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EDITOR’S LETTER

LETTER FROM THE EDITOR

Following the announcement made on page 609 of n. 4, volume 15 in 2003,
regarding the founding of the first Italian Society of Food Science and Technology
(SISTAL), I am very pleased to share with you that, during the Society’s annual
meeting held in Perugia on February 13, 2004, the decision was made to select
IJFS as the Official Journal of the Society.

During our first 15 years, we have definitely received several important recogni-
tions: the support of the Italian National Research Council, selection as the Official
Journal of SISTAL, awarding of the Impact Factor from the Institute for Scientific
Information (I.S.I.) and coverage by many of the world’s most renowned Abstract
Services.

On behalf of the IJFS Advisory Board, I wish to thank all of the referees and
authors who have contributed to making these achievements possible.

Paolo Fantozzi
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PAPER

- Key words: edible films, formulation optimisation, functional properties,
plasticiser, response surface methodology -

TENSILE PROPERTIES, WATER VAPOUR
PERMEABILITIES AND SOLUBILITIES

OF STARCH-METHYLCELLULOSE-BASED
EDIBLE FILMS

PROPRIETÀ ELONGAZIONALI, PERMEABILITÀ AL VAPOR D’ACQUA
E SOLUBILITÀ DI FILM EDIBILI A BASE DI AMIDO-METILCELLULOSA

D. PERESSINI*, B. BRAVIN and A. SENSIDONI
Dipartimento di Scienze degli Alimenti, Università degli Studi di Udine,

Via Marangoni 97, 33100 Udine, Italy
* Corresponding author:

Tel. +390432590726, e-mail: donatella.peressini@dsa.uniud.it

ABSTRACT

The objective of this investigation was
to develop a starch-methylcellulose ed-
ible film by evaluating and optimising
the combined effects of plasticiser (glyc-
erol) content and blending levels of
methylcellulose (MC) with starch on film
properties using response surface
methodology. The influence of two in-
dependent variables (plasticiser and MC
content) on the water solubility, water
vapour permeability (WVP) and me-
chanical properties of edible films was
investigated. The formulation with an

RIASSUNTO

L’obiettivo della ricerca è stato quel-
lo di sviluppare un film edibile a base
di amido-metilcellulosa valutando ed
ottimizzando gli effetti combinati della
quantità di plasticizzante (glicerolo) e
del grado di miscelazione della metil-
cellulosa (MC) con l’amido sulle proprie-
tà del film utilizzando la metodologia
della superficie di risposta. Lo studio
ha investigato l’influenza delle due va-
riabili indipendenti (quantità di plasti-
cizzante e di MC) sulla solubilità in ac-
qua, sulla permeabilità al vapor d’ac-
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MC to starch ratio (w/w, dry basis) of
31:69 and a glycerol content of 20% was
determined as optimal for edible film
production and for providing accepta-
ble functional properties of the film
during use.

qua (WVP) e sulle proprietà meccani-
che del film edibile. La formulazione con
un rapporto tra MC e amido di 31:69
(p/p, sostanza secca) e un contenuto
di glicerolo del 20% è stata identificata
come ottimale per la produzione di basi
filmogene e per ottenere film con pro-
prietà funzionali accettabili.

INTRODUCTION

In recent years, edible films and coat-
ings have received increasing attention
from researchers and industry as a po-
tential food packaging material. In view
of their beneficial impact on the envi-
ronment, natural polymers have been
studied extensively for the development
of edible packaging. Materials that can
be used to make edible films include
polysaccharides (NISPEROS-CARRIEDO,
1994), proteins (GENNADIOS et al.,
1994a) and lipids (HERNANDEZ, 1994),
or combinations of these. Additives such
as plasticisers and emulsifiers may also
be used (DEBEAUFORT and VOILLEY,
1995; 1997).

Composite films make it possible to
combine the advantages associated with
different components. Lipids can create
effective barriers to water vapour, where-
as hydrocolloids provide structural sup-
port, as well as limiting oxygen and car-
bon dioxide transfer (KESTER and FEN-
NEMA, 1986; GONTARD et al., 1996;
BALDWIN et al., 1997).

The functions of edible films and coat-
ings are: to reduce water vapour, oxy-
gen, lipid and flavour transfer in multi-
component foods, and between food and
the surrounding atmosphere; to serve as
a carrier of food ingredients and addi-
tives; or to provide mechanical protec-
tion. The functional properties of edible
films depend on parameters such as for-
mulation, film-forming technology, sol-

vent characteristics and additives (GON-
TARD et al., 1992; 1993).

Cellulose and its derivatives, such as
ethers and esters, together with starch,
are the most important raw materials for
the preparation of films. The usefulness
of cellulose as a material for edible films
may be extended by chemical modifica-
tion. One such modified version is meth-
ylcellulose (MC), a water-soluble ether
with good film-forming properties. Glyc-
erol and polyethylene glycols have been
shown to be the most effective plasticis-
ers for MC (DONHOWE and FENNEMA,
1993; PARK et al., 1993). Plasticisers are
necessary to reduce the brittleness of
polysaccharide or protein-based edible
films but their use entails a decrease in
the barrier properties of edible packag-
ing (PSOMIADOU et al., 1996; DEBEAU-
FORT and VOILLEY, 1997; SHAW et al.,
2002).

Cellulose-based films are efficient ox-
ygen and aroma barriers but ineffective
against water vapour because they are
hydrophilic (PARK et al., 1993; DEBEAU-
FORT and VOILLEY, 1994). Water vapour
barrier properties of cellulose-based films
have been reported to be improved by
the addition of lipids (KAMPER and FEN-
NEMA, 1985; KESTER and FENNEMA,
1989; KOELSCH and LABUZA, 1992). Fur-
thermore, NELSON and FENNEMA (1991)
developed methylcellulose films to pre-
vent lipid migration in confectionery
products.

Starch is a natural polymer which can
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be readily cast into films. It has poor
physical properties, but these can be
improved by blending starch with cellu-
lose derivatives and proteins (ARVANITOY-
ANNIS et al., 1996, 1998; PSOMIADOU et
al., 1996). The interest in starch and oth-
er polymers of agricultural origin stems
from their inherent biodegradability,
availability and low cost (GUILBERT et al.,
1997).

The aims of this investigation were to
develop a starch-methylcellulose edible
film and to use response surface meth-
odology to evaluate and optimise the
combined effect of plasticiser content
and starch-methylcellulose blending lev-
els on film properties.

MATERIALS AND METHODS

Experimental design

A two-factor, five-level, central com-
posite design was chosen to study the
effects of MC and glycerol content on the
edible film properties of the film-form-
ing dispersion. The blends of MC and
starch (0:100; 9:91; 31:69; 53:47; 62:38
w/w) and glycerol content (13, 15, 20,
25 and 27% on dry matter as starch plus

MC plus glycerol) were established after
preliminary tests. The five levels of each
variable were coded as -1.41, -1, 0, +1
and +1.41. Table 1 presents the experi-
mental design selected, which consists
of nine design points. The central point
was replicated three times, and the in-
terior points twice, for a total of 19 sam-
ples. The sequence of experiments was
fully randomised to avoid systematic er-
rors.

Preparation of film-forming
dispersions

Edible film-forming dispersions were
obtained by dispersion and solubilisa-
tion of MC (high substitution, 27-32%
methoxyl content, BDH, Poole, UK) in
75 mL of a distilled water-ethyl alcohol
mixture (2/1, v/v) at 75°C for 10 min,
and dispersion and gelatinisation of
corn starch (27% amylose, S-4126, Sig-
ma, St. Louis, MO, USA) in 75 mL of
water at 95°C for 30 min. Gelatinised
starch was homogenised at 4000 rpm
for 1 min (Polytron PT 3000, Kinemati-
ca AG, Lucerne, Switzerland). Subse-
quently, glycerol (Baker, Deventer, Hol-
land) was added to the MC and the so-
lution was homogenised at 6000 rpm

Table 1 - Experimental levels of independent variables used in the central composite design.

Coded values Actual values
Design point

X1 X2 MCa glycerolb

(% d.b.) (% d.b.)

1 - 1 - 1 9.04 15
2 - 1 +1 9.04 25
3 +1 - 1 53.14 15
4 +1 +1 53.14 25
5 - 1.41 0 0 20
6 +1.41 0 62.18 20
7 0 - 1.41 31.09 13
8 0 +1.41 31.09 27
9 0 0 31.09 20

a MC = (MC · 100) / (MC + starch); b glycerol = (glycerol · 100) / (MC + starch + glycerol).
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for 1 min, then kept for 10 min in the
same conditions. The components were
mixed with a magnetic stirrer (800 rpm).
Variations in MC and glycerol content
are illustrated in Table 1. Dry matter
was maintained at a constant weight of
5.8 g per 150 mL of water-ethyl alcohol
mixture. MC and starch preparations
were mixed together, homogenised at
6,000 rpm for 90 sec, and maintained
at 75°C for 10 min under stirring be-
fore being spread onto glass plates
(25x50x1 cm) with a thin layer chroma-
tography spreader. Films were dried at
25°C, at a relative humidity of about
40%, for 15 hours. Film thickness was
30±3 µm (Elcometer 345 digital microm-
eter, Elcometer Instruments, Mancas-
ter, UK). Before measurements, films
were maintained at a constant relative
humidity of 53% and a temperature of
25°C for ten days, using a saturated
magnesium nitrate solution (Fluka,
Buchs, Switzerland).

Water vapour permeability (WVP)

Water vapour transfer rate (WVTR) at
a constant difference of relative humid-
ity (RH), and at 25°C, was measured
gravimetrically, using a modification of
ASTM standard method E 96-80 (ASTM,
1990). The test film was sealed to a glass
permeation cell containing distilled wa-
ter, and the cell was placed in a climat-
ic room maintained at 22% RH, with a
saturated salt solution of potassium ac-
etate (Sigma, St. Louis, MO, USA). The
climatic room was equipped with fans
to eliminate stagnant air above the test
cell. Cell weight was recorded periodi-
cally by a computer to evaluate station-
ary-state water vapour transfer. WVTR
(g m-2s-1) and WVP (g m-1s-1Pa-1) were
calculated using the following equa-
tions:

∆m
WVTR = (1)

A·∆t

WVTR·x
WVP = (2)

p1 – p2

where ∆m is the weight loss of the per-
meation cell, with 4.9.10-4 m2 exposed
area (A), during time (∆t), x is the film
thickness and p1 – p2 is the real vapour
partial pressure difference (Pa) across the
film. The real vapour partial pressure at
the film inner surface (p1) was corrected
for the stagnant air gap inside the test
cell, according to GENNADIOS et al.
(1994b). After this correction, the differ-
ence in relative humidity varied between
22-75% and 22-77%.

Water solubility

The solubility percentage (S, %) ex-
presses the percentage of film dry mat-
ter solubilised after immersion for 24
hours in water at 25°C, according to
GONTARD et al. (1992). The test was per-
formed under slow agitation every 30
min. Film solubility was calculated from
the following equation:

wtinitial - wtfinal
%S = ( ) (3)

wtinitial

where wtinitial and wtfinal are the initial and
final dry film weights, respectively.

Mechanical properties

Tensile strength (TS, MPa) and per-
centage elongation (E, %) at breakpoint
were measured uniaxially by stretching
the specimen (10x2.5 cm) in one direc-
tion at 50 mm/min using an Instron
Universal Testing Instrument (Model
4301, High, Wycombe, UK). The films
were analysed in a climatic room at 53%
RH and 25°C. Initial grip separation was
set at 4 cm. TS was calculated by divid-
ing the maximum load by the cross-sec-
tional area of the film, and E was ex-
pressed as a percentage of change in the
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original specimen length between grips
(4 cm), according to the ASTM standard
method D 882-88 (ASTM, 1989).

Moisture content

Moisture content was determined by
drying at 105°C for 15 hours in an air
convection oven and weighing the dried
samples (Salvis Thermocenter, Rotkreuz,
Switzerland).

Statistical analysis of data

Data are reported as the mean of
twelve measurements from three differ-
ent preparations for the formulation cor-
responding to the central point of the
experimental design, and eight measure-
ments from two different preparations for
the other samples.

Data were analysed by multiple regres-
sion using a second-order polynomial
model (Statistica software, version 5,
1997) containing linear, quadratic and
interaction terms for the two independ-
ent variables. The response surfaces
were generated from the following equa-
tion:

Y = b0 + b1·X1 + b2·X2 + b12·X1·X2 +
+ b11·X1

2 + b22·X2
2 (4)

where Y represents the response; X1 and
X2 are the encoded values of MC and
glycerol, respectively; b0 is a constant;
b1 and b2 are linear coefficients; b12 is
the interaction coefficient; and b11 and
b22 are quadratic coefficients.

RESULTS AND DISCUSSION

Film preparation

A film-forming dispersion was ob-
tained with starch and MC in a water /
ethanol solvent. Although MC is a wa-
ter-soluble hydrocolloid, a solvent blend
was used to facilitate MC solubilisation,

and to reduce drying time, because of
the low boiling point of ethanol. A rela-
tively low concentration of ethanol was
chosen, in line with the reports of DON-
HOWE and FENNEMA (1993). Ethanol
concentration in excess of 25% did not
completely dissolve MC and was conse-
quently detrimental for the mechanical
properties and appearance of the result-
ing edible films. Furthermore, high eth-
anol concentrations could cause precip-
itation of the starch in film-forming dis-
persions.

Several starch films were prepared
using dry-process approaches, such as
thermoplastic extrusion, which are
based on the thermoplastic properties of
polymers when plasticised and heated
above their glass-transition temperature
under low water-content conditions
(WARBURTON et al., 1993; ARVANITOYAN-
NIS et al., 1996; PSOMIADOU et al., 1996;
ARVANITOYANNIS and BILIADERIS, 1998).
The disadvantage of extruded films is
that they cannot be used to cover irreg-
ular surfaces. For this reason, the
present study adopted a wet-process
mechanism, based on a film-forming dis-
persion in which polymers are first dis-
persed or solubilised into a liquid phase,
and then dried. The wet process was pre-
ferred because it permits the application
of coatings in liquid form directly onto
food products by dipping, brushing or
spraying.

Functional properties

Table 2 illustrates the experimental
design formulations and the correspond-
ing properties of the various starch / MC
edible films. Solubility and mechanical
properties differed considerably, depend-
ing on formulation, but WVP showed less
variation from sample to sample. Water
solubility ranged from 17 to 72% as MC
increased from 0 to 62%. Water resist-
ance is an important characteristic of
edible films in applications where there
is high water activity, such as food pro-
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tection, or when the film comes into con-
tact with water during food processing.
An application of a starch-based film in
osmotic dehydration of fruit was report-
ed by CAMIRAND et al. (1992). In con-
trast, high solubility is an advantage for
applications such as edible candy wrap
films, which should dissolve quickly in
the mouth.

WVP changed from 22.58±2.28 (·10-11·
·g·m-1·s-1·Pa-1) to 29.80 ± 1.58 (·10-11·g·m-1·
·s-1 ·Pa-1) in different samples (Table 2).
These results fall within the range for
other edible films. WVP values of 5.2-
15.1 (·10-11·g·m-1·s-1·Pa-1) have been re-
ported for starch-cellulose and starch-
sodium, caseinate-based, edible films at
5% water content (PSOMIADOU et al.,
1996; ARVANITOYANNIS and BILIADERIS,
1998). Synthetic films, such as cello-
phane and LDPE, gave WVP values of
8.4 and 0.02 (·10-11·g·m-1·s-1·Pa-1), respec-
tively (SHELLHAMMER and KROCHTA,
1997). The poor water vapour barrier
properties of all the samples tested are
due primarily to the hydrophilic nature
of starch and MC. Several approaches
have been reported for improving the
water vapour barrier properties of cellu-
lose and starch-based films by adding
lipids (KAMPER and FENNEMA, 1985;
GREENER and FENNEMA, 1989; RICO-

Table 2 - Solubility, water vapour permeability (WVP), and mechanical properties of different formula-
tions of glycerol-plasticised, starch-MC-based films.

Trial MCa Glycerolb Solubility WVP TS E
number (% d.b.) (% d.b.) (% d.b.) (10-11g · m-1 · s-1 · Pa-1) (MPa) (%)

1 9.04 15 15.24±1.53 26.82±2.65 22.64±0.40 10.68±0.98
2 9.04 25 18.64±1.39 29.80±1.58 10.98±0.54 31.26±0.36
3 53.14 15 56.78±5.88 26.20±2.04 32.32±3.01 20.30±0.14
4 53.14 25 63.38±5.17 27.38±2.25 26.54±2.46 39.48±0.32
5 0 20 16.94±0.74 28.36±3.75 20.17±0.98 12.55±0.36
6 62.18 20 72.05±7.49 22.58±2.28 31.60±3.39 30.50±3.50
7 31.09 13 34.08±3.42 26.20±2.13 37.39±0.08 13.20±0.93
8 31.09 27 35.61±3.76 28.69±4.38 14.19±0.26 33.55±1.22
9 31.09 20 32.33±2.86 27.66±2.93 18.30±0.15 18.20±1.30

a MC = (MC · 100) / (MC + starch); b glycerol = (glycerol · 100) / (MC + starch +glycerol); Mean ± standard deviation.

PEÑA and TORRES, 1990; GARCÍA et al.,
2000).

Mechanical properties showed sub-
stantial variations, depending on film
formulation. Tensile strength ranged
from 10.98 MPa to 37.39 MPa and elon-
gation varied from 10.68 to 39.48% (Ta-
ble 2). Similar values were reported for
methylcellulose-based films by DEBEAU-
FORT and VOILLEY (1997). TS values are
in the same range as for low-density pol-
yethylene film (8.3-27.6 MPa) (PARK et
al., 1993; ARVANITOYANNIS et al., 1998).
High values of TS and E are required to
maintain the integrity of edible packag-
ing during application and food handling.
In general, increasing MC content in the
starch-MC blend had a beneficial effect,
resulting in improvement in the tensile
strength and elongation of edible films,
according to PSOMIADOU et al. (1996).
This is probably due to the presence of a
greater number of interacting molecular
chains participating in the formation of
the network structure (PERESSINI et al.,
2003). WOLFF et al. (1951) and PARK et
al. (1993) reported improvements in film
mechanical properties when the molec-
ular weight of biopolymers was in-
creased. In contrast, branched polymer
chains were detrimental (WOLFF et al.,
1951; ZOBEL, 1988). The chemical het-
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erogeneity of starch, deriving from the
presence of both amylose and amylopec-
tin, influences its film-forming proper-
ties. Linear amylose molecules have the
ability to form strong, flexible films,
whereas branched amylopectin-based
films are weak and brittle (WOLFF et al.,
1951; ZOBEL, 1988). Corn starch used
in this work contained 73% amylopec-
tin, which was probably one of the main
factors responsible for the poor mechan-
ical properties of the formulation pre-
pared with starch only (n. 5). The linear
molecules of MC probably have better
orientation and packing ability than the
branched molecules of amylopectin, re-
sulting in an improvement in mechani-
cal properties as linear molecule content
increases.

TS decreased and E increased sub-
stantially as glycerol content increased,
in agreement with previous studies
(WOLFF et al., 1951; PARK et al., 1993;

PSOMIADOU et al., 1996). Glycerol dis-
played a pronounced plasticising action.
When glycerol is incorporated into the
polysaccharide network, there is compe-
tition for hydrogen bonds between poly-
mer-polymer chains and polymer-plas-
ticiser, partly reducing direct interactions
of starch or MC chains (TURHAN et al.,
2001). The result is a decrease in inter-
molecular forces along polymer chains,
which increases film flexibility. Samples
with low glycerol content (13-15%) ex-
hibited brittle behaviour similar to that
of synthetic polymers in the glassy state.
Higher plasticiser content induced
changes in structure, from glassy to rub-
bery, because the glass transition tem-
perature (Tg) fell below 25°C, as demon-
strated by the shape of the tensile stress-
strain curves (Fig. 1) and in agreement
with results in the literature (PSOMIADOU
et al., 1996). Samples with 13-15% glyc-
erol levels had moisture contents of

Fig. 1 - Tensile stress-strain curves of starch-MC-based films at 31% MC with different glycerol con-
tents (53% RH; 25°C).
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10.30-11.62%, which increased to
15.87-17.33% for formulations with 20-
27% glycerol content because of the hy-
groscopic properties of glycerol. This
suggests that water may also have con-
tributed to the plasticisation of the
starch-MC-based films.

Mechanical properties depend on bi-
opolymers and the selection and concen-
tration of plasticisers (PARK et al., 1993).

Response surface analysis

Table 3 shows coefficients and analy-
sis of variance of the second-order mod-
els, fitted with the responses from the
nine combinations used in the central
composite design. Models fitted for sol-
ubility and mechanical properties were
highly significant (P < 0.0001), with sat-
isfactory coefficients of determination (R2

= 0.90-0.98), whereas the model devel-
oped for WVP was less predictive because
of the low level of R2 (Table 3). MC had a
quadratic positive effect on solubility but
glycerol had no significant effect. Both
independent variables had a significant

effect on mechanical properties. The
model for TS showed a positive second-
order effect for both glycerol and MC but
a significant negative main effect was
found for glycerol. Second-order terms
for MC and glycerol and the linear term
for glycerol had significant effects on
elongation.

The relationship between independent
variables and dependent responses can
be better understood by examining the
series of two-dimensional contour plots
generated for each of the fitted models
(Figs. 2-4). Solubility increased as meth-
ylcellulose levels rose, and was insensi-
tive to changes in glycerol content (Fig.
2). The area of optimised response (low
solubility) was defined by low levels of
methylcellulose.

The contour plot for tensile strength
(TS) showed that TS decreased in the
direction of high glycerol and low MC
content (Fig. 3). Elongation (E) increased
as glycerol and MC levels rose (Fig. 4).
The influence of glycerol on TS and E
was greater than the influence of MC.
The best way to improve the mechanical

Table 3 - Regression coefficients and analysis of variance of second-order models for solubility, tensile
strength, and elongation of glycerol-plasticised, starch-MC-based films.

Coefficient Solubility WVP TS E
(% d.m.) (10-11 g m-1 s-1 Pa-1) (MPa) (%)

Constant
b0 28.997 25.040 100.003 33.497

Linear
b1 0.018 0.122 -0.358 -0.001
b2 -1.454 -0.025 -6.688 *** -3.637 **

Interaction
b12 0.008 -0.004 0.009 -0.003

Quadratic
b11 0.011*** -0.002 0.006 ** 0.005 **
b22 0.037 0.009 0.127 ** 0.136 ***

R2 0.985 0.370 0.855 0.930
p-level <0.000001 <0.054 <0.00001 <0.000001

* Significant at 10%, ** significant at 5%, *** significant at 1%; b1 = methylcellulose; b2 = glycerol.



