vs. 0.94 fresh meat; 0.85 vs. 0.98 



426  Ital. J. Food Sci. n. 4, vol. 17 - 2005

Table 5 - Fatty acid composition (% of fatty acids) of breast meat.

	 Control	 Rosemary	 Significance
	 SED
	 Fresh	 Stored	 Fresh	 Stored	 Diet	 Storage	 Diet x Storage

C14:0	 0.70	 0.63	 0.78	 0.67	 n.s.	 *	 n.s.	 0.05
C16:0	 22.58	 23.06	 22.01	 22.45	 *	 *	 n.s.	 2.51
C18:0	 10.62	 10.15	 10.14	 9.67	 n.s.	 n.s.	 *	 1.54
Others	 2.05	 3.13	 1.68	 2.54	 *	 **	 n.s.	 0.62
SFA	 35.95	 36.97	 34.61	 35.33	 *	 *	 *	 2.89
C14:1n-6	 0.23	 0.20	 0.32	 0.30	 n.s.	 n.s.	 n.s.	 0.14
C16:1n-7	 7.56	 7.73	 8.74	 8.55	 *	 n.s.	 *	 0.89
C18:1n-9	 20.95	 20.70	 18.12	 17.43	 **	 n.s.	 **	 1.05
Others	 3.35	 3.24	 1.97	 2.27	 **	 *	 *	 0.59
MUFA	 32.09	 31.90	 29.15	 28.55	 **	 n.s.	 **	 2.47
C18:2n-6	 22.05	 21.92	 24.81	 24.67	 **	 n.s.	 **	 1.84
C20:3n-6	 0.27	 0.25	 0.24	 0.28	 n.s.	 n.s.	 n.s.	 0.08
C20:4n-6	 6.37	 6.15	 6.81	 6.96	 *	 n.s.	 n.s.	 0.95
C18:3n-3	 0.56	 0.45	 0.69	 0.70	 n.s.	 n.s.	 n.s.	 0.12
C20:3n-3	 0.27	 0.22	 0.33	 0.28	 n.s.	 n.s.	 *	 0.10
C20:5n-3	 0.15	 0.17	 0.25	 0.23	 *	 n.s.	 *	 0.08
C21:5n-3	 0.69	 0.46	 1.24	 1.20	 **	 n.s.	 **	 0.36
C22:5n-3	 0.52	 0.49	 0.71	 0.66	 *	 n.s.	 *	 0.47
C22:6n-3	 0.22	 0.19	 0.41	 0.36	 **	 n.s.	 *	 0.16
Others	 0.75	 0.74	 0.67	 0.80	 n.s.	 n.s.	 n.s.	 0.29
PUFA	 31.96	 31.17	 36.32	 36.12	 **	 n.s.	 *	 2.94

n=30 for each treatment. Level of significance: **: P<0.01; *: P<0.05; n.s. = not significant.

Table 6 - Quantitative fatty acid composition (mg/100 g meat), oxidative stability and nutritional in-
dexes of breast meat.

	 Control	 Rosemary	 Significance
	 SED
	 Fresh	 Stored	 Fresh	 Stored	 Diet	 Storage	 Diet x Storage	

SFA	 481.66	 450.29	 424.56	 433.39	 **	 *	 *	 65.21
MUFA	 429.54	 388.54	 357.58	 350.27	 **	 *	 **	 41.25
∑ n-6	 395.39	 354.44	 399.63	 398.11	 **	 *	 **	 45.89
∑ n-3	 32.29	 24.12	 44.53	 42.08	 **	 **	 **	 8.47
PUFA	 428.20	 379.65	 445.54	 431.08	 **	 **	 **	 56.81
TBA-RS mg MDA/kg	 0.53	 1.65	 0.66	 0.79	 *	 **	 **	 0.58
Peroxidability index	 61.84	 60.21	 69.95	 69.49	 **	 n.s.	 n.s.	 3.41
Atherogenicity index	 0.41	 0.42	 0.40	 0.40	 n.s.	 n.s.	 n.s.	 0.09
Thrombogenicity index	 0.94	 0.98	 0.84	 0.85	 **	 *	 *	 0.15

n=30 for each treatment. Level of significance: **: P<0.01; *: P<0.05.
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stored meat) index, compared with the 
control due to a higher PUFA concen-
tration.

CONCLUSIONS

In conclusion, the study showed that 
the use of a natural extract of rosemary 
as an additive in the diets of pigeons im-
proved the meat quality, particularly in 
frozen samples. The protective action of 
rosemary on the oxidative status in vivo 
of young birds was not immediately ev-
ident; after slaughtering, the supple-
mentation increased the lipid stability 
and improved the colour of the carcass-
es and the fatty acid composition of the 
meat, especially after freezing.

Further research, is needed to study 
the main pathways of antioxidant trans-
fer from parent to offspring in order to 
determine if the major antioxidant mech-
anism of rosemary is linked to a scaven-
ger action or decreased dietary adsorp-
tion of iron.
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Abstract

The furosine (FUR) level of Taleg-
gio cheese was investigated with re-
spect to different cheese-making pa-
rameters used in 11 factories. Taleggio 
made from raw milk according to tra-
ditional cheese-making and submitted 
to continuous-flow pasteurization (72°-
74°C/15 s) had a mean FUR level of 
8.1 mg/100 g protein (n=6). This level 
was mainly affected by the amount of 
starter culture, composition of growth 
medium and ripening time. When ad-
ditional batch heat treatment was ap-

Riassunto

È stato studiato l’effetto dei princi-
pali parametri tecnologici di caseifica-
zione sul valore di furosina (FUR) del 
formaggio Taleggio prodotto presso 11 
aziende. Il valore medio di FUR del Ta-
leggio ottenuto secondo la tradiziona-
le tecnologia di caseificazione e a par-
tire da latte crudo pastorizzato in flus-
so continuo (72°-74°C/15 s) è risulta-
to pari a 8.1 mg/100 g proteine (n=6). 
Quantità e tipo di innesto ed il periodo 
di maturazione sono i fattori che mag-
giormente influenzano il livello di FUR 
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plied to pasteurized milk, the corre-
sponding cheese showed a FUR value 
about 2 mg/100 g protein higher. A fur-
ther significant increase was observed 
in cheese samples manufactured from 
milk heated by injecting steam through 
a pipe (mean value 20.3 mg/100 g pro-
tein; n=5). In these cases, the major ef-
fect on the FUR level was exerted by 
processing conditions used in batch 
or steam heating of the milk. Analyses 
of commercial Taleggio cheese demon-
strated that 21 out of 22 samples had a 
FUR value consistent with the cheese-
making technology described in the 
product specifications.

nel Taleggio. Un aggiuntivo trattamen-
to termico in batch del latte pastoriz-
zato ha comportato un aumento (circa 
2 mg/100 g proteine) del livello di FUR 
nel formaggio. Caseificazioni a parti-
re da latte riscaldato mediante iniezio-
ne manuale di vapore nel latte in cal-
daia hanno determinato valori di FUR 
nel formaggio significativamente supe-
riori (media = 20.3 mg/100 g proteine; 
n=5). In queste ultime due tecnologie, 
il livello di FUR del formaggio è stato 
principalmente determinato dalle con-
dizioni di riscaldamento del latte in ba-
tch o con vapore. L’analisi di 22 cam-
pioni commerciali di Taleggio ha eviden-
ziato che per 21 di essi i valori di FUR 
sono compatibili con il processo di ca-
seificazione descritto nel Disciplinare 
di produzione.

INTRODUCTION

Taleggio is a soft, short-ripened Ital-
ian cheese (BATTISTOTTI and CORRADI-
NI, 1993; SALVADORI DEL PRATO, 1998) 
that received the Protected Designation 
of Origin (PDO) in 1996 (C. R., 1996). 
This square-shaped cheese is produced 
in a restricted area of northern Italy from 
whole milk inoculated with a culture of 
lactic acid bacteria and rennet coagu-
lated at 34°-36°C. After a two-stage cut, 
the curd is drained, placed into moulds 
and kept at 22°-25°C/90% RH for 8-16 h 
(“warming up”). The cheese is then salt-
ed (either brine or dry) and ripened at 2°-
6°C for at least 35 d (85-90% RH).

According to the product specifica-
tions for Taleggio cheese (E. U., 1993) ei-
ther raw or pasteurized milk can be used 
in cheese-making. Currently, all indus-
trial-scale Taleggio manufacturers san-
itize the milk through continuous-flow 
pasteurization at 72°-74°C for 15 s. Heat 
treatment by injecting steam into the 

milk through a pipe is sometimes used 
in small factories. This procedure, how-
ever, cannot be considered as “a tradi-
tional and fair practice”.

Heating milk promotes the Maillard 
reaction which leads to the formation of 
the Amadori compound lactulosyl-lysine 
(FINOT et al., 1981). Upon warm acid hy-
drolysis, this molecule is converted into 
furosine (FUR) which can be detected 
by using IP-RP HPLC as proposed by 
RESMINI et al. (1990). This method has 
been adopted as the official method by 
Italian law (M. D., 1996) and has now be-
come an ISO-IDF International Standard 
(ISO, 2004). The FUR level has proven to 
be an objective parameter for evaluat-
ing quality and genuineness of both raw 
and pasteurized milk, as well as of oth-
er dairy products (RESMINI et al., 1994). 
In this regard, the Italian law states 
the maximum levels of FUR for peroxi-
dase-positive continuous-flow pasteur-
ized milk and for Mozzarella cheese (8.6 
and 12 mg/100 g protein, respectively). 
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The same criterion has been adopted to 
guarantee the genuineness of “tradition-
al speciality guaranteed Mozzarella” by 
fixing an upper level of 10 mg/100 g pro-
tein (C. R., 1998). At present, the FUR lev-
el of Taleggio cheese must not exceed 14 
mg/100 g protein, as stated in the prod-
uct specifications (E. U., 1993).

The aim of this work was to investi-
gate the effects that different technolog-
ical parameters adopted in cheese-mak-
ing have on the FUR level of Taleggio. 
In particular, the effect of different milk 
heating practices was evaluated with re-
spect to the maximum FUR value provid-
ed in the product specifications.

MATERIALS AND METHODS

Taleggio cheese was made at the in-
dustrial level using continuous-flow 
(conventional) pasteurized milk in facto-
ries 1 to 6. The technological parameters 
are reported in Table 1 and correspond 
to those included in the product spec-
ifications (E. U., 1993). Raw milk sub-
jected to conventional pasteurization fol-
lowed by batch heat treatment was used 
to make Taleggio cheese in factories 7 
and 8 (Table 1). Other Taleggio cheese 
was made using milk heated by steam 
injection (factories 9 to 11). In this case, 
the steam (pressure and flow rate were 
not given) was manually injected into 
the milk in a vat using a pipe and under 
continuous stirring. In factories 10 and 
11, cheese was made at 1-month inter-
vals (trials B in Table 2). In all the fac-
tories, the milk was then cooled to co-
agulation temperature (34°-36°C) by re-
generative heat exchange. Starter cul-
tures, grown in reconstituted skimmed 
milk powder (SMP), were used in facto-
ries 1, 2, 4 and 9.

A total of 98 samples from 11 factories 
were analyzed: raw milk (n=13); heat-
treated milk (n=13); starter culture prep-
aration (n=12); inoculated milk (n=12); 
curd under whey (n=11); curd after 

“warming up” (n=11); salted curd (n=13) 
and cheese 35-40 d ripened (n=13). Curd 
and cheese were sampled as specified in 
ISO 707 (1997). Cheeses were also an-
alyzed by taking test portions (n=26, 20 
mm-side cube) from both the core and 
the straight side of the outer part after 
rind removal.

Further analyses were carried out on 
22 commercial samples of Taleggio (35-
40 d ripened) supplied by the “Consorzio 
per la tutela del formaggio Taleggio”.

The FUR content was determined ac-
cording to ISO 18329 - IDF 193 Interna-
tional Standard (ISO, 2004). All exper-
imental and commercial samples were 
analyzed in duplicate and mean values 
are reported. ANOVA was carried out us-
ing the Stat-View software, version 5.1 
(SAS Institute Inc., Cary, NC, USA).

RESULTS AND DISCUSSION

The different technological parameters 
adopted for cheese-making are report-
ed in Table 1. The FUR level of raw milk 
samples ranged from 4.4 to 5.7 mg/100 
g protein (Table 2). This level increased 
(about 0.5 mg/100 g protein) with con-
ventional milk pasteurization used in 
factories 1 to 6. This finding agrees with 
results reported by RESMINI et al. (1992) 
for conventional pasteurization of raw 
milk. Pasteurized milk was direct-in-
oculated with 0.5-1.5% (v/v) of liquid 
starter culture. As expected, starter cul-
tures which were grown in reconstitut-
ed SMP (factories 1, 2 and 4) had FUR 
values comparable to those reported for 
high-heat milk powders (RESMINI et al., 
1994). The addition of starter (l.0-1.5%, 
v/v) significantly increased the FUR val-
ue of inoculated milk in factories 1 and 
2 (9.0 mg and 9.1 mg/100 g protein, re-
spectively). In contrast, the lower (0.5%, 
v/v) amount of liquid starter added to 
the milk in factory 4 resulted in a FUR 
level of the inoculated milk that was be-
low 7 mg/100 g protein. Although the 



432  Ital. J. Food Sci. n. 4, vol. 17 - 2005

T
a
b
le

 1
 -

 T
ec

h
n

ol
og

ic
a
l 
p
a
ra

m
et

er
s 

of
 T

a
le

gg
io

 c
h

ee
se

-m
a
k
in

g 
in

 e
le

ve
n

 f
a
ct

or
ie

s.

Fa
cto

ry
	

	
1	

2	
3	

4	
5	

6	
7	

8	
9	

10
	

11

M
ilk

 h
ea

tin
g:	

Ty
pe

	
Co

nt
inu

ou
s-

flo
w 

pa
ste

ur
iza

tio
n	

Co
nt

inu
ou

s fl
ow

 p
as

te
ur

iza
tio

n 
(P

)	
St

ea
m

 in
jec

tio
n

	
	

	
+ 

ba
tch

 tr
ea

tm
en

t (
B)

	
th

ro
ug

h 
a 

pip
e

	 	
Co

nd
itio

ns
	

74
/1

5	
73

/1
5	

74
/1

5	
72

/1
5	

72
/1

5	
72

/1
5	

P:
 7

3/
19

	
P:

 7
3/

19
	

60
-6

5/
18

00
	

70
-8

0/
30

0	
65

-7
0/

90
0

	
(°C

/s)
	

	
	

	
	

	
	

+	
+	

+	
	

+
	

	
	

	
	

	
	

	
B:

 6
5/

15
00

	
B:

 6
5/

84
0	

70
-8

0/
30

0	
	

70
-8

0/
30

0
St

ar
te

r i
no

cu
lat

ion
 (%

 v/
v)

	
1.

5	
1.

0	
0,

5	
0,

5	
n.

k.	
n.

k.	
2.

0	
2.

0	
2.

0	
1.

0	
2.

0
Sa

ltin
g	

	
Dr

y	
Dr

y	
Br

ine
	

n.
k.	

n.
k.	

n.
k.	

Br
ine

	
Br

ine
	

Br
ine

	
Br

ine
	

Br
ine

n.
k.

: n
ot

 k
no

wn
.

T
a
b
le

 2
 -

 F
u

ro
si

n
e 

le
ve

l 
(m

g/
1
0
0
 g

 p
ro

te
in

) 
d
et

er
m

in
ed

 a
t 

d
if

fe
re

n
t 

st
ep

s 
of

 T
a
le

gg
io

 c
h

ee
se

-m
a
k
in

g 
fr

om
 T

a
b
le

 1
 (
M

ea
n

 v
a
lu

e 
of

 d
u

p
li
ca

te
 a

n
a
l-

ys
es

).

Fa
ct

or
y	

1	
2	

3	
4	

5	
6	

7	
8	

9	
10

	
10

	
11

	
11

Tr
ia

l	
	

	
	

	
	

	
	

	
	

A	
B	

A	
B

R
aw

 m
ilk

	
4.

4	
5.

3	
5.

6	
4.

6	
5.

2	
5.

1	
4.

8	
4.

9	
5.

1	
4.

6	
5.

0	
5.

7	
5.

4
H

ea
te

d 
m

ilk
	

4.
9	

5.
7	

6.
0	

5.
3	

5.
5	

5.
7	

8.
7	

8.
0	

16
.7

	
14

.5
	

13
.7

	
23

.0
	

22
.9

St
ar

te
r c

ul
tu

re
	

30
2	

34
8	

n.
k.

	
25

7	
16

.7
	

15
.6

	
33

.7
	

40
.0

	
36

2	
33

.6
	

27
.7

	
41

.7
	

48
.3

In
oc

ul
at

ed
 m

ilk
	

9.
0	

9.
1	

6.
8	

6.
5	

6.
1	

6.
0	

9.
4	

9.
0	

24
.4

	
14

.2
	

n.
k.

	
22

.2
	

23
.8

C
ur

d 
un

de
r w

he
y	

5.
5	

6.
9	

5.
2	

5.
1	

4.
6	

4.
6	

n.
k.

	
n.

k.
	

20
.5

	
11

.2
	

12
.4

	
20

.0
	

22
.0

“W
ar

m
ed

 u
p”

 c
ur

d	
6.

8	
7.

5	
6.

4	
5.

2	
5.

5	
5.

0	
n.

k.
	

n.
k.

	
19

.1
	

14
.7

	
14

.3
	

22
.4

	
24

.4
Sa

lte
d 

cu
rd

	
6.

8	
7.

5	
6.

8	
5.

3	
6.

0	
5.

4	
9.

1	
8.

6	
21

.6
	

15
.2

	
14

.3
	

24
.3

	
24

.4
C

he
es

e	
8.

9	
9.

2	
8.

2	
8.

4	
7.

3	
6.

6	
10

.4
	

10
.0

	
22

.5
	

14
.5

	
14

.4
	

25
.4

	
24

.5
O

ut
si

de
1 	

7.
7	

8.
8	

7.
7	

8.
2	

6.
6	

6.
4	

9.
7	

9.
5	

22
.3

	
14

.5
	

14
.2

	
25

.5
	

24
.2

C
or

e2 	
9.

7	
9.

4	
8.

6	
8.

4	
7.

6	
6.

7	
10

.5
	

10
.0

	
22

.5
	

14
.3

	
14

.2
	

25
.6

	
24

.4

n.
k.

: n
ot

 k
no

w
n.

 1 : t
es

t p
or

tio
n 

ta
ke

n 
fro

m
 th

e 
st

ra
ig

ht
 s

id
e 

be
lo

w
 th

e 
rin

d.
 2 : t

es
t p

or
tio

n 
ta

ke
n 

fro
m

 th
e 

co
re

 o
f t

he
 c

he
es

e.



Ital. J. Food Sci. n. 4, vol. 17 - 2005  433

inoculation rate used in factories 5 and 
6 was not given, use of selected starter 
preparations with low FUR values led to 
a slight (0.3-0.6 mg/100 g protein) in-
crease of the FUR index of inoculated 
milk. The increase (0.8 mg/100 g pro-
tein) of the FUR level observed in cheese 
from factory 3 was probably due to the 
addition of starter culture not propagat-
ed in reconstituted SMP. The FUR val-
ues in samples of curd under whey were 
lower than those of the corresponding in-
oculated milk samples. This behaviour 
could be explained by the lower extent of 
Maillard reaction in the casein fraction 
with respect to the whey fraction when 
milk is submitted to pasteurization (PEL-
LEGRINO et al., 1993). “Warming up” of 
the curd increased the FUR value by 0.1-
1.3 mg/100 g protein, whereas the effect 
of salting, either dry or brine, was negli-
gible. During ripening, the FUR level in 
Taleggio increased by 1.2-3.1 mg/100 
g protein. CORZO et al. (2000) report-
ed a FUR value increase from 8 to 22 
mg/100 g protein during 45-d ripening 
of Manchego cheese. This increase was 
consistent with the presence of residual 
galactose in cheese. PELLEGRINO et al. 
(1997a) did not observe any increase in 
the FUR value during ripening of Gra-
na Padano since reducing sugars disap-
peared within a few hours after curd ex-
traction. Samples of Taleggio from facto-
ries 1 to 6 showed FUR levels from 6.6 to 
9.2 mg/100 g protein. VILLAMIEL et al. 
(2000) reported FUR levels ranging from 
4.2 to 12.8 mg/100 g protein for ripened 
cheeses with moulds made from pasteur-
ized milk. The mean FUR level of ripened 
Taleggio was 8.1 mg/100 g protein (SD 
± 0.98 mg/100 g protein; n=6). Taking 
these results into account, a maximum 
FUR level of 11.0 mg/100 g protein at 
99.7% confidence level (mean + 3 SD) 
could be considered as characteristic of 
Taleggio cheese manufactured from con-
ventional pasteurized milk. A lower lev-
el could be established if more detailed 
rules concerning the inoculation step 

would be provided in the product speci-
fications. Indeed, this limit would prob-
ably be exceeded if more than 1.5% (v/
v) starter cultures grown in SMP were 
added to milk.

The values in the outer part of Taleg-
gio from factories 1 to 6 were always 
lower (0.2-2.0 mg/100 g protein) than 
those in the core. PELLEGRINO et al. 
(1997b) reported that Grana Padano 
cheese is characterized by a steep cen-
tripetal gradient of FUR values which 
increases by about 60-70 mg/100 g 
protein from the surface to the core. 
Such a gradient is the result of the Mail-
lard reaction that takes place in paral-
lel with the temperature gradient occur-
ring within the curd once it is extract-
ed from the vat (53°-54°C) and kept in 
the mould at room temperature. The 
slow cooling of this big-size cheese al-
lows the Maillard reaction to occur ex-
tensively in the core (PELLEGRINO et 
al., 1997a). Due to the small size of 
Taleggio and the low curd temperature 
(34°-36°C), small differences (0.2-2.0 
mg/100 g protein) in the FUR values 
were observed between the outer and 
inner part of the cheese.

Experimental cheese-making in facto-
ries 7 and 8 was carried out using milk 
that had been submitted to convention-
al pasteurization followed by batch heat 
treatment (Table 1). Such conditions 
would be representative of the actual 
situation in factories where, because of 
particular plant design, pasteurized milk 
is temporarily stored in tanks. Heat-
treated milk from factories 7 and 8 was 
characterized by FUR levels that coin-
cided with the threshold value fixed by 
Italian law for peroxidase-positive pas-
teurized milk (i.e. 8.6 mg/100 g protein). 
The use of starter cultures character-
ized by low heat-damage caused a min-
imal increase in the FUR level in inocu-
lated milks. Subsequent FUR formation 
(about 1.3 mg/100 g protein) during rip-
ening was comparable to that found for 
experimental cheese samples made from 
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conventional pasteurized milk. The FUR 
level of cheeses from factories 7 and 8 
were 10.4 and 10.0 mg/100 g protein, 
respectively; the core value was higher 
in both samples.

Injection of steam into milk in the 
vat, carried out at factories 9 to 11, 
caused the FUR values of milk to range 
from 13.7 to 23.0 mg/100 g protein 
(Table 2). According to ERBERSDOBLER 
and DEHN-MULLER (1989) and RESMINI 
et al. (1990), similar values were found 
in raw milk submitted to laboratory-
scale treatment at 90°-100°C for 360-
600 s. The FUR level of inoculated milk 
from factory 9 was consistent with the 
heat-treatment and the use of start-
er grown in SMP (Table 2). In the oth-
er cases, the FUR level was associat-
ed with the severity of the applied heat 
process. “Warming up” of the curd in-
creased the FUR value with the excep-
tion of cheese from factory 9 (Table 2). 
The subsequent salting caused a fur-
ther increase in the FUR value, whereas 
there were no changes during ripening, 
at the end of which all cheeses had FUR 
values > 14.4 mg/100 g protein.

The significant differences among 
FUR levels in successive steps of Taleg-
gio cheese making are reported in Ta-
ble 3. Inoculation (P<0.05), draining in 
vat (P<0.05) and ripening (P<0.01) af-
fected the FUR level in cheeses made 
from conventional pasteurized milk (fac-
tories 1 to 6). The significant increase 
(P<0.05) of the FUR level due to inoc-
ulation was related to the use of start-
er cultures grown in SMP. In contrast, 
only the heat treatment of raw milk sig-
nificantly changed the FUR value dur-
ing cheese-making in factories 7-8 and 
9-11 (Table 3).

When the same steps of technolo-
gy were taken into consideration, the 
FUR level of the corresponding prod-
uct (from heated milk to cheese) dif-
fered significantly in the cheese-mak-
ing that used the steam injection prac-
tice compared with either conventional 

Table 3 - Significant differences in the FUR lev-
el among different steps of Taleggio cheese-mak-
ing from Table 1.

Factory	 1-6	 7-8	 9-11

Raw milk vs Heated milk	 ns	 **	 ***
Heated milk vs Inoculated milk	 *	 ns	 ns
Inoculated milk vs Curd under whey	 *	 	 ns
Curd under whey vs “Warmed up” curd	 ns	 	 ns
“Warmed up” curd vs Salted curd	 ns	 ns	 ns
Salted curd vs Cheese	 **	 ns	 ns

* P<0.05; ** P<0.01; *** P<0.001; ns: not significant.

pasteurization or conventional pasteur-
ization plus batch treatment (P<0.001 
and P<0.01, respectively). According-
ly, the ripened cheeses could be uni-
vocally distinguished. No significant 
differences were observed in the FUR 
value of either heated milk or cheese 
obtained from conventional pasteuri-
zation or conventional pasteurization 
plus batch treatment.

The FUR values were then determined 
in 22 commercial samples of Taleggio 
cheese (Table 4). The values ranged from 
4.9 to 10.1 mg/100 g protein in 16 sam-
ples suggesting that the cheeses were 
probably manufactured from milk that 
had not been submitted to steam injec-
tion. Six samples were between 11.7 and 
13.5 mg/100 g protein and hence below 
the maximum level (i.e. 14 mg/100 g pro-
tein) allowed by the product specifica-
tions (E. U., 1993). The addition of high 
amounts of starter cultures grown in re-
constituted SMP could account for these 
sample values. Over-heating of the milk 
could explain the FUR level in sample V 
(22.2 mg/100 g protein). However, the 
partial use of reconstituted milk powder 
for cheese-making cannot be excluded. 
Three of the 22 samples were character-
ized by a reverse FUR gradient from the 
outside to the core of the cheese (Table 
4). This phenomenon can be explained 
by a forced “warming up” of the curd in 
order to accelerate acidification.
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Table 4 - Furosine value (mg/100 g protein) in 22 
samples of commercial Taleggio cheese. (Mean val-
ue of duplicate analyses).

	 Sample	 Cheese	 Outside1	 Core2

	 A	 4.9	 4.7	 5.1
	 B	 6.1	 5.7	 6.4
	 C	 6.3	 6.1	 6.8
	 D	 6.9	 6.5	 7.2
	 E	 6.9	 6.8	 6.8
	 F	 7.3	 6.9	 7.5
	 G	 7.6	 7.2	 7.9
	 H	 7.7	 7.4	 8.0
	 I	 8.0	 7.5	 8.2
	 J	 8.8	 8.2	 9.3
	 K	 9.1	 8.1	 9.7
	 L	 9.1	 8.6	 9.4
	 M	 9.3	 10.6	 8.9
	 N	 9.5	 9.5	 9.7
	 O	 10.0	 9.7	 10.2
	 P	 10.1	 10.2	 9.9
	 Q	 11.7	 11.4	 11.8
	 R	 12.5	 12.3	 12.9
	 S	 12.9	 13.8	 12.6
	 T	 13.2	 12.8	 13.4
	 U	 13.5	 12.8	 13.6
	 V	 22.2	 21.7	 22.3

1: test portion taken from the straight side below the 
rind.
2: test portion taken from the core of the cheese.

CONCLUSIONS

The results obtained in this study 
show that the FUR index is a useful in-
dicator of the extent of the Maillard re-
action during Taleggio manufacturing. 
A FUR value lower than 11.0 mg/100 g 
protein is characteristic of Taleggio made 
according to traditional cheese-making 
and from pasteurized milk. Higher val-
ues are associated with the use of over-
heated milk or high amounts of starter 
cultures grown in SMP.
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Abstract

The quantification of trace/ultra-
trace levels of rhodium in the environ-
ment and in food requires extremely 
sensitive analytical techniques. Cata-
lytic Adsorptive Stripping Voltamme-
try (CAdSV) allows the concentration of 
rhodium to be determined at sub-µg/
L levels in an easy and fast way. The 
best operational procedure was deter-
mined for the CAdSV quantification of 
rhodium in real food samples. In par-
ticular, adjusting the deposition times 
as a function of the rhodium concen-

Riassunto

La quantificazione del rodio a livel-
lo di tracce/ultra-tracce nell’ambiente 
e negli alimenti richiede tecniche ana-
litiche estremamente sensibili. La vol-
tammetria catalitica di adsorbimento e 
dissoluzione (CAdSV) permette di deter-
minare la sua concentrazione a livello 
di sub-µg/L in maniera facile e veloce. 
Questo lavoro presenta la messa a pun-
to di una procedura CAdSV per la quan-
tificazione del rodio in campioni reali di 
interesse alimentare. In particolare, si è 
potuto dimostrare che variando i tempi 
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tration and using a weighted, linear, 
least-square regression substantially 
improved the quality of the results. The 
method was applied to the analysis of 
in-house contaminated lentils. The re-
sults confirmed that rhodium could en-
ter the food chain at rather high con-
centrations.

di deposizione in funzione della concen-
trazione del rodio ed usando la regres-
sione lineare pesata ai minimi quadra-
ti è possibile migliorare sostanzialmen-
te la qualità dei risultati sperimentali. 
Il metodo è stato applicato all’analisi di 
lenticchie opportunamente contamina-
te in laboratorio. I risultati hanno con-
fermato che il rodio potrebbe entrare 
nella catena alimentare a livelli di con-
centrazione abbastanza alti.

INTRODUCTION

Platinum Group Elements (PGE) are 
widely used in three-way catalytic con-
verters (TWC) to limit the emission of pol-
lutants from combustion engines. The 
overall concentration of platinum, palla-
dium and rhodium in conventional TWCs 
usually ranges from 0.10 to 0.15%. Un-
fortunately, TWC emissions, due to sur-
face abrasion of the catalyst while the car 
is running, have been high enough since 
the early 1980s to cause slow but con-
stantly increasing environmental con-
tamination (LUSTIG et al., 1998; PALACI-
OS et al., 2000; RAVINDRA et al., 2004; 
HOPPSTOCK and SURES, 2004; ZIMMER-
MANN and SURES, 2004). As already re-
ported (RAVINDRA et al., 2004; RAUCH 
and MORRISON, 2000), a significant up-
take of TWC-emitted noble metals by dif-
ferent plants growing in the surrounding 
contaminated highway soils indicates a 
higher than expected mobility of PGE. 
This is probably due to the fact that, 
when PGE metal/oxide particles come 
in contact with soil, they can be trans-
formed to soluble PGE salts (LUSTIG et 
al., 1998; ECKARDT et al., 2000; EK et al., 
2004). In particular, while the fraction 
of soluble PGE salts was less than 10% 
of the total amount emitted from fresh 
catalysts, significantly higher Pd and Rh 
fractions were emitted from aged cata-

lysts (MOLDOVAN et al., 2002). Accord-
ing to an evaluation of the ratio between 
the concentration in the plant and the 
concentration in the soil (SCHÄFER et al., 
1998), Pd was as mobile as Zn, while Pt 
and Rh were as mobile as Cu.

The PGE metal/oxide particulate emit-
ted during TWC operation can be re-
garded as virtually inert from a biologi-
cal point of view. However, soluble PGE 
compounds, probably emitted as carbo-
nyl complexes (MOLDOVAN et al., 2002) 
can contaminate vegetables and food be-
cause of their bioavailability.

Few data exist about the toxicological 
activity of PGE (GEBEL, 2000; KATSAROS 
and ANAGNOSTOPOULOU, 2002; ARTELT 
et al., 1999). Regarding the contamina-
tion of plants, it seems that the order of 
toxicity is Pt(II) > Pd(II) > Pt(IV) > Rh(III) 
(FARAGO and MULLEN, 1979; FARAGO 
and PARSONS, 1994).

At present, PGE concentrations in 
most environmental samples are at trace 
or ultra-trace levels (LUSTIG et al., 1997; 
VERSTRAETE et al., 1998; ARTELT et al., 
1999; LUSTIG and SCHRAMEL, 2000; 
HOPPSTOCK and ALT, 2000; HUTCHIN-
SON et al., 2000; RAUCH and MORRISON, 
2000; SCHIERL, 2000) and, consequent-
ly, the quantification of PGE requires ex-
tremely sensitive analytical techniques. 
This justifies the attention given to elec-
troanalytical techniques, since they offer 
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an appealing compromise between sensi-
tivity and cost per analysis. Even if some 
papers have dealt with the electroanal-
ysis of PGE using differential pulse po-
larography (ZHAO and FREISER; 1986, 
DUBEY et al., 1998; KOLPAKOVA et al., 
2003) and linear sweep voltammetry (EN-
SAFI and ZAREI, 1998), the method based 
on Catalytic Adsorptive Stripping Vol-
tammetry (CAdSV) at a Hanging Mercu-
ry Drop Electrode (HMDE) (HOPPSTOCK 
et al. 1989; LEON et al., 1997) seems the 
best suited to determine the overall con-
centration of PGE at sub-µg/L levels. 
Of all the electroanalytical techniques 
it allows the most appealing combina-
tion of very high sensitivity and ease of 
use. Reported limits of detection range 
from 5.6 pg/L (LEON et al., 1997) to 2.0 
ng/L (HELMERS and MERGEL, 1998). Its 
only serious drawback is high sensitiv-
ity to traces of organic compounds that 
requires drastic mineralisation of the 
real samples.