Ital. J. Food Sci. n. 1, vol. 16 - 2004 13

Fig. 2 - Contour plot of the effect of MC and glycerol on solubility of starch-MC-based films.

Fig. 3 - Contour plot of the effect of MC and glycerol on tensile strength of starch-MC-based films.
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properties was to find a compromise be-
tween high TS and E values, since the
areas of optimised response for the two
parameters are in conflict.

Figure 5 was obtained by superimpos-
ing the previous three contour plots
(Figs. 2-4). The crosshatched area shows
MC and glycerol contents that produce
films with satisfactory characteristics.
The shaded area fell within the central
region of the experimental design. From
these results for solubility and mechan-
ical properties, MC levels should fall be-
tween 25-34%, whereas glycerol should
exceed 19% and be lower than 21.5%
(Fig. 5).

PERESSINI et al. (2003) reported that
formulations containing 31% MC showed
rheological properties of the film-form-
ing dispersion that ensure optimal per-
formance for the production of laminat-
ed films. Experimental formulations with
an MC content in excess of 31% led to
the formation of very viscous dispersions
associated with levelling problems dur-

Fig. 4 - Contour plot of the effects of MC and glycerol on elongation of starch-MC-based films.

ing spreading. In addition, high viscosi-
ty is undesirable during the preparation
of liquid films because it is more diffi-
cult to disperse the ingredients and elim-
inate visible air bubbles, which are re-
sponsible for discontinuities in solid film.
Samples with an MC content lower than
31% were subject to low viscosity-relat-
ed gravity effects. The best compromise
of levelling and sagging behaviours was
achieved for systems with an MC con-
tent of around 31%. Taking the above
considerations into account, the formu-
lation corresponding to the central point
of the experimental design was identi-
fied as optimum for edible film produc-
tion. Levels of 31% MC and 20% glycer-
ol assure both satisfactory rheological
properties for the liquid film and accept-
able functional properties for the film
during use. The addition of soybean oil
(20% d.b.) to the optimised formulation
has been reported to improve the water
vapour barrier properties of starch-MC
based edible film (BRAVIN et al., 2002).
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The application of edible film to a low
aw-type food model, such as crackers,
whose regular, constant geometry ena-
bles uniform coating and control over
exchange surfaces, confirmed the poten-
tial of edible film to become an integral
part of the food and reduce water vapour
transmission in a high-aw environment
(BRAVIN et al., 2002).

CONCLUSIONS

Central composite design and re-
sponse surface methodology were used
successfully to estimate the effect of MC-
starch ratio and glycerol content on the
functional properties of edible film, and
to determine the optimal formulation.
Levels of 31% for MC and 20% for glyc-
erol were identified as optimal for edible
film production because these propor-
tions assured both satisfactory rheolog-
ical properties in the liquid film and ac-
ceptable functional properties in the film.

Fig. 5 - Acceptable area obtained by overlapping contour plots of functional properties of starch-MC-
based films as a function of MC and glycerol content.
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ABSTRACT

Water and ethanol extracts of broc-
coli (Brassica oleracea L.) florets were
studied for the following in vitro anti-
oxidant properties: total antioxidant
activity, reducing power, free radical
scavenging, superoxide anion radical
scavenging, hydrogen peroxide scav-
enging, and metal chelating activities.
Both extracts exhibited strong total
antioxidant activity. The concentrations
of 20, 40, and 60 µg/mL of the water
and ethanol extracts of broccoli showed
74, 83, 91 and 87, 94 and 99% inhibi-

RIASSUNTO

Su estratti acquosi ed alcolici di fiori
di broccoli sono state valutate, in vitro,
le seguenti proprietà antiossidanti: Po-
tere antiossidante totale, potere ridu-
cente, attività scavenger di radicali li-
beri, attività scavenger di radicale anio-
nico superossido, attività scavenger di
perossido di idrogeno ed attività di che-
lazione di metalli. Ambedue gli estratti
hanno dimostrato un forte potere an-
tiossidante totale. Gli estratti sia acquo-
si che alcolici di broccoli, alla concen-
trazione di 20, 40 e 60 µ/mL hanno
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tion of peroxidation of linoleic acid
emulsion, respectively. Controls at a
concentration of 60 µg/mL of butylat-
ed hydroxyanisole (BHA), butylated
hydroxytoluene (BHT), and α-tocophe-
rol exhibited 97, 99, and 61% inhibi-
tion of peroxidation of linoleic acid
emulsion, respectively. Both extracts of
broccoli florets displayed effective re-
ducing power, free radical scavenging,
superoxide anion radical scavenging,
hydrogen peroxide scavenging, and
metal chelating activities at 20, 40, and
60 µg/mL. Total phenolic compounds
in both broccoli floret extracts were de-
termined as gallic acid equivalents and
found to show no correlation with the
antioxidant activities of the extracts.

dato luogo ad una riduzione della pe-
rossidazione di una emulsione di acido
linoleico pari, rispettivamente, al 74, 83,
91% e 87, 94 e 99%. I controlli, ad una
concentrazione di 60 µ/mL, di BHA,
BHT ed alfa-tocoferolo, hanno dato luo-
go ad una riduzione della stessa emul-
sione pari a 97,99 e 61%. Ambedue gli
estratti di fiori di broccoli hanno mo-
strato effettivi potere riducente, attivi-
tà scavenger di radicali liberi, attività
scavenger di radicale anionico superos-
sido, attività scavenger di perossido di
idrogeno ed attività di chelazione di
metalli a concentrazioni pari a 20, 40 e
60 µ/mL. Il contenuto in polifenoli to-
tali dei fiori di broccoli è stato determi-
nato come equivalente di acido gallico.
La loro concentrazione non si è dimo-
strata in correlazione con l’attività an-
tiossidante degli estratti.

INTRODUCTION

Fatty acids are susceptible to attack
by highly reactive oxygen species (ROS)
such as OH·. Hence any reaction or
process which forms ROS could poten-
tially stimulate lipid oxidation. Hydro-
gen abstraction is easier in unsaturat-
ed fatty acids than in their saturated
counterparts, thus making them more
susceptible to ROS attack. Oxygen and
ROS are among the major sources of
primary catalysts that initiate oxidation
in vivo and in vitro. The electronic struc-
ture of oxygen has two unpaired elec-
trons at energy levels of p antibonding,
in the triplet state (3∑g) (KORYCKA-DAHL
and RICHARDSON, 1978). The reaction
of oxygen with ground state molecules
of singled multiplicity such as polyun-
saturated fatty acids (PUFA) is spin-for-
bidden. However, this barrier does not
apply to reactions, which involve single
electrons, hydrogen atoms, and mole-

cules containing unpaired electrons,
such as transition metal complexes and
free radicals. Therefore, the triplet state
oxygen can react with other molecules
to yield ROS such as hydrogen perox-
ide (H2O2), superoxide (O2·

-), and the
hydroxyl radical (OH·) (BORG, 1993;
HALLIWELL and GUTTERIDGE, 1985;
KANNER et al., 1987).

Exogenous compounds from food and
endogenous metabolic processes in the
human body or in the food system might
produce highly reactive free radicals,
which in high enough concentrations are
capable of oxidizing biomolecules, lead-
ing to oxidative stress, cell death and tis-
sue damage. Oxidative damage plays a
significant pathological role in human
diseases. Excessive generation of ROS
induced by various stimuli can over-
whelm the compensatory antioxidant
capacity of the body leading to a variety
of pathophysiological processes includ-
ing inflammation, diabetes, genotoxicity
and cancer (GÜLÇIN et al., 2002a; KOUR-
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including vitamins, phenolics, sulphur-
containing compounds and glucosi-
nolates (CAO et al., 1996). Broccoli is an
important vegetable that has recently
become more popular due to its high
nutritional value. Some metabolic chang-
es in broccoli flower buds during short-
term storage of broccoli were investigat-
ed by LEJA et al. (2001). Polyphenolic
compounds with antioxidant activities
are relatively abundant in broccoli (PLUM
et al., 1997). In particular, broccoli is a
significant source of several classes of
biologically active dietary components
such as flavonol glycosides and sulphur
containing compounds such as glucosi-
nolates (PRICE et al., 1997; FENWICK and
HEANY, 1983), hydroxycinnamic acids
(PRICE et al., 1997), carotenoids and
ascorbate (KURILICH et al., 1999). The
glucosinolates are secondary metabolites
derived from protein and non-protein
amino acids (MANSON et al., 1997; SMITH
et al., 1998). Therefore, glucosinolate
regulation and final concentrations in
tissues of cruciferous crops may be im-
portant for the human diet and health
(RANGKADILOK et al., 2002). PLUMB et al.
(1996) examined the free radical scav-
enging properties of purified glucosi-
nolates from cruciferous vegetables. Hy-
droxycinnamic acids, another phyto-
chemical class of compounds in brocco-
li, are attracting interest as a group with
protective activity against degenerative
diseases (PRICE et al., 1997).

KURILICH et al. (2002) determined the
antioxidant capacity of hydrophilic and
lipophilic extracts in eight broccoli gen-
otypes using the oxygen radical absorb-
ance capacity assay. They indicated that
the antioxidant capacity of hydrophilic
extracts is higher than that of lipophilic
extracts. CAO et al. (1996) measured the
antioxidant activity of broccoli flowers
using the automated oxygen radical ab-
sorbance capacity assay. However, there
are no reports about the in vitro antioxi-
dant properties of water or ethanol ex-
tracts of broccoli floret tissue using the

OUNAKIS et al., 1999). The body is typi-
cally protected from free radical damage
by enzymes such as superoxide dis-
mutase and catalase or antioxidant com-
pounds such as ascorbic acid, tocophe-
rol and gluthatione (NIKI et al., 1994).

Normal aerobic respiration in mito-
chondria, stimulated polymorphonuclear
leukocytes, macrophages and peroxi-
zomes are the main endogenous sourc-
es of ROS in the body. Exogenous sourc-
es of ROS include tobacco smoke, ionis-
ing radiation, certain pollutants, organ-
ic solvents and pesticides. ROS are con-
tinuously produced during normal phys-
iological processes and are removed by
antioxidant mechanisms. There is a bal-
ance between the generation of ROS and
the antioxidant system in the body. The
imbalance between ROS and antioxidant
defence systems leads to oxidative mod-
ification in the cellular membrane or in-
tracellular molecules (BÜYÜKOKUROĞLU
et al., 2001). Antioxidants can interfere
with the oxidation process by reacting
with free radicals, chelating catalytic
metals, and also by acting as oxygen
scavengers (SANCHEZ-MORENO et al.,
1999; SHAHIDI and WANASUNDARA,
1992; MAU et al., 2002).

Antioxidant supplements or food con-
taining antioxidants may be used to pro-
tect the human body from oxidative dam-
age (HALLIWELL and GUTTERIDGE, 1984;
MAU et al., 2001; GÜLÇIN et al., 2002b).
The most common antioxidants used as
food additives are BHA, BHT, propyl gal-
late (PG), and tert-butylhydroquinone
(TBHQ) (SHERWIN, 1990). However, these
compounds are suspected of being re-
sponsible for liver damage and carcino-
genesis in laboratory animals (GRICE
1986, WICHI, 1988). Therefore, the de-
velopment and utilization of more effec-
tive antioxidants of natural origin is de-
sirable (GÜLÇIN et al., 2002a, OKTAY et
al., 2003).

Fruit and vegetables contain several
classes of compounds that can poten-
tially contribute to antioxidant activity,
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thiocyanate method, reducing power, free
radical scavenging, superoxide anion
radical scavenging, hydrogen peroxide
scavenging, and metal chelating antioxi-
dant activity assays.

Although numerous procedures are
available for evaluating the antioxidant
activity of pure compounds, most of
these procedures are not suitable for
determining the antioxidant activity of
plant extracts. Various solvents have
been used for extraction (PLUMB et al.,
1997; AZUMA et al., 1999; LEJA et al.,
2001), however, from a toxicological point
of view, water and ethanol, as solvents,
are safer than acetone, methanol and
other organic solvents. Therefore, the
aim of the present study was to investi-
gate the antioxidant activity of water and
ethanol extracts from broccoli florets
using several antioxidant assays includ-
ing total antioxidant activity, reducing
power, free radical scavenging, superox-
ide anion radical scavenging, hydrogen
peroxide scavenging, and metal chelat-
ing activity. Total phenolic content (as
gallic acid equivalents) of aqueous and
ethanolic extracts of broccoli florets was
also determined.

MATERIALS AND METHODS

Chemicals

Ferrous chloride, polyoxyethylene-
sorbitan monolaurate (Tween-20), α-to-
copherol, 1,1-diphenyl-2-picryl-hydrazyl
(DPPH·), 3-(2-pyridyl)-5,6-bis (4-phenyl-
sulfonic acid)-1,2,4-triazine (Ferrozine),
nicotinamide adenine dinucleotide
(NADH), butylated hydroxyanisole (BHA),
butylated hydroxytoluene (BHT), and
trichloracetic acid (TCA) were purchased
from Sigma (Sigma-Aldrich GmbH,
Sternheim, Germany). Ammonium thi-
ocyanate was purchased from Merck
(Merck, D-6100 Darmstad, Germany).
All other chemicals used were of analyt-
ical grade and were obtained from Sig-

ma (Sigma-Aldrich GmbH, Sternheim,
Germany). BHA, BHT and α-tocopherol
were dissolved in ethanol.

Plant material and extraction

Fresh broccoli cannot be found dur-
ing all four seasons in Turkey. It is com-
monly used in Turkish folk medicine to
treat prostatitis and urinary tract infec-
tions, hence, it is also available in the
dried form on the market. In the present
study dried broccoli was obtained from
a local market at Erzurum, Turkey. The
entire broccoli heads were cut into small
pieces, left to dry on a bench under am-
bient temperature for over three days
after which it was ground in a blender.
The extraction procedures were then
performed according to GÜLCIN et al.
(2004a; 2004c). For water extraction, 20
g of dried broccoli floret tissue were
ground into a fine powder in a mill and
then mixed with 400 mL of boiling wa-
ter using a magnetic stirrer for fifteen
minutes. Then the extract was filtered
through Whatman No.1 filter paper. The
filtrates were frozen and lyophilised at
5 µm Hg pressure at -50oC (Labconco
Corp., Freezone 1L, Kansas City, MO,
USA). For ethanol extraction, 25 g of
dried broccoli floret tissue were ground
into a fine powder in a mill and then
extracted five times with 100 mL etha-
nol. Extraction continued until the sol-
vent became colourless (total solvent
volume was 500 mL). The extracts were
filtered (Whatman No.1 paper) and the
ethanol was removed using a rotary
evaporator (RE 100 Bibby, Stone Staf-
fordshire, U.K.) at 50oC to obtain the dry
extract. Each broccoli floret extract was
put in a plastic bottle and stored at -
20oC until used.

Total antioxidant activity

The total antioxidant activity of ex-
tracts of broccoli florets was determined
using the thiocyanate method described
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by MITSUDA et al (1996). Ten milligrams
of the lyophilised water extract of broc-
coli floret tissue were dissolved in 10
mL water. Ten milligrams of the etha-
nol extract of the broccoli floret tissue
were dissolved in 10 mL ethanol. Prep-
aration of standards was performed
under the same conditions. Then dif-
ferent concentrations (20, 40, and 60
µg/mL) or standard samples were pre-
pared separately in 2.5 mL of potassi-
um phosphate buffer (0.04 M, pH 7.0).
These solutions were added to 2.5 mL
of linoleic acid emulsions in potassium
phosphate buffer (0.04 M, pH 7.0). Five
millilitres of linoleic acid emulsion con-
tained 17.5 µg Tween-20, 15.5 µL lino-
leic acid and 0.04 M potassium phos-
phate buffer (pH 7.0). Five millilitres of
the control included 2.5 mL linoleic acid
emulsion and 2.5 mL potassium phos-
phate buffer (0.04 M, pH 7.0). The mixed
solution was incubated at 37oC in a
glass flask in the dark. After stirring the
mixture for 3 min, 100 µL FeCl2 and 100
µL thiocyanate were added and the per-
oxide value was determined by reading
the absorbance at 500 nm in a spectro-
photometer (8500 II, Bio-Crom Gmb,
Zurich, Switzerland). During linoleic
acid oxidation, peroxides form and oxi-
dize Fe+2 to Fe+3. Fe+3 ions form a com-
plex with SCN- and this complex has a
maximum absorbance at 500 nm.
Therefore high absorbance indicates
high linoleic acid oxidation. Control so-
lutions without the addition of extracts
of broccoli florets were used as blanks
to measure background absorbance.
The percentage inhibition of lipid per-
oxidation was calculated using the fol-
lowing equation:

% Inhibition = [(Ao-A1)/Ao]�100

where Ao was the absorbance of the con-
trol reaction and A1 was the absorbance
in the p resence of the extracts of broc-
coli floret tissue (DUH et al., 1999;
GÜLÇIN et al., 2004d).

Reducing power

The reducing power of extracts of broc-
coli florets was determined by investigat-
ing the Fe 3+ - Fe 2+ transformation ac-
cording to the method of OYAIZU (1986).
The various concentrations of aqueous or
ethanolic extracts of broccoli floret tissue
(20, 40, 60 µg/mL) in 1 mL of distilled
water were mixed with phosphate buffer
(2.5 mL, 0.2 M, pH 6.6) and potassium
ferricyanide [K3Fe(CN)6] (2.5 mL, 1%). The
mixture was incubated at 50oC for 20 min.
An aliquot (2.5 mL) of trichloroacetic acid
(10%) was added to the mixture, which
was then centrifuged for 10 min at 1,000
g (MSE Mistral 2000, U.K.) The upper lay-
er of solution (2.5 mL) was mixed with
distilled water (2.5 mL) and FeCl3 (0.5 mL,
0.1%), and the absorbance was measured
at 700 nm in a spectrophotometer (8500
II, Bio-Crom Gmb, Zurich, Switzerland).
Higher absorbance of the reaction mix-
ture indicated greater reducing power.

Free radical scavenging activity
(DPPH assay)

The free radical scavenging activity of
water and ethanol extracts of broccoli
florets was measured by 1,1-diphenyl-
2-picryl-hydrazil (DPPH·) using the
method of BLOIS (1958). Briefly, a 0.1
mM solution of DPPH· in ethanol was
prepared and 1 mL of this solution was
added to 3 mL of broccoli floret extract
solutions. The mixture was shaken vig-
orously and allowed to stand at room
temperature for 30 min. Then the ab-
sorbance was measured at 517 nm in a
spectrophotometer (8500 II, Bio-Crom
Gmb, Zurich, Switzerland). Lower ab-
sorbance of the reaction mixture indi-
cated higher free radical scavenging ac-
tivity. The DPPH· concentration (mM) in
the reaction medium was calculated from
the following calibration curve, deter-
mined by linear regression (R2: 0.9769):

Absorbance = 104.09 x [DPPH·].
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The DPPH radical concentration was
calculated using the following equa-
tion:

DPPH· Scavenging Effect (%) =
= 100 - [(Ao - A1/Ao) � 100],

where Ao was the absorbance of the con-
trol reaction and A1 was the absorbance
in the presence of the broccoli floret ex-
tracts (GÜLÇIN et al., 2003).

Superoxide anion scavenging activity

Measurement of the superoxide an-
ion scavenging activity of extracts of
broccoli florets was based on the meth-
od described by LIU et al. (1997) with
slight modifications (OKTAY et al.,
2003; GÜLÇIN et al., 2004b). Superox-
ide radicals are generated in PMS-
NADH systems by oxidation of NADH
and assayed by the reduction of nitrob-
lue tetrazolium (NBT). Superoxide rad-
icals were generated by mixing 3 mL
of Tris-HCl buffer (16 mM, pH 8.0) con-
taining 1 mL of NBT (50 µM) solution,
1 mL NADH (78 µM) solution and wa-
ter or ethanol extracts of broccoli flo-
rets (from 20 to 60 µg/mL). The reac-
tion was initiated by adding 1 mL of
phenazine methosulphate (PMS) solu-
tion (10 µM) to the mixture. The reac-
tion mixture was incubated at 25oC for
5 min and the absorbance at 560 nm
(Spectrophotometer 8500 II, Bio-Crom
Gmb, Zurich, Switzerland) was meas-
ured against blank samples. L-Ascor-
bic acid was used as a standard. De-
creased absorbance of the reaction
mixture indicated increased superox-
ide anion scavenging activity. The per-
centage inhibition of superoxide ani-
on generation was calculated using the
following formula:

% Inhibition = [(Ao-A1)/Ao] �100,

where Ao was the absorbance of the con-
trol (L-Ascorbic acid), and A1 was the

absorbance of extracts of broccoli floret
and standards (YE et al., 2000).

Metal chelating activity

The chelating of ferrous ions by wa-
ter and ethanol extracts and standards
was estimated by the method of DINIS
et al. (1994). Briefly, extracts (20-60 µg/
mL) were added to a solution of 2 mM
FeCl2 (0.05 mL). The reaction was initi-
ated by the addition of 5 mM ferrozine
(0.2 mL) and the mixture was shaken
vigorously and left to stand at room
temperature for ten minutes. After the
mixture had reached equilibrium, the
absorbance of the solution was then
measured spectrophotometrically at
562 nm (8500 II, Bio-Crom Gmb, Zu-
rich, Switzerland). Percent inhibition
was calculated using the following for-
mula.

% Inhibition = [(Ao-A1)/Ao] � 100

where Ao was the absorbance of the con-
trol (FeCl2 and ferrozine absent), and A1
was the absorbance of the broccoli flo-
ret extracts and standards.

Scavenging of hydrogen peroxide

The ability of water and ethanol ex-
tracts of broccoli florets to scavenge hy-
drogen peroxide was determined accord-
ing to the method of RUCH et al. (1989).
A solution of hydrogen peroxide (40 mM)
was prepared in phosphate buffer (pH
7.4). Hydrogen peroxide concentration
was determined spectrophotometrically
at 230 nm (8500 II, Bio-Crom Gmb, Zu-
rich, Switzerland). Aqueous and ethanol-
ic extracts (20-60 µg/mL) in distilled
water and ethanol were added to a hy-
drogen peroxide solution (0.6 mL, 40
mM). Absorbance of hydrogen peroxide
at 230 nm was determined after ten min-
utes against a blank solution of phos-
phate buffer without hydrogen peroxide.
The percentage of scavenged hydrogen
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peroxide of broccoli floret extracts and
standard compounds was calculated by
the following formula:

% Scavenged [H2O2] = [(Ao-A1)/Ao]�100

where Ao was the absorbance of the con-
trol, and A1 was the absorbance in the
presence of the broccoli floret extracts
and standards. BHA, BHT and α-toco-
pherol were used as standards.