Several researchers have successfully 
applied the CAdSV method to PGE quan-
tification in real samples (see, for exam-
ple, NYGREN et al., 1990; VAUGHAN and 
FLORENCE, 1992; HONG et al., 1994, 
KÜMMERER and HELMERS, 1997; HELM-
ERS and MERGEL, 1998; ZIMMERMANN et 
al., 2003; SURES et al., 2003 a). While 
performing a systematic validation study 
of the CAdSV method for determining 
platinum in several real matrices of en-
vironmental and food concern (DESIMO-
NI et al., 2002; 2003; 2004a), attention 
was also given to rhodium. The quanti-
fication of Rh causes additional experi-
mental difficulties. Considering that in 
current TWC the usual ratios range from 
Pt/Rh = 5/1 (in USA) to Pt/Rh = 10/1 (in 
Europe), and that the two metals exhibit 
similar mobilities (SCHÄFER et al., 1998), 
the expected concentration level of rho-
dium in real matrices could be even low-
er than that of platinum (PALACIOS et al., 
2000; LUSTIG and SCHRAMEL, 2000).

The literature about the CAdSV anal-
ysis of PGE (HOPPSTOCK et al., 1989; 

HONG et al., 1994; LEON et al., 1997; 
HELMERS and MERGEL, 1998) reports 
partially discordant information about 
the convenience of quantifying rhodium 
alone or rhodium and platinum in the 
same run. In this work, some experi-
ments were performed in an attempt to 
set up the best operational procedure 
for quantifying rhodium by CAdSV. The 
method was then applied to quantify the 
rhodium concentration in lentil samples 
grown on rhodium-contaminated sub-
strates.

MATERIALS AND METHODS

Reagents

Ultrapure (UP) water (resistivity lev-
el: 18.2 MΩ·cm at 25°C; TOC level: low-
er than 15 µg/kg) was produced by 
Simplicity 185 water purification sys-
tem (Millipore S.A., Molsheim, France). 
Hydrochloric acid (30%) and hydrogen 
peroxide (30%) were of Suprapur grade; 
formaldehyde (37%) was of pro-analy-
sis grade. All reagents were purchased 
from E. Merck (Darmstadt, Germany). 
Rhodium(III) and platinum(II) concen-
trated standard solutions (991±10 mg/
L and 1,004±5 mg/L, respectively) were 
also purchased from E. Merck (Darm-
stadt, Germany). In-house standard so-
lutions containing 20, 40, 60, 80 and 
100 ng/L of rhodium were prepared dai-
ly by diluting the concentrated standard 
solution with 0.1 M HCl.

Lentil samples

Lentil samples (Lens esculenta), ob-
tained from a local store, were con-
taminated in-house. To this aim about 
ten grams of lentils, corresponding to 
about 190-200 lentils, were soaked in 
Petri dishes containing cotton-wool im-
bibed with 0.0 µg/L (control), 10.0, 50.0, 
100.0, 500.0 µg/L, 1.0 mg/L and 5.0 
mg/L solutions of rhodium(III) (obtained 
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by diluting the concentrated standard 
with UP water). The water volume in 
each Petri dish was held constant by dai-
ly refilling with UP water. After ten days, 
the lentils were sufficiently germinated 
to allow the lentil radicle, seed coat and 
shoot sub-samples to be collected. These 
sub-samples were carefully washed with 
UP water, dried at 80°C until a constant 
weight and then mineralised (see below). 
When necessary, care was taken to di-
lute the mineralised lentil sub-samples 
in such a way that the rhodium con-
centration in the voltammetric cell was 
less than 60 ng/L. This was necessary 
in order to avoid a possible loss of pre-
cision (as can happen when the deposi-
tion times are too short) and to work in 
a linear range sufficiently below the up-
per limit (the Application Bulletin Metro-
hm AB 220/3e reports 500 ng/L by us-
ing an enrichment time of 60 s). Rho-
dium concentrations and the uncertain-
ties (see the Results and Conclusion sec-
tion) were corrected by multiplying them 
by the proper dilution factors.

Mineralisation procedures

Lentil sub-samples (radicles, seed 
coats and shoots) were mineralised by 
UV photolysis performed with a 705 Di-
gester (Metrohm Ltd, Herisau, CH). Each 
sub-sample was prepared by adding 6 
mL of 30% hydrogen peroxide plus 2 
mL of ultrapure water to 10-30 mg (dry 
weight) of the mass of radicles, seed 
coats or shoot sub-samples and irradi-
ating the resulting suspension for four 
hours. The rhodium concentration in 
the mineralised samples did not change 
during this time of treatment. This result 
does not prove that mineralisation was 
complete, since the percentage of min-
eralisation could remain constant after 
such a time. However, it was accepted 
as evidence of reasonably complete min-
eralisation since, as already observed 
throughout this work, even minor traces 
of organic materials regularly led to un-

real analytical results. All sub-samples 
used for replicating the analysis were 
prepared independently.

Voltammetric analysis

A 693VA-Processor was used in con-
junction with a 694VA Stand (Metrohm 
Ltd, Herisau, CH) equipped with a mer-
cury drop multimode working electrode 
(Metrohm Ltd, Herisau, CH), a glassy 
carbon auxiliary electrode and a dou-
ble-junction Ag/AgCl/Cl- (3.0 M) refer-
ence electrode. The use of mercury as 
a working electrode was not of any en-
vironmental concern, since the mini-
mum amount of the metal necessary 
for any determination was complete-
ly recovered from the reaction vessel by 
using the Metrohm silver wire mercury 
drop catcher (capturing mercury drops 
by amalgamation). To avoid contamina-
tion from memory effects, voltammetric 
measurements were performed by using 
a series of measuring vessels previous-
ly stored in 1:1 hydrochloric acid for at 
least 24 hours.

Software

Voltammetric results were analysed 
by using a spreadsheet prepared as 
template in Mathcad 7.02a Professional 
(MathSoft Inc., Cambridge, Massachu-
setts, USA) (DESIMONI, 1999). Whatev-
er the confidence level, the number of 
analysed standard solutions and their 
available replicates, the spreadsheet al-
lowed i) unbalanced response arrays to 
be managed, ii) the scedasticity (by Bar-
tlett test), linearity (by lack-of-fit test), 
outliers (by an F-test) and normality (by 
Shapiro-Wilk test) to be tested, iii) the 
slope and intercept of the calibration 
function to be evaluated along with their 
confidence intervals by weighted, linear, 
least square regression and iv) unknown 
concentrations to be evaluated along 
with their confidence intervals.

Each solution, whether standard or 
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obtained by mineralising real samples, 
was analysed by the standard addition 
method. The analysis of standard solu-
tions involved up to four independent 
repetitions of any standard solution as 
received, as well as after eight standard 
additions. The analysis of lentil sub-sam-
ples involved two repetitions of the min-
eralised solutions as received, as well as 
after four standard additions.

RESULTS AND CONCLUSIONS

Preliminary experiments performed 
in the course of this study by analysing 
in-house standard solutions confirmed 
that insufficiently reproducible results 

were obtained by quantifying platinum 
and rhodium in the same run, as pre-
viously reported (HOPPSTOCK et al., 
1989; LEON et al., 1997; HELMERS and 
MERGEL, 1998). Therefore, in all subse-
quent experiments, measurement con-
ditions were set up to quantify rhodium 
only. In particular, the composition of 
the support electrolyte was according 
to HELMERS and MERGEL (1998) that is, 
0.42 M HCl plus 0.02 M formaldehyde. 
Moreover, experiments were performed 
to evaluate the dependence of deposition 
time on rhodium concentration (LEON et 
al., 1997) using a mercury drop having a 
constant dimension (4 a.u. according to 
HELMERS and MERGEL, 1998 and to ME-
TROHM AB 220/3e). To this aim aliquots 
of UP water and of standard solutions 
containing 20, 40, 60, 80 and 100 ng/
L of rhodium were repeatedly analysed 
using different deposition times. The op-
timum deposition times were chosen as 
those that allowed the best agreement 
between the average experimental con-
centrations and the standard solution 
concentrations. Fig. 1 shows the best fit 
of the experimental results. Table 1 re-
ports the results obtained using the op-
timum deposition time. The uncertain-
ties were estimated as both Instrumen-
tal Confidence Interval (ICI; α = 0.05) and 
as NMKL expanded uncertainties (NMKL, 
1997) by using a coverage factor k = 2.0 
for associating the 95% confidence level 
to expanded uncertainties.

As expected, NMKL uncertainties of 
the results relevant to solutions contain-

Fig. 1 - Experimental dependence of optimal depo-
sition time on rhodium concentration. Deposition 
times at each rhodium concentration were evalu-
ated over five independent repetitions of standard 
solutions of the analyte.

Table 1 - Results of the analysis of the rhodium (ng/L) in five stock solutions and ultra pure (UP) water.

Expected	 	 0 (UP)	 20	 40	 60	 80	 100

Found	 a	 0.013±0.019	 20.25±0.31	 40.82±0.86	 60.60±0.62	 81.1±2.2	 101.2±2.0
	 b	 0.013±0.074	 20.2±2.0	 40.8±2.5	 60.6±2.7	 81.1±2.2	 101.2±2.1
r2	 	 0.9962	 0.9985	 0.9990	 0.9997	 0.9980	 0.9989

a: instrumental confidence interval (α = 5%); b: NMKL expanded uncertainty (k = 2.0). As suggested by ISO (GUM., 
1995) and EURACHEM (QUAM., 2000) experimental results are rounded to the second significant figure of their 
uncertainty.



442  Ital. J. Food Sci. n. 4, vol. 17 - 2005

ing 0-60 ng/L of rhodium were 3-7 times 
higher than those estimated as ICIs. At 
higher rhodium concentrations, the ICIs 
increased noticeably because the high 
analyte concentration required the use 
of deposition times that were too low or 
dilutions that were to high. According 
to this result, when analysing unknown 
samples, a preliminary analysis was al-
ways performed to obtain a rough esti-
mate of the rhodium content.

The Bartlett test of the Mathcad 
spreadsheet (DESIMONI, 1999) showed 
a clear heteroscedasticity of the analyti-
cal system. This finding, never reported 
before, indicates that the use of weight-
ed, linear, least-square regression, as 
done throughout this work, is mandato-
ry when analysing the data obtained by 
the CAdSV method for rhodium. Using 
the ordinary, linear, least-square regres-
sion could lead to more or less significant 
systematic errors. The same was also ob-
served with platinum only (DESIMONI et 
al., 2003; 2004a). Typical differences be-
tween the parameters obtained by the two 
regression methods are shown in Table 2.

The average concentration of rhodium 
in UP water samples was not signifi-
cantly different from zero. To estimate 
the limit of detection (LOD), UP water 
was spiked with 1.0 ng/L of rhodium(III) 
and analysed by weighted, linear, least-
square regression (five independent rep-

Table 2 - Comparison of the results obtained by analysing UP water by ordinary, linear, least-square 
regression and by weighted, linear, least-square regression.

Regression method	 Linear least-square	 Weighted least square

degrees of freedom	 38	 38
sy/x	 18.4703	 10.6455
r2	 0.9919	 0.9952
slope/std. dev.	 87.5363/1.2862	 87.3550/0.9862
Intercept/std. dev.	 -23.2776/6.4543	 -22.6035/2.7289
residual sum of square	 1.2964·103	 4.3064·103

residual mean square	 341.1502	 113.3256
F statistic	 4,669.8780	 7,883.9973

slope

s3.3
LOD x/y⋅

= 	 0.6963	 0.4022

etitions of the spiked water as such, as 
well as after seven standard additions, 
up to a final rhodium concentration in 
the cell equal to 7.94 ng/L). The result 
was LOD= (3.3·sy/x)/b = 0.4 ng/L, where 
sy/x is the residual standard deviation 
and b the slope of the regression line. 
This approach, detailed in a recent re-
view (DESIMONI et al., 2004b) limits the 
probability of both false positive and false 
negative errors at 5.0%. The result seems 
to be in good agreement with that report-
ed by Metrohm (0.5 ng/L in the Appli-
cation note Metrohm AB 220/3e, where 
no information is given about the adopt-
ed approach).

Analysis of lentil sub-samples

Rh-contaminated lentils were grown 
in-house after preliminary tests failed 
to detect rhodium in some real sam-
ples (tap-water, white wine, skimmed 
milk). Mineralised solutions of all len-
til sub-samples were independently an-
alysed in duplicate by the standard ad-
dition method (mineralised sub-sample 
as such, as well as after four standard 
additions). The lentils soaked in a solu-
tion of 5.0 mg/L rhodium were not an-
alysed because they did not germinate 
at all. Fig. 2 shows the voltammograms 
relevant to the analysis of the sample 
grown on 100 µg/L rhodium. The over-
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Fig. 2 - CAdSV profiles relevant to the analysis of a diluted mineralised solution of a shoot sub-sample 
of lentils grown over 100 µg/L rhodium before and after four additions of a standard solution contain-
ing 10 µg/L of the metal. 1: background; 2: sample; 3: sample plus 1 addition; 4: sample + 2 additions; 
5: sample + 3 additions; 6: sample + 4 additions. Each curve is the average of two repetitions.

all results are summarised in Table 3. 
Soaking with 1,000 µg/L rhodium so-
lution led to the maximum rhodium up-
take by all sub-samples under the ex-
perimental conditions used.

As can be seen in Table 3, the rho-
dium concentration in the control sam-
ples was not significantly different from 
zero, while those in all the other sam-
ples increased with the concentration of 
rhodium in the soaking solution. Moreo-
ver, radicles showed the highest rhodium 
uptake (almost four times higher than in 
seed coats and shoots). The highest rho-

Table 3 - Results of the analysis of rhodium (ng/g dry weight) in lentil sub-samples. All sub-samples 
were independently analysed in duplicate by the standard addition method (mineralised sub-sample 
as such, as well as after four standard additions).

	Soaking Rh concentration (µg/L)	 Shoots	 Radicles	 Seed coats

	 0.0 (control)	 0.010±0.012	 0.011±0.014	 0.0069±0.0078
	 10.0	 0.073±0.054	 0.157±0.027	 0.1303±0.0090
	 50.0	 0.135±0.043	 0.622±0.033	 0.228±0.023
	 100.0	 0.694±0.049	 2.119±0.090	 0.683±0.014
	 500.0	 4.21±0.36	 18.1±1.7  	 5.47±0.37
	 1,000.0	 5.35±0.52	 19.9±1.7  	 6.72±0.30

As suggested by ISO (GUM., 1995) and EURACHEM (QUAM., 2000) experimental results are rounded to the sec-
ond significant figure of their uncertainty.

dium concentration observed in radicles 
soaked in aqueous solutions containing 
1,000 µg/L rhodium was 19.9±1.7 µg/
g dry weight. The observed ratios of the 
chemical concentration of rhodium in the 
sub-samples to the concentration in the 
exposure source are very high (but con-
sider that they refer to dry weight) and 
suggest that lentils grown on rhodium(III) 
solutions significantly accumulate rho-
dium species. A few papers have recently 
reported results of rhodium bioaccumu-
lation (MOLDOVAN et al., 2001; SURES et 
al., 2003a, b; ZIMMERMANN et al., 2003, 
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2004; EK et al., 2004) and only one pa-
per (SURES et al., 2003b) refers to bioac-
cumulation factors as high as 1600, but 
this was in an aquatic biosphere.

In conclusion, the above findings show 
that the CAdSV method permits a reli-
able quantification of traces of rhodium 
in real samples, provided that the exper-
imental results, obtained by the stand-
ard addition method, are elaborated by 
using a weighted, linear, least-square 
regression. Moreover, real samples con-
taining very high rhodium concentra-
tions can also be analysed by CAdSV 
with reasonable precision but, of course, 
after proper dilutions. The above find-
ings confirm that rhodium can enter 
the food chain at concentration levels 
that are quite high. Whether this pos-
es some health problems is still under 
debate (RAVINDRA et al., 2004; ZIMMER-
MANN and SURES, 2004).

ACKNOWLEDGEMENTS

The work was supported by the Ministero 
dell’Istruzione, dell’Università e della Ricerca 
(MIUR, Rome, I).

REFERENCES

Artelt S., Creutzemberg O., Kock H., Levsen K., 
Nactigall D., Heinrich U., Ruhle T. and Schlo-
gl R. 1999. Bioavailability of fine dispersed 
platinum as emitted from automotive catalyt-
ic converters: a model study. Sci. Total. Envi-
ron. 228: 219.

Desimoni E. 1999. A program for the weighted lin-
ear least square regression of unbalanced re-
sponses arrays. Analyst. 124: 1191

Desimoni E., Brunetti B. and Bacchella R. 2002. 
Cathodic stripping voltammetric determina-
tion of platinum in some foods and beverages 
at ng/g level under statistical control. Electro-
anal. 14: 459.

Desimoni E., Brunetti B. and Cattaneo R. 2003. 
Validation of a procedure for quantifying plat-
inum at sub-mg/L level in matrices of alimen-
tary and environmental concern by catalyt-
ic adsorptive stripping voltammetry. J. Phys. 
IV. 107: 373.

Desimoni E., Brunetti B. and Cattaneo R. 2004a. 

Validation of some procedures for quantifying 
platinum at sub-g/L level in some real matri-
ces by catalytic adsorptive stripping voltamme-
try. Electroanal. 16: 304.

Desimoni E., Brunetti B. and Cattaneo R. 2004b. 
Comparing some operational approaches to 
the limit of detection. Annali Chim. (Rome) 
94: 555.

Dubey R.K., Bhalotra A., Gupta M.K. and Puri B.K. 
1998. Differential pulse polarographic determi-
nation of rhodium(III) and ruthenium(III) in syn-
thetic samples after preconcentration of their 
quinolin-8-olate complexes onto microcrystal-
line naphthalene. Microchem. J. 361: 103.

Eckardt J.D., Schäfer J., Puchelt H. and Stüben 
D. 2000. Environmental PGE contamination in 
Southwest Germany. In “Anthropogenic Plati-
num Group Element Emissions. Their Impact 
on Man and Environment”. F. Zereini and F. Alt 
(Ed.) p. 47. Springer, Berlin.

Ek K.H., Morrison G.M. and Rauch S. 2004. Envi-
ronmental routes for platinum group elements 
to biological materials - a review. Sci. Total. En-
viron. 21: 334.

Ensafi A.A. and Zarei K. 1998. Highly selective cat-
alytic determination of ultra trace amounts of 
rhodium by linear sweep voltammetry. Fresen-
ius J. Anal. Chem. 361: 103.

Farago M.E. and Mullen W.A. 1979. The uptake 
of platinum group metals by tomato, bean and 
corn. Inorg. Chim. Acta. 34: 151.

Farago M.E. and Parsons P.J. 1994. The effects 
of various platinum metal species on the water 
plant Eichornia crassipes (MART.). Chem. Spe-
ciation Bioavail. 6/1: 1.

Gebel T. 2000. Toxicology of platinum, palladium, 
rhodium and their compounds. In “Anthropo-
genic Platinum Group Element Emissions. Their 
Impact on Man and Environment”. F. Zereini 
and F. Alt (Ed.) p. 245. Springer, Berlin.

GUM. 1995. “Guide to the Expression of Uncer-
tainty in Measurement”. ISO, Geneva, Swit-
zerland.

Helmers E. and Mergel N. 1998. Platinum and rho-
dium in a polluted environment: studying the 
emissions of automobile catalysts with empha-
sis on the application of CSV rhodium analysis. 
Fresenius J. Anal. Chem. 362: 522.

Hong T., Czae M., Lee C., Kwon Y. and Hong M. 
1994. Determination of ultratraces of rhodium 
by adsorptive stripping voltammetry of formal-
dehyde complex. Bull. Korean Chem. Soc. 15: 
1035.

Hoppstock K., Alt F., Cammann K. and Weber 
G. 1989. Determination of platinum in biot-
ic and environmental materials. Part II: a sen-
sitive voltammetric method. Fresenius J. Anal. 
Chem. 335: 813.

Hoppstock K. and Alt F. 2000. Voltammetric de-
termination of ultratrace platinum and rho-
dium in biological and environmental samples. 



Ital. J. Food Sci. n. 4, vol. 17 - 2005  445

In “Anthropogenic Platinum Group Element 
Emissions. Their Impact on Man and Environ-
ment”. F. Zereini and F. Alt (Ed.) p. 145. Sprin-
ger, Berlin.

Hoppstock K. and Sures B. 2004. Platinum-Group 
Metals. In “Elements and Their Compounds 
in the Environment”. Merian E., Anke M., Ih-
nat M., Stoeppler M. (Eds.) Wiley-VCH, Wein-
heim, Germany.

Hutchinson E.J., Farago M.E. and Simpson T.R. 
2000. Changes in platinum concentrations in 
soils and dusts from UK cities. In “Anthropo-
genic Platinum Group Element Emissions. Their 
Impact on Man and Environment”. F. Zereini 
and F. Alt (Eds.) p. 57. Springer, Berlin.

Katsaros N. and Anagnostopoulou A. 2002. Rho-
dium and its compounds as potential agents 
in cancer treatment. CRC Cr. Rev. Oncol-hem. 
42: 297.

Kolpakova N.A., Smyshlyaeva E.A., Tuzikov S.A. 
and Doroshenko A.V. 2003. Determination of 
platinum in biological materials by stripping 
voltammetry. J. Anal. Chem. 58: 303.

Kümmerer K. and Helmers E. 1997. Hospital ef-
fluents as a source for platinum in the environ-
ment. Sci. Total. Environ. 193: 179.

Leon C., Emons H., Ostapczuk P. and Hoppstock 
K. 1997. Simultaneous ultratrace determination 
of platinum and rhodium by cathodic stripping 
voltammetry. Anal. Chim. Acta. 356: 99.

Lustig S., Zang S., Michalke B., Schramel P. and 
Beck W. 1997. Platinum determination in nu-
trient plants by inductively coupled plasma 
mass spectrometry with special respect to the 
hafnium oxide interference. Fresenius J. Anal. 
Chem. 357: 1157.

Lustig S., Michalke B., Beck W. and Schramel P. 
1998. Platinum speciation with hyphenated 
techniques: high performance liquid chroma-
tography and capillary electrophoresis on-line 
coupled to an inductively coupled plasma-mass 
spectrometer - application to aqueous extracts 
from a platinum treated soil. Fresenius J. Anal. 
Chem. 360: 18.

Lustig S. and Schramel P. 2000. Platinum bioaccu-
mulation in plants and overview of the situation 
for palladium and rhodium. In “Anthropogenic 
Platinum Group Element Emissions. Their Im-
pact on Man and Environment”. F. Zereini and 
F. Alt (Eds.) p. 95. Springer, Berlin.

Metrohm Application Bulletin 220/3e. Voltam-
metric detection of platinum and rhodium in 
the ultratrace range. Metrohm AG, Herisau, 
Switzerland.

Moldovan M., Rauch S., Gomez M., Palacios A. and 
Morrison G.M. 2001. Bioaccumulation of palla-
dium, platinum and rhodium from urban partic-
ulates and sediments by the freshwater isopod 
Asellus aquaticus. Water Res. 35: 4175.

Moldovan M., Palacios M.A., Gómez M.M., Morri-
son G., Rauch S., McLeod C., Ma R., Caroli S., 

Alimenti A., Petrucci F., Bocca B., Schramel P., 
Zischka M., Pettersson C., Wass U., Luna M., 
Saenz J.C. and Santamaria J. 2002. Environ-
mental risk of particulate and soluble platinum 
group elements released from gasoline and die-
sel engine catalytic converters. Sci. Total Envi-
ron. 296: 199.

NMKL Procedure N. 5. 1997. “Estimation and Ex-
pression of Measurement Uncertainty in Chem-
ical Analysis”. NMKL Secretariat. Oslo, Nor-
way.

Nygren O., Vaughan G.T., Florence T.M., Morrison 
G.M.P., Warner L.M. and Dale L.S. 1990. De-
termination of platinum in blood by adsorptive 
voltammetry. Anal. Chem. 62: 1637.

Palacios M.A., Moldovan M. and Gomez M.M. 2000. 
The automobile catalyst as an important source 
of PGE in the environment. In “Anthropogenic 
Platinum Group Element Emissions. Their Im-
pact on Man and Environment”. F. Zereini and 
F. Alt (Eds.) p. 3. Springer, Berlin.

QUAM. 2000. “Quantifying Uncertainty in Analyt-
ical Measurement”. 2nd Ed. EURACHEM Secre-
tariat. Teddington, UK.

Rauch R. and Morrison G.M. 1999. Platinum up-
take by the freshwater isopod Asellus aquaticus 
in urban rivers. Sci. Total Environ. 235: 261.

Ravindra K, Bencs L and Van Grieken R. 2004. 
Platinum group elements in the environment 
and their health risk. Sci. Total Environ. 318: 
1.

Schäfer, J., Hannker, D., Eckhardt J.D. and Stü-
ben D. 1998. Uptake of traffic-related heavy 
metals and platinum group elements (PGE) by 
plants. Sci. Total Environ. 215: 59.

Schierl R. 2000. Environmental monitoring of plat-
inum in air and urine. Microchem. J. 67: 245.

Sures B., Zimmermann S., Messerschmidt J. and 
von Bohlen A. 2003a. Relevance and analysis 
of traffic-related platinum group metals (Pt, Pd, 
Rh) in the aquatic biosphere, with emphasis on 
palladium. Ecotoxicology 11: 385.

Sures B., Zimmermannn S., Sonntag C., Stüben 
D. and Taraschewki H. 2003b. The acantho-
cephalan Paratenuisentis ambiguus as a sensi-
tive indicator of the precious metals Pt and Rh 
from automobile catalytic converters. Environ. 
Pollut. 122: 401.

Vaughan G.T. and Florence T.M. 1992. Platinum 
in the human diet, blood, hair and excreta. Sci. 
Total Environ. 111: 47.

Verstraete D., Riondato J., Vercauteren J., Van-
haecke F., Moens L., Dams R. and Ver -
loo M. 1998. Determination of the uptake of 
[Pt(NH3)4](NO3)2 by grass cultivated on a sandy 
loam soil and by cucumber plants, grown hydro-
ponically. Sci. Total Environ. 218: 153.

Zhao Z. and Freiser H. 1986. Differential pulse po-
larographic determination of trace levels of plat-
inum. Anal. Chem. 58: 1498.

Zimmermann S., Messerschmidt J., von Bohlen 



446  Ital. J. Food Sci. n. 4, vol. 17 - 2005

A. and Sures B. 2003. Determination of Pt, Pd 
and Rh in biological samples by electrothermal 
atomic absorption spectrometry as compared 
with adsorptive cathodic stripping voltamme-
try and total-reflection X-ray fluorescence anal-
ysis. Anal. Chim. Acta. 498: 93.

Zimmermann S. and Sures B. 2004. Significance of 
platinum group metals from automobile ehaust 

Paper received April 15, 2005 Accepted July 15, 2005

gas converters for the biosphere. Environ Sci, 
Pollut. Res. 11: 194.

Zimmermann S., Baumann U., Taraschewski H. 
and Sures B. 2004. Accumulation and distri-
bution of platinum and rhodium in the Eu-
ropean eel Anguilla anguilla following aque-
ous exposure to metal salts. Environ. Pollut. 
127: 195.



Ital. J. Food Sci. n. 4, vol. 17 - 2005  447

short communication

- Key words: Authenticity, HPLC/ELSD, olive oil, triacylglycerols -

TRIACYLGLYCEROL PROFILE BY
HPLC/ELSD AS A DISCRIMINANT 

PARAMETER OF VARIETAL OLIVE OILS 
FROM PORTUGAL

PROFILO TRIACILGLICEROLICO MEDIANTE HPLC/ELSD
QUALE PARAMETRO DISCRIMINANTE

DI OLI DI OLIVA MONOVARIETALI portoghesi

S.C. Cunha1, S. Casal and M.B.P.P. Oliveira∗

REQUIMTE, Serviço de Bromatologia, Faculdade de Farmácia da Universidade 
do Porto, R. Aníbal Cunha 164, 4099-030 Porto, Portugal

1I.S.E.I.T-M. Av. 25 de Abril, 5370 Mirandela, Portugal
∗ Corresponding author: Tel. +351 222 078927,
Fax +351 222 003977, e-mail: beatoliv@ff.up.pt

Abstract

An HPLC/ELSD method was used 
to quantify the triacylglycerols in va-
rietal virgin olive oils from Cvs. Ver-
deal Transmontana, Madural, and Co-
brançosa. The triacylglycerol profiles 
showed that Cv. Verdeal Transmontana 
had the highest values for OOO (66.8%) 
and POO (23.4%) and the lowest for LOO 
(3.6%), the major triacylglycerols in the 
samples studied. Using PCA statistical 
analysis the oils could be discriminat-
ed, showing the potential of this meth-
od for characterizing varietal olive oils.

Riassunto

È stata impiegata una metodica 
HPLC/ELSD per quantificare i triacilgli-
ceroli in oli di oliva vergini monovarie-
tali da Cv. Verdeal Transmontana, Ma-
dural e Cobrançosa. I profili triacilglice-
rolici rivelano che la Cv. Verdeal Tran-
smontana presenta i valori più elevati 
in OOO (66.8%) e POO (23.4%) e quel-
li più bassi in LOO (3.6%) fra le prin-
cipali specie di triacilgliceroli nei cam-
pioni considerati. Gli oli possono essere 
discriminati utilizzando l’analisi stati-
stica PCA, evidenziando il potenziale di 
questa metodica per la caratterizzazione 
monovarietale degli oli di oliva.
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INTRODUCTION

Olive oil is the principal lipid source 
of the Mediterranean diet (SACCO et al., 
2000) and consumption is increasing 
mainly due to its potential health ben-
efits (Stark and MADAR, 2002; GIMENO 
et al., 2002; MANNA et al., 2002).

Because it has a high market price 
compared to other edible oils, it is a po-
tential target for adulteration (Synouri-
urettakou et al., 1984; DOWNEY et al., 
2002). Characterisation of vegetable oils 
obtained from different origins and as-
sessment of their identity is a challenge 
to the food industry and quality con-
trol authorities, in order to protect the 
consumer, verify the authenticity of the 
products and prevent unfair trade (FIRE-
STONE and REINA, 1996). 

Various attempts have been made to 
determine the genuineness of olive oil 
and to detect its adulteration (Synou-
ri-urettakou et al., 1984; DOWNEY et 
al., 2002; Spangenberg and Ogrinc, 
2001; MANNINA et al., 2001). Triacylglyc-
erols (TAGs) are the major components 
of olive oil and its profile has proved to 
be important in the detection of olive oil 
adulteration. Given the importance of the 
composition of TAG, an accurate and re-
producible method that allows them to 
be simultaneously identified and quan-
tified, and which involves minimal sam-
ple preparation and is suitable for rou-
tine analysis is therefore desirable. Even 
though the position of fatty acids in the 
glycerol backbone is important for bio-
logical and nutritional reasons and for 
complete evaluation of the quali-quan-
titative composition of the TAG fraction, 
laborious methodologies are not desira-
ble in quality control (BUCHGRABER et 
al., 2004). For separating TAGs, several 
approaches, mainly involving reversed-
phase high-performance liquid chroma-
tography (RP-HPLC) and RP-HPLC com-
bined with silver chromatography (Ag-
RP-HPLC), have been described (CHOB-
ANOV et al., 1991; DOBSON et al., 1995; 

CÁRDENAS et al., 1999; APARICIO and 
Aparicio-Ruiz, 2000; ANDRIKOPOULOS, 
2002; BUCHGRABER et al., 2004). Al-
though Ag-RP-HPLC permits the sepa-
ration of TAGs based solely on the de-
gree of unsaturation, it cannot separate 
TAGs that differ only in the chain length 
of their fatty acids. However, in RP-HPLC, 
the TAGs are separated according to in-
creasing carbon number (CN) and de-
creasing unsaturation (DB), i.e. accord-
ing to partition number (PN; PN= CN-
2DB), providing better separation of in-
dividual TAG molecules (RUIZ-GUTIÉR-
REZ and BARRON, 1995). 

The quantitative analysis of TAGs by 
RP-HPLC can be performed with several 
detectors e.g. ultraviolet (UV) (FLOR et al., 
1993), refraction index (RI) (PARCERISA et 
al., 1995) and evaporative light-scatter-
ing (ELSD) (AMARAL et al., 2004; CARELLI 
and CERT, 1993; STOLYHWO et al., 1984). 
However, the UV detector presents prob-
lems with the isomerization and conju-
gation of double bonds (APARICIO and 
Aparicio-Ruiz, 2000). The RI seems to 
be the most appropriate for quantita-
tive analysis, but is not compatible with 
gradient elution and is sensitive to tem-
perature and pressure changes. An al-
ternative is ELSD, which has the follow-
ing advantages: a) possible use of gradi-
ent elution with improvement in separa-
tion; b) it is not affected by small temper-
ature changes; and c) it provides a bet-
ter signal to-noise ratio (CÁRDENAS et 
al., 1999). Furthermore, the detector re-
sponse is proportional to the compound 
mass, not being limited by their spectral 
feature (PERONA et al., 2001). 

This paper describes an HPLC/ELSD 
method for the quantification of TAGs 
applied to varietal olive oils (Cvs. Ver-
deal Transmontana, Madural and Co-
brançosa). These cultivars are the most 
important in the Trás-os-Montes region 
of Portugal, and are the most significant 
in quantitative terms of “Trás-os-Mon-
tes olive oil”, a product with protected 
designation of origin (PDO) (EU, 1992; 
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M. d., 1994). Furthermore the commer-
cialisation of varietal olive oils is becom-
ing more common, which also implies 
knowledge of its chemical characteris-
tics to control unfair trade. This informa-
tion can also be important in the culti-
var composition of new orchards, reject-
ing the ones with possibly more quali-
ty problems. The proposed methodolo-
gy could be a useful tool to help in these 
objectives.