Total phenolic content

The concentration of the total soluble
phenolic compounds in water and etha-
nol extracts of broccoli florets was de-
termined with the Folin-Ciocalteu rea-
gent (SLINKARD and SINGLETON, 1977).
Gallic acid was used a standard phenol-
ic compound. Briefly, 1 mL of water and
ethanol extracts of broccoli floret solu-
tions (each containing 1,000 µg extract)
were separately pipetted into a volumet-
ric flask and diluted with distilled water
(46 mL). One millilitre of Folin-Ciocal-
teu reagent was added and the contents
of the flask were mixed thoroughly. Af-
ter 3 min, 3 mL of Na2CO3 (2%) was add-
ed and the mixture was allowed to stand
for 2 hours with intermittent shaking.
The absorbance was measured at 760
nm in a spectrophotometer (8500 II, Bio-
Crom Gmb, Zurich, Switzerland). The
concentration of total phenolic com-
pounds in the broccoli floret extracts was
determined as µg of gallic acid equiva-
lents using an equation that was ob-
tained from the standard gallic acid
graph (OKTAY et al., 2003):

Absorbance = 0.0053 � Total Phenols
[Gallic Acid Equivalent (µg)] - 0.0059.

Statistical analysis

Results of the total antioxidant activ-
ity are the average of duplicate analyses
of each extract. All other results are ex-
pressed as the mean ± S. D. of three rep-

licate measurements. Analysis of vari-
ance was performed by ANOVA proce-
dures using SPSS 9.0 software (SINGLE-
TON et al., 1999). Significant differences
between means were determined by
Duncan’s Multiple Range tests. P values
< 0.05 were regarded as significant and
p values < 0.01 as highly significant.

RESULTS AND DISCUSSION

Numerous antioxidant methods and
modifications have been proposed to
evaluate antioxidant activity and to ex-
plain how antioxidants function. Of
these, the total antioxidant activity, re-
ducing power, DPPH assay, metal che-
lation and quenching assays for active
oxygen species such as H2O2, O2·

-, and
OH· are often used for evaluating the
antioxidant activities of extracts (DUH et
al., 1999; AMAROWICZ et al.; 2000,
CHANG et al., 2002). The water and eth-
anol extraction yields (20 g dried broc-
coli) were 1.20 g and 1.54 g, respective-
ly.

Total antioxidant activity

The total antioxidant activity of broc-
coli floret extracts was determined by the
thiocyanate method. Both extracts of
broccoli florets exhibited effective anti-
oxidant activity at all concentrations. The
effects of various concentrations of wa-
ter and ethanol extracts of broccoli flo-
rets (from 20 to 60 µg/mL) on peroxida-
tion of linoleic acid emulsion are shown
in Table 1. The antioxidant activity of
both extracts of broccoli florets increased
with increasing concentration. The per-
cent inhibition of peroxidation in the li-
noleic acid system by the water and eth-
anolic extracts of broccoli were 74, 83,
and 91%, and 87, 94 and 99%, respec-
tively. The different concentrations of
water and ethanol extracts (20, 40 and
60 µg/mL) of broccoli florets had higher
antioxidant activities than that of α-to-
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copherol. On the other hand, the per-
cent inhibition of the 60 µg/mL concen-
tration of BHA and BHT was found to be
97 and 99%, respectively. AZUMA et al.
(1999) evaluated the antioxidant activi-
ty of plant extracts in linoleic acid emul-
sion and phospholipid bilayers and
found the ethanolic extracts to have a
higher antioxidant activity than the
aqueous extract.

Reducing power

The reducing capacity of a compound
may serve as a significant indicator of
its potential antioxidant activity (MEIR et
al., 1995). The antioxidant activity of
putative antioxidants has been attribut-
ed to various mechanisms, among which
are prevention of chain initiation, bind-
ing of transition metal ion catalysts, de-
composition of peroxides, prevention of
continued hydrogen abstraction, reduc-
ing power and radical scavenging
(DIPLOCK, 1997).

Table 1 shows the reducing power of
water and ethanol extracts of broccoli
florets compared to BHA, BHT and α-to-
copherol. As seen with total antioxidant
activity, the reducing power of both ex-
tracts of broccoli florets increased with
increasing concentration. All concentra-

Table 1 - Inhibition of lipid peroxidation of linoleic acid emulsion, reducing power and free radical
scavenging activity by DPPH radicals of various concentrations of water extracts of broccoli (WEB),
ethanol extracts of broccoli (EEB), BHA, BHT and α-tocopherol.

Inhibition of lipid peroxidation Reducing DPPH radical scavenging
(%) power activity (%)

20µg/mL 40µg/mL 60µg/mL 20µg/mL 40µg/mL 60µg/mL 20µg/mL 40µg/mL 60µg/mL

BHA 88 91 97 1.120 1.916 2.217 47 56 62
BHT 89 94 99 0.573 1.106 1.486 49 56 60
α-tocopherol 51 54 61 0.298 0.623 0.988 25 30 31
WEB* 74 83 91 0.437 0.767 1.007 10 28 53
EEB� 87 94 99 0.469 0.900 1.224 31 44 59

*:1.20 g dried water extract was found in 20 g dried floret tissue; �: 1.54 g dried water extract was found in 20 g dried
floret tissue.

tions of water and ethanol extracts
showed higher activities than the con-
trols and these differences were highly
significant (p<0.01). The ethanol extract
exhibited higher reducing power than the
water extract (p<0.05). Both extracts of
broccoli florets had higher reducing pow-
er than α-tocopherol, but lower than
BHA and BHT. The reducing power of
water and ethanol extracts of broccoli
florets and standard compounds fol-
lowed the order: BHA > BHT > ethanol
extract > water extract > α-tocopherol.

Free radical scavenging activity (DPPH)

Scavenging activity using the stable
DPPH radical is a popular method for
evaluating antioxidant activities. The ef-
fect of antioxidants on DPPH radical
scavenging is thought to be due to their
hydrogen donating ability. DPPH· ac-
cepts an electron or hydrogen radical to
become a stable diamagnetic molecule
(SOARES et al., 1997). The reduction ca-
pability of DPPH radicals was determined
by the decrease in its absorbance at 517
nm. The maximum absorption of a sta-
ble DPPH radical in ethanol is at 517 nm.
The decrease in absorbance of DPPH
radicals is due to the reaction between
antioxidant molecules and the radical.
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It is visually noticeable as a discolora-
tion from purple to yellow. Hence, DPPH·
can be used as a substrate to evaluate
antioxidant activity (DUH et al., 1999;
CHANG et al., 2002).

As seen in Table 1, there is a signifi-
cant (P<0.01) decrease in the concentra-
tion of the DPPH radical due to the scav-
enging ability of both extracts and stand-
ards. At 60 µg/mL, water and ethanol
extracts of broccoli florets, BHA, and
BHT showed similar DPPH scavenging
activity, while that of α-tocopherol was
significantly lower (p<0.01). The scaveng-
ing effect of water and ethanol extracts
and standards on the DPPH radical de-
creased in the order of BHA = BHT = eth-
anol extract of broccoli floret = water
extract of broccoli floret > α-tocopherol
and were 62, 60, 59, 53 and 31% at a
concentration of 60 µg/mL, respective-
ly. These results indicated that both
broccoli extracts had a noticeable effect
on scavenging of the DPPH free radical.
Free radical scavenging activity also in-
creased with increasing concentration.

It has been reported that oxidative
stress, which occurs when free radical
formation exceeds the body’s ability to
protect itself, forms the biological basis
of chronic conditions such as arterioscle-
rosis (FATIMAH et al., 1998). Based on

the data obtained from this study, both
extracts act as free radical inhibitors or
scavengers, as well as primary antioxi-
dants that react with free radicals and
may limit free radical damage occurring
in the human body.

Superoxide anion
scavenging activity

In the PMS-NADH-NBT system, su-
peroxide anions, derived from dissolved
oxygen by the PMS-NADH coupling re-
action, reduce NBT. The decrease in ab-
sorbance at 560 nm indicates the con-
sumption of the superoxide anion in the
reaction mixture. Table 2 shows the per-
cent inhibition of superoxide radical
generation by 60 µg/mL of the water
and ethanol extracts of broccoli florets
and compares them with same concen-
tration of BHA, BHT, and α-tocopherol.
Both extracts of broccoli florets exhib-
ited higher superoxide radical scaveng-
ing activity than BHT and α-tocopherol
(p<0.01). Both aqueous and ethanolic
extracts had superoxide radical scav-
enging activity similar to BHA. The per-
cent inhibition of superoxide generation
by 60 µg/mL of water and ethanol ex-
tracts was 73 and 76%, respectively,
which was comparable or greater than

Table 2 - Percent of inhibition of superoxide radical generation, metal chelation activity and hydrogen
peroxide scavenging activity of various concentrations of water extracts of broccoli (WEB), ethanol
extracts of broccoli (EEB), BHA, BHT and α-tocopherol.

Inhibition of superoxide Metal chelation Hydrogen peroxide
radical generation (%) activity (%) scavenging activity (%)

60 µg/mL 20µg/mL 40µg/mL 60µg/mL 20µg/mL 40µg/mL 60µg/mL

BHA 77 19 47 59 12 17 23
BHT 34 56 60 71 3 12 20
α-tocopherol 26 6 44 56 7 20 28
WEB* 73 65 77 84 34 57 70
EEB** 76 70 81 89 39 61 81

*: 1.20 g dried water extract was found in 20 g dried floret tissue; �: 1.54 g dried water extract was found in 20 g dried
floret tissue.
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the same concentration of BHA, BHT,
and α-tocopherol (77, 34 and 26%), re-
spectively. Superoxide radical scaveng-
ing activity followed the order: BHA =
ethanol extract of broccoli floret = wa-
ter extract of broccoli floret > BHT > α-
tocopherol.

Metal chelating activity

The chelation of ferrous ions by both
extracts was estimated by the method of
DINIS et al. (1994). Ferrozine can quan-
titatively form complexes with Fe2+. In the
presence of chelating agents, the com-
plex formation is disrupted, resulting in
reduction of the red colour of the com-
plex. Measurement of colour reduction
therefore allows estimation of the chelat-
ing activity of the coexisting chelator
(YAMAGUCHI et al., 2000). In this assay
both broccoli floret extracts and stand-
ard antioxidant compounds interfered
with the formation of ferrous ions and
the ferrozine complex, suggesting that
they have chelating activity and can com-
pete for the capture of the ferrous ion
without ferrozine.

Iron can stimulate lipid peroxidation
by the Fenton reaction, and also accel-
erate peroxidation by decomposing lipid
hydroperoxides into peroxyl and alkoxyl
radicals that can themselves abstract
hydrogen and perpetuate the chain re-
action of lipid peroxidation (CHANG et al.,
2002, HALLIWELL, 1991).

H2O2 + Fe+2  � Fe+3 + OH- + OH·
(Fenton Reaction)

As shown in Table 2, the formation of
the Fe2+-ferrozine complex is not com-
plete in the presence of water and etha-
nol extracts of broccoli florets, indicat-
ing that both extracts of broccoli floret
tissue chelate iron. The absorbance of
the Fe2+-ferrozine complex linearly de-
creased in a dose dependent manner
with increasing extract concentrations
(from 20 to 60 µg/mL). The difference

between both extracts and the control
was statistically significant (p<0.01). The
percent metal chelating capacity of 60
µg/mL concentration of water and etha-
nol extracts of broccoli florets was found
to be 84 and 89%, respectively. The per-
cent metal chelating capacity of α-toco-
pherol, BHA, and BHT at 60 µg/mL was
56, 59, and 71%, respectively. The met-
al scavenging effect of the extracts and
standards decreased in the order of eth-
anol extract of broccoli floret = water
extract of broccoli floret > BHT > BHA =
α-tocopherol.

Metal chelating capacity is significant
since it reduces the concentration of the
catalysing transition metal in lipid per-
oxidation (DUH et al., 1999). It has been
reported that chelating agents which
form σ-bonds with a metal are effective
as secondary antioxidants because they
reduce the redox potential thereby sta-
bilizing the oxidized form of the metal
ion (GORDON, 1990). The data reported
in Table 2 show that both extracts of
broccoli floret tissue demonstrate a
marked capacity for iron binding, sug-
gesting that their action as peroxidation
protectors may be related to their iron
binding capacity.

Scavenging of hydrogen peroxide

The scavenging ability of water and
ethanol extracts of broccoli florets on hy-
drogen peroxide is shown in Table 2 and
compared with BHA, BHT and α-toco-
pherol as standards. Extracts of brocco-
li florets were capable of scavenging hy-
drogen peroxide in a concentration–de-
pendent manner. Water and ethanol ex-
tracts of broccoli florets exhibited 70 and
81% scavenging activity on hydrogen
peroxide, respectively. BHA, BHT, and α-
tocopherol at 60 µg/mL showed 23, 20,
and 28% hydrogen peroxide scavenging
activity, respectively. These results
showed that both extracts of broccoli flo-
rets had effective hydrogen peroxide
scavenging activity which was statisti-
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cally higher than the controls (p<0.01).
The hydrogen peroxide scavenging effect
at 60 µg/mL of both extracts of broccoli
florets and standards decreased in the
order of ethanol extract > water extract
> α-tocopherol = BHA = BHT. Hydrogen
peroxide itself is not very reactive, but it
can sometimes be toxic to the cell by giv-
ing rise to hydroxyl radicals. H2O2 can
cross membranes and may slowly oxi-
dize a number of biomolecules and com-
pounds. H2O2 is formed in vivo by su-
peroxide dismutates and also by many
oxidase enzymes. H2O2 at micromolar
levels is poorly reactive. However, high-
er levels of H2O2 can attack some ener-
gy-producing systems. H2O2 inactivates
the glycolytic enzyme glyceraldehyde-3-
phosphate dehydrogenase. In addition,
H2O2 also forms OH· in the presence of
metal ions and oxygen facilitates this
reaction. Thus, removing excessive H2O2
is very important for living organisms
and for protecting food systems (HALLI-
WELl 1991; GÜLÇIN et al., 2004b).

Scavenging of H2O2 by both extracts
may be attributed to their phenolic con-
tent. Phenolics can donate electrons to
H2O2, thus neutralizing it to water (HAL-
LIWELL and GUTTERIDGE, 1985). H2O2
scavenging capacity may be attributed
to the structural features of the active
phytochemicals, which determine their
electron donating abilities (WETTASING-
HE and SHAHIDI, 2000).

Determination of total phenolic
compounds

Phenolic compounds may contribute
directly to antioxidative action (DUH et
al., 1999). It has been suggested that
polyphenolic compounds have an inhib-
itory effect on mutagenesis and carcino-
genesis in humans, when up to 1.0 g is
ingested daily from a diet rich in fruits
and vegetables (TANAKA et al., 1998). In
addition, it has been reported that phe-
nolic compounds are associated with
antioxidant activity and play an impor-

tant role in stabilizing lipid peroxidation
(YEN et al., 1993).

Phenols are very important plant con-
stituents because of their radical scav-
enging ability due to their hydroxyl
groups (HATANO et al., 1989). According
to recent reports, a highly positive rela-
tionship between total phenols and anti-
oxidant activity has been found in many
plant species (VINSON et al., 1998; VELI-
OGLU et al., 1998; GÜLÇIN et al., 2004c;
OKTAY et al., 2003). In 1mg of the water
and ethanol extracts of broccoli, 25.3 and
19.6 µg gallic acid equivalents of phe-
nols were detected, respectively. The to-
tal phenolic content is lower than previ-
ous reports. LEJA et al. (2001) reported
a considerable increase in the total phe-
nol level during short-term storage of
broccoli at room temperature. The dif-
ference between the phenolic contents
of the water and ethanol extracts of broc-
coli was not significant. According to
these results, there does not appear to
be a relationship between total phenols
and total antioxidant activity.

CONCLUSION

The results of this study indicate that
both aqueous and ethanolic extracts of
broccoli florets have powerful antioxidant
activity against various free radical in-
ducing systems in vitro.

Broccoli florets can potentially be used
as an easily accessible source of natural
antioxidants and may be used as a pos-
sible food supplement or in the phar-
maceutical industry. The various anti-
oxidant mechanisms of extracts of broc-
coli florets may be attributed to strong
hydrogen donating capacity, metal che-
lation ability and their effectiveness as
scavengers of hydrogen peroxide, super-
oxide and other free radicals.

It has been suggested that a higher
consumption of fruit and vegetables with
high phytochemicals can inhibit, prevent
or retard chronic diseases. The results
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of this study imply that dietary phyto-
chemicals from broccoli may supply sub-
stantial antioxidants which may provide
health-promoting effects to consumers.
The compounds responsible for the anti-
oxidative activity of both extracts of broc-
coli florets are not well known. There-
fore, it is suggested that further work
could be performed on the isolation and
identification of the antioxidant com-
pounds in broccoli.
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ABSTRACT

Response surface methodology was
used to investigate variables affecting
the firmness of blanched potato slices
such as type of blanching, time of treat-
ment, NaCl or CaCl2 concentrations and
lactic acid concentration. Results
showed that the mathematical models
were able to provide a good estimate of
the effects of individual and interactive
factors on the retention of firmness of
processed potato. The best results were
obtained with microwave blanching of
slices dipped in calcium chloride-con-

RIASSUNTO

Allo scopo di studiare l’influenza sulla
consistenza di patate in fette sottopo-
ste a scottatura di variabili quali la
modalità di scottatura, il tempo di trat-
tamento, la concentrazione di cloruro
di sodio o di cloruro di calcio e la con-
centrazione di acido lattico sulla consi-
stenza di fette di patate, è stata adotta-
ta la metodologia delle superfici di iso-
risposta. I risultati hanno dimostrato
la capacità dei modelli matematici ot-
tenuti di fornire una buona stima degli
effetti delle variabili, considerate indi-
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taining solution. In addition to firmness
analysis, weight loss, moisture and
starch crystallinity levels were used to
determine blanching treatment effec-
tiveness.

vidualmente ed in interazione con le
altre, sulla consistenza delle patate in
fette dopo l’operazione di scottatura. In
particolare, i migliori risultati in termi-
ni di ritenzione della consistenza, sono
stati ottenuti con la scottatura in solu-
zioni contenenti cloruro di calcio. Oltre
alla determinazione della consistenza,
la valutazione della variazione di so-
stanza secca ed acqua e il grado di cri-
stallinità dell’amido sono stati usati
come indici dell’efficacia dei trattamenti
di scottatura studiati.

INTRODUCTION

Blanching as a pre-treatment in the
production of canned, frozen and dehy-
drated vegetables is performed for sev-
eral reasons: inactivation of enzymes
such as polyphenoloxidases, responsi-
ble for browning (MAPSON et al., 1963;
Collins and McCarty, 1969) and peroxi-
dase, which leads to the development of
off-flavours (PINSENT, 1962). It also de-
creases the reducing sugar content on
the surface of the product, preventing
changes in colour due to caramelization
and Maillard reactions (SMITH, 1975).
Blanching can be performed by expos-
ing vegetables to hot water (the most
common method), steam (KIDMOSE and
MARTENS, 1999) or microwaving (CHEN
et al., 1971; RAMASWAMY and VAN DE
VOORT, 1990; PONNE et al., 1991) for sev-
eral seconds or minutes. A certain cook-
ing effect connected to a blanching op-
eration can be quite acceptable since
most vegetables have to be cooked prior
to consumption. Blanching in boiling
water has some disadvantages such as
loss of soluble solids, high water use and,
consequently, a large volume of water to
drain away (SEVERINI et al., 2001). Heat
treatment also causes changes in tex-
tural characteristics (probably because

of swelling of gelatinized starch), loss of
cell turgor and activation/inhibition of
pectic enzymes. All these factors can
cause a decrease in firmness (MALTINI
et al., 1993).

To ameliorate firmness retention, cal-
cium chloride can be added to the
blanching solution (BOUWKAMP, 1985).
Calcium and other divalent metal ions
are known to increase firmness reten-
tion due to cross-linking with pectic sub-
stances (LEE and HOWARD, 1999), ac-
cording to the “egg box” model proposed
by VAN BUREN (1979). In this way, the
rate of cleavage of pectic substances by
β-elimination during heat processing and
that of extraction by hot water are de-
creased. Furthermore, it has been found
that the addition of a vacuum-infiltrat-
ed base followed by tissue neutralization
reduces softening (WALTER et al., 1992),
because in this way demethylation of cell
wall pectins by endogenous pectin meth-
ylesterase enzymes happens.

Low temperature blanching (per-
formed at 62°C) has been found to in-
crease firmness retention (ANDERSON et
al., 1994; FUCHIGAMI et al., 1995;
HOWARD et al., 1997; TRUONG et al.,
1998; VAN DIJK et al., 2002). BARTOLOME
and HOFF (1972) postulated a mecha-
nism for the firming effect of precooking
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on potatoes performed at moderate tem-
peratures. According to them, low tem-
perature blanching causes the disrup-
tion of cytoplasmic membranes, allow-
ing the passage of electrolytes (potassi-
um ions, in particular) from the cyto-
plasm to the middle lamella. Here, pecti-
nesterase is bound to the negatively
charged pectins in the cell wall, but the
presence of electrolytes causes its re-
lease. The mobilized and activated pecti-
nesterase hydrolyzes the methyl ester
linkages in the pectin molecules. Final-
ly, the de-esterifed pectins form calcium
bridges between free carboxyl groups.

DI CESARE et al. (1997) compared mi-
crowave blanching of apple cubes with
or without water to traditional blanch-
ing in boiling water. They found that the
best firmness was obtained by micro-
wave blanching at 80°C without water.
With reference to textural changes in
carrots during blanching, GLASSCOCK et
al. (1982) found higher shear values for
carrots following microwave blanching
than following water blanching. KIDMOSE
and MARTENS (1999) found the same
tendency even if the difference among the
methods was not significant. Further-
more, a significantly higher content of
dry matter was obtained by microwave
blanching than by steam and water
blanching.

With acidifying blanching two objec-
tives can be achieved: reduction of the
total microbial load and decrease in the
pH to 4.5, which is the upper limit rec-
ommended by the Food and Drug Ad-
ministration (FDA, 2002). This allows
sensorial acceptability to be maintained
and the safety and the microbial stabil-
ity of the packed product to be met by
using only a mild heat treatment.

In this paper, Response Surface Meth-
odology (RSM) was applied to investigate
the way in which variables such as types
of blanching (by dipping in boiling solu-
tions or by microwaves), time of treat-
ment, addition of sodium or calcium
chloride and lactic acid, affect the firm-

ness of blanched potato slices. Three fac-
tor-five level, second order central com-
posite designs were developed to analyze
and model the considered variables. In
addition to firmness analysis, weight
loss, moisture, and starch crystallinity
level were used as indices to measure
the effectiveness of the blanching treat-
ments.