MATERIALS AND METHODS

Reagents and standards

 Triacylglycerols (TAG): 1,2,3-trilino-
leoylglycerol (LLL), 1,2,3-trimyristoylg-
lycerol (MMM), 1,2,3-trioleoylglycerol 
(OOO), 1,2,3-tripalmitoylglycerol (PPP), 
1,2,3-tristearoylglycerol (SSS), 1,2,3-
trilinolenoylglycerol (LnLnLn), 1,2,3-tri-
arachidoylglycerol (AAA), 1,2,3-tripalmi-
toleoylglycerol (PoPoPo), 1,2-dilinoleoyl-
3-palmitoyl-rac-glycerol (LLP), 1,2-dili-
noleoyl-3-oleoyl-rac-glycerol (LLO), 1,2-
dipalmitoyl-3-oleoyl-rac-glycerol (PPO), 
1,2-dioleoyl-3-stearoyl-rac-glycerol 
(OOS), 1-palmitoyl-2-oleoyl-3-linoleoyl-
rac-glycerol (POL) and 1,2-dioleoyl-3-
palmitoyl-rac-glycerol (OOP) of 98% puri-
ty were purchased from Sigma (St. Louis, 
MO, USA). Acetonitrile and acetone were 
HPLC grade from Merck (Darmstad, Ger-
many). All the other reagents were ana-
lytical grade.

Olive samples preparation

The Olea europaea L. cultivars were 
Cvs. Verdeal Transmontana, Madural 
and Cobrançosa. The trees were identi-
fied and carefully marked in an orchard 
in northeastern Portugal. The olives were 
handpicked in the four orientations of 
the trees, at operator height in 2002. Af-
ter harvest, the fruit was divided into 18 
lots (6 for Cv. Verdeal Transmontana, 5 
for Cv. Madural and 7 for Cv. Cobranço-

sa), immediately transported to the pi-
lot extraction plant and processed sep-
arately for oil extraction.

An Abencor analyzer (Comercial Aben-
goa S.A., Sevilla, Spain) was used to 
process the olives. After being processed, 
the oils were put into dark glass bottles 
and stored in the dark at 4ºC. Before the 
analytical determinations the samples 
were dehydrated with anhydrous sodi-
um sulphate and subsequently filtered 
through filter paper.

A 0.2 g oil sample was dissolved with 
4.0 mL of acetone and homogenised 
by stirring. The solution was filtered 
through a 0.22 µm disposable LC fil-
ter disk and injected into the chromato-
graphic system.

HPLC and chromatographic
conditions

The chromatographic analyses were 
carried out using a Jasco (Japan) high 
performance liquid chromatograph, 
equipped with a quaternary pump (mod-
el PU-1580) and an auto sampler (model 
AS-950) with a 10 µL loop. The detector 
was an evaporative light scattering de-
tector, ELSD (model 75-Sedere, France). 
Data were analysed using Borwin-PDA 
Controller Software (JMBS, France).

The chromatographic separation of 
TAGs was achieved with a reverse phase 
Kromasil 100 C18 (5 µm; 250 x 4.6 mm) 
column (Teknokroma, Spain) operating 
at ambient temperature (~20ºC). 

The eluent was a gradient of acetone 
(A) and acetonitrile (B), at a flow rate of 
1 mL/min, with a linear gradient as fol-
lows: 0 min 30% B, 20 min 25% B, 35 
min 20% B, maintaining these condi-
tions for 20 min and returning to the 
initial ones within 3 min. Detection was 
accomplished with an ELS detector pro-
grammed with the following settings: 
evaporator temperature 40ºC; air pres-
sure 3.5 bar; and photo multiplier sen-
sitivity 6. 

Taking into account the selectivity (α, 
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relative retention time to the 1,2,3-trio-
leoylglycerol) peaks were identified ac-
cording to the logarithms of α versus 
the number of double bonds in the TAG 
(PARCERISA et al., 1995; HERNÁNDEZ et 
al., 1991). Quantification was based on 
the internal normalization method, as-
suming that the detector response was 
the same for all compounds. 

Statistical analysis

Data are reported as mean ± stand-
ard deviation (n=4) and were analysed 
by ANOVA. Differences were consid-
ered significant for p<0.05. Data were 
also processed by principal component 
analysis (PCA). Bartlett’s shericity and 
Kraiser-Meyer-Olkin tests were used to 
check that PCA might be applied to data 
set. PCA was applied under the follow-
ing conditions: Kaiser`s normalisation 
and varimax rotation. Statistical analy-
ses were carried out with SPSS for Win-
dows version 11.5 (SPSS Inc. Chicago, 
IL, U.S.A.).

Results and discussion

A mixture of acetone/acetonitrile was 
chosen, since these solvents are the most 
widely used as organic modifier and or-
ganic base solvent, respectively (RUIZ-
GUTIÉRREZ and BARRON, 1995), permit-
ting the best separation of TAGs with the 
gradient program described. This mobile 
phase allowed a reduction in the reten-
tion times of the compounds with high-
er CN, achieving simultaneously good 
peak resolution.

The sensitivity of this method is affect-
ed by three instrumental parameters the 
best conditions being obtained with an 
evaporator temperature of 40ºC, nebuli-
zation with an air pressure of 3.5 bar and 
photo multiplier sensitivity of 6. 

In order to obtain reliable PNs for 
peak identification, TAGs were inject-
ed and the positional distribution rel-

ative to trioleine was estimated. Fig. 1 
shows the chromatogram of the TAG 
profile of Cv. Madural olive oil obtained 
with the described methodology. Table 
1 summarizes the mean values of TAG 
composition obtained for Cvs Verdeal 
Transmontana, Madural and Cobranço-
sa and ANOVA results. The main TAGs 
were OOO, POO, LOO, and SOO. Other 
minor TAGs, POP, OLP, LLO, SOP, LLP, 
LnOP, LLL and OOA, were also detected 
and quantified.

Concerning the main triacylglycerols 
(OOO, POO, LOO) Cv. Verdeal Trans-
montana had the highest percentages for 
OOO (66.8%) and POO (23.4%) and the 
lowest for LOO (3.6%). The levels of these 
TAGs in Cv. Verdeal Transmontana were 
higher than what has been reported for 
other Spanish varieties. Cv. Verdial has 
been reported to have 41.0% for OOO 
(GRACIANI, 1988) and Cv. Verdial from 
Badajoz, mean values below 43.0% for 
OOO and 30.3% for POO (OSORIO et al., 
2003). These results can be explained by 
the high levels of oleic acid (C18:1) in this 
cultivar (Pereira et al., 2002). 

Cv Madural oil had the lowest con-
tent for OOO (50.5%), POO (20.2%) and 
SOO (2.2%) but the highest content of 
LOO (18.4%) compared with the other 
cultivars studied. The values for OOO 
and LOO for Cv. Cobrançosa oil (57.6% 
and 9.5%, respectively) are different from 
the values reported by GOUVEIA (1997) 
for the same variety grown in southern 
Portugal (44.1% for OOO and 10.7% for 
LOO). These differences can be due to 
the different methodology used but the 
influence of specific factors related to 
environmental conditions (soil, climate 
and cultural practices) and physiologi-
cal conditions of the olive fruit must not 
be disregarded (APARICIO and Aparicio-
Ruiz, 2000). 

The one-way analysis of variance 
(ANOVA) was used to determine if there 
were significant differences between the 
mean scores of each TAG profile of the 
three cultivars. In general, TAG compo-
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Fig. 1 - Triacylglycerol profile of Cv Madural olive oil obtained by HPLC/ELSD.

sitions were normally distributed and 
homoscedasticity was observed. Signif-
icant differences were found for the va-
rietal TAG profiles. Tuke´s post-hoc test 
was used to find out where such differ-
ences were located (Table 1).

PCA was used to compare the TAG 
compositions of these 3 cultivars. As 

shown in Table 2, communality among 
the variables was high, ranging from 
0.427 to 0.935. Therefore, PCA could be 
applied to the results without deteriora-
tion or loss of information.

The results of PCA are depicted on a 
three dimensional plot, which is able to 
explain 72.36% of total variance. Thus, 

Table 1 - Triacylglycerol profile of three varietal olive oils (VD= Verdeal Transmontana; MD= Madural 
and CB= Cobrançosa) and ANOVA results.

	 VD	 MD	 CB	 ANOVA results
TAG	 X±SD	 X±SD 	 X±SD
	 (n=24)	 (n= 20)	 (n= 28)	 F	 p

LLL	 0.06±0.16a	 0.03±0.01a	 0.03±0.02a	 0.71	 0.496
LLO+PoLO	 0.05±0.03a	 2.09±0.31c	 0.38±0.10b	 137.19	 0.000
LLP+LnOO	 0.42±0.03a,b	 0.40±0.15a	 0.56±0.20b	 4.76	 0.013
LnOP	 0.07±0.02a	 0.76±0.80b	 0.05±0.02a	 11.02	 0.000
LOO+PoOO	 3.56±0.15a	 18.44±1.23c	 9.45±1.43b	 126.15	 0.000
OLP+PPoO	 0.60±0.10a	 4.31±0.23b	 3.08±2.59b	 13.78	 0.000
OOO	 66.81±0.79a	 50.52±0.92c	 57.57±2.26b	 101.19	 0.000
POO+SOL	 23.44±0.70b	 20.20±1.07a	 21.01±1.04a	 33.43	 0.000
POP	 1.08±0.42b	 0.83±0.45a	 0.68±0.16a	 10.23	 0.000
SOO+AOL	 3.65±0.29b	 2.15±0.37a	 6.54±0.87c	 199.13	 0.000
SOP	 0.25±0.03b	 0.17±0.03a	 0.53±0.09c	 150.10	 0.000
OOA	 0.05±0.01a	 0.00±0.00a	 0.13±0.15b	 13.33	 0.000

a,b,c Values in the same line with different letters are significantly different at p<0.05.

1.0E+0.6

8.0E+0.5

6.0E+0.5

4.0E+0.5

2.0E+0.5

mV
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the results were reduced from 12 var-
iables to 3 principal components, with 
10.92% loss of variance. The first com-
ponent (PC1) by itself condensed 35.66% 
and the second component 
(PC2) represented almost 
25.78% of the total infor-
mation.

Loading coefficients ob-
tained from the applica-
tion of PCA to the data are 
shown in Table 2. Compo-
nent PC1 was high in LLO, 
LOO, OLP (positive val-
ues) OOO and POO (neg-
ative values). Component 
2 was high in SOO, SOP, 
OOA (positive values) and 
POP (negative values). 

Olive oil samples as a 
function of the first 2 prin-
cipal components are plot-
ted in Fig. 2. The most im-
portant triacylglycerols for 
the definition of these com-
ponents are shown on the 
edges of the axes, following 
the direction in which TAG 
values increase, as is con-
ventionally done in PCA.

The differences observed 

allowed the formation of three groups 
corresponding to the cultivars in evalu-
ation. PC1 separated Cvs. Madural (MD) 
and Verdeal Transmontana (VD). All MD 

Fig. 2 - Score plot of the 1st and 2nd dimensions from PCA of the 
data set (Table 1) constituted by olive oil samples from three cul-
tivars (VD = Verdeal Transmontana; MD = Madural and CB = Co-
brançosa).

Table 2 - Principal components (PC) rotated loadings for triacylglycerols.

Triacylglycerols	 	 Component	 Communalities

	 1	 2	 3

LLL	 	 	 0.864	 0.837
LLO+PoLO	 0.960	 	 	 0.935
LLP+LnOO	 	 0.374	 	 0.197
LnOP	 0.609	 	 	 0.427
LOO+PoOO	 0.952	 	 	 0.928
OLP+PPoO	 0.662	 	 	 0.552
OOO	 -0.903	 	 	 0.929
POO+SOL	 -0.713	 -0.532	 	 0.803
POP	 	 -0.708	 	 0.680
SOO+AOL	 	 0.772	 	 0.918
SOP	 	 0.836	 	 0.916
OOA	 	 0.722	 	 0.563
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oils were located on the right side of the 
map showing higher contents of LOO, 
OLP, and LLO. Samples from VD were 
located on the left side of the map. They 
had the highest contents of OOO and 
POO. The Cv. Cobrançosa oils (CB) dif-
fered from all the other counterparts on 
PC2. All CB oils were located at the top of 
the map as a result of the high contents 
of SOP, SOO and OOA. The TAG profiles 
of these cultivars confirm and are in ac-
cordance with the fatty acid composition 
reported by Pereira et al. (2002). 

In conclusion, reversed-phase HPLC 
using a solvent gradient and ELSD 
seems to be an appropriate technique 
for discriminating the olive oil cultivars 
in relation to the triacylglycerol profile. 
The comparative study of these profiles 
revealed: i) significant differences among 
the cultivars analysed; ii) a higher con-
tent of triolein in Cv. Verdeal Transmon-
tana than the other two cultivars and 
some cultivars reported in the literature. 
The characteristic profiles of varietal ol-
ive oils probably contributes to the gen-
uineness of Trás-Os-Montes olive oil. 
This study must be continued for sever-
al crop years to characterize the varietal 
olive oils from these cultivars. 
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Abstract

Sea buckthorn (Hippophae rham-
noides L. ssp. turkestanica) is a very 
important multipurpose plant in are-
as of northern Pakistan. The berry of 
sea buckthorn is rich in nutrients and 
medicinal compounds such as vita-
mins, carotenoids, flavonoids, oil, car-
bohydrates, organic acids, amino acids 
and minerals. The chemical composi-
tion and nutritive value of sea buck-
thorn berries from eight populations 
from different areas of northern Paki-
stan were compared. The concentra-

Riassunto

L’olivello spinoso (Hippophae rham-
noides L. ssp. turkestanica) è una pian-
ta polifunzionale molto importante nel-
le zone del Pakistan del nord. La bacca 
di olivello spinoso è ricca in nutrienti e 
composti medicinali quali vitamine, ca-
rotenoidi, bioflavonoidi, olii, carboidra-
ti, acidi organici, aminoacidi e sali mi-
nerali. Sono state confrontati la compo-
sizione chimica e il valore nutrizionale 
delle bacche di olivello spinoso prove-
niente da otto differenti aree del nord 
del Pakistan. La concentrazione di vita-
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tion of vitamin C in the berries was 250-
333 mg/100 g; the seed oil was 7.69-
13.7%, oil in dried pulp was 19.2-29.1% 
and the pytosterol content of the seed 
oil was 3.3-5.5%; there were 0.5-25 
mg/L anthocyanins in the fruit juice. 
The potassium (2.8-7.2 g/kg), sodium 
(0.065-0.8 g/kg), calcium (0.7-1.25 g/
kg), magnesium (139-240 mg/kg), iron 
(40-225 mg/kg) and phosphorus (110-
133 mg/kg) contents were high in dried 
berries. Sea buckthorn berries from Pa-
kistan are a good source of phytonutri-
ents and minerals.

mina C nelle bacche è risultata di 250-
333 mg/100 g; l’olio del seme è risulta-
to il 7,69-13,7%, l’olio della polpa essic-
cata era il 19,2-29,1% e il contenuto in 
fitosterolo dell’olio del seme era del 3,3-
5,5%; gli antociani nel succo erano 0,5-
25 mg/L. I contenuti di potassio (2,8-
7,2 g/kg), sodio (0,065-0,8 g/kg), cal-
cio (0,7-1,25 g/kg), magnesio (139-240 
mg/kg), ferro (40-225 mg/kg) e fosforo 
(110-133 mg/kg) sono risultati alti nel-
le bacche essiccate. Le bacche di olivel-
lo spinoso del Pakistan sono una valida 
fonte di nutrienti e sali minerali.

INTRODUCTION

Sea buckthorn is a shrub or small tree 
of the genus Hippophae. The genus be-
longs to the family Elaeagnaceae which 
consists of six species and ten sub-spe-
cies, among which Hippophae rham-
noides L., commonly known as sea buck-
thorn, is the most economically impor-
tant (RONGSEN, 1992). The only sub-spe-
cies found in the northern areas of Pa-
kistan is H. rhamnoides ssp. turkestani-
ca, widely found in Central and Western 
Asia, including Afghanistan, Tajikistan, 
Turkmenistan, Uzbekistan, Kirghisist-
an, the Xinjiang province of China and 
northern India. It is the only sub-spe-
cies which can withstand the harsh bio-
physical conditions characterized by hot 
arid summers and cold winters (RONG-
SEN, 1992).

H. rhamnoides fruit contains 60 to 
80% juice that is rich in sugar, organic 
acids, amino acids and vitamins. The vi-
tamin C content is 200-1,500 mg/100 g 
in the fruit which is 5 to 100 times higher 
than any other fruit or vegetable (RONG-
SEN, 1992). The oil content ranges from 
1.5-3.5% in fresh fruit and about 9.9-
19.5% in seeds (RONGSEN, 1992). Oil 
from the juice and pulp is rich in pal-

mitic (16:0) and palmitoleic acids (16:1), 
while the oil from the seed contains the 
essential fatty acids linoleic (18:2) and 
linolenic (18:3) acid. MARK and PETER 
(2004) reported that the pomace of sea 
buckthorn which is generally considered 
waste, contains about 15% palmitoleic 
acid in its oil and may be utilized as a raw 
material for the production of a palmito-
leic acid (cis-D9-C16) methyl ester con-
centrate. The oil from the seed and juice 
also contains vitamin E and carotenoids 
(BERNATH and FOLDESI, 1992; MA and 
CUI, 1989).

There are 24 chemical elements in 
sea buckthorn juice including calcium, 
magnesium, phosphorous, iron, manga-
nese, sodium, potassium, aluminum and 
others (ZHANG et al., 1989; TONG et al., 
1989). In addition sea buckthorn ber-
ries, leaves and bark contain β-sitoster-
ol, tocopherol and many other bioactive 
compounds (MIRONOV, 1989). NEGI et al. 
(2005) screened the crude extracts of sea 
buckthorn seeds for antioxidant and an-
tibacterial activity and reported the high-
est activity for methanol extract.