MATERIALS AND METHODS

Raw materials

Trials were performed on potato tu-
bers (Solanum tuberosum var. Primura)
purchased at a local market. This Ital-
ian variety, characterized by an early rip-
ening time, is the one most commonly
used in the food industry due to its reg-
ular shape and good resistance to cook-
ing of its large tubers. Tubers were stored
at room temperature and in the dark.

After grading, tubers were washed
under running water, wiped with blot-
ting paper, hand-peeled and cut into
round slices (4 cm diameter, 1 cm thick-
ness).

Blanching treatments

Blanching was performed by:
- microwaves (Sfornatutto, mod.

Combi&Function Convection, De Long-
hi, Milan, Italy) at 850 watt upon immer-
sion in either a sodium chloride-lactic
acid solution or a calcium chloride-lac-
tic acid solution;

- dipping in either a boiling sodium
chloride-lactic acid solution or a boiling
calcium chloride-lactic acid solution.

For each trial, about 100 g of potato
slices were blanched. Salts and acid
concentrations and time of treatment
were in accordance with the combina-
tions of the two Central Composite De-
signs described below. The
product:solution ratio was 1:4 (w/w).
After blanching, samples were cooled in
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tap water, drained and wiped with blot-
ting paper.

Unblanched potato slices were used
as controls.

Experimental design

The five levels chosen for each of the
three independent variables were as fol-
lows: time of treatment (t) from 2 to 6
min, lactic acid concentration (LA%) from
0.5 to 2.5% and sodium chloride con-
centration (NaCl%) from 1.0 to 5.0%.
Alternatively, time of treatment and lac-
tic acid concentration were the same as
listed above, whereas calcium chloride
(CaCl2%) was used instead of sodium
chloride, with concentrations ranging
from 0.1 to 0.5%. Concentrations were
always expressed as %w/w. Lactic acid
was used to avoid an acidic taste of the
samples, because of its very low orga-
noleptic impact; furthermore, it has a
good acidifying power. Sodium and cal-
cium chloride are generally used in
blanching of vegetables. In particular,
calcium was chosen because it is well
known to increase firmness retention.

The effects of the individual and in-
teractive variables were investigated by
modulating their levels according to a
three factor-five level Central Compos-
ite Design (BOX et al., 1978). The appli-
cation of a Central Composite Design
allowed the number of possible combi-
nations to be reduced to a manageable
size because it uses only a fraction of
the total number of factor combinations
for experimentation. The 17 combina-
tions obtained for each of the two Cen-
tral Composite Designs are reported in
Table 1.

Analyses

On raw and blanched samples, the
following analyses were carried out:

- Weight loss (g): weighing samples
before and after treatments.

- Moisture (%): placing a carefully

Table 1 - Combinations of the three factor-five
level Central Composite Designs.

Samples t (min) LA% NaCl% or CaCl2%

1 5 1.0 4.0 0.4
2 3 1.0 4.0 0.4
3 3 1.0 2.0 0.2
4 5 1.0 2.0 0.2
5 3 2.0 4.0 0.4
6 5 2.0 4.0 0.4
7 5 2.0 2.0 0.2
8 3 2.0 2.0 0.2
9 4 1.5 3.0 0.3

10 4 1.5 3.0 0.3
11 4 2.5 3.0 0.3
12 4 0.5 3.0 0.3
13 4 1.5 5.0 0.5
14 4 1.5 1.0 0.1
15 6 1.5 3.0 0.3
16 2 1.5 3.0 0.3
17 4 1.5 3.0 0.3

weighed sample in a static oven (ISCO
s.r.l, Milan, Italy) at 105°C until it
reached a constant weight (AOAC, 1984).

The data are reported as the average
of at least three replications.

- Firmness: using a model 4301 Uni-
versal Testing Machine (Instron Interna-
tional LTD, High Wycombe, UK),
equipped with a standard plunger (φ 3
mm) at a crosshead speed of 200 mm/
min, compression force was taken as the
maximum peak of the recorded force
expressed as Newtons (N) (MALTINI et al.,
1993). For each treatment, at least ten
determinations were performed (coeffi-
cient of variation less than 8%).

- Starch crystallinity degree: samples
were previously freeze-dried, gently
ground and vacuum stored until analy-
sis. Crystallinity level was determined
with an X-ray diffractometer (Philips
AXR, software PW 1710). Wide angle X-
ray diffraction patterns were obtained
with nickel-filtered CuKα radiation. For
each 2q value, determination of the in-
tensity was repeated six times; hence,
each diffraction pattern consisted of six
different sets of data. To determine the
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degree of starch crystallinity, the six sets
of data were simultaneously fitted with
a series of Gaussian functions.

Statistical analysis

The data was submitted to statistical
analysis using Winstat ver. 5.1 (Statsoft,
Tulsa, USA) software.

The mathematical modeling was car-
ried out in two steps. The first involved
a stepwise regression to identify the rel-
evant variables; the second consisted in
multiple regression (Standard Least
Square Fitting) to fit a second order
mathematical model, according to the
following polynomial equation:

y = B0 + ∑Biχi 
+ ∑Biiχii

2 + ∑Bijχiχj

where y is the dependent variable (firm-
ness of the blanched samples), B0 is a
constant value, χi and χj are the inde-
pendent variables in coded values and
Bi, Bii, Bij are the regression coefficients
of the model. This model allowed the ef-
fects of the linear (χi), quadratic (χi

2) and

combined (χiχj) terms of the independ-
ent variables (t, LA% and NaCl% or
CaCl2%) to be assessed on the depend-
ent variable.

In order to describe the individual and
interactive effects of the independent
variables on the positive outcome of the
blanching treatments (in terms of firm-
ness retention), iso-response surfaces
were developed, considering one of the
independent variables constant at the
central level of the Central Composite
Design.

RESULTS AND DISCUSSION

During blanching, in addition to heat
transfer, mass transfer (of solids and
water) occurs. The dry matter balance
of blanched potato slices consisted in the
release of starch (mainly) into water and
in a gain in soluble solids (lactic acid and
sodium or calcium chloride). The water
balance consisted in a water gain/loss.

Data (Tables 2-5) show that samples
lost weight as a consequence of all the

Table 2 - Mass and water transfer balance of potato slices blanched in boiling NaCl-LA solutions.

Samples Dry matter H2O Weight loss Dry matter H2O
(g) (g) (g/100 g)* gain/loss gain/loss

(g/100 g) (g/100 g)

1 17.73 82.27 -5.09 +0.23 -5.31
2 16.89 83.11 -3.78 -0.35 -3.43
3 17.56 82.44 -3.68 -1.61 -2.07
4 18.79 81.21 -3.60 -0.41 -3.19
5 18.82 81.18 -3.58 -0.37 -3.21
6 18.63 81.37 - 3.42 -0.53 -2.89
7 17.90 82.10 -4.43 -1.41 -3.02
8 16.21 83.79 -3.19 -2.83 -0.36
9 14.15 85.85 -3.33 -4.84 +1.51

10 17.92 82.08 -3.44 -0.51 -2.93
11 17.25 82.75 -4.14 -1.27 -2.86
12 14.31 85.69 -2.78 -3.90 -1.18
13 18.39 81.61 -3.05 +0.02 -3.07
14 17.07 82.93 -2.15 -1.11 -1.04
15 17.41 82.59 -3.26 -0.97 -2.29
16 14.02 85.98 -2.27 -4.11 +1.84
17 16.46 83.54 -2.69 -1.79 -0.90

* expressed as the difference between weight after blanching and weight before blanching.
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Table 3 - Mass and water transfer balance of potato slices blanched in boiling CaCl2-LA solutions.

Samples Dry matter H2O Weight loss Dry matter H2O
(g) (g) (g/100 g)* gain/loss gain/loss

(g/100 g) (g/100 g)

1 12.04 87.96 -1.21 -4.37 +3.16
2 14.99 85.01 -0.62 -1.37 +0.75
3 14.62 85.38 -0.72 -2.46 +1.74
4 15.48 84.52 -0.38 -1.56 +1.18
5 15.40 84.60 -0.61 -1.67 +1.06
6 15.44 84.56 -2.17 -1.88 -0.29
7 14.84 85.16 -3.26 -2.62 -0.64
8 17.78 82.22 -2.14 +0.42 -2.56
9 15.07 84.93 -1.95 -2.20 +0.25

10 14.81 85.19 -1.67 -6.82 +5.15
11 16.06 83.94 -2.47 -5.72 +3.25
12 15.25 84.75 -2.31 -6.48 +4.17
13 15.78 84.22 -1.54 -5.84 +4.30
14 12.44 87.56 -2.01 -4.08 +2.07
15 13.15 86.85 -2.92 -3.50 +0.58
16 13.35 86.65 -2.08 -3.20 +1.18
17 15.49 84.51 -1.75 -1.05 -0.70

* expressed as the difference between weight after blanching and weight before blanching.

Table 4 - Mass and water transfer balance of potato slices blanched by microwaves upon immersion in
NaCl-LA solutions.

Samples Dry matter H2O Weight loss Dry matter H2O
(g) (g) (g/100 g)* gain/loss gain/loss

(g/100 g) (g/100 g)

1 14.80 85.20 -2.80 -0.89 -1.91
2 16.51 83.49 -2.33 +0.85 -3.18
3 15.26 84.74 -2.39 -0.38 -2.01
4 16.12 83.88 -2.65 +0.42 -3.07
5 16.25 83.75 -2.08 +0.64 -2.72
6 15.96 84.04 -2.56 +0.28 -2.84
7 13.06 86.94 -2.17 -2.49 +0.32
8 14.70 85.30 -2.46 -0.93 -1.53
9 14.14 85.86 -2.26 -1.45 -0.81

10 13.18 86.82 -2.67 -2.44 -0.23
11 16.24 83.76 -2.80 -0.43 -2.37
12 16.95 83.05 -2.48 +0.31 -2.79
13 16.43 83.57 -2.39 -0.18 -2.21
14 13.00 87.00 -1.76 -3.45 +1.69
15 14.38 85.62 -2.85 -2.25 -0.60
16 15.27 84.73 -1.85 -1.23 -0.62
17 13.90 86.10 -2.48 -1.71 -0.77

* expressed as the difference between weight after blanching and weight before blanching.
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Table 5 - Mass and water transfer balance of potato slices blanched by microwaves upon immersion in
CaCl2-LA solutions.

Samples Dry matter H2O Weight loss Dry matter H2O
(g) (g) (g/100 g)* gain/loss gain/loss

(g/100 g) (g/100 g)

1 17.42 82.58 -2.23 -4.35 +2.12
2 14.23 85.77 -1.16 -7.31 +6.15
3 16.09 83.91 -1.51 -2.43 +0.92
4 15.62 84.38 -1.44 -2.88 +1.44
5 16.52 83.48 -1.68 -2.04 +0.36
6 12.46 87.54 -1.29 -5.98 +4.69
7 16.69 83.31 -1.93 -2.56 +0.63
8 16.46 83.54 -1.91 -2.78 +0.87
9 15.23 84.77 -1.57 -3.94 +2.37

10 16.13 83.87 -1.95 -3.11 +1.16
11 15.41 84.59 -1.31 -3.72 +2.41
12 18.19 81.81 -1.33 -0.98 -0.35
13 17.59 82.41 -1.33 -1.57 +0.24
14 16.95 83.05 -1.04 -2.16 +1.12
15 11.60 88.40 -2.79 -7.65 +4.86
16 13.22 86.78 -0.98 -5.84 +4.86
17 16.81 83.19 -1.43 -2.36 +0.93

* expressed as the difference between weight after blanching and weight before blanching.

blanching treatments. The weight loss
was principally due to the water loss for
samples blanched in the NaCl-contain-
ing solution (Tables 2 and 4), whereas it
was strongly due to the dry matter loss
for samples blanched in the CaCl2-con-
taining solutions (Tables 3 and 5). In
particular, blanching in the boiling NaCl-
LA solution produced a decrease in both
dry matter and water content (Table 2).
Samples blanched in the boiling CaCl2-
LA solutions showed a decrease in dry
matter and an increase in water content
(Table 3). The differences between these
two kinds of treatments were significant:
p=0.0346 for ∆dry matter and <0.00001
for ∆water content). The same occurred
in samples blanched by microwaves and,
in this case p was less than 0.00001 for
both ∆dry matter and ∆water content
(Tables 4 and 5).

The partial dehydration caused by
sodium chloride may be due to the high
osmotic pressure of the solutions con-

taining this solute which ranged from 1.0
to 5.0%. The water gain in the samples
dipped in the CaCl2-containing solutions
was due to the fact that calcium causes
an increase in Tg (glassy transition tem-
perature) and, as a consequence, there
is a greater water demand for starch ge-
latinization (NURUL and AZEMI, 1994);
furthermore, the calcium chloride con-
centrations were lower (0.1-0.5%).

With respect to dipping in the NaCl-
containing solutions, the difference in
mass transfer between traditional and
microwave blanching was negligible
(p≥0.2049). The same occurred for dip-
ping in the CaCl2 solutions (p≥0.3935).
Probably, the different way of heat trans-
fer did not affect mass transfer if the
microwave treatment was carried out
upon immersion in saline-acid solutions.

The crystallinity level of a food matrix
containing starch can be considered as
an indirect index of heat-induced starch
gelatinization. Fig. 1 reports the X-ray
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diffraction patterns of a) unblanched
potato slices (ungelatinized starch) and
b) samples blanched for 6 min in a boil-
ing 0.3% CaCl2-1.5% LA solution (thor-
oughly gelatinized starch). The difference
between the two profiles consisted in the
absence of the second peak (°2θ) from
the diffractogram of the gelatinized sam-
ple. Interpretation of the crystallinity
data of the potato matrix is difficult be-
cause of the already very low crystallin-
ity level of the unblanched sample

Fig. 1 - X-ray diffraction patterns of a) unblanched potato slices (ungelatinized) and b) potato slices
blanched for 6 min in a boiling 0.3% CaCl2-1.5% LA solution (completely gelatinized).

(5.38%). In any case, with respect to po-
tato slices dipped in the boiling 0.3%
CaCl2-1.5% LA solution (Table 6), it is
very evident that traditional blanching
caused a significantly (p=0.0028) great-
er decrease in the crystallinity level than
the microwave treatment: this is in ac-
cordance with PIAZZA et al. (1994) who
found that the higher temperature
reached in traditional blanching in-
creased the endothermic effect of amy-
lopectin crystal fusion. Furthermore, the
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Table 6 - Crystallinity degree of starch in potato slices: comparison between blanching in a boiling
solution and blanching by microwaves upon immersion in the same solution (crystallinity degree of raw
material=5.38%).

Starch crystallinity degree %

Time of treatment (min) Blanching in boiling Blanching by microwaves
0.3% CaCl2-1.5% LA solution in 0.3% CaCl2-1.5% LA solution

2 3.72 4.62
3 2.74 4.98
4 3.38 3.81
5 3.65 3.70
6 3.91 4.52

crystallinity level dramatically decreased
within the first 2 min of treatment and
then was almost constant up to 6 min.
This was due to the low crystallinity lev-
el of the raw potatoes: a brief heat treat-
ment was already able to induce full ge-
latinization.

Table 7 reports the firmness values of
all the blanched samples. The firmness

of raw potato slices was equal to 10.24
N, hence it is clear that each blanching
treatment caused a dramatic decrease
in firmness. With respect to traditional
blanching, samples dipped in the CaCl2-
containing solutions were significantly
(p=0.0457) firmer than slices dipped in
the NaCl-containing solutions. The same
was found for samples blanched by mi-

Table 7 - Firmness, measured immediately after treatment, of potato slices blanched according to the
Central Composite Designs.

Firmness (N)

Samples Blanching in boiling solutions Blanching by microwaves upon immersion

NaCl-LA CaCl2-LA NaCl-LA CaCl2-LA

1 4.363 5.304 5.637 6.323
2 6.176 3.794 5.284 6.559
3 5.343 4.510 6.618 5.588
4 3.951 4.823 5.294 6.137
5 4.970 4.520 5.069 6.618
6 4.696 5.176 6.049 5.520
7 3.833 6.029 5.882 6.284
8 4.470 5.500 5.470 6.774
9 5.000 5.725 5.912 5.225

10 5.294 4.892 6.412 5.520
11 3.559 4.784 5.882 6.098
12 3.323 5.451 5.843 7.118
13 4.637 5.598 6.627 6.549
14 3.696 5.284 6.010 6.833
15 4.323 4.294 6.510 4.539
16 4.010 4.412 7.255 8.431
17 4.431 4.176 6.294 5.490

Mean values 4.475 4.957 6.003 6.212
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crowaves, even if the difference was not
significant (p=0.4193). This effect was
likely due to the presence of calcium
which caused a greater retention of firm-
ness thanks to the formation of calcium
pectate (LEE and HOWARD, 1999; VAN
BUREN, 1979). Samples treated by mi-
crowaves were significantly firmer than
the traditionally blanched ones
(p<0.00001). This is in accordance with
PIAZZA et al. (1994) and data concerning
both mass transfer and crystallinity lev-
el.

The general equations that refer to the
four different kinds of blanching and that
were obtained by applying the stepwise
backward regression and multiple re-
gression to the firmness experimental
data, are the following:

- Blanching in boiling NaCl-LA solution
Firmness = 9.65214-1.94473*(t)-1.48167*(LA%)2+1.05309*(t)*(LA%)

r=0.908, p<0.00002;

- Blanching in boiling CaCl2-LA solution
Firmness = 10.0596-1.1801*(t)-18.6815*(CaCl2%)+4.3608*(t)*(CaCl2%)

r=0.904, p<0.00002;

- Blanching by microwaves upon immersion in NaCl-LA solution
Firmness = 10.28858-1.39671*(t)-0.82138*(NaCl%)-

-0.64612*(LA%)2+0.20776*(t)*(NaCl%)+0.47917*(t)*(LA%)
r=0.923, p<0.00013;

- Blanching by microwaves upon immersion in CaCl2-LA solution
Firmness = 10.33327 - 1.72482*(t)+0.14774*(t)2+

+20.44243*(CaCl2%)2+0.76912*(LA%)2-8.16448*(CaCl2%)*(LA%)
r=0.915, p<0.00021.

The independent variables compared
in these equations were significant. To-
gether with these data, Figs. 2-5 show
the tri-dimensional plots described by
the partial equations which were calcu-
lated from the equations reported above,
considering the value of one of the three
independent variables constant at the
central level of the Central Composite
Design (time=4, LA=1.5%, NaCl=3.0% or
CaCl2=0.3%).

With reference to blanching in the
boiling NaCl-LA solutions, lactic acid
concentration and time of treatment were
the factors mainly affecting sample firm-
ness (Fig. 2); the negative value related
to the coefficients of these variables
means that they affected the retention
of firmness in a negative way. The high-
est firmness values were obtained at the
lowest times of treatment and acid con-
centrations. Whereas the negative cor-
relation between firmness and time of
blanching is obvious, the negative coef-
ficient with respect to the acid concen-
tration could be due to the higher pectin
solubility in the acid medium which de-
termined a leaching phenomenon. The
concentration of NaCl does not appear
in the general equation; it had no effect

on firmness probably because it does not
form cross-linking with pectins.

Time of treatment and CaCl2 concen-
tration were the variables affecting the
retention of firmness as a consequence
of blanching in the boiling CaCl2-LA so-
lution; the contribution of lactic acid was
negligible if compared to the great effect
of the addition of calcium. The effect of
calcium chloride on firmness retention
was evident already at low concentra-
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Fig. 2 - Firmness of potato slices blanched in boiling NaCl-LA solutions: effects
of lactic acid concentration and time of treatment.

Fig. 3 - Firmness of potato slices blanched in boiling CaCl2-LA solutions:
effects of CaCl2 concentration and time of treatment.
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Fig. 4 - Firmness of potato slices blanched by microwaves upon immersion
in NaCl-LA solutions: effects of NaCl concentration and time of treatment.

Fig. 5 - Firmness of potato slices blanched by microwaves upon immersion in
CaCl2-LA solutions: effects of CaCl2 and lactic acid concentrations.
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tions for brief times of blanching; extend-
ing the time of treatment, a higher CaCl2
concentration was necessary (Fig. 3).

Considering the microwave blanching
of potato slices dipped in the NaCl-LA
solutions, NaCl concentration seemed to
have little influence due to the small val-
ues of its coefficients. Rather, the effect
of lactic acid on firmness was already
evident at low concentrations for brief
times of blanching; extending the time
of treatment, a higher concentration was
necessary (data not shown). At low con-
centrations, NaCl allowed a certain re-
tention of firmness for only short times
of blanching, otherwise it was necessary
to increase the concentration; in the oth-
er cases, firmness was lower (Fig. 4). For
all NaCl concentrations, firmness reten-
tion was good at intermediate lactic acid
concentrations (data not shown).

With reference to microwave blanch-
ing in the CaCl2-LA solution, firmness
decreased as time of treatment increased
(Fig. 5). At a given time of treatment, it
is sufficient that either the lactic acid or
calcium chloride concentration is high-
er to allow good retention of firmness.
At an intermediate concentration, sam-
ples showed the lowest firmness, result-
ing in negative interactions.

CONCLUSIONS

These trials showed that Response
Surface Methodology is a suitable meth-
od to specify the best operating condi-
tions which should be applied to carry
out a blanching treatment able to ensure
good firmness retention in potato slices.

Results show that the addition of so-
dium chloride to the blanching solution
caused a partial dehydration of potato
slices with an evident loss in cell turgor,
whereas the presence of calcium chlo-
ride had a strong preserving effect
thanks to the high water gain. Tradition-
al blanching induced greater gelatiniza-
tion than microwave blanching. The best

retention of firmness was obtained with
microwave blanching of potato slices
dipped in a calcium-chloride containing
solution. The addition of lactic acid
caused the pH to decrease below 4.5 and
inhibit the potential growth of naturally
occurring pathogens which could nega-
tively affect firmness.
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ABSTRACT

Microbiological, compositional and
biochemical characterisation of the Pro-
tected Designation of Origin (PDO) Can-
estrato Pugliese cheese made from raw
ewes’ milk is reported. Very few differ-
ences were found between two batches

RIASSUNTO

Il formaggio Canestrato Pugliese
PDO è stato caratterizzato da un pun-
to di vista microbiologico, fisico-chi-
mico e biochimico durante 150 giorni
di maturazione. Le analisi condotte su
due lavorazioni di formaggio hanno
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of cheese analysed during 150 d of rip-
ening. Fully ripened cheese contained
a total of log 7.7 cfu g-1 mesophilic bac-
teria, log 4.6 cfu g-1 presumptive ente-
rococci and log 4.0 cfu g-1 presumptive
staphylococci. Coliforms were detecta-
ble in fresh but not in fully ripened
cheeses. Streptococci decreased, while
lactobacilli increased during ripening.
Lactobacillus delbrueckii, L. fermentum,
L. helveticus, Streptococcus thermophil-
us, Lactococcus lactis subsp. lactis, L.
plantarum, L. casei and L. reuteri were
identified during ripening; the ther-
mophilic strains were probably derived
from the natural starter used, the oth-
ers were probably components of the
adventitious microflora. Urea-PAGE
electrophoresis of the water-insoluble
fraction and the Reverse Phase-HPLC
of the ethanol-soluble sub-fractions
were good indices of cheese-ripening
time. As shown by multivariate statis-
tical analysis, samples after 90 to 150
d of ripening were differentiated from
the others. Fully ripened cheese con-
tained ca. 10 mg g-1 of total free amino
acids. The concentrations of total free
amino acids and, especially, of glutam-
ic acid, lysine, leucine and valine in-
creased throughout cheese ripening.
Fully ripened cheese contained ca.
1,315 mg kg-1 of free fatty acids; butyr-
ic, caproic, palmitic, oleic and linoleic
acids were found at the highest con-
centrations. In contrast to proteinase
and lipase activities, peptidase, as well
as esterase activities, increased pro-
gressively during ripening. The great-
est increase in the peptidase activity oc-
curred when the number of lactobacilli
in the ripening cheese was at its high-
est level.

evidenziato modeste differenze. Dopo
150 giorni di maturazione, i formaggi
erano caratterizzati dall’assenza di co-
liformi e dalla presenza di batteri me-
sofili, enterococchi e stafiloccchi ad
una concentrazione di log 7,7, 4,6 e
4,0 ufc g1, rispettivamente. Batteri lat-
tic mesofili e termofili hanno eviden-
ziato una variazione opposta. Le spe-
cie identificate durante la maturazio-
ne erano Lactobacillus delbrueckii, L.
fermentum, L. helveticus, Streptococ-
cus thermophilus, Lactococcus lactis
subsp. lactis, L. plantarum, L. casei
and L. reuteri. Le specie termofile sono
probabilmente derivate dallo starter
usato, quelle mesofite sono originate
da una contaminazione ambientale.
L’elettroforesi Urea-PAGE della frazio-
ne azotata insolubile in acqua e l’ana-
lisi RP-HPLC della frazione azotata so-
lubile in acqua, hanno messo in evi-
denza le differenze dei formaggi du-
rante la maturazione, come mostrato
dall’analisi statistica multivariata dei
formaggi dopo 90 e 150 giorni di ma-
turazione. La concentrazione di ami-
noacidi liberi, in particolare acido glu-
tammico, lisina, leucina e valina au-
mentava progressivamente con la ma-
turazione sino a raggiungere nel for-
maggio di 150 giorni una concentra-
zione totale di 10 mg g-1. I formaggi a
fine maturazione erano caratterizzati
da un contenuto di acidi grassi liberi
pari a ca. 1.315 mg kg-1 ed in partico-
lare gli acidi butirrico, caproico, pal-
mitico, oleico e linoleico sono risulta-
ti preponderanti. Durante la matura-
zione i formaggi erano caratterizzati
da un aumento delle attività peptida-
siche ed esterasiche, a differenza del-
le attività proteinasica e lipasica. Il ca-
ratteristico aumento dell’attività pep-
tidasica si identificava con il paralle-
lo incremento dei lattobacilli mesofili
durante la maturazione.
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INTRODUCTION

Currently, thirty Italian cheeses have
the “Protected Designation of Origin”
(PDO) status. Of the 969,386 tonnes of
cheese produced in Italy in 2000, 418,248
tonnes were of cheeses legally designat-
ed as PDO (ASSOCIAZIONE ITALIANA LAT-
TIERO-CASEARIA, 2000). PDO cheeses are
variously manufactured in the different
regions of Italy but only a few of them
(e.g., Parmigiano Reggiano, Grana
Padano, Pecorino Romano, Taleggio and
Gorgonzola) have been well characterized
and are well known on the international
market (BATTISTOTTI and CORRADINI,
1993; GOBBETTI et al., 1997a, b).

Canestrato Pugliese cheese is a hard
or semi-hard PDO Italian cheese made
from ewes’ milk that is produced in
southern Italy (Apulia region). In 2000,
eight hundred tonnes of ewes’ milk were
used to produce 150 tonnes of Canes-
trato Pugliese cheese, with a cheese
yield of ca. 5.5 kg milk kg-1 cheese (AS-
SOCIAZIONE ITALIANA LATTIERO-CASE-
ARIA, 2000). Although the PDO status
is only legally recognized for the hard
or semi-hard variants of Canestrato
Pugliese cheese, another cheese ripened
for less than one month and named “pri-
mo-sale” is also present on the market.

The name and traditional shape of Can-
estrato Pugliese cheese are derived from
the rush basket “canestro”, in which the
curd is ripened. The cheese making is lim-
ited to two provinces, Foggia and Bari, of
the Apulia region, and traditional technol-
ogy is used exclusively. Ewes producing
milk for the manufacture of PDO Canes-
trato Pugliese cheese must be fed fresh or
semi-fresh forage and only on exception
with pelleted fodder. Raw, whole ewes’ milk
from milking once or twice daily is gener-
ally used, but heated or pasteurised milk
may also be used. Natural whey cultures,
composed mainly of thermophilic lactic
acid bacteria, may be added and liquid or
powdered calf rennet, or lamb rennet paste
are used. After cutting, the curd is held

for 5-10 min at 42°-45°C in hot whey. This
treatment is generally not considered cook-
ing. The curds are dry salted or submerged
in brine (20% NaCl) for several days, the
actual time depends on the weight. Dur-
ing ripening (2-10 months) in the “can-
estro”, the cheeses are turned regularly
and rubbed with a mixture of oil and vin-
egar. Surface colonisation by mould from
the environment becomes evident fre-
quently during ripening; after a few
months the mould is removed by brush-
ing. The cheese has a cylindrical shape,
10-14 cm high, 25-34 cm diameter and
weighs 7-14 kg. The rind is brown to pale
yellow and the interior is compact with
small eyes. The flavour is pronounced and
tends to be moderately piquant.

To our knowledge, very few studies
have been conducted on Canestrato
Pugliese cheese. Recently, supplemen-
tation with bifidobacteria has been suc-
cessfully used to produce a probiotic
semi-hard Canestrato Pugliese cheese
(CORBO et al., 2001). The microbiologi-
cal and biochemical characteristics of the
Canestrato Pugliese cheese manufac-
tured using raw milk, pasteurised milk
or curd treated in hot whey have also
been compared (ALBENZIO et al., 2001).
However, none of these studies consid-
ered the manufacturing process as de-
scribed in the protocol for the PDO
cheese and that used by a legally recog-
nized dairy. A complete characterization
of the microbiological, physico-chemical
and biochemical aspects of Canestrato
Pugliese cheese is needed so that they
can be compared with some other hard
and semi-hard cheeses. It will also help
to identify the features that are typical
of this particular cheese variety.

MATERIALS AND METHODS

Cheese making and samples

PDO Canestrato Pugliese cheese (ca.
7 kg) was produced by the Caseificio
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Pugliese of Corato, Bari, Italy, according
to the protocol shown in Fig. 1. The raw
ewes’ milk used to produce the cheese
had an average pH of 6.5, contained 4.9%
lactose, 5.5% protein and 7.6% fat and
had ca. 550,000 mL-1 somatic cells.

Samples were taken from two batch-
es (A and B) made on different days af-
ter 0, 15, 30, 60, 90, 120 and 150 d and
analysed in triplicate. The 0 day of anal-
ysis corresponded to the first day of rip-
ening. Except for the microbiological
analysis, the cheese was grated and
stored at -20°C until further analysis.

Microbiological analysis

The cheese (25 g) was dispersed in
sterile 2% tri-sodium citrate solution,

homogenised, diluted in peptone and
saline solution and plated on specific
media for viable counts. Total mes-
ophilic bacteria were counted on Plate
Count agar (Oxoid S.p.A. Garbagnate,
Milano, Italy) and presumptive staphy-
lococci (Baird Parker agar, Oxoid) were
counted after incubation at 30°C for 48
h, presumptive mesophilic and ther-
mophilic lactobacilli (MRS agar, Oxoid)
were incubated at 30° and 45°C, re-
spectively, for 72 h under anaerobio-
sis and then counted; presumptive
mesophilic lactococci and thermophil-
ic streptococci (M17 agar, Oxoid) were
incubated at 30° and 45°C for 72 h,
respectively, and counted; enterococci
(Slanetz Bartley agar) were incubated
at 37°C for 48 h, and counted; total and
fecal coliforms (Violet Red Bile Lactose,
Oxoid) were incubated at 37° and 45°C,
respectively, for 24 h and counted; pre-
sumptive clostridia (Differential Rein-
forced Clostridial broth, Oxoid) were in-
cubated at 30°C for 7 days under an-
erobiosis and then counted; presump-
tive Listeria spp. (Listeria Selective agar
supplemented with Modified Listeria
Selective Supplement, Oxoid) were in-
cubated at 37°C for 24 h and then
counted; and yeasts and moulds (Wort
agar, Oxoid) were incubated at 25°C for
4 d and then counted.

Gram-positive, catalase-negative rods
and cocci growing on MRS and M17
media were randomly selected, cultured
overnight in MRS and M17 broth at ap-
propriate temperatures, frozen at -80°C
and used for further characterization.
The strains isolated were identified by
amplification and sequencing of 16S
rRNA genes as described by Cocconcelli
et al. (1997). The DNA sequences were
obtained using an ABI PRISMTM Big Dye
Terminator Cycle Sequencing Kit (PE
Applied Biosystems, Mona, Italy) and
both forward and reverse primers for 16S
rDNA were used. The reaction products
were analysed on an Applied Biosystem
310 automated DNA sequencer (PE Ap-

Ewes’ milk
↓

Heating of milk to 37°C
↓

Inoculating with thermophilic natural culture in whey
↓

Holding at 37°C for 15-20 min
↓

Addition of liquid calf rennet (15 mL/100 kg)
and lamb paste rennet (15 g/100 kg)

↓
Coagulation of milk after 20 min at 37°C

↓
Cutting of the curd

(size of the curd after cutting ca. 0.5 cm)
↓

Heating the curd in whey
(42°C for 5-10 min with shaking)

↓
Removal of the whey, shaping and pressing

↓
Holding of curd at 20°C for 24 h

↓
Salting of the curd by immersion in 20% NaCl brine

(16 h per kg of curd)
↓

Ripening at ca. 12°C for 150 days
(environmental humidity ca. 70%)

Fig. 1 - Protocol for the production of PDO Canes-
trato Pugliese cheese.
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plied Biosystems). The software package
of the University of Wisconsin Genetics
Group was used for analysing and com-
paring DNA sequences. Taxonomic strain
identification and Similarity_rank (S_ab)
calculations were performed, comparing
the 16S rDNA sequences of Canestrato
Pugliese cheese isolates with more than
30,000 unaligned sequences present in
the Sequence Match of the Ribosomal
Database Project II (RDP II), as described
by MAIDAK et al. (2001).

Compositional analysis

Samples of cheese were analysed for
protein (macro-Kjeldahl; IDF, 1964), fat
(Gerber method; IIRS, 1955), moisture
(oven drying at 102°C; IDF, 1982) and
salt (FOX, 1963) content. The pH of the
cheese was determined by direct inser-
tion of a solid pH-meter.

Assessment of proteolysis

The pH 4.6-soluble extracts of the
cheese and sub-fractionation of pH 4.6-
soluble extracts using 70% ethanol were
prepared according to the method of
KUCHROO and FOX (1982). The nitrogen
content of the extracts was determined
by the macro-Kjeldahl method (IDF,
1964); results are expressed as the per-
centage of total cheese nitrogen. The pH
4.6-insoluble fraction of the cheese was
analysed by urea polyacrylamide gel elec-
trophoresis (Urea-PAGE) using a Prote-
an II vertical slab gel unit (BIORAD Lab-
oratories Ltd, Watford, HP2 7TD, UK) and
the stacking gel system described by
ANDREWS (1983). The gels were stained
directly by the method of BLAKESLEY and
BOEZI (1977) with Coomassie Brilliant
Blue G250.

The peptide profiles of the 70% etha-
nol-soluble fractions were analysed by
reversed phase HPLC using a Varian
HPLC (Varian Associates Inc., Walnut
Creek, CA, USA) consisting of an au-
tosampler, a ProStar solvent delivery sys-

tem with three pumps, a Prostar pro-
grammable multiwavelength spectropho-
tometric detector, interfaced with a PC
with a software package for system con-
trol and data acquisition (Varian Star
Workstation 5). Nucleosil RP-8 (250x4
mm, 5 µm particles, 300 Å pore size)
analytical and guard (4.6x10 mm) col-
umns (Capital HPLC Ltd., Broxburn,
West Lothian, UK) were used. The mo-
bile phase was comprised of buffer A
(0.1%, v/v, trifluoroacetic acid, TFA in
deionised water) and buffer B (0.1%, v/
v, TFA in HPLC grade acetonitrile). The
freeze-dried ethanol-soluble fraction (10
mg) was dissolved in 1 mL buffer A and
filtered through 0.45 µm cellulose ace-
tate filter (Sartorius GmbH, Gottingen,
Germany). The filtrate (40 µL) was ap-
plied to the column with an eluent flow
rate of 0.75 mL/min. The eluate was
monitored at 214 nm. Peptide profiles of
the ethanol-soluble fractions of the
cheeses were analysed by using multi-
variate statistical techniques. The data
for the factor reduction analysis were
obtained by visually recognising the
peaks and taking peak heights as varia-
bles. Factor reduction analysis was per-
formed on the data using the covariance
matrix for the determination of princi-
pal components (PRIPP et al., 1999) us-
ing the SPSS statistical package (SPSS
for Windows, Version 10.0, SPSS Inc,
USA). In total, data from 84 peaks in each
chromatogram were considered for the
analysis.

Individual free amino acid analysis
was carried out on the 12% TCA soluble
fraction of the pH 4.6-soluble extracts
after 60 and 150 days of ripening. Sam-
ples were analysed by a single injection
into a Beckman model 6300 amino acid
analyser (Beckman Instruments Ltd,
High Wycombe, UK) using a Beckman
P-N-338052 Na+ cation exange column
(12x0.4 cm, i.d.). A standard amino acid
mixture (Beckman) was used to calibrate
the column and norleucine (Sigma) was
added to all samples before injection as
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an internal standard. Samples were di-
luted in buffer (0.2 M sodium citrate, pH
2.2), filtered through Whatman 0.22 mm
filters and 50 µL of filtrate were loaded
onto the column. Amino acids were post-
column derivatised with ninhydrin and
detected by absorbance at 440 (proline
and hydroxyproline) or 570 nm (all the
other amino acids). Results were ana-
lysed using a VG Minichrom computer
system with a chromatography data han-
dling software package (LYNCH et al.,
1996).

Assessment of lipolysis

Total and individual free fatty acids
were determined by the method of GAR-
CIA et al. (1990), as modified by SOUSA
et al. (1997). Cheese samples (2.5 g) were
ground with 5.0 g of Na2SO4 and 100 µL
of an internal standard solution of 0.1 g
pelargonic acid (C9:0) and 0.2 g marga-
ric acid (C17:0) made up to 10 mL in 1:1
methanol/chloroform solution and sta-
bilised with 0.05% butylated hydroxy-
anisole (BHA). The mixture was repeat-
edly mixed and free fatty acids were ex-
tracted in diethyl ether. The total volume
of extract was measured and 2.0 mL were
taken and mixed with 2.0 mL of a 2 g L-

1 solution of p-bromophenacyl-bromide
in acetonitrile in a glass test tube with a
sealed cap. Eighty microliters of a 5.0 g
L-1 solution of 18-crown-6 ether were
added followed by 0.2 g of dry K2CO3.
The sample was mixed thoroughly and
heated to 75°C for 30 min to promote
derivatization. After the mixture had
cooled to room temperature, 40 µL of a
40 g L-1 solution of formic acid in ace-
tonitrile were added and the mixture was
reheated to 75°C for 30 min. The mix-
ture was then filtered through a 0.45 µm
acrodisk membrane and 40 µL were used
for analysis. The liquid chromatography
system used consisted of a Waters Alli-
ance 2690 Separation Module and 2487
Dual λ Absorbance Detector (Waters
Corp., Milford, MA, USA). Data were col-

lected and quantified using Millennium
32 software. The column used was a
Kingsorb C18, 5 µm packing with 90 Å
pore size (250x4.6 mm) with associated
guard column. The flow rate used was
10 mL min-1 at a constant temperature
of 33°C. Absorbance was measured at
245 nm. A gradient elution based on a
combination of water, acetonitrile and
methanol was used.

Assessment of enzymatic activity

Sterile, dialysed water-soluble extracts
of cheeses, prepared according to a mod-
ification of the method of KUCHROO and
FOX (1982) were assayed for enzyme ac-
tivity. The modifications involved the di-
alysis (dialysis tubing, cut-off 12 kDa,
Sigma, Milan, Italy) of the extracts for
24 h at 4°C against 0.05 M phosphate
buffer, pH 7.0, to eliminate interference
from salt and peptides in the samples,
and sterile filtration (0.22 µm pore size,
Syrfil Filter, Nucleopore, Costar Corpo-
ration, Cambridge, MA, USA) to avoid
interference due to cellular activity (GOB-
BETTI et al., 1997c).

Aminopeptidase (EC 3.4.11.11) and
proline iminopeptidase (EC 3.4.11.9) ac-
tivities were determined as described by
GOBBETTI et al. (1997c), using Leu-p-NA,
Glu-p-NA and Pro-p-NA as substrates.
Leu-p-NA and Glu-p-NA were used as
substrates to partially differentiate the
activity of aminopeptidase type N (PepN)
and A (PepA), respectively (CHRISTENSEN
et al., 1999).

A unit of enzymatic activity was de-
fined as the amount of enzyme that
caused an increase in absorbance at 410
nm of 0.01 min-1 at 37°C and pH 7.0.
The pH and temperature used in this and
subsequent analyses were selected as
optimal for the enzyme activities in Can-
estrato Pugliese cheese.

Dipeptidase (EC 3.4.13.11) activity
was measured by the Cd-ninhydrin
method (FOLKERSTMA and FOX, 1992)
using Leu-Leu as substrate. A unit of en-
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zymatic activity was defined as the
amount of enzyme that produced an in-
crease in absorbance of 0.01 units min-

1 at 505 nm.
Proteinase activity was measured by

the method of TWINNING (1984), using
fluorescence isothiocyanate-labelled ca-
sein as substrate, with incubation at
37°C for 12 h. A unit of proteinase activ-
ity was defined as the amount of enzyme
that caused an increase in absorbance
of 0.1 units min-1at 405 nm.

Esterase (acetyl ester hydrolase, EC
3.1.1.6) and lipase (acylglycerol acylhy-
drolase, EC 3.1.1.3) activities were de-
termined as described by GOBBETTI et
al. (1996) using β-naphthyl butyrate or
tributyrin as substrates, respectively. Es-
terase activity was expressed as moles
of β-naphthol released per 20 min, while
lipase activity was calculated as the mil-
liequivalents of free fatty acids liberated
from tributyrin 60 min-1.

The specific activity for all enzymes
was determined as units of total activity
per gram of total cheese.

The methods and units of enzyme ac-
tivity are the same as those used earlier
by CORSETTI et al. (1998) and GOBBETTI
et al. (1997, b, c; 1999a, b; 2002).

Data from microbiological, physico-
chemical and enzymatic analysis were
evaluated for their significance (p< 0.05)
with one-way-Anova (SAS, 1985).

RESULTS AND DISCUSSION

Microbiological analysis

Fully ripened (150 d) PDO Canestrato
Pugliese cheese contained a total of log
7.7 cfu g-1 mesophilic bacteria, log 4.6
cfu g-1 presumptive enterococci and log
4.0 cfu g-1 presumptive staphylococci.
These cell numbers remained almost
constant during ripening (Table 1). None
of the Staphylococcus colonies were lec-
ithinase positive. The number of total
coliforms was at ca. log 4.2 cfu g-1 until
60 days of ripening and then decreased;
these microorganisms were not detect-
ed in the fully ripened cheese. When
present, faecal coliforms were at values
less than log 2.0 cfu g-1. The production
protocol of PDO Canestrato Pugliese
cheese does not include severe heat
treatment but the hostile ripening con-
ditions probably do not permit the sur-
vival of coliforms in the fully ripened

Table 1 - Levels of the main microbial groupsa (log cfu g-1 cheese) found in PDO Canestrato Pugliese
cheese.

Microbial groups Days of ripening

0 15 30 60 90 120 150

Aerobic mesophilic bacteria 6.6 6.9 7.0 7.5 7.2 7.4 7.7
Total coliforms 3.2 3.7 4.3 4.5 2.8 2.7 n.d.
Staphylococci 4.1 4.0 4.3 3.8 4.3 4.0 4.0
Enterococci 3.6 5.3 5.9 4.8 4.0 3.9 4.6
Mesophilic lactobacilli 6.1 6.6 7.9 8.0 8.0 7.8 8.2
Thermophilic lactobacilli 7.0 6.1 5.7 5.9 5.2 4.8 4.5
Lactococci 7.2 7.5 7.0 7.6 8.0 8.0 7.9
Thermophilic streptococci 5.6 5.7 7.6 8.0 7.6 7.0 5.5
Yeasts n.d. 2.3 2.0 4.0 3.8 3.9 3.3

a Average data from one batch analysed in triplicate; n.d., not detected in 1 g of cheese.
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cheese. The number of presumptive ther-
mophilic lactobacilli, as well as presump-
tive thermophilic streptococci, decreased
during ripening, being log 4.5 and 5.5
cfu g-1 at the end of ripening, respective-
ly. On the contrary, presumptive mes-
ophilic lactobacilli increased until 30
days (ca. log 8.0 cfu g-1) and then re-
mained constant throughout ripening.
The same was found for presumptive lac-
tococci. Clostridia and Listeria spp. were
not found in 25 g of cheese. From 15
days of ripening, yeasts were always
present at cell numbers ranging from log
2.0 to 4.0 cfu g-1. Few moulds (log 2.0
cfu g-1) were present and were only de-
tected at the end of ripening. Data from
the microbiological analyses did not sta-
tistically differ (p< 0.05) between the two
batches. With few exceptions, the above
cell numbers approached those found by
ALBENZIO et al. (2001) for Canestrato
Pugliese cheese made from raw milk. In
particular, high levels of presumptive
thermophilic lactobacilli and streptococci
were present in the PDO Canestrato
Pugliese cheese, probably due to the use
of a natural whey starter containing ther-
mophilic bacteria.