Many health claims associated with 
sea buckthorn such as preventive ef-
fects against flu, cardiovascular prob-
lems, mucosa injuries and skin prob-
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lems (XIAO, 1980; LIU et al., 1985) are 
related to the high contents of nutritive 
and protective agents. In order to opti-
mize the composition and sensory qual-
ity of various sea buckthorn products 
and to identify the mechanisms behind 
the physiological effects, the composition 
of sea buckthorn berries was investigat-
ed in detail. The aim of this study was to 
determine the contents of vitamin C, oil, 
plant sterols, flavonoids and minerals in 
sea buckthorn berries growing in differ-
ent areas of northern Pakistan.

Materials and methods

Berry samples were harvested after 
full maturation from eight populations of 
sea buckthorn plants selected from dif-
ferent areas of the Gilgit District (Dan-
yore, Jalalabad, Nagar, Shigar, Murtaza-
bad, Hussain abad, Gilgit City and at 
the Chinese border). The berries were 
harvested in mid August, 2004 on three 
successive days. Five plants from each 
population were randomly selected for 
harvesting the fruits. Berries from eight 
populations of sea buckthorn comprised 
of 40 replicate samples were subjected 
to biochemical analysis. The fruits from 
each selection were collected in separate 
plastic bags and immediately frozen at -
20°C and stored.

The vitamin C content was determined 
using the phenol indophenol dye meth-
od described by AOAC (1984). Ten grams 
of fresh berries were blended with meta-
phosphoric-acetic acid-extracting solu-
tion. Five millilitres of the filtrate extract 
were then titrated against the standard 
indophenol dye to the pink end point. 
The method was also validated by the 
indophenol-xylene extraction method re-
ported by ROBINSON and STOTZ (1945). 
Oil from the berries of different plants 
was extracted according to standard 
methods described by AACC (1983). 
Fruits were dried in an oven at 105°C 
for 6-12 hours to constant weight. Ten 

grams of dried sample were extracted 
for oil in a Soxhlet apparatus (30°-40°C) 
for 6 h using diethyl ether as solvent. 
The solvent was removed under vacuum 
and the residual oil was dried over an-
hydrous Na2SO4. Analytical grade chem-
icals (Merck, Darmstadt, Germany) were 
used for extracting the oil.

Sterol estimation was carried out by 
the Lieberman-Burchard method (SAID 
et al., 1995). Samples of 1 g of oil were 
obtained after Soxhlet extraction and di-
luted with chloroform to 10 mL. Three 
mL of diluted sample solutions were tak-
en and their absorbance was determined 
after adding 2 mL of chloroform and Lie-
berman-Burchard reagent, containing 
0.5 mL of sulfuric acid dissolved in 10 
mL of acetic anhydride. The Lieberman-
Burchard reagent reacted with the ster-
ol to produce a characteristic green color 
whose absorbance was determined on 
a UV-VIS spectrophotometer (Shimad-
zu, Japan) at 640 nm. Ten mg of stand-
ard cholesterol were dissolved in 10 mL 
chloroform. Choles-5-en-3-β-ol was used 
as a standard whose minimum purity 
was 95%. The results were obtained us-
ing a standard curve which was linear 
over the concentration range of 0 to 3.0 
(mg/mL) for standard cholesterol against 
absorbance values. The total anthocy-
anin content in berry juice was deter-
mined by the pH differential method de-
scribed by WROLSTAD (1976). Two dilu-
tions of the sample were prepared, one 
with potassium chloride buffer, pH 1.0, 
and the other with sodium acetate buff-
er, pH 4.5 and equilibrated for 15 min-
utes. Absorbance of each dilution was 
measured on a UV-VIS spectrophotom-
eter (Shimadzu, Japan) at 510 and 700 
nm (to correct for haze), against a blank 
cell filled with distilled water. Anthocy-
anin pigment was calculated as cyani-
din-3-glucoside mg/L using the extinc-
tion coefficient of 29,600 and molecular 
weight of 449.2.

The mineral content was determined 
on 1 g sample of the dried fruit. Ten mL 
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of the conc. HNO3 were added to each 
sample in a digestion flask and allowed 
to stand overnight. The samples were 
heated carefully until the production of 
a brown nitrogen (IV) oxide fume had 
ceased. The flasks were cooled and 2-4 
mL of 70% perchloric acid was added. 
Heating was continued till the solution 
became colorless. The solutions were 
then diluted to 50 mL with distilled wa-
ter. The extract was then used to esti-
mate the mineral content. Calcium and 
magnesium contents were determined 
by titrating the sample against EDTA so-
lution using Mureoxide and Erichrome 
Black T indicators, respectively, as de-
scribed by RICHARDS (1969). The phos-
phorus content was determined follow-
ing the method of OSER (1976). KH2PO4 
solution was used as a standard phos-
phorus solution. Five millilitres of min-
eral extract were reacted with H2SO4, 
0.25% ammonium vandate and 5% am-
monium molybdate. The inorganic phos-
phorus reacted with ammonium molyb-
date to produce a yellow color complex 
of molybdenum which was estimated at 
470 nm on a UV-VIS spectrophotome-
ter (Shimadzu, Japan). The results were 
obtained using a standard curve which 
was linear over the concentration range 
of 0 to 2.5 (mg/mL) for standard phos-
phorus against absorbance values. The 
iron contents of the berries was deter-
mined by reacting the sample with po-
tassium thiocyanate. Five mL of potas-
sium thiocyanate (1.5 M) and 2 M HCl 
were added to the 3 mL mineral extract. 
A red iron complex (FeSCN) was formed 
which was estimated at 447 nm on a UV-
VIS spectrophotometer (Shimadzu, Ja-
pan) according to the method described 
by RANGANNA (1978). The results were 
obtained using a standard curve which 
was linear over the concentration range 
of 0 to 0.3 (mg/mL) for standard iron 
against absorbance values. The sodi-
um and potassium contents were de-
termined on a flame photometer (Model 
410, Corning, New York). Standard so-

lutions of Na and K were prepared and 
the emission intensity for each standard, 
blank (deionized water) and sample were 
determined at 589 nm for Na and 766.5 
nm for K. The results were obtained us-
ing a standard curve which was linear 
over the concentration range of 0 to 30 
(ppm) for standard potassium against 
emission intensity.

Statistical analyses

The results of the chemical analyses 
are expressed as the mean of five deter-
minations (n=5) ±SD.

Results and discussion

When the populations of sea buck-
thorn were compared based on the con-
tents of vitamin C, fatty oil, phytosterol, 
minerals and anthocyanins, there was a 
wide range of variation.

The vitamin C content ranged from 250 
to 333 mg/100 g (Table 1). The highest 
vitamin C content was found in SBT-1, 
while, the lowest was observed in SBT-3. 
In our previous investigation we reported 
the vitamin C content of sea buckthorn 
berries collected from District Skardu 
and Khaplu (northern areas) to be in the 
range of 150 to 250 mg/100 g (SABIR et 
al., 2003). The vitamin C concentration 
ranged from 28 to 310 mg/100 g of ber-
ries in berries of the European subspe-
cies rhamnoides (YAO et al., 1992; ROU-
SI and AULIN, 1977), from 460 to 1,330 
mg/100 g in berries of fluviatilis ssp. 
(DARMER, 1952) and from 200 to 2,500 
mg/100 g in berries of Chinese sinensis 
ssp. (ZHENG and SONG 1992; YAO et al., 
1992). Harvesting time affects the con-
centration of vitamin C considerably (AN-
TONIO et al., 2004). The concentration of 
vitamin C was highly variable among the 
populations as reported earlier (KARHU 
et al., 1999) and was lower than that re-
ported in some other studies. YAO et al. 
(1992) reported the vitamin C content 
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Table 1 - Concentration of phytochemicals in eight populations of Sea buckthorn from Gilgit Paki-
stan.

Populations	 Locality	 Color	 Vitamin C	 Moisture	 Oil	 *Pulp	 Sterol	 Anthocyanin
	 	 of	 content	 in	 content	 oil	 content of	 content of
	 	 berries	 of fruit	 berries	 of seed	 (g/100 g)	 seed oil	 fruit juice
	 	 	 (mg/100 g)	 (%)	 (g/100 g)	 	 (g/100 g)	 (mg/L)

SBT-1	 Danyore	 yellow	 333±0.4	 24.0±0.2	 13.5±0.2	 29.1±0.2	 5.5±0.01	 5.0±0.12
SBT-2	 Jalalabad	 yellow	 330±0.1	 30.0±0.12	 11.4±0.1	 25.5±0.3	 5.3±0.17	 10.0±0.56
SBT-3	 Nagar	 orange-red	 250±0.54	 22.0±0.02	 7.7±0.5	 21.3±0.4	 3.3±0.13	 1.4±0.03
SBT-4	 Shigar	 light-yellow	 275±0.3	 20.0±0.24	 13.7±0.2	 26.4±1.1	 4.1±0.05	 0.5±0.01
SBT-5	 Murtazaabad	 red	 290±0.4	 28.0±0.13	 8.3±0.3	 17.8±0.9	 3.9±0.12	 25.0±0.12
SBT-6	 Hussainabad	 red	 315±0.28	 25.0±0.25	 9.3±0.8	 19.2±0.1	 4.5±0.20	 12.5±0.1
SBT-7	 Gilgit city	 orange	 302±0.35	 32.0±0.21	 11.2±0.6	 22.3±0.4	 5±0.15	 8.31±0.14
SBT-8	 China border	 yellow	 260±0.14	 27.0±0.5	 12.1±0.1	 27.0±1.5	 4.2±0.13	 15.1±0.3

SBT = sea buckthorn, ± standard deviation (SD);
*pulp oil derived from berries dried to constant weight.

of Chinese H. rhamnoides in the range 
of 460-1,330 mg/100 g. The lower vita-
min C concentration in the present in-
vestigation could be due to the specific 
geographical nature of the area where a 
short growing season prevails (YAO and 
TIGERSTEDT, 1995).

The oil content in sea buckthorn seeds 
also varied among the different popula-
tions compared (Table 1). Earlier stud-
ies reported an oil content of 5.3-15.7% 
in the seed of turkestanica (YANG, 2001). 
The present investigation reports seed 
oil in the range of 7.7-13.7% in turkesta-
nica, with the maximum amount in the 
yellow berries of SBT-4, while the mini-
mum amount was found in the orange-
red berries of SBT-3. Yellow and orange-
yellow fruits have been reported to have 
higher levels of oil than orange and or-
ange-red fruits (DAIGATIV et al., 1985), 
which corresponds to our observations. 
Dried pulp of turkestanica was reported 
to be the richest source of oil, containing 
17.8-34% oil (YANG, 2001). In this study 
the oil content of dried pulp was in the 
range of 17.8-29.1% (Table 1). The maxi-
mum amount of oil was found in SBT-1, 
while the minimum was in SBT-5. The 
higher oil concentration of ssp. turkes-

tanica may be very important for its use 
in medicines.

Phytosterols are plant sterols with 
structures related to cholesterol and 
when consumed they can lower plasma 
cholesterol. Since elevated blood choles-
terol is one of the well established risk 
factors for coronary heart disease, the 
lowering of blood cholesterol could re-
duce the risk of heart disease (THURN-
HAM, 1999). Phytosterols are the ma-
jor constituents of the unsaponifiable 
fraction of H. rhamnoides oils. The ma-
jor phytosterol in H. rhamnoides oil is β-
sitosterol, with 5-avenasterol being the 
second. Other phytosterols are present 
in relatively minor quantities. Our ear-
lier investigations reported the phyto-
sterol content of pulp oil in the range of 
1.3-2% (SABIR et al., 2003). In this study 
the phytosterol content of seed oil was 
in the range of 3.3-5.5% (Table 1). The 
maximum amount of sterol was found in 
SBT-1, while the minimum was found in 
SBT-3. Thus, oil from turkestanica seed 
contains more phytosterol than the oil 
derived from the pulp.

Anthocyanin pigments are responsible 
for the attractive red, purple and blue 
colors of many fruits and vegetables. 
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They may play a role in reducing coro-
nary heart disease (BRIDLE and TIMBER-
LAKE, 1996) and increasing visual acui-
ty (TIMBERLAKE and HENRY, 1988). They 
also have antioxidant (WANG et al., 1997) 
and anticancer properties (KAMEI et al., 
1995). Anthocyanins are also used in the 
food industry as safe and effective food 
colorants (STRACK and WRAY, 1994). Ta-
ble 1 shows that the anthocyanin con-
tent of sea buckthorn berries ranged 
from 0.5 to 25 mg/L in berry juice. The 
maximum amount was estimated in 
SBT-5, while the minimum was in SBT-
4. Red berries (25 mg/L) were found to 
contain more anthocyanins than yellow 
(5 mg/L), orange (8.31 mg/L) and light 
yellow (0.5 mg/L) berries. The anthocy-
anin content of sea buckthorn berries 
was less than that in apple (100 mg/
L), bilberries (3,200 mg/L), blackberries 
(3,600 mg/L), black currants (4,000 mg/
L), cherries (4,500 mg/L), cranberries 
(2,000 mg/L) and strawberries (350 mg/
L) (TIMBERLAKE, 1980). This is because 
the color of sea buckthorn is mainly de-
rived from carotenoids.

When the dried sea buckthorn berries 
from different populations were com-
pared on the basis of mineral content, 
a wide range of variation was observed 
(Table 2). These differences could be due 
to the natural content of elements in the 
soil, as well to contamination in both soil 

Table 2 - Concentration of minerals in different populations of sea buckthorn in Gilgit, Pakistan.

Populations	 Locality	 Color	 K	 Na	 Ca	 Mg	 Fe	 P
	 	 of berries	 (g/kg)	 (g/kg)	 (g/kg)	 (mg/kg)	 (mg/kg)	 (mg/kg)

SBT-1	 Danyore	 yellow	 7.2±0.15	 0.6±0.01	 0.8±0.2	 240±0.15	 225±0.21	 131±0.11
SBT-2	 Jalalabad	 yellow	 6.3±1.1	 0.5±0.01	 1.0±0.5	 225±0.2	 140±0.14	 128±0.04
SBT-3	 Nagar	 orange-red	 3.3±0.17	 0.6±0.02	 0.98±0.15	 139±0.9	 120±0.21	 133±0.12
SBT-4	 Shigar	 light-yellow	 3.4±0.23	 0.4±0.01	 0.7±0.03	 229.5±0.2	 115±0.13	 115±0.05
SBT-5	 Murtazaabad	 red	 2.8±0.1	 0.8±0.03	 1.11±0.16	 150±0.31	 40±0.05	 110±0.12
SBT-6	 Hussainabad	 red	 5.8±0.32	 0.08±0.2	 1.17±1.1	 195±1.32	 110±1.2	 122±0.2
SBT-7	 Gilgit city	 orange	 6.2±1.9	 0.065±0.1	 0.98±0.2	 202±0.8	 150±0.02	 119±0.1
SBT-8	 China border	 yellow	 6.44±2.1	 0.075±1.2	 1.25±0.2	 210±1.3	 170±1.5	 126±0.2

SBT = sea buckthorn, ± standard deviation.

and air. Potassium was the most abun-
dant element found and this is in line 
with other studies (CHEN 1988; TONG et 
al., 1989; ZHANG et al., 1989). The con-
centrations of potassium (2.8-7.2 g/kg), 
sodium (0.065-0.8 g/kg), calcium (0.7-
1.25 g/kg), magnesium (139-240 mg/
kg), iron (40-225 mg/kg) and phospho-
rus (110-133 mg/kg) were high. KALLIO 
et al. (1999) reported that the Chinese 
sea buckthorn berries contained potas-
sium (6.44-12.2 g/kg), calcium (0.8-1.48 
g/kg), magnesium (0.47-0.73 g/kg), iron 
(64-282 mg/kg), zinc (8.8-27 mg/kg) and 
copper (3.8-12 mg/kg).