The taxonomic position of some iso-
lates of presumptive lactic acid bacteria
was determined by means of the se-
quence analysis of at least 500 bp of the
5’ region of the 16S rRNA gene. Only iso-
lates with the highest cell counts during
the whole ripening period were identi-
fied: Lactobacillus delbrueckii, L. fermen-
tum and L. helveticus of the presump-
tive thermophilic lactobacilli, Streptococ-
cus thermophilus of the presumptive
thermophilic streptococci, Lactococcus
lactis subsp. lactis of the presumptive
lactococci and L. plantarum, L. casei and
L. reuteri of the presumptive mesophilic
lactobacilli. Thermophilic strains may
derive from the natural culture in whey
used as starter. This heterogeneous com-
position may be due to the empirical
manipulation of this natural starter
which may vary greatly in its microbial

composition due to uncontrolled environ-
mental and technological factors. A more
in-depth study to characterise and
standardise this natural starter is war-
ranted. The species of mesophilic lacto-
bacilli corresponded to those most fre-
quently isolated within the adventitious
milk microflora (non-starter lactic acid
bacteria, NSLAB) of several cheeses
(GOBBETTI et al., 1997c, 1999b). Previ-
ously, L. plantarum was also identified
in Canestrato Pugliese made from dif-
ferent types of milk (ALBENZIO et al.,
2001). NSLAB survive pasteurisation or
enter the cheese milk or curd as post-
pasteurisation contaminants and are the
only microbial group which grows well
in the hostile environment in the interi-
or of the cheese which has a low pH, high
salt content and lack of fermentable sug-
ars, is anaerobic and may contain bac-
teriocins produced by starter bacteria.
NSLAB may greatly contribute to second-
ary proteolysis during cheese ripening
(FOX et al., 1998).

Compositional analysis

The compositions of the two batches
of PDO Canestrato Pugliese cheese were
not statistically different (p<0.05). As rip-
ening progressed, the pH increased grad-
ually from 5.25 (0 d) to 5.91 (150 d). The
moisture content of the cheeses de-
creased during the first 30 d of ripening
(ca. 45 to 41%), then remained almost
constant, but at 150 days the cheese had
a slightly higher moisture content
(39.5%) than at 120 d (37%); this in-
crease was found in both batches. Since
PDO Canestrato Pugliese cheese is rip-
ened in typical baskets made of woven
reed, the rate of moisture loss varies with
the temperature and humidity of the
surroundings, which is governed by at-
mospheric conditions. Absorption of
moisture from more humid surroundings
may explain the rise in the moisture at
the end of ripening. The average salt con-
tent of the cheeses increased gradually
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until 90 d (0.2 to 2.8%), after which it
remained almost constant. Values for
protein content were ca. 26.5%, and for
fat ca. 30%, with no significant differ-
ences between the cheeses. These results
agree with those reported by ALBENZIO
et al. (2001) who characterised the ef-
fects of several heat treatments on the
microbiological and biochemical charac-
teristics of Canestrato Pugliese cheese.

Proteolysis

Patterns of proteolysis in PDO Canes-
trato Pugliese cheese were monitored
throughout ripening. The level of pH 4.6-
soluble nitrogen as % of total nitrogen
increased from 10.14% at 0 d to 21.76%
at 150 d with no significant differences
between the two batches (not shown).
The greatest relative increase was found
from 30 to 60 d of ripening (12.45 to
16.34%).

Results of urea-PAGE of pH 4.6-insol-

uble fractions indicated a progressive
breakdown of αs1-casein (CN) and β-CN,
indicating the role of chymosin and plas-
min, respectively (Fig. 2). Similar results
were found for the two batches. Ewes’
milk casein contains two multiphospho-
rylated β-CN components designated β1-
and β2-CN, which differ from each other
in the degree of phosphorylation. β1- and
β2-CN have the same polypeptide chain
but the former contains 6 phosphates,
while the latter contains 5 phosphates
(RICHARDSON and MERCIER, 1979). Par-
tial phosphorylation of the Thr12 residue
in β1-casein is responsible for the differ-
ence in the electrophoretic mobility be-
tween β1 and β2 caseins at alkaline pH.
Hydrolysis of as1-CN of ewes’ milk by
chymosin resulted in bands with the
highest electrophoretic mobility, while
hydrolysis of β-CN by plasmin resulted
in γ1-CN, γ2-CN, γ3-CN and β1-I-CN and
β2-I-CN respectively. β1-I- and β2-I-CN
had greater electrophoretic mobilities

Fig. 2 Urea-polyacrylamide gel electrophoretograms of pH 4.6-insoluble fractions of PDO Canestrato
Pugliese during cheese ripening. Lanes, 1 and 9, ewes’ casein; 2, 0 d; 3, 15 d; 4, 30 d; 5, 60 d; 6, 90 d;
7, 120 d; and 8, 150 d of ripening.
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than β-CN but less than αs1-CN (MACE-
DO and MALCATA, 1997). In agreement
with ALBENZIO et al. (2001), αs1-CN was
hydrolysed faster than β-CN over time.
As ripening progressed, the concentra-
tions of γ2-, γ1-, γ3- caseins and of αs1-CN
degradation products increased.

Complex peptide profiles were ob-
tained by RP-HPLC of the 70% ethanol-
soluble sub-fractions of the pH 4.6-sol-
uble extracts from the cheeses. Differ-
ences in peptide profiles became appar-
ent as ripening progressed, showing dif-
ferences in the peak heights, which were
used as variables for multivariate sta-
tistical analysis. The profile of the 70%
ethanol-soluble peptides at 150 d of rip-
ening is shown in Fig. 3A. Principal Com-
ponent Analysis (PCA) was performed.
It was observed that samples at the end
of ripening (e.g., 90, 120, and 150 d) were
separated from samples at the beginning
of ripening on Principal Component (PC)
1, which explained 67.8% of the total
variation (Fig. 3B). Similar trends in the
peptide profile were obtained by urea-
PAGE. As ripening progressed, there was
a gradual breakdown of αs1-CN and β-CN
which resulted in intermediate- and
small- sized peptides, as detected by RP-
HPLC in the 70% ethanol-soluble frac-
tion. On the score plot (Fig. 3B), the sam-
ples of the two batches of PDO Canes-
trato Pugliese cheeses differed at the
beginning of ripening but, as ripening
progressed, the samples grouped togeth-
er. The variation at the initial stages of
ripening may be attributed to slight var-
iations in the microbial composition and
environmental conditions of ripening.

The concentrations of most of the in-
dividual free amino acids increased dur-
ing ripening (Fig. 4). This increase was
similar to the increase of the pH 4.6-sol-
uble nitrogen fraction (data not shown).
Among all the individual free amino ac-
ids, glutamic acid, lysine, leucine and
valine were found to be dominant at con-
centrations of 1.65, 1.48, 1.15 and 0.96
mg g-1 cheese, respectively. The total con-

centration of free amino acids at 150 d
was found to be ca. 10 mg g-1 cheese.
The results showed that the dominant
amino acids at 60 and 150 d were simi-
lar for both batches. Glutamic acid,
lysine, leucine and valine were found at
the highest levels even in the Canestra-
to Pugliese cheese supplemented with
bifidobacteria (CORBO et al., 2001) and
in the Canestrato Pugliese manufactured
with raw milk, pasteurised milk or by
heating the curd in the hot whey (ALBEN-
ZIO et al., 2001). However, in the latter
cheeses, the concentrations of the total
and individual free amino acids were
higher. The values found by ALBENZIO
et al. (2001) for glutamic acid, lysine, leu-
cine and valine in 63 day-old Canestra-
to Pugliese cheese made from pasteur-
ised ewe’s milk were 3.88, 1.75, 2.52 and
1.78 mg g-1 cheese. Similarly, IZCO et al.
(2000) found that these free amino ac-
ids, along with asparagine and
glutamine, were predominant in Ossau-
Iraty cheese, which is also made from
ewe’s milk. Compared to other cheeses,
the total concentration of free amino ac-
ids found in the PDO Canestrato Pugliese
was higher than in 6-month-old Ched-
dar (ca. 3 mg g-1 cheese) (LYNCH et al.,
1996) and was considerably lower than
that of Parmigiano Reggiano (70 mg g-1

cheese) (BATTISTOTTI and CORRADINI,
1993) and Fossa (pit) (20-38 mg g-1 cheese)
(GOBBETTI et al., 1999b) cheeses.

Lipolysis

The concentrations of individual and
total free fatty acids in PDO Canestrato
Pugliese cheese at the end of ripening are
shown in Table 2. The free fatty acids
butyric (C4:0), caproic (C6:0), palmitic
(C16:0), oleic (C18:1) and linoleic (C18:2)
acids were found at the highest concen-
trations. Lamb rennet paste contains pre-
gastric esterase (PGE) which exhibits spe-
cificity for butyric and other short-chain
fatty acids found at the sn-1 position (FOX
and GUINEE, 1987). The high level of free
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Fig. 3 (A) Reverse-phase (RP)-HPLC chromatograms of the 70% ethanol-soluble fractions of PDO Canes-
trato Pugliese cheese at 150 days of ripening. (B) Score plot obtained by Principal Component Analysis
(PCA) of data obtained from RP-HPLC chromatograms of the 70% ethanol-soluble fractions of PDO
Canestrato Pugliese cheese at time intervals of 0, 15, 30, 60, 90, 120 and 150 d for batches A and B.
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butyric acid is responsible for the mod-
erately piquant flavour of the cheese. Li-
pases secreted by the cheese microflora
may also contribute to the piquant fla-

Fig. 4 Individual free amino acids of PDO Canestrato Pugliese cheese at 60 and 150 d of ripening for
batches A and B.

Table 2 - Concentration of individual free fatty ac-
ids (mg kg-1 cheese)a in PDO Canestrato Pugliese
cheese after 150 days of ripening.

Fatty acids Concentration

Butyric acid (C4:0) 336
Caproic acid (C6:0) 195
Caprylic acid (C8:0) 65
Capric acid (C10:0) 92
Lauric acid (C12:0) 36
Myristic acid (C14:0) 73
Palmitic acid (C16:0) 144
Stearic acid (C18:0) 38
Oleic acid (C18:1) 165
Linoleic acid (C18:2) 106
Linolenic acid (C18:3) 65
Total free fatty acids 1,315

a Average data from one batch analysed in triplicate.

vour, especially by liberating long-chain
free fatty acids. The total concentration
of free fatty acids was found to be 1,315
mg kg-1 cheese. This is slightly lower than
that reported by ALBENZIO et al. (2001)
for Canestrato Pugliese made from pas-
teurised milk, but the profile of free fatty
acids did not differ substantially. The pro-
file of the free fatty acids was similar to
those found in other hard and semi-hard
Italian cheeses but the total concentra-
tions differed (BOTTAZZI, 1993).

Enzyme activity

The activities of some of the enzymes
in the curd which are liberated after cell
lysis or which are derived from the coag-
ulant and plasmin are shown in Table 3.
Data did not differ significantly between
the two batches. The kinetics of enzyme
activities during ripening were different
depending on the type of enzymes. Pepti-
dase as well as esterase, activity increased
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Table 3 - Enzymatic activities (U g-1 cheese)a contained in the water-soluble extracts of PDO Canestrato
Pugliese cheese during ripening.

Enzymatic activity Days of ripening

0 15 30 60 90 120 150

Aminopeptidase (Leu-p-NA) 3.6g 10.7f 23.5e 43.2d 56.8c 72.7b 82.9a

Aminopeptidase (Glu-p-NA) 1.6 g 8.1f 15.7e 32.4d 50.0c 65.9b 74.6a

Proline iminopeptidase 1.2f 3.4f 10.5e 27.4d 42.2c 55.8b 65.2a

Dipeptidase 18.6g 28.4f 37.5e 56.3d 69.8c 87.0b 96.4a

Proteinase 22.3c 28.7b 30.5ab 32.4a 23.8c 21.4c 15.7d

Esterase 12.5 g 18.4f 24.7e 42.3d 55.0c 59.6b 68.7a

Lipase 47.4a 45.6a 48.1a 42.3b 45.8a 42.4b 44.1ab

a Average data from one batch analysed in triplicate; a-g Values in the same row without a common superscript are
significantly different: P<0.05.

throughout ripening showing a relatively
high increase between 30 and 60 d which
coincided with the highest level of NSLAB
in the cheese. Peptides from lysed ther-
mophilic natural starter may also contrib-
ute. Studies by quadratic response sur-
face methodology on the effect of cheese-
like conditions on the microbial enzyme
activity showed that peptidase activities
of NSLAB retain a higher level of activity
than those from starter lactic acid bacte-
ria (GOBBETTI et al., 1999a). The peptidase
activities found at 150 days were ca. twice
those at 60 days of ripening. Likewise, the
concentrations of some amino acids (e.g.,
glutamic acid, leucine, lysine and valine)
almost doubled during the same period
(Fig. 4). The levels of the pH 4.6-soluble
nitrogen also showed a similar trend. Pro-
teinase and lipase activities did not con-
tinuously increase during ripening. A small
increase in the proteinase activity, as de-
tected on fluorescent casein, was found
up to 30 days, after which it progressively
decreased. It was presumed that there was
no heat inactivation of chymosin during
cheese making (Fig.1), hence a major con-
tribution to primary proteolysis by chy-
mosin together with plasmin would be
expected; this is in agreement with the
results of the urea-PAGE electrophoreto-
grams (Fig. 2). A certain inactivation of
chymosin probably took place, especially
during late ripening. Unlike esterase ac-

tivity, lipase activity was constant through-
out ripening, probably due to the PGE
activity contained in the lamb rennet paste.
Although PGE has both esterase and li-
pase activity, NSLAB mainly show an es-
terase-type activity on acylglycerols (GOB-
BETTI et al., 1996) and this may explain
the accumulation of a relatively high con-
centration of long-chain fatty acids at the
end of ripening which are not pertinent to
the PGE activity.

ACKNOWLEDGEMENTS

This work was supported by the Italian Ministry of
Agricultural and Forestry Policy Development
of Research Networks D.M. 348/7303/2001.
The authors wish to thank the Caseificio
Pugliese of Corato, Bari, Italy for supplying the
PDO Canestrato Pugliese cheeses.

REFERENCES

Albenzio M., Corbo M.R., Rehman S.U., Fox P.F.,
De Angelis M., Corsetti A., Sevi A. and Gobbetti
M. 2001.

Microbiological and biochemical characteristics of
Canestrato Pugliese cheese made from raw milk,
pasteurised milk or by heating the curd in hot
whey. Int. J. Food Microbiol. 67: 35.

Andrews A.T. 1983. Proteinases in normal bovine milk
and their action on caseins. J. Dairy Res. 50: 45.

Associazione Italiana Lattiero-Casearia 2000. For-
maggi Italiani con denominazione tutelate a nor-
ma di legge. In “Il Mondo del Latte” p. 80. Milano
18 June 2002. Editoriale il Mondo del Latte.



58 Ital. J. Food Sci. n. 1, vol. 16 - 2004

Battistotti B. and Corradini C. 1993. Italian chees-
es. Ch. 7. In “Cheese: Chemistry, Physics and
Microbiology” vol. 2. P. F. Fox (Ed.). p. 221.
Chapman and Hall, London.

Blakesley R.W. and Boezi J.A. 1977. A new stain-
ing technique for proteins in polyacrylamide gels
using Comassie Brillant Blue G250. Anal. Bio-
chem. 82: 580.

Bottazzi V. 1993. Formaggio Crescenza. In “Micro-
biologia e Biotecnologia Lattiero-Casearia”, p.
236. Edagricole-edizioni Agricole della Calderoni
s.r.l.., Bologna, Italy.

Christensen J.E., Dudley E.G., Pederson J.A. and
Steele J.L. 1999. Peptidases and amino acid
catabolism in lactic acid bacteria. Antonie van
Leeuwenhoek 76: 217.

Cocconcelli P.S., Parisi M.G., Senini L. and Bot-
tazzi V. 1997. Use of RAPD and 16S rDNA se-
quencing for the study of Lactobacillus popula-
tion in natural whey culture. Let. Appl. Micro-
biol. 25: 8.

Corbo M.R., Albenzio M., De Angelis M., Sevi A.
and Gobbetti M. 2001.

Microbiological and biochemical properties of Can-
estrato Pugliese hard cheese supplemented with
bifidobacteria. J. Dairy Sci. 84: 551.

Corsetti A., Gobbetti M., Smacchi E., De Angelis
M. and Rossi J. 1998. Accelerated ripening of
Pecorino Umbro cheese. J. Dairy Res. 65: 631.

Folkerstma B. and Fox P.F. 1992. Use of Cd-nin-
hydrin reagent to assess proteolysis in cheese
during ripening. J. Dairy Res. 59: 217.

Fox P.F. 1963. Potentiometric determination of salt
in cheese. J. Dairy Sci. 46: 744.

Fox P.F. and Guinee T. 1987. Italian Cheeses. In
“Cheese: Chemistry, Physics and Microbiology”,
vol. 2 P. F. Fox (Ed.), p. 251. Chapman and Hall,
London.

Fox P.F., McSweeney P.L.H. and Lynch C.M. 1998.
Significance of non-starter lactic acid bacteria
in Cheddar cheese. Austral. J. Dairy Technol.
53: 5383.

Garcia H.S., Reyes H.R., Malcata F.X., Hill Jr.C.G.
and Amundson C.H. 1990. Determination of the
major free fatty acids in milk fat using a three-
component mobile phase for HPLC analysis.
Milchwissenschaft 345: 757.

Gobbetti M., Fox P.F. and Stepaniak L. 1996. Es-
terolytic and lypolytic activities of mesophilic and
thermophilic lactobacilli. Ital. J. Food Sci. 8: 127.

Gobbetti M., Lowney S., Smacchi E., Battistotti B.,
Damiani P. and Fox P.F. 1997a. Microbiology
and biochemistry of Taleggio cheese during rip-
ening. Int. Dairy J. 7: 509.

Gobbetti M., Burzigotti R., Smacchi E., Corsetti A.
and De Angelis M. 1997b. Microbiology and bi-
ochemistry of Gorgonzola cheese during ripen-
ing. Int. Dairy J. 7: 519.

Gobbetti M., Corsetti A., Smacchi E., De Angelis
M. and Rossi J. 1997c. Microbiology and bio-
chemistry of Pecorino Umbro cheese during rip-
ening. Ital. J. Food Sci. 9: 111.

Gobbetti M., Lanciotti R., De Angelis M., Corbo M.
R., Massini R. and Fox P.F. 1999a. Mathemati-

cal modelling of the effects of temperature, pH,
NaCl and aw on the proteolytic and lipolytic ac-
tivities of cheese-related lactic acid bacteria.
Enzyme Microb. Technol. 25: 795.

Gobbetti M., Folkertsma B., Fox P.F., Corsetti A.,
Smacchi E., De Angelis M., Rossi J., Kilcawley K.
and Cortini M. 1999b. Microbiology and biochem-
istry of Fossa (pit) cheese. Int. Dairy J. 9: 763.

Gobbetti M., Morea M., Baruzzi F., Corbo M. R.,
Matarante A., Considine T., Di Cagno R., Guinee
T. and Fox P.F. 2002. Microbiological, composi-
tional, biochemical and textural characterisa-
tion of Caciocavallo Pugliese cheese during rip-
ening. Int. Dairy J. 12: 511.

IDF (International Dairy Federation) 1964. Deter-
mination of the protein content of processed
cheese products. Standard 25, International
Dairy Federation, Brussels.

IDF (International Dairy Federation) 1982. Cheese
and processed cheese. Determination of the to-
tal solid content. Reference Method 4 A, Inter-
national Dairy Federation, Brussels.

IIRS (Institute for Industrial Research and Stand-
ards) 1955. Determination of the percentage of
fat in cheese. Irish Standard 69, Institute for
Industrial Research and Standards, Dublin.

Izco J.M., Torre P. and Barcina Y. 2000. Ripening
of Ossau-Iraty cheese: determination of free
amino acids by RP-HPLC and of total free amino
acids by the TNBS method. Food Control 11: 7.

Kuchroo C.N. and Fox P.F. 1982. Soluble nitrogen
in Cheddar cheese: Comparison of extraction
procedures. Milchwissenschaft 37: 331.

Lynch C.M., McSweeney P.L.H., Fox P.F., Cogan
T.M. and Drinan F.B. 1996. Manufacture of
Cheddar cheese with and without adjunct lacto-
bacilli under controlled microbiological condi-
tions. Int. Dairy J. 6: 851.

Macedo A.C. and Malcata F.X. 1997. Role of ad-
ventitious microflora in proteolysis and lipoly-
sis of Serra cheese: preliminary screening. Z.
Lebnsm. Unters Forsch. 205: 25.

Maidak B.L., Cole J.R., Liburn T.G., Parker Jr.C.T.,
Saxman P.R., Farris R.J., Garrity G.M., Olsen G.J.,
Schmidt T.M. and Tiedje J.M. 2001. The RDP-II (Ri-
bosomal Database Project). Nuc. Ac. Res. 29: 173.

Pripp A.H., Shakeel-Ur-Rehman, McSweeney
P.L.H. and Fox P.F. 1999. Multivariate statisti-
cal analysis of peptide profiles and free amino
acids to evaluate effects of single-strain start-
ers on proteolysis in miniature Cheddar-type
cheeses. Int. Dairy J. 9: 473.

Richardson B.C. and Mercier J.C. 1979. The pri-
mary structure of the ovine beta-caseins. Eur.
J. Biochem. 2: 285.

Sousa M.J., Balcao V.M. and Malcata F.X. 1997.
Evolution of free fatty acid profile during ripen-
ing in cheeses manufactured from bovine, ovine
and caprine milks with extracts of Cynara car-
dunculus as coagulant. Z. Lebnsm. Unters For-
sch. 205: 104.

Twinning S. 1984. Fluorescein isothiocynate-la-
beled casein assay for proteolytic enzymes. Anal.
Biochem. 143: 30.