Conclusions

The results of the investigation pro-
vide data about the contents of various 
phytochemicals and minerals among 
eight populations of sea buckthorn. The 
large amount of seed and pulp oil in the 
turkestanica ssp. could be of commer-
cial importance for the local community 
to market their farm produce with addi-
tional benefits. Due to the high vitamin 
C content sea buckthorn berries can 
be used in making fruit juices and soft 
drinks. Sea buckthorn oil is a concen-
trated source of phytosterols that com-
pete with the absorption of cholesterol 
in the body. The use of sea buckthorn 
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oil could help decrease the incidence of 
heart disease. The medicinal compo-
nents of sea buckthorn berries could be 
a very cheap raw material for the phar-
maceutical industries.
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Abstract

Headspace analysis of white truf-
fle (Tuber magnatum Pico) using solid-
phase micro extraction (SPME) togeth-
er with gas chromatography-olfactom-
etry (GC-O) and gas chromatography-
mass spectrometry (GC-MS) allowed 
some typical compounds of these fun-
gi to be identified and characterised. 
Bis(methylthio)methane and dimethyl 
sulphide (DMS) were the most impor-
tant compounds from both a quan-
titative and qualitative point of view. 
Dimethyl sulphoxide (DMSO), dime-

Riassunto

L’analisi dello spazio di testa del tar-
tufo bianco (Tuber magnatum Pico), con 
la tecnica di microestrazione in fase so-
lida (SPME) abbinata all’analisi gascro-
matografica-olfattometrica (GC-O) ed 
alla gascromatografia-spettrometria di 
massa (GC-MS), ha permesso l’iden-
tificazione e la caratterizzazione di al-
cuni composti tipici di questi funghi. Il 
bis(metiltio)metano ed il dimetilsolfuro 
(DMS) erano i composti più importan-
ti sia dal punto di vista quantitativo sia 
qualitativo. Sono stati anche identificati 
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thyl sulphone and (methylsulfinyl)(met
hylthio)methane were identified for the 
first time in white truffle. The results of 
headspace analysis of fresh and stored 
white truffles showed very important 
changes in the aroma profile, with the 
formation or increase of several com-
pounds including alcohols and acids.

nuovi composti solforati nell’aroma del 
tartufo bianco, tra cui il dimetilsolfossi-
do (DMSO) il dimetilsolfone ed il (metil-
sulfinil)(metiltio)metano. L’analisi dello 
spazio di testa del tartufo fresco e dopo 
un breve periodo di conservazione, ha 
mostrato importanti cambiamenti del 
profilo dell’aroma, con la formazione o 
l’incremento di diversi composti come 
acidi ed alcoli.

INTRODUCTION

White truffle (Tuber magnatum Pico), 
a prized Italian product, which is also 
widespread in some regions of south-
ern France, typically matures from Oc-
tober to the end of December. The tu-
ber carpophore has a smooth, thin pe-
ridium (skin) and a hazel-brown, some-
times reddish, gleba (pulp) with thin 
white veins. White truffle was first ana-
lysed by FIECCHI et al. (1967), who indi-
cated that bis(methylthio)methane is the 
most important component of the aroma 
(POLESELLO et al., 1989; BIANCO et al., 
1988). Later, other sulphur compounds 
were identified in the aroma, including 
dimethyl sulphide (DMS), a substance 
which is very common in nature, dime-
thyl disulphide (DMDS), dimethyl trisul-
phide (DMTS), tris(methylthio)methane 
and methyl(methylthio)methyl disul-
phide (PELUSIO et al., 1995; POLESEL-
LO et al., 1989). PELUSIO et al. (1995) 
found 1,2,4-trithiolane in some sam-
ples of white truffle; this sulphur sub-
stance is also present in other kinds of 
fungi, e.g. Marasmius alliaceus (RAPIOR 
et al., 1997).

Ethanol, 2-methylbutanol, hexanal 
and butanone were found to be impor-
tant, non-sulphur compounds (BELLESIA 
et al., 1996; PELUSIO et al., 1995); their 
presence depended essentially on the 

storage time and storage conditions 
of the truffles (BELLESIA et al., 1996). 
Non-sulphur compounds are respon-
sible for a minor part of the aroma in 
fresh samples but their importance in-
creases over time as a function of stor-
age conditions, while the concentra-
tion of bis(methylthio)methane decreas-
es (BELLESIA et al., 1996; BALESTRIERI 
et al., 1988).

The number of compounds and their 
abundance in the headspace clearly indi-
cate that sulphur substances play a key 
role in white truffle aroma. This charac-
teristic makes T. magnatum very different 
from other truffle species, such as Tuber 
melanosporum Vitt. (Black truffle) (TAL-
OU et al., 1987; 1989; DIAZ et al., 2003) 
Tuber borchii Vitt. (BELLESIA et al., 1998; 
2001) or Tuber aestivum (DIAZ et al., 
2002; 2003). Dimethyl sulfoxide (DMSO) 
is one of the sulphur compounds identi-
fied for the first time in white truffle; it is 
largely used as a solvent in several ap-
plications and is industrially produced 
by DMS oxidation. DMSO is approved 
by the FDA for the palliative treatment 
of interstitial cystitis and for limited vet-
erinary use. It cannot be used as a die-
tary supplement.

The aim of this work was to qualita-
tively and quantitatively characterise 
the headspace aroma of fresh and re-
frigerated white truffles, using the stat-
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ic headspace - solid-phase micro extrac-
tion (SH-SPME) sampling technique. Gas 
chromatography-olfactometry analysis 
was also used to confirm the presence 
and flavour characteristics of each of the 
compounds.

MATERIALS AND METHODS

Materials

White truffle samples (T. magnatum 
Pico) were collected from Alba, Italy in 
November 2002. They were stored at 
+4°C in sealed jars during the period of 
analysis.

Headspace sampling

Four truffles, each weighing about 10 
g, were placed in a 300 mL glass vial 
made up of two parts that were joined 
together, so as to allow the whole tuber 
to be inserted. Headspace sampling was 
performed by SPME. The fibres used 
were 2 cm long and 30 to 50 µm thick 
(Supelco) and were coated with a layer 
of divinylbenzene (DVB)/carboxen/poli-
dimethylsiloxane (PDMS). The sampling 
temperature was +30°C with a 30 min 
equilibration time. Exposition time of the 
fibre was 15 min.

Gas Chromatography-Mass
Spectrometry (GC-MS)

A VARIAN 3400 gas chromatograph 
coupled with an ion trap mass spec-
trometry (SATURN ITMS) (Varian, Palo 
Alto, CA, USA) was used. The chroma-
tographic column was an EC-WAX from 
ALLTECH (30 m x 0.25 mm I.D. with a 
0.25 µm film thickness). The initial col-
umn temperature program was set at 
35°C maintained for 3 min and heat-
ed to 190°C (maintained for 2 min) at a 
rate of 3°C/min. Injection was at 250°C 
in splitless mode (120 s valve closed). 
Helium was used as the carrier gas, at 

a flow rate of 1.5 mL/min into the col-
umn. The ion trap was operated at 170°C 
in the electron impact mode. Quantifi-
cation was performed on the basis of to-
tal ion current (TIC), while compounds 
were identified by comparing the spec-
tra with those in a mass spectrometry 
library (Wiley and Nist). For some com-
pounds, analytical standards were used 
to give further confirmation.

Four different truffles were tested at 
time 0 and after eight days, in order to 
determine differences in the headspace 
of truffles stored in sealed jars at +4°C. 
The same analysis was carried out at in-
termediate times for each truffle.

Gas Chromatography-
Olfactometry (GC-O)

An HRGC Mega 2 Series (Carlo Erba 
Instruments) was used. Injection and 
separation conditions were the same 
as those for the GC-MS analysis. The 
flow of helium with analytes, coming 
from the GC column, was split 1:1 be-
tween the FID and the sniffing port. A 
mixture of mostly air and make up gas 
(nitrogen) also flowed into the olfacto-
metric chamber together with the carri-
er gas. The operators recorded the per-
ceived odour while pushing and holding 
a button throughout the perception; they 
also tried to describe the characteristic 
note of the odour. The analysis was di-
vided into four parts and the operators 
took turns at the sniffing port. This turn-
over was done to avoid tiring of the op-
erators. Three repetitions for each truf-
fle sample were performed on fresh truf-
fles and after 8 days of storage. Only the 
odours of the compounds detected in 
each test and identified by all the oper-
ators are reported.

RESULTS AND DISCUSSION

Twenty compounds were identified in 
white truffle headspace (Table 1). Fig. 1 
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shows a typical total ion current (TIC) 
chromatogram of white truffle head-
space, analysed by the SPMEGC-MS 
technique. The chromatogram for ion 
62, the parent ion of dimethyl sulphide, 
is also reported.

The results from the SPMEGC-MS 
analysis showed that the most abun-
dant compounds in the headspace were 
bis(methylthio)methane, dimethyl sul-
phide and 2-acetyl-5-methylfuran. In 
contrast to most other studies, DMS ap-
peared to be an important component of 
the aroma and, quantitatively, was the 
second most common compound in the 
headspace. DMSO, commonly found in 
coffee, tomatoes and tea leaves (THOMAS 
et al., 1981), was detected for the first 
time in these fungi. Traces of dimethyl 
sulfone, a possible oxidation product of 
DMSO, were detected in one of the sam-

ples. Another newly identified sulphur 
compound, (methylsulfinyl)(methylthio)
-methane, was clearly detected by both 
GC-MS and GC-O analysis.

The GC-O analysis gave information 
about the impact of volatile components 
on the aroma; five sulphur compounds 
were detected using this technique (Table 
1). Dimethyl sulphide odour was described 
to be like broccoli, cauliflower, truffle, and 
sulphur; bis(methylthio)methane had a 
very strong, penetrating sulphurous gas 
odour, while tris(methylthio)methane 
odour was described as sulphur and gar-
lic. Among the six other sulphur com-
pounds identified, only DMTS and (meth-
ylsulfinyl)(methylthio)methane were de-
tected and described in the GC-O anal-
ysis; DMDS was never perceived. These 
data indicate that bis(methylthio)methane 
plays a key role in the perceived aroma 

Table 1. Mean value (4 samples) of the areas (TIC; % on total) on the first and last day of analysis and 
odour description for some compounds.

Compound name	 N.	 Time	 Identification*	 Day 0	 Day 8	 Odour

Dimethyl sulphide	 1	 1:57	 1,2,3	 11.60	  8.44	 Broccoli, cauliflower, truffle, sulphur
Ethanol	 2	 4:01	 1,2	 0.23	  3.22c

Dimethyl disulphide	 3	 8:07	 1	 0.08	  0.29
2-methyl-1-propanol	 4	 9:17	 1,2	 0.01	  0.35c

Limonene	 5	 13:23	 1,2	 0.06	  0.07
2-methyl-1-butanol	 6	 14:13	 1,2	 0.32	  4.52c

Bis(methylthio)methanea	 7	 17:41	 1,2,3	 41.83	  25.11	 Sulphur, very strong
Dimethyl trisulphide	 8	 21:41	 1,3	 0.05	  0.12b	 Rotten, cooked turnip
1-methoxy-3-methylbenzene	 9	 24:50	 1	 0.17	 0.12
Acetic acid	 10	 25:26	 1,2	 0.04	  0.38b

2-acetyl-5-methylfuran	 11	 29:28	 1	 2.38	  2.79
Linalol	 	 29:41	 1,2	 n.d.	  0.04c

Dimethyl sulfoxide	 12	 29:45	 1	 0.07	  0.03
3-ethyl-4-methyl-3-penten-2-one	 13	 31:03	 1	 0.62	  0.15
3,4-dimethyl-3-hexen-2-one	 14	 33:07	 1	 0.10	  0.19
Methyl(methylthio)methyldisulphide	 	 33:42	 1	 0.03	  0.02
Tris(methylthio)methane	 15	 41:02	 1,3	 0.46	  0.49	 Sulphur, garlic
Dimethyl sulfone	 	 42:53	 1	 tr.	 tr.
Phenylethyl alcohol	 16	 43:18	 1	 0.02	  0.26b

(methylsulfinyl)(methylthio)methane	 17	 49:03	 1,3	 0.07	  0.09	 Sulphur

(c,b) Significant differences between means at day 0 and after 8 days (p≤0.05 and p≤0.01 for “b” and “c”, respectively).
(a) Column overloaded and detector saturated.
(*) 1, identification by comparing mass spectra with those of public library; 2, injection of pure compound; 3, odour confirmation by GC-O 
analysis.
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and that dimethyl sulphide is also im-
portant. The results of the GC-O analy-
sis indicated that the perceived odour of 
DMS in truffles was less after eight days 
of storage compared to the fresh sam-

Fig. 1 - SPME GC-
MS analysis. White 
truf f le Total Ion 
Chromatogram (TIC) 
and ion 62 chro-
matogram (parent 
ion of DMS; grey 
area) superimposed 
upon one another. 
Peak numbers cor-
respond to N. iden-
tification in Table 1. 
Sample after 3 days 
of storage.

ple; the bis(methylthio)methane concen-
tration was still high so no differences 
could be noted at the sniffing port. This 
was confirmed by the trend shown in 
Table 1.

Table 2 - Area value (TIC; % of total) after eight days for a single truffle.

Compound name	 Day 0	 Day 1	 Day 2	 Day 3	 Day 6	 Day 8

Dimethyl sulphide	 9.63	 8.59	 9.54	 8.56	 3.49	 3.15
Ethanol	 0.09	 0.01	 0.02	 0.08	 1.45	 3.36
Dimethyl disulphide	 0.09	 0.05	 0.06	 0.06	 0.04	 0.07
2-methyl-1-propanol	 0.02	 0.01	 0.01	 0.00	 0.21	 0.58
Limonene	 0.12	 0.03	 0.04	 0.01	 0.01	 0.02
2-methyl-1-butanol	 0.18	 n.d.	 0.01	 0.01	 2.36	 4.74
Bis(methylthio)methanea	 60.29	 55.43	 57.44	 50.19	 48.86	 47.17
Dimethyl trisulphide	 0.08	 0.05	 0.05	 0.09	 0.06	 0.07
1-methoxy-3-methylbenzene	 0.13	 0.14	 0.13	 0.07	 0.01	 0.09
Acetic acid	 0.04	 0.03	 0.07	 0.05	 0.19	 0.48
2-acetyl-5-methylfuran	 1.87	 1.79	 1.77	 1.41	 1.67	 1.87
Linalol	 n.d.	 n.d.	 n.d.	 n.d.	 0.04	 0.07
Dimethyl sulfoxide	 0.07	 0.06	 0.09	 0.09	 0.02	 0.03
3-ethyl-4-methyl-3-penten-2-one	 0.36	 0.31	 0.29	 0.22	 0.13	 0.11
3,4-dimethyl-3-hexen-2-one	 0.08	 0.13	 0.08	 0.10	 0.08	 0.16
Methyl(methylthio)methyldisulphide	 0.01	 0.02	 0.01	 0.01	 0.00	 0.00
Tris(methylthio)methane	 0.37	 0.41	 0.40	 0.23	 0.35	 0.21
Dimethyl sulfone	 tr.	 tr.	 tr.	 tr.	 tr.	 tr.
Phenylethyl alcohol	 0.01	 0.01	 0.02	 0.02	 0.13	 0.13
(methylsulfinyl)(methylthio)methane	 0.06	 0.06	 0.10	 0.07	 0.08	 0.07

(a) Column overloaded and detector saturated.
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Static truffle headspace analysis was 
also carried out over eight days, in or-
der to determine the behaviour of the 
fungi stored in sealed jars at +4°C. 
Bis(methylthio)methane and dimethyl di-
sulphide decreased during storage, while 
the alcohols and acid compounds (e.g. eth-
anol, 2-methyl-1-propanol, 2-methyl-1-
buthanol and acetic acid) increased. The 
other chemical classes did not show sim-
ilar trends (Tables 1 and 2). Aldehydes, 
were detected with GC-MS in some sam-
ples, but only at low concentrations. The 
concentrations of these compounds prob-
ably increase at a later time and make the 
product unacceptable. In fact, the results 
of the GC-O analysis showed only slight 
changes in the aromatic profile of the truf-
fle headspace between the first and last 
day of evaluation.

GC-O was useful for confirming the 
sulphur odour compounds identified by 
GC-MS. One weakness of this technique 
however was associated with the char-
acterisation of odours; different con-
centrations of a given compound, i.e., 
bis(methylthio)methane, resulted in dif-
ferent responses. For example, when the 
concentration was increased by SPME, 
the odour very strong and unpleasant, 
but the same odour was not detected by 
sniffing the truffle.
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Abstract

The microbiological quality of three 
catering services was assessed. Food 
samples (108) and samples (12) from 
surfaces and personnel in contact with 
the foodstuff were collected and divid-
ed into four categories. Results indicate 
that the meals supplied could be con-
sidered of satisfactory microbiological 
quality. The catering services seemed 
to comply with the instructions giv-
en, as far as the hygienic conditions of 
their facilities and personnel were con-
cerned, but at times a lack of aware-

Riassunto

È stata valutata la qualità microbiolo-
gica di tre servizi da catering. 108 cam-
pioni di alimenti e 12 campioni preleva-
ti dalle superfici e dal personale a con-
tatto con gli alimenti sono stati raccol-
ti e suddivisi in quattro categorie. I ri-
sultati indicano che gli alimenti forni-
ti possono essere considerati di soddi-
sfacente qualità microbiologica. I servi-
zi da catering sono risultati in linea con 
i capitolati di fornitura per quanto ri-
guarda le condizioni igienico-sanitarie 
degli impianti e del personale; al tem-
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ness in food preparation was evident, 
leading to a variation in the microbio-
logical quality. Close attention should 
be given to milk products, especially 
trimmed cheese and the cheese used 
as a filling in cheese-pies, salads and 
some cooked foodstuff like spaghetti 
and rice-containing goods.

po stesso è risultato evidente che una 
mancanza di accuratezza nella prepa-
razione degli alimenti stessi comporta 
una variazione della qualità microbio-
logica. Maggiore attenzione dovrebbe 
essere riservata ai prodotti lattiero-ca-
seari, in modo particolare al formaggio 
cubettato, a quello impiegato nella pre-
parazione di torte al formaggio, di insa-
late e di alcuni alimenti cotti come spa-
ghetti e preparati a base di riso.