Paper received January 31, 2003  Accepted May 26, 2003



Ital. J. Food Sci. n. 1, vol. 16 - 2004 59

PAPER

- Key words: beef and pork meat, sarcoplasmic and myofibrillar proteins and texture -

RELATIONSHIP BETWEEN PHYSICAL
AND CHEMICAL ATTRIBUTES
OF BEEF AND PORK MUSCLES

AND PROCESSING SUITABILITY

RELAZIONE TRA CARATTERISTICHE CHIMICHE E FISICHE DI CARNI
BOVINE E SUINE E IDONEITÀ ALLA TRASFORMAZIONE

G. BARBIERI* , A. PIZZA and C. GIANNI1

  Stazione Sperimentale per l’Industria delle Conserve Alimentari,
Viale Tanara 31/A, 43100 Parma, Italy

1Centro Ricerche Produzioni Animali, C.so Garibaldi 42,
42100 Reggio Emilia, Italy

*Corresponding author: Fax +39 0521 771829, e-mail angela.pizza@unipr.it

ABSTRACT

In order to characterise the suitabil-
ity of raw meat for processing, commer-
cial beef and pork muscles, foreign pork
shoulders and Italian heavy pork Semi-
membranosus (SMp) muscles and
shoulders, obtained from processing
plants, were analysed. Foreign shoul-
ders that were vacuum packed and fro-
zen at -30°C for six months were also
analysed. The extraction yields of sar-
coplasmic proteins (WS) and pH values
were higher (p<0.001) in the pork sam-
ples, while the cooking loss, extraction

RIASSUNTO

Per valutare l’idoneità alla trasforma-
zione della materia prima, sono stati
analizzati muscoli di bovino e di suino
del commercio, spalle suine di prove-
nienza estera, muscoli Semimembrano-
sus (SMp) e spalle nazionali di suino
pesante prelevati da ditte di trasforma-
zione. Sono state, inoltre, analizzate
spalle di provenienza estera, confezio-
nate sottovuoto e congelate per sei mesi
a -30°C. Le resa di estrazione delle pro-
teine sarcoplasmatiche (WS) ed i valori
dei pH sono risultati maggiori (p<0.001)
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INTRODUCTION

Knowledge of the physical and chemi-
cal characteristics of meat is essential for
the classification of raw materials des-
tined for industrial processing and for the
standardisation of the meat by-products.
While industry focuses on perfecting the
processing techniques in order to obtain
high quality standards, very often the raw
materials, whose properties cannot be
modified during processing, are respon-
sible for a lower quality and a great vari-
ability in the final meat products.

It is well know that the final pH value
and its rate of decrease after slaughter-
ing influence the fundamental proper-
ties of the raw material, such as water-
holding capacity (WHC) and extractabil-
ity of soluble proteins (MÜLLER, 1989).
The genetic PSE (pale, soft and exuda-
tive) anomaly is the result of a rapid drop
in muscle pH, while the muscle temper-
ature is still high, causing the meat to
lose its capacity to retain water and re-
ducing the extractability of sarcoplasmic
and myofibrillar proteins from the meat

yields for salt-soluble proteins (SS),
elasticity module (MY10) and maximum
load (MAX) were higher (p<0.01) in the
beef meat. Freezing reduced the SS
(p<0.001) and increased the MAX
(p<0.01). The PCA analysis provided a
good separation between the beef and
pork samples and between imported
and Italian pork shoulders. It also
grouped most of the Italian heavy pork
samples, shoulder and SMp, on the
basis of high extractability of sarcoplas-
mic proteins and good water retaining
properties.

nei campioni di carne suina, viceversa
il calo peso dopo cottura, la concentra-
zione delle proteine salino-solubili
estraibili (SS), il massimo carico (MAX)
e il modulo di Young (MY10) erano su-
periori nei campioni bovini (p<0.01). Le
operazioni di congelamento hanno de-
terminato una riduzione delle SS
(p<0.001) e un incremento del MAX
(p<0.01). L’analisi delle componenti
principali (PCA) ha reso possibile una
buona separazione dei campioni bovi-
ni e suini e delle spalle suine importate
e nazionali e ha, inoltre, raggruppato
la maggior parte dei campioni italiani
di suino pesante (spalle e SMp) in fun-
zione dell’elevata estraibilità delle pro-
teine sarcoplasmatiche e di buone ca-
pacità di ritenzione d’acqua.

(KAUFFMAN et al., 1998). PSE meat has
pH values that are, on average, below
5.5, which makes the meat unsuitable
for use in cooked meat products (SHEID,
1986; MÜLLER, I989). Muscle pH values
above 6.2, on the other hand, are char-
acteristic of dark, firm and dry meat
(DFD) whose pH drop is slow and incom-
plete due to low glycogen reserves in the
muscle. These meats are characterised
by high WHC and protein extractability,
which makes them more suitable for
processing into cooked products, even
though some problems may occur with
salting (PIZZA and PEDRIELLI, 2000).

For whole and minced cooked meat
products, the solubility and structure of
muscular protein are very important.
Myofibrillar proteins (60% of total pro-
tein), which are soluble in high-ionic
strength saline solutions, have the ca-
pacity to bind water (HAMM, 1970). In
fact, most of the water in meat is found
within the myofibrils in the spaces be-
tween the thick and thin filaments. It
seems very likely that changes in WHC
are caused by changes in the volume of
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the myofibrils which, in turn, are caused
by changes in the interfilament spacing
(OFFER and TRINICK, 1983). On the oth-
er hand, the sarcoplasmic proteins
(≈30% of total protein weight) are partly
responsible for the WHC (LAWRIE, 1987);
the denaturation of sarcoplasmic pro-
teins and their precipitation onto myofi-
brillar proteins could affect the WHC of
raw meat (JOO et al., 1999).

The texture of meat and meat prod-
ucts depends on the connective tissue,
whose main component is collagen, and
on the structure and changes that oc-
cur in the contractile myofibrills during
maturation (CIERACH and MAJEWSKA,
1997) and processing (HAMANN, 1988).
The water holding capacity also affects
the mechanical properties of the prod-
ucts (PREZIUSO et al., 1999).

In most cases, producers only control
the pH, since it is the only parameter that
can be measured instrumentally. Some-
times a sensory evaluation is performed
at the slaughterhouse or more frequently
at the processing plant. The sensory eval-
uation consists of a visual inspection of
the colour of the fat and lean parts, and
the hydration aspect of all the anatomi-
cal parts. Texture, which is one of the most
important parameters for product evalu-
ation, is never taken into account.

The objective of this study was to char-
acterise some beef and pork muscles
with respect to proximate composition,
WHC (expressed through cooking loss),
pH, sarcoplasmic and myofibrillar pro-
tein solubility and rheological parame-
ters in order to group some raw meats
with respect to their suitability for use
in producing cooked products.

MATERIALS AND METHODS

Raw materials

Samples of beef (Semimembranosus
(SMb) and Psoas (PS)) and pork (shoul-
der (SH-COM) and Longissimus dorsi

(LD) were purchased from commercial
outlets. The analyses were also carried
out on a foreign commercial hybrid (SH
F) and Duroc x Large White heavy (SH
IT) pork shoulders obtained from Mor-
tadella producers. Hybrid heavy pork
Semimembranosus muscles, from two
Italian breeds (SM1p) and (SM2p), ob-
tained from a cooked ham industry, were
also analysed. All the heavy pigs were
reared according to the Protected Desig-
nation of Origin for Parma ham (G.U.,
1990). The imported pigs were slaugh-
tered in Italy with traditional stunning.
All the samples were chilled at 4°C until
analysed. The shoulders from foreign
samples had been vacuum packed and
frozen at -30°C for six months.

Slices were taken from the muscle,
cutting perpendicular to the muscle fi-
bre. Whole slices were used for the rhe-
ological tests; for the other analyses the
slices, with the surface fat and connec-
tive tissue removed, were minced in a
mixer and then homogenised.

Proximate composition and pH

The minced samples were analysed in
duplicate for moisture, ash, fat and to-
tal proteins according to the AOAC meth-
ods (AOAC, 1995). In addition the non-
protein nitrogen (NPN) was determined
and is expressed as the percentage ratio
between soluble nitrogen in trichloroace-
tic acid (5%) and total nitrogen, as well
as the collagen, calculated according to
the hydroxyproline content (AOAC,
1995).

Duplicate pH measurements were tak-
en on the minced and homogenized meat
samples using a pH-meter mod. HI 9321
Microprocessor (Hanna Instruments,
Singapore) equipped with a Hamilton gel-
electrolyte electrode.

Extraction of soluble proteins

Parallel extractions of the water-solu-
ble proteins and total soluble proteins
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were carried out on the minced sample
using the modified Vega-Warmer meth-
od (VEGA-WARMER et al., 1999). The wa-
ter-soluble fraction was extracted by
treating 6 g of meat with 90 mL of phos-
phate buffer at low ionic strength (0.03M)
at pH 7.0 for 24 hours. The total soluble
fraction was extracted treating 6 g of
meat with a phosphate buffer at high
ionic strength (0.1M with 0.7M NaCl) at
pH 7.0 for 24 hours. After centrifuging
(23,000 x g, 15 min, 4°C), the protein
extracted was determined using the
Kjeldhal method on weighted quantities
of limpid supernatant. The amount of
proteins which were not extracted in the
pellet were also determined. The amount
of extracted sarcoplasmic proteins was
calculated by the difference between the
water-soluble protein and the non-pro-
tein nitrogen (NPN).

The myofibrillar protein value was cal-
culated as the difference between total
soluble protein and water-soluble pro-
tein. The extraction yield was calculated
for both the percent sample weight and
percent total protein.

Cooking weight loss

Before the instrumental texture anal-
ysis, the weight loss after cooking was
calculated for each sample according to
the following formula:

[(weight before cooking-weight after
cooking)/weight before cooking] x100.

Texture

Sections of muscle, about 4 cm thick,
were vacuum-packed and cooked in a
water-bath (Heto-Birkerød, Denmark) at
70°C for 40 min, then cooled in a refrig-
erator (approx. 2°C) for one day and then
cut into two slices (about 1 cm thick).
Two or three cylinders with a diameter
of 11.5 mm, were taken from the central
part of each slice, kept at constant tem-
perature (4°C). The instrumental deter-
minations were made using a material

testing system, Instron mod. 5564 (In-
stron Universal Testing, U.K.), using a
100 N cell load. During the stroke, a
graph of the force verses the distance was
recorded.

Shear test

A Warner-Bratzler cell was used with
a blade advance speed of to 50 mm/min
(HONIKEL, 1998) with the force applied
perpendicular to the direction of the
muscle fibre. For each sample, the max-
imum load (MAX), expressed in Newton
(N), was used.

Compression test

The compression head (diameter 57
mm) advanced at a speed of 20 mm/min
in the same direction as the muscle fi-
bre until it reached 60% of the original
length of the meat cylinder (PIZZA et al.,
1982). The parameter considered was the
Young or elasticity module (MY10) meas-
ured in the elastic performance area
(from 0 to 10% deformation of the cylin-
der) of the samples.

Statistical analysis

The data obtained were processed us-
ing the statistical package SPSS/PC
(NORUSIS, 1999). Differences between
muscles, species and storage were eval-
uated by a one-way analysis of variance
(ANOVA) using the LSD test to compare
sample averages; Pearson’s correlation
coefficients were calculated using data
from samples that were not frozen. In
addition, PCA analysis was applied in
order to determine the main compo-
nents, which describe and discriminate
groups of muscles. The Varimax option
for rotating the PC1/PC2 plane was
used. The group of pork shoulder sam-
ples was subdivided into commercial
samples of unknown origin (SH COM),
the samples from foreign sources (SH F)
and samples from national sources (SH
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IT) and the group of pork SM was divid-
ed according to breed (SM1p) and
(SM2p).

RESULTS AND DISCUSSION

The results of the composition analysis
and pH for all the chilled samples subdi-
vided according to muscle-type are report-
ed in Table 1. The group of pork shoul-
ders included commercially available sam-
ples as well as imported and Italian chilled
shoulders obtained from processing com-
panies; the group of pork SM muscles in-
cluded all the samples of the two Italian
breeds. The differences between shoulders
of various origin will be discussed later.
The non-nitrogen protein index (NPN) of
the LD pork samples and the moisture of
the PS beef samples were significantly
higher (p<0.05) than the other muscle
samples analysed. Furthermore, the beef
PS and pork LD samples had higher pro-
tein contents and lower intramuscular fat
contents (p<0.05) while the pork SM had
the highest collagen values (p<0.05). The
pH values for all the chilled samples fell
within the range for normal meat, between
5.5 and 6.2 (Table 1).

Table 2 shows a comparison of all the
parameters between beef and pork meat.
The pH values of the beef samples,

whether PS or SM, were significantly low-
er (p<0.001) than the pork samples. This
result is in agreement with a number of
other studies, in which the differences
in the speed and grade of post-mortem
drop in beef and pork meat have been
noted (HONIKEL, 1991). The final pH in
pork and veal tends to be higher than
that of adult beef and pork samples have
a greater capacity to retain water
(LAWRIE, 1987).

The extractability of sarcoplasmic pro-
teins (WS), calculated as both percent
sample weight (WS-W) and total proteins
(WS-P), was significantly higher (p<0.01)
for pork samples (Table 2), and for the
LD pork samples, in particular (Table 3).
The extraction yield for the salt-soluble
proteins (SS), as well as total extracta-
ble proteins (TEP) was significantly high-
er (p<0.01) and (p<0.05) for beef meat
(Table 2), especially for SM beef samples
(Table 3). The results confirm the differ-
ence in protein solubility between the
species due to differences in pH drop
(HONIKEL, 1991) and between the mus-
cles in terms of carcass position and
specific function (XIONG, 1994). The data
obtained for the frozen shoulder samples
obtained from the Mortadella producers
(Fig. 1) show that freezing and frozen
storage, that result in the denaturation
of the soluble proteins, have a negative

Table 1 - Proximate composition and pH of raw meat samplesa. Comparison by one-way analysis of
varianceb.

Beef PSa,b,c Beef SM Pork LD Pork Shoulder Pork SM

Moisture (g/100 g) 74.93±0.38 a 74.20±0.03 b 73.90±0.08 b 74.04±0.43 b 74.99±1.01 a
Protein (g/100 g) 22.57±0.52 a 20.76±0.05 b 23.61±0.39 a 21.44±1.46 b 21.97±0.47
Ash (g/100 g) 1.11±0.01 a 1.09±0.01 a 1.15±0.03 b 1.16±0.01 b 1.09±0.03 a
Intramuscular fat (g/100 g) 1.39±0.91 a 3.88±0.11 b 1.38±0.20 a 3.23±0.91 b 2.02±0.69 c
NPN (g/100 g) 2.67±0.10 a 2.73±0.01 a 3.35±0.27 c 2.57±0.33 a 2.89±0.20 b
Collagen (g/100 g) 0.41±0.06 a 0.37±0.02 a 0.33±0.02 a 0.38±0.15 a 0.54±0.17 b
pH 5.61±0.06 a 5.67±0.01 a 5.81±0.17 b 5.85±0.08 b 6.02±0.23 c

a Each value represents the mean±standard deviation.
b Within the same row means with different letters are significantly different (p<0.05).
c PS=Psoas; SM=Semimembranosus; LD=Longissimus dorsi.
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effect on the extractability of myofibril-
lar proteins as reported by many authors
(AWAD et al., 1968; LAN et al.,1993). The
extraction yield of SS was in fact, reduced
by one third (p<0.001).

The beef samples had significantly
(p<0.01) higher shear maximum load val-
ue (less tender) and higher MY10 (p<0.01)
(less springy) values than the pork meat
(Table 2). This parameter, monitored in the
elasticity area of the cylinder, is a meas-
ure of the rigidity of the sample (LUCISA-
NO and CASIRAGHI, 1993). Species is one
factor that has a great influence on meat
tenderness, due to the structure; beef is
coarser than pork (LAWRIE, 1987). How-
ever, MAX increased (p<0.01) with frozen
storage (Fig. 1), thus confirming the re-
sults of BHATTACHARYA et al. (1988). No
significant differences in MY10 (p>0.05)
were found between the fresh and frozen
samples of foreign shoulder.

The cooking loss was positively corre-
lated (R=0.64, p<0.01) with the Young

module (MY10) taken from the compres-
sion test. The samples with a high cook-
ing loss were also characterised by low
elasticity which confirms the relationship
between WHC and the mechanical char-
acteristics of the meat (HAMM, 1970).
MY10 and cooking loss were both nega-
tively correlated with pH (R=-0.38
p<0.01; R=-0.57 P<0.01).

Furthermore, MY10 and cooking loss
were negatively correlated with intra-
muscular fat (Table 4). The lipid fraction
contributes greatly to the tenderness of
the muscle due to its rheological prop-
erties and its diluting effect on the colla-
gen network, (LEPETIT and CULIOLI,
1994). A high capacity to retain water in
muscles resulting in a better, juicier good
quality meat is correlated with a higher
content of intramuscular fat (LAWRIE,
1987). Cooking loss and MY10 were neg-
atively correlated with all the parame-
ters linked to the extraction of sarcoplas-
mic proteins (Table 4). The extractabili-

Table 2 - Comparison of pork and beef samples by one-way analysis of variance.

Species Effecta Pork Meat Beef Meat

Moisture (g/100 g) 74.43±0.88 74.68±0.46
Protein (g/100 g) 22.28±1.18 21.96±0.97
Ash (g/100 g) 1.12±0.04 1.10±0.02
Intramuscular fat (g/100 g) 2.29±1.07 2.22±1.39
NPN (g/100 g) ° 2.88±0.38 2.69±0.08
Collagen (g/100 g) 0.44±0.17 0.39±0.05
pH °°° 5.92±0.20 5.63±0.05
WS-W b °°° 5.25±0.78 3.74±0.59
WS-P c °°° 23.74±1.51 17.15±3.21
SS-W b °°° 4.44±1.51 7.01±0.92
SS-P c °°° 20.16±7.10 32.08±5.44
TEP-W b ° 12.58±1.71 13.44 ±1.16
TEP-P c ° 56.92±7.99 61.51±8.04
Cooking loss °°° 16.75±2.57 22.13±4.51
Shear Test
MAX (N) °° 33.39±7.75 39.59±2.58
Compression Test
MY10 (MPa) °° 0.09±0.03 0.13±0.03

a Species effect:° significant at p<0.05; °° significant at p<0.01; °°° significant at p<0.001.
b X-W: grams protein extracted /100 grams of sample weight.
c X- P: grams protein extracted /100 grams of total muscle protein.
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ty of these proteins is reduced when they
are denatured by the formation of pre-
cipitating insoluble aggregates. The re-
lationship observed could confirm the
hypothesis of other authors that the
WHC is also influenced by the denatur-
ation of the sarcoplasmic proteins (JOO
et al., 1999), which are more sensitive to
variations in pH and temperature con-
ditions during the post-mortem phase
(SAYRE and BRISKEY, 1963).

Table 4 also shows the correlation
between the extractability of the sarco-
plasmic protein and the pH, which in-
creases as the pH increases. JOO et al.
(1999) noted that the difference in the
pH in meat belonging to different quali-
ty classes corresponded to differences in
the sarcoplasmic proteins. No correla-
tion was observed between the extracta-
bility of the myofibrillar proteins, which
are more important for discriminating
between the physical state of meat, both
fresh and frozen (Fig. 1). For the pork
meat, a negative correlation was ob-
served between the myofibrillar fraction
extraction and cooking loss (R=-0.52,
p<0.01) and MY10 (R=-0.43, p<0.01)
(Figs. 2, 3), respectively.

Among the linear correlations of the
saline-soluble proteins, it is interesting

to note that MAX from the shear test was
positive. High extractability of the my-
ofibrillar proteins corresponded to a
higher cutting force. This parameter is a
measure of the firmness of the sample
being cooked, which is a quality factor
for meats destined for industrial process-
ing. In cooked meat products, the cohe-
sion of the muscle fibres (LAN et al., 1993)
and the water holding capacity of the
slice after cooking are very important
(PIZZA et al., 2002).

Table 3 - Extraction yield of water-soluble (WS), salt-soluble (SS), total extractable proteins (TEP) and
texture parameters from beef and pork muscles. Comparison by one-way analysis of variancea.

Beef PSa,b Beef SM Pork LD Pork Shoulder Pork SM

WS-W c 3.57±0.72 a 4.09±0.04 a, b 5.50±0.20 c 4.43± 0.75 b 5.75±0.29 c
WS-P d 15.89±3.53 a 19.68±0.12 b 23.33±0.91 c 20.73± 3.98 b, c 26.20±1.45 d
SS-W c 6.43±0.48 a 8.16±0.15 b 3.27±1.61 c 5.22± 1.79 d 4.43±0.72 e
SS-P d 28.48±1.49 a 39.29±0.81 c 13.81±6.69 b 24.32± 8.13 d 20.21±3.51 e
TEP -W c 12.68±0.37 a 14.7±0.13 b 12.11±1.75 a 12.22± 2.37 a 13.09± 0.9 b
TEP-P d 56.21±2.38 a 72.13±0.79 b 51.32±6.85 a 57.01±10.57 a 59.65±4.41 a
MAX (N) 39.72±2.18 a 39.35±4.26 a 32.81±6.81 b 34.35± 8.31 b 32.83±5.17 b
MY10 (MPa) 0.13±0.03 a 0.11±0.02 a, b 0.11±0.02 a, b 0.08± 0.03 b 0.09±0.03 b

a Within the same row means with different letters are significantly different (p <0.05).
b PS=Psoas; SM=Semimembranosus; LD=Longissimus dorsi.
c X-W: grams protein extracted /100 grams of sample weight.
d X- P: grams protein extracted /100 grams of total muscle protein.

Fig. 1 - Yield of water-soluble (WS-P), salt-soluble
(SS-P) and total extractable proteins (TEP-P) and
maximum load (MAX) of imported shoulders ob-
tained from the Mortadella producers.
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From the PCA analysis, a 4-factor sys-
tem was obtained that accounted for 84%
of the total variance, 59.9% of which was
described by the first two components
(PC1 and PC2). The projection of varia-

Table 4 - Correlation coefficients for the relationship of technological parameters to proximate compo-
sition and protein solubility for all the chilled samples.

pH Cooking loss (%) MY10 (Mpa) MAX (N)

Moisture (g/100 g) 0.45**a 0.28** 0.05 -0.05
Protein (g/100 g) 0.29** 0.62** 0.30** -0.16*
Intramuscular fat (g/100 g) 0.06 -0.58** -0.30** 0.22**
Ash (g/100 g) -0.10 -0.22 0.10 -0.22**
WS-P b 0.56** -0.63** -0.41** -0.10
SS-P b -0.20* -0.13 -0.13 0.44**
TEP-P b 0.09 -0.63** -0.41** 0.36

a p<0.01**; p<0.05*.
b X - P: grams protein extracted /100 grams of total muscle protein.

Fig. 2 - Linear correlation between myofibrillar
proteins and cooking loss of pork samples.

Fig. 3 - Linear correlation between myofibrillar
proteins and MY10 of pork samples.

Fig. 4 - Projection of the variables relating to beef
and pork samples onto the PC1-PC2 plane.

bles (Fig. 4) on the PC1-PC2 plane shows
that all the parameters of saline solubil-
ity and MAX largely contribute to com-
ponent 1. On the other hand, the per-
centages of extracted water-soluble pro-
teins, pH, cooking loss and MY10 are
correlated to PC2.

The projection of samples (Fig. 5) on
the PC1-PC2 plane shows that the high
variability in the raw meat prevented a
good separation according to the mus-
cles, with some exceptions.

Pork shoulders from producers were
separated in function of their origin. In
fact, the heavy pork shoulders are found
in the upper right hand quadrant and
are characterised by better processing

55
%

55
%
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properties, such as high pH and extrac-
tion yield of myofibrillar and sarcoplas-
mic proteins and low cooking loss and
MY10. The imported shoulders are, in-
stead, found in the lower left quadrant
of the graph.