INTRODUCTION

The increasing rhythm of modern life 
has reduced the amount of time for eat-
ing. This rapidly escalating trend has 
given rise to numerous small catering 
businesses that provide small ready-to-
eat meals. Foodborne disease outbreaks 
are also increasing throughout the world 
and have become the most widespread 
health problem (WHO, 1984). It is esti-
mated that in the UK up to 9.4 million 
people a year suffer from intestinal ill-
ness with 100-200 deaths (WALKER et 
al., 2003). In 1992 in Sweden, there were 
more than 5000 reported cases of sal-
monellosis alone (EUFIC, 2005). In the 
United States, each year an estimated 
76,000,000 people experience a food-
borne infection, of which 5,000 incidents 
are lethal (TAUXE, 2002). In Greece a to-
tal of 2,244 cases of foodborne diseas-
es were reported by the district health 
authorities and the hospital microbio-
logical laboratories in 2000. Salmonel-
losis accounted for 40% of the reported 
cases, followed by brucellosis (24%) and 
campylobacteriosis (12%) (WHO, 2000). 
As a result, the annual costs related to 
these infections account for a substan-
tial amount of financial resources not 
only in direct medical expences but also 
in lost productivity.

The prevention of foodborne infections 

requires effort throughout the food pro-
duction chain and continuous consum-
er updating. It is thus imperative that 
food preparation or manufacturing fa-
cilities adhere to hygienic measures by 
following good hygienic practices (GHP), 
good manufacturing practices (GMP) and 
stringently implement hazard analysis 
critical control point (HACCP) through-
out the whole food chain (PANISELLO et 
al., 2000; LEGNANI et al., 2004; FRIED-
HOFF et al., 2005), not only to ensure the 
hygienic quality of the food produced but 
also to eliminate the possibility of recon-
tamination (REIJ and DEN AANTREKKER, 
2004).

In this study, the microbiological qual-
ity of one medium-size enterprise sup-
plying ready-to-eat meals (Service B) and 
two micro-size enterprises supplying milk 
products (Service A) and dining services 
(Service C) was examined. Classification 
of the enterprises was based on their staff 
headcount, annual turnover and annual 
balance sheet, as specified by the Euro-
pean Community (E.C., 2005).

MATERIALS AND METHODS

Sampling

Sampling took place randomly over a 
period of six months without advance no-
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tification. Food samples were collected 
aseptically from the sales point, put into 
sterile plastic bags and transported to the 
laboratory in an insulated and refrigerat-
ed box. The microbiological examinations 
were performed the same day. Surfaces 
(dishes, glasses and benches) in contact 
with the food and personnel involved in 
its preparation were examined in place 
using the swab-rinse technique. A ster-
ile swab was rubbed for 20 s over an area 
of 100 cm2, in the case of surfaces and 
over the whole surface of the hand in the 
case of the personnel. The swab was then 
placed in a test tube containing a known 
volume of sterile saline and transferred 
to the laboratory.

Microbiological analysis

Representative samples (10 g) were 
aseptically homogenized with 90 mL 
sterile Ringer solution (Merck, Darm-
stadt, Germany), using a Stomacher ap-
paratus (Seward Medical, London, UK) 
and serially diluted with the same dilu-
ent. Pour plating technique was per-
formed by mixing 1 mL of the appropri-
ately diluted sample with molten media. 
Surface spreading technique was per-
formed by spreading 0.1 mL of the ap-
propriately diluted sample on the sur-
face of the media. In all cases, dupli-
cate plates were prepared. Total aero-
bic count was estimated by spreading 
on Plate Count agar (Merck) and incu-
bating at 30°C for 48 hours. Total col-
iforms and E. coli were determined and 
distinguished by pouring in Chromoc-
ult® agar (Merck), according to the man-
ufacturer’s instructions, and incubated 
at 35°C for 24 hours. S. aureus determi-
nation was carried out by spreading 0.1 
mL on Baird Parker selective agar (Mer-
ck) and incubation at 35°C for 24-48 
hours. Sulfur-reducing clostridia were 
determined by pouring 10 mL aliquots 
into 20 mL of molten SPS agar (Merck). 
After solidification, the agar was overlaid 
with 5 mL of sterile paraffin. Incubation 

was carried out at 35°C for 24 hours. 
Qualitative determination of Listeria sp. 
and Salmonella sp. was performed as fol-
lows: for Listeria sp. a pre-enrichment 
in Fraser broth (Merck) was performed 
followed by inoculation on Palcam agar 
(Biolife, Milano, Italy). For Salmonella 
sp., a pre-enrichment step in Salmosyst 
broth (Merck) was followed by inocula-
tion on XLD agar (Merck), according to 
the manufacturer’s instructions. In the 
case of the presence of Listeria sp. in the 
sample, the API Listeria biochemical test 
(Biomerieux, Marcy l’Etoile, France) was 
applied for further characterisation. The 
presence of L. monocytogenes is report-
ed separately. Microbial counts less than 
the detection limits of the applied meth-
ods are conventionally taken as 0 log cfu 
g-1, or 0 log cfu 100 cm-2 in order to as-
sist quantification.

RESULTS

Surface-personnel

The microbiological quality of surfac-
es in contact with the food is shown in 
Table 1. The benches used for the food 
preparation were in excellent microbio-
logical condition since the total aerobic 
count exhibited the virtual absence of 
microorganisms. The dishes and glass-
es examined were in satisfactory micro-
biological condition with the exception 
of one dish sample where the total aer-
obic count reached 4.98 log cfu 10x10 
cm-2. The same sample was the only one 
in which coliforms were detected at a log 
cfu 10x10 cm-2 of 3.27, but with absence 
of E. coli. The hands of the personnel 
were clean and the total aerobic count 
did not exceed 1.97 log cfu 10x10 cm-2.

Raw foodstuff

Raw foodstuff can be divided into four 
categories. Milk products were consid-
ered to belong to the first category. The 
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Table 1 - Microbiological quality of various foodstuffs produced by Service C.

Type of sample	 Number	 Microbiological	 Geometric	 SD	 Minimum	 Maximum
	 of samples	 determination	 mean

Swab-samples (surfaces,	 12	 Total count	 1.08	 4.39	 -1	 4.98
dishes, glasses, personnel)
	 	 Total coliforms	 0.21	 2.69	 -	 3.27
	 	 E. coli	 -	 -	 -	 -
	 	 S. aureus	 -	 -	 -	 -
Oven-baked foodstuff	 15	 Total count	 0.24	 3.04	 -	 3.63
(lamb, chicken, potatoes,
T-bones, steaks)	 	 Total coliforms	 -	 -	 -	 -
	 	 E. coli	 -	 -	 -	 -
	 	 S. aureus	 -	 -	 -	 -
	 	 Clostridium sp.	 -	 -	 -	 -
	 	 Listeria sp.	 absent
	 	 Salmonella sp.	 absent
Cooked foodstuff 	 14	 Total count	 1.40	 4.84	 -	 5.34
(spaghetti, sauce,
rice, mange-tout)	 	 Total coliforms	 1.08	 5.42	 -	 6.00
	 	 E. coli	 0.72	 3.62	 -	 4.20
	 	 S. aureus	 -	 -	 -	 -
	 	 Clostridium sp.	 -	 -	 -	 -
	 	 Listeria sp.	 absent
	 	 Salmonella sp.	 absent
Raw foodstuff-milk based	   4	 Total coliforms	 4.80	 4.57	 4.39	 5.00
(trimmed cheese)
	 	 E. coli	 3.90	 4.90	 3.41	 5.23
	 	 S. aureus	 -	 -	 -	 -
	 	 Clostridium sp.	 -	 -	 -	 -
	 	 Listeria sp.	 present in one sample
	 	 Salmonella sp.	 absent
Raw foodstuff-green salads	   7	 Total count	 6.36	 6.95	 5.23	 7.34
	 	 Total coliforms	 4.84	 5.58	 3.36	 6.00
	 	 E. coli	 0.46	 2.85	 -	 3.27
	 	 S. aureus	 -	 -	 -	 -
	 	 Clostridium sp.	 -	 -	 -	 -
	 	 Listeria sp.	 present in one sample
	 	 Salmonella sp.	 absent
Raw foodstuff-combination	   3	 Total count	 4.81	 4.91	 4.20	 5.25
salads (tzatziki)
	 	 Total coliforms	 2.18	 3.29	 -	 3.54
	 	 E. coli	 1.85	 2.28	 -	 2.57
	 	 S. aureus	 -	 -	 -	 -
	 	 Clostridium sp.	 -	 -	 -	 -
	 	 Listeria sp.	 absent
	 	 Salmonella sp.	 absent

Values expressed as log cfu g-1 except for swab-samples were values expressed as log cfu 100 cm2

1: values below the detection limit.
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milk products examined were trimmed 
cheese from Service C, yoghurt, ice 
cream, various creams and Feta cheese 
from Service A and cheese pie fillings 
from Service B. Only feta-cheese sup-
plied by Service A was lacking in total 
coliforms and pathogens (Table 2). All 
samples of trimmed cheese from Service 
C contained significant amounts of colif-
orms and E. coli, reaching 5.00 and 5.23 
log cfu g-1, respectively (Table 1), indicat-
ing a serious lack in hygienic conditions 
during its manufacture and/or storage. 
One sample also contained Listeria sp. 
As far as the yoghurt samples supplied 
by Service A were concerned (Table 2), 
coliforms were detected in only one sam-

ple (2.6 log cfu g-1). All of the ice-cream 
samples contained coliforms, but none of 
the milk-based cream samples did (Table 
2). As far as the cheese pie fillings sup-
plied by Service B were concerned, 40% 
contained coliforms, 20% of them had E. 
coli and one sample had Salmonella sp. 
(Table 3). The second raw foodstuff cat-
egory examined was meat products sup-
plied by Service B. In all samples the to-
tal aerobic count was significant but only 
one contained coliforms (Table 3). Salads 
were the third category of raw foodstuffs. 
All samples of green salads were heavi-
ly contaminated in terms of total aero-
bic count and coliforms, and one sam-
ple contained both E. coli and Listeria sp 

Table 2 - Microbiological quality of various foodstuffs produced by Service A.

Type of sample	 Number	 Microbiological	 Geometric	 SD	 Minimum	 Maximum
	 of samples	 determination	 mean

Yoghurt	 10	 Total coliforms	 0.26	 2.10	 -1	 2.60
	 	 E. coli	 -	 -	 -	 -
	 	 S. aureus	 -	 -	 -	 -
	 	 Clostridium sp.	 -	 -	 -	 -
	 	 Listeria sp.	 absent
	 	 Salmonella sp.	 absent
Ice-cream	   4	 Total count	 4.35	 4.25	 3.91	 4.69
	 	 Total coliforms	 3.32	 3.60	 2.47	 3.94
	 	 E. coli	 -	 -	 -	 -
	 	 S. aureus	 -	 -	 -	 -
	 	 Clostridium sp.	 -	 -	 -	 -
	 	 Listeria sp.	 absent
	 	 Salmonella sp.	 absent
Milk-based creams	   5	 Total count	 1.81	 4.28	 -	 4.56
	 	 Total coliforms	 -	 -	 -	 -
	 	 E. coli	 -	 -	 -	 -
	 	 S. aureus	 -	 -	 -	 -
	 	 Clostridium sp.	 -	 -	 -	 -
	 	 Listeria sp.	 absent
	 	 Salmonella sp.	 absent
Feta cheese	   5	 Total coliforms	 -	 -	 -	 -
	 	 E. coli	 -	 -	 -	 -
	 	 S. aureus	 -	 -	 -	 -
	 	 Clostridium sp.	 -	 -	 -	 -
	 	 Listeria sp.	 absent
	 	 Salmonella sp.	 absent

Values expressed as log cfu g-1;
1: values below the detection limit.
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(Table 1). On the other hand, combina-
tion salads were found to be less con-
taminated and only one sample had col-
iforms and E. coli 3.54 and 2.57 log cfu 
g-1, respectively.

The fourth category of raw foodstuff 
was ready-to-bake goods of a cheese-pie 
type. An increased total aerobic count 
was found in the cheese filling. This 
could explain the presence of coliforms 
in three samples and E. coli in two of 
them (Table 2).

Cooked foodstuff
The cooked goods that were exam-

ined were divided into oven-baked and 
cooked goods (boiled). The former were 
in excellent microbiological condition; a 
total aerobic count of 3.63 log cfu g-1 was 
only found in one steak sample (Table 

1). Aerobic counts were found in 35.7% 
of the cooked goods, i.e. half of the spa-
ghetti and rice-containing samples, 
one of each being heavily contaminat-
ed. Coliforms were present in the same 
samples, whereas E. coli was present 
in two spaghetti and one rice-contain-
ing sample.

DISCUSSION

The results of the examination of 
three catering services indicate that 
some points deserve special attention. 
The microbiological quality of the meals 
supplied by Service A was good. On the 
other hand, the variation in the micro-
biological quality of the edible mate-
rial seemed to be the most significant 

Table 3 - Microbiological quality of various foodstuffs produced by Service B.

Type of sample	 Number	 Microbiological	 Geometric	 SD	 Minimum	 Maximum
	 of samples	 determination	 mean

Cheese-pie filling	 20	 Total coliforms	 1.91	 5.67	 -1	 6.27
	 	 E. coli	 1.06	 4.92	 -	 5.54
	 	 S. aureus	 -	 -	 -	 -
	 	 Clostridium sp.	 -	 -	 -	 -
	 	 Listeria sp.	 absent
	 	 Salmonella sp.	 present in one sample
Unbaked foodstuff
  (cheese-pies)	   4	 Total count	 6.44	 7.29	 4.97	 7.62
	 	 Total coliforms	 4.40	 5.13	 2.17	 5.47
	 	 E. coli	 2.36	 4.67	 -	 5.00
	 	 S. aureus	 -	 -	 -	 -
	 	 Clostridium sp.	 -	 -	 -	 -
	 	 Listeria sp.	 absent
	 	 Salmonella sp.	 absent
Meat products
  (ham, frankfurters, bacon)	 17	 Total count	 5.65	 7.98	 3.00	 8.51
	 	 Total coliforms	 0.12	 1.49	 -	 2.11
	 	 E. coli	 -	 -	 -	 -
	 	 S. aureus	 -	 -	 -	 -
	 	 Clostridium sp.	 -	 -	 -	 -
	 	 Listeria sp.	 absent
	 	 Salmonella sp.	 absent

Values expressed as log cfu g-1;
1: values below the detection limit.
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aspect of meals supplied by Services B 
and C particularly in the total microbi-
al count of the meat products (Service 
B), the total coliform count of the cheese 
pie fillings, unbaked cheese-pies (Serv-
ice B) and swab samples (Service C). The 
microbiological quality of these samples 
was satisfactory (PHLS, 2000) on the ba-
sis of the geometric mean, despite the 
fact that a few samples were found to be 
unsatisfactory. Although the personnel 
of all the enterprises seemed to comply 
with the instructions given concerning 
their personal hygiene and the hygienic 
preparation of edible material, a lack of 
flexibility and prompt response to prob-
lems was evident; this led thus to the 
above-mentioned variation in the micro-
biological quality; e.g. a malfunctioning 
dish washer, that was acknowledged by 
the personnel during sampling, was re-
sponsible for the decrease in the qual-
ity of the served meals due to the use 
of contaminated dishes. Another point 
was the handling of starchy foodstuffs 
after cooking. Starch is very suscepti-
ble to microbial contamination because 
it is already gelatinised and thus sus-
ceptible to enzymatic attack. Therefore, 
the mishandling of spaghetti and rice 
after cooking can lead to coliform and 
E. coli contamination. Attention should 
be given to the preparation of trimmed 
cheese and the cheese used as a filling 
in cheese-pies because many samples 
were heavily contaminated by both col-
iforms and E. coli. Regarding the prepa-
ration of trimmed cheese, if the micro-
biological quality of the raw material is 
satisfactory, a more meticulous clean-
ing of the trimming device would prob-
ably provide a safer product. Concern-
ing the cheese-pie fillings, either the 
selected raw materials were not always 
of high quality, or they were not stored 
under proper conditions. The above-
mentioned weak points could have been 
eliminated if a proper training program 
had been provided. Since no personnel-
training records were kept by the en-

terprises, it can be assumed that these 
problems arose due to unsatisfactory 
training.

Finally, salad is a special kind of food-
stuff, requiring special attention. The 
variability of raw materials, the fact that 
it is eaten raw and that large quantities 
are often exposed to the environment, 
are factors that could lead to occasion-
al food-borne diseases. Indeed, some of 
the green salads were found to be heav-
ily contaminated by coliforms and E. coli 
and one sample was even contaminated 
with Listeria sp. Salads should be pre-
pared in such a way that additional con-
tamination is avoided.

The results of the present study indi-
cated that the unsatisfactory training of 
the personnel involved in the handling 
of edible material can lead to an unpre-
dictable variability in its microbiological 
quality. Thus there is an imperative need 
for an integrated educational program 
for the employees that should include 
detailed instructions for the handling of 
specific types of foods (e.g. starchy foods, 
salads) as well as procedures for han-
dling any problem that may arise.
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