Most samples from Italian heavy pork
are found in the upper part of the graph,
which indicates high extractability of
water-soluble proteins and low cooking
loss.

The beef samples (SMb and PS) are
found in the lower right hand quadrant
of the graph, they differ from the pork
samples, because with a high extracta-
bility of SS, the cooking loss and elastic-
ity module values are high. This separa-
tion has also been confirmed by other
studies, which have shown that pork
meat has a greater capacity of to hold
water. Some authors have attributed this
to be the quicker pH drop in pork meat
during glycolysis. BENDALL (1978) hy-
pothesized that this was the result of
varying concentrations of intracellular
free calcium ions, that could be caused
by mitochondria. SAYRE and BRISKEY
(1963) reported that a slower lowering
of pH did not influence the solubility of
saline-soluble proteins, but did cause
sarcoplasmic denaturation.

The PCA analysis was also applied to
the pork parameters. The projection of
the variables (Fig. 6) onto the PC1-PC2
plane shows that by excluding bovine
samples, a different composition of the
two first components is obtained: the
cooking loss and MY10 contributed neg-
atively to component 1, in contrast to
myofibril parameters to which they were
more positively correlated than to solu-
ble sarcoplasmic proteins.

CONCLUSIONS

In this study measurements of pH,
proximate analysis and cooking loss were
made and sarcoplasmic and myofibril-
lar protein solubility were determined.

Some texture data were obtained using
the Instron material testing system.
These descriptors proved to be valid for
mapping the raw materials considered,
and the functional and consistency char-
acteristics could be grouped into two dif-
ferent components, which have a rather
clear chemical and physical-chemical
meaning. In fact, when the analysed
samples are projected onto a plane the
quality classes are clearly detectable in
relation to industrial production.

The PCA analysis provided a good sep-
aration between beef and pork samples

Fig. 6 - Projection of the variables relating to pork
samples onto the PC1-PC2 plane.

Fig. 5 - Projection of pork and beef muscles onto
the PC1-PC2 plane.
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and the pork shoulders obtained from
producers were separated in function of
their origin.

The data obtained for the foreign shoul-
der samples show that freezing and fro-
zen storage have a negative effect on the
extractability of myofibrillar proteins, re-
ducing the extraction yield by one third.

The investigations performed on sam-
ples from both the market and process-
ing plants showed some correlations
between the various descriptors (pH,
cooking loss, MAX, MY10 and yield of
soluble proteins) and suitability for
processing as a function of species, ori-
gin and storage of raw meat.
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ABSTRACT

Reversibility of the muscle fatty acid
profile in rabbit was studied using two
dietary fat supplementations. Thirty 4-
week-old rabbits were fed a diet with
4% hydrogenated sunflower oil (SAT) for
4 weeks, which was changed to one with
4% sunflower oil (UNSAT) for a further
4 weeks. The reverse UNSAT-SAT feed-
ing plan was also performed on anoth-
er 30 rabbits. Muscle Longissimus dor-

RIASSUNTO

È stato studiato l’effetto dell’alimen-
tazione sulla reversibilità del profilo in
acidi grassi della carne di coniglio. Tren-
ta conigli di 4 settimane di età hanno
ricevuto per 4 settimane un mangime
contenente il 4% di olio di girasole idro-
genato (dieta SAT), sostituito nelle suc-
cessive 4 settimane da un mangime
contenente il 4% di olio di girasole in-
saturo (dieta UNSAT). Un piano alimen-
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si and blood samples were taken at 4,
5 and 8 weeks. Muscle fatty acid incor-
poration and reversibility were demon-
strated. The SAT-UNSAT and UNSAT-
SAT groups differed only in palmitic and
linoleic acids at the end of the trial. Plas-
ma cholesterol was temporarily de-
creased by changing the diet to UNSAT.

tare inverso (UNSAT-SAT) è stato ap-
plicato su altri 30 conigli. Campioni di
sangue e di muscolo L. dorsi sono stati
prelevati dopo 4, 5 e 8 settimane di trat-
tamento alimentare. E’ stata dimostra-
ta l’incorporazione nel muscolo degli
acidi grassi provenienti dalla dieta e la
reversibilità di tale incorporazione, al
variare del piano alimentare. I due
gruppi di conigli appartenenti rispetti-
vamente ai piani alimentari SAT-UN-
SAT e UNSAT-SAT si sono diversificati
solamente per i livelli di acido palmiti-
co e linoleico. Il colesterolo plasmatico
totale è diminuito temporaneamente in
seguito al passaggio alla dieta UNSAT.

INTRODUCTION

The composition of intramuscular fats
(IMF) is an interesting factor both from
the viewpoint of dietetics and physiolo-
gy. The fatty acid (FA) profile of intra-
muscular fat, comprising multiple lipid
classes (the most important being TAG
and membrane phospholipids (PL)), de-
pends on numerous parameters, such
as the dietary fat source, age and genet-
ic background (CAMBERO et al., 1991).
Dietary-induced changes in IMF have
been widely studied, e.g. in pigs (WOOD
et al., 1999), cattle (ANDRAE et al., 2001),
broilers (HRDINKA et al., 1996), rabbits
(CAMBERO et al., 1991; KESSLER and
PALLAUF, 1994) and fish (BELL et al.,
2002). However, reversible modifications
of the tissue fatty acid profile following
dietary changes have only been report-
ed for mice (SWANSON et al. 1987) and
rats (AYRE and HULBERT, 1996; HELGE
et al., 1999). A trial was reported by Mal-
donado et al. (2002), where mice were
fed a normal laboratory diet which in-
cluded a two-week period on a fish oil
supplemented diet. They reported ex-

change times between 3 and 14 days for
different fatty acids, however the results
mainly concerned tissue phospholipids.

SZABÓ et al. (2001) reported that after
a four-week feeding period, the FA pro-
file of whole muscle homogenates of rab-
bits effectively reflected that of the feed.
MOREOVER, HUERTA-LEIDENZ et al.
(1996) and FONTANILLAS et al. (1998)
tracked the FA incorporation in swine
and calf adipose tissue, respectively, by
means of serial biopsy samplings. Thus,
the present study aimed to demonstrate
the exchange course of FA in m. L. dorsi
(m. LD) total lipids, subsequent to the
use of diets greatly differing in the de-
gree of saturation of their FA. Two iso-
caloric diets (supplemented with intact
sunflower oil (UNSAT) or with hydrogen-
ated sunflower oil (SAT)) were fed be-
cause the FA incorporation in the differ-
ent lipid stores is also influenced by the
energy content of the diet. The main goal
of this experimental design was to fol-
low-up the dietary FA incorporation and
the exchange in rabbit muscles. This
was, in part, complemented with the in-
vestigation of blood lipid metabolites.
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MATERIALS AND METHODS

Animals, feeding, sampling

Sixty Pannon White male rabbits were
housed two-by-two in wire net cages of
500x800 mm. At weaning (28th day of
life), the rabbits were randomly divided
into two feeding groups and fed succes-
sively the following two experimental di-
ets: UNSAT diet, containing 4% sunflow-
er oil and SAT diet, containing 4% par-
tially hydrogenated sunflower oil. Diets
were offered ad libitum. Feed composi-
tion was analyzed according to the
A.O.A.C. (1980) methods. The ingredi-
ents, chemical and FA composition of the
diets are shown in Table 1.

The first group of 30 rabbits was fed
SAT for 4 weeks when the diet was
changed to UNSAT for a further 4 weeks.
Rabbits were slaughtered after the first
4 weeks (n=10, 8th week), then after 1
(n=10, 9th week) and 4 (n=10, 12th week)
weeks following the dietary change. The
other 30 rabbits were treated analogous-
ly, only the UNSAT diet was fed for the
first 4 weeks, and was then changed to
SAT.

The m. LD samples were taken imme-
diately after slaughtering, always from
the same location  (2nd to 3rd lumbar ver-
tebrae) and were stored frozen (-80°C)
until analysis. Blood samples were tak-
en from the left ear vein prior slaughter-
ing.

The trial was approved by the Animal
Experimentation Ethics Committee of
the University of Kaposvár.

Gas chromatography
of the muscle FA composition

The total lipids were extracted from the
muscle samples according the method
of FOLCH et al. (1957). Transmethylation
was carried out using a mixture of meth-
anol, benzene and sulphuric acid
(75:25:4). Gas liquid chromatography
was performed on an automated instru-

Table 1 - Ingredients, chemical and fatty acid com-
position of the diets.
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ment (CE 8000 Top, Thermoquest, Mi-
lan, Italy), equipped with a flame ioniza-
tion detector and a Supelco Omegawax
250 type capillary column (30 m x 0.25
mm ID). The operating conditions were
the following: injector temperature:
250°C, detector temperature: 250°C; hy-
drogen flow: 1.60 mL/min. The heating
program was started at 140°C initial val-
ue with a 4°C increment every 10 min-
utes until the final temperature of 220°C.
FA were identified by comparing of the
retention times to those of authentic FA
methyl ester standards. Results are ex-
pressed as w/w% of the total FA methyl
esters.

Determination of plasma total lipids,
triacylglycerols and total cholesterol

The blood samples were collected in
tubes with K-EDTA. Samples were im-
mediately placed on ice and then centri-
fuged, decanted and the plasma was fro-
zen. Plasma total lipids, triacylglycerol
and total cholesterol content was deter-
mined by means of Randox¨ laboratory
kits (TL100, TR210 and CH200, respec-
tively, Randox Laboratories LTD, UK).
Plasma TAG and cholesterol are ex-
pressed as mmol/L and total lipids as
mg/mL.

Statistical methods

The comparisons were performed
within the two different feeding groups
(SAT-UNSAT and UNSAT-SAT). One-way
analysis of variance was applied in each
group at the three time points, while
body weight was set as covariate and the
LSD (least significant difference) post-
hoc test was applied. The fatty acid com-
position at the end of the two feeding
treatments was compared with the Stu-
dent t-test. Linear regression models
were developed from the individual data
to demonstrate the changes in the meas-
ured fatty acids within the feeding peri-
ods of the two experimental groups.

SPSS 10 for Windows (1999) was used
for the analysis.

RESULTS

Muscle FA composition

The data obtained from the muscle
FA analysis are given in Table 2. The
change from SAT to UNSAT induced a
significant (P<0.05) increase in linoleic
(C18:2 n-6) acid already after one week;
this increased even more after the sec-
ond period of three weeks, according to
the over twofold higher linoleic acid con-
tent of the UNSAT diet. Furthermore,
after the second, four-week period the
proportion of stearic (C18:0), eicosap-
entaenoic (EPA, C20:5 n-3) acid and
that of the saturated to unsaturated
fatty acid ratio decreased significantly.
Bodyweight, as a covariate had signifi-
cant effect on the margaric (C17:0),
myristoleic (C14:1 n-5), palmitoleic
(C16:1 n-7) and gondoic (C20:1 n-9)
acids.

The UNSAT to SAT dietary change re-
sulted in significant (P<0.05) increases
in myristic (C14:0), palmitic (C16:0), vac-
cenic (18:1 n-7), oleic (C18:1 n-9) and _-
linolenic acids and the saturated to un-
saturated fatty acid ratio after the first
week. Myristic and oleic acid continued
to increase significantly in the second
period. On the contrary, linoleic acid
decreased significantly until the end of
the experiment. Significant decreases
were shown in arachidonic (C20:4 n-6),
eicosadienoic (C20:2 n-6) and docosa-
tetraenoic (C22:4 n-6) acids. Significant
bodyweight effect was only shown for
stearic acid.

The linear regression models were only
taken into account above the R2 value of
0.5. A proper linear fitting was obtained
by eicosapentaenoic acid (EPA) after the
SAT to UNSAT dietary change, while with
the reverse feeding regimen myristic,
oleic, linoleic, _-linolenic and docosadi-
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enoic acids could be characterized (Ta-
ble 3).

Blood plasma

The results of the blood plasma anal-
ysis are given in Table 4. The total lipid
content of the blood plasma showed
slightly increasing trends with both die-
tary treatments.  After the SAT to UN-
SAT change during the last three weeks
there was a significant increase. In the
reverse treatment this increase occurred
after the first week following the dietary
change and then remained stable. The
plasma triacylglycerol concentration in-
creased throughout the trial, but was not
significant

in either dietary treatment. The total
cholesterol content of the plasma was
modified by the SAT to UNSAT change:
after the first week there was a signifi-
cant decrease, though this decrease was
only temporary.

DISCUSSION

Different studies have shown that af-
ter a four-week treatment the FA pro-
file of rabbit muscles can effectively be
modified when rabbits are fed diets with
different FA supplementations (CAMBE-
RO et al., 1991; SZABÓ et al., 2001).
However, there is a lack of information
about the exchange time or reversible
incorporation of the dietary FA in rab-
bit muscle.

Table 3 - Linear regression equations on the fatty acid incorporation and washout.

In the present study, after the SAT to
UNSAT change, the amount of oleic acid
in the muscle showed a decreasing trend
that could be characterized linearly; sim-
ilar results were reported by Fontanillas
et al. (1998), feeding hydrogenated oil
supplementation to pigs.

Oleic acid significantly increased just
one week after the dietary UNSAT to SAT
change, reflecting the SAT-dietary high
level of this FA. However, after the SAT
to UNSAT feed change, the concentra-
tion of oleic acid did not show any
change, while its precursor, stearic acid,
decreased significantly. This fact, at least
in part, suggests an increase in the _9
desaturase activity. A similar finding was
described by Bourre et al. (1997), as low
(1.6%) and high (8.6%) dietary stearic
acid supplementation did not alter the
muscle oleic acid level in rats. They re-
ported that endogenous oleic acid syn-
thesis (from stearic acid) alone cannot
produce the required amount of this
acid, but dietary supplementation is also
needed in rats.

On the other hand, enzymatic linkag-
es of the mammalian FA synthesis could
be clearly demonstrated. Since the diets
did not contain ingredients of animal
origin, they contained arachidonic acid
only in traces, therefore, linoleic acid
could be the only precursor of this FA in
the muscle. The UNSAT to SAT change
significantly lowered linoleic acid as well
as the arachidonic acid in the muscle
after four weeks. This agrees with that
of ALESSANDRI et al. (1990), who report-
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ed a decrease in arachidonic acid con-
tent in tissue lipids of rats when fed a
restricted amount of linoleic acid. MAL-
DONADO et al. (2002) reported that lino-
leic and arachidonic acids were the first
two FA reflecting the dietary change in
mouse liver and plasma, while other FA
showed a longer washout time.

Moreover, enzymatic connections be-
tween precursor and product FA could
be clearly recognized when the dietary
amount of FA was measurably de-
creased, and not by dietary overload.
This was seen after the SAT to UNSAT
change, where the dietary stearic and
oleic acid contents decreased. As a con-
sequence, muscle stearic acid signifi-
cantly decreased, while oleic acid was
unaltered. A similar phenomenon was
seen by the a-linolenic acid and EPA pair.
In the change to UNSAT, a lowered die-
tary a-linolenic acid intake reduced only
the amount of EPA in the muscle, but
not that of a-linolenic acid. In the oppo-
site treatment, a-linolenic acid was in
excess (dietary overload), and its amount
in the muscle increased, while no con-
sequent change was seen in case of EPA.

Theoretically, when both SAT and
UNSAT diets were fed in two equal four-
week periods, irrespective of the se-
quence, there should have been no dif-
ference in the FA profile of the two groups
at the end of the trial. This condition was
nearly fulfilled. After the 8th week signif-
icant differences were found only in pal-
mitic and linoleic acids. The diets con-
tained strongly different amounts of
these FA, therefore, it can be concluded
that the dietary effect on the muscle FA
composition was rather strong.

The blood plasma lipid metabolites
were descriptive not only with regard to
incorporation, but also with regard of the
metabolism of the fats.

The slightly increasing trend in the
plasma total lipid content may, at least
in part, be related to the increasing body
weight (Table 4) and the consequent ele-
vated feed intake of the growing rabbits.
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This was also supported by the border-
line significant (P=0.057) bodyweight ef-
fect of the SAT-UNSAT change. On the
contrary, the plasma total cholesterol
level showed a temporary decrease
(P=0.06) after the SAT to UNSAT change,
though only in the first week following
the dietary change. According to Hod-
son et al. (2001), an increase in the un-
saturation of the dietary fat can strong-
ly lower the plasma total cholesterol lev-
el. In addition, Maldonado et al. (2002)
reported that in mice this decrease oc-
curs in the first three days after the die-
tary change which is in agreement with
our findings.

CONCLUSIONS

It can be concluded that the dietary
fat source can effectively modify the skel-
etal muscle FA profile when fed in a prop-
er time interval. The restitution of the
tissue FA profile following the change of
the dietary fat source can be perfectly
achieved, however it also depends on the
magnitude of the proportional change of
the FA in the diet. The incorporation or
the washout of certain fatty acids could
be lineraly characterized. In blood lipids
it was demonstrated that changing the
diet to a more unsaturated one could
temporarily reduce the plasma total cho-
lesterol level.
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VITAMIN C IN ORANGE JUICES
DETERMINED BY HPLC: INFLUENCE

OF THE WAVELENGTH OF DETECTION

DOSAGGIO DELLA VITAMINA C IN SUCCHI DI ARANCIA MEDIANTE
HPLC: INFLUENZA DELLA LUNGHEZZA D’ONDA DI MONITORAGGIO
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ABSTRACT

Two different types of orange juice,
ultrafrozen (UFOJ) and from concen-
trate (OJFC), were analysed to evalu-
ate the applicability of a chromato-
graphic method for analysing organic
acids to quantify vitamin C. The 2,6-
dichlorophenolindophenol titration
method was used as reference. Detec-
tion at 214 nm allowed vitamin C to be
quantified accurately in OJFC. For
UFOJ, the levels of vitamin C obtained
by means of the selected wavelengths
were significantly different than those

RIASSUNTO

Sono stati analizzati due tipi di suc-
chi d’arancia (da prodotto surgelati o
da concentrato) con l’obiettivo di valu-
tare la validità di un metodo cromato-
grafico per la determinazione di acidi
organici per la quantificazione della vi-
tamina C. Prendendo come riferimento
il metodo di valutazione con 2,6-diclo-
rofenolindofenolo, il monitoraggio degli
acidi organici a 214 nm permette di
quantificare in modo esatto la vitami-
na C in esame. Nel caso dei succhi sur-
gelati, le lunghezze d’onda di monito-
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INTRODUCTION

Vitamin C (L-ascorbic acid) is one of
the most important organic acids in
fruits and vegetables, in relation to their
nutritional value. Its content is not only
used as a nutritional index, but it is also
used to evaluate processing effects,
since vitamin C is highly unstable. Sev-
eral analytical methods have been de-
veloped in the last decades to determine
the vitamin C content in fruits and juic-
es. One of the most frequently used
methods is based on the reduction of
the blue dye 2,6-dichlorophenolindo-
phenol by ascorbic acid (AOAC, 1999).
The endpoint of the titration is indicat-
ed by the appearance of the pink acid
form of the dye. This is a simple and
fast method (DE ASSIS et al., 2001) and
is usually used for validation of results.
It is a suitable method to determine vi-
tamin C not only in food or fruit juices
but also in pharmaceutical products
and biological samples (PARK et al.,
1983).

Determination of ascorbic acid by
means of electrochemical and enzymat-
ic methods are also well represented in
the literature (AKYILMAZ and DINÇKAYA,
1999; IJERI et al., 2001). However, the
majority of the methods are based on
high-performance liquid chromatogra-
phy (HPLC) (MARINI and BALESTRIERI,
1994; ARENA et al., 2001), that allows
the simultaneous determination of
ascorbic and dehydroascorbic acids (NIS-
PEROS-CARRIEDO et al., 1992) or the sep-

obtained using the reference method,
indicating that the HPLC method is not
suitable for the determination of vita-
min C in this juice.

raggio selezionate portano all’otteni-
mento di livelli di acido ascorbico si-
gnificativamente differenti da quelli ot-
tenuti con il metodo di riferimento, in-
dicando che il metodo per HPLC non è
adatto alla determinazione della vita-
mina C in questo tipo di succo.

aration of ascorbic acid and isoascorbic
acid (BUI-NGUYÉN, 1980). Attention has
also been focused on methods for the si-
multaneous determination of organic
acids and vitamin C in juices (LEE, 1993;
CÁMARA et al., 1994), since organic ac-
ids play an important role in the orga-
noleptic properties of juices. These last
methods are also based on HPLC, using
a buffer solution as mobile phase in or-
der to avoid ionization of the organic ac-
ids due to variations in pH.

Organic acids are usually monitored at
wavelengths in the range of 206-220 nm
(BLANCO GOMIS, 2000), although specif-
ic methods for ascorbic acid usually call
for higher wavelengths, usually in the
range of 245-260 nm (NISPEROS-CARRIE-
DO et al., 1992; LEE and COATES, 1997).

The main objective of this study was
to evaluate the suitability of an HPLC
method for the analysis of organic ac-
ids to determine accurately the content
of vitamin C in orange juices. Several
wavelengths of detection were selected
and the 2,6-dichlorophenolindophenol
titration method was used as the refer-
ence method for the determination of
vitamin C.

MATERIALS AND METHODS

Samples

Thirty-three samples of orange juice
were selected: 14 ultrafrozen orange juice
(UFOJ) samples and 19 orange juices
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from concentrate (OJFC). UFOJ were
obtained from Valencia late oranges dur-
ing the 1999 season. Samples were pro-
vided by the CCH Zumos Vitafresh in-
dustry, (Almonte, Spain). After squeez-
ing the oranges, the juice was cooled and
immediately frozen by means of an in-
dustrial freezing tunnel. Hence, the juice
had not undergone high temperature or
low pressure treatment. The samples
were kept in a freezer chamber between
-18° and -21°C until analyses. Defrost-
ing was carried out by means of a Sam-
sung M1713 microwave oven at 800
watts for 11 min. OJFC samples were
purchased from local markets as repre-
sentative examples of commercially avail-
able orange juices from concentrates.
Before analysis they were kept in a cool,
dry place. OJFC were prepared by re-
constituting either frozen concentrate
orange juice (orange juices concentrat-
ed in a high vacuum evaporator and fro-
zen) or concentrated orange juice.

Each sample was analysed in tripli-
cate both by HPLC and by the titration
method.

Methods

2,6-dichlorophenolindophenol titra-
tion

The titration method is based on the
reduction of the sodium salt of the blue
dye by ascorbic acid, resulting in the for-
mation of a colourless derivative and
dehydroascorbic acid. The endpoint of
titration is indicated by the persistence
of the pink colour of the solution (AOAC,
1999). The solution of 2,6-dichlorophe-
nolindophenol was prepared by dissolv-
ing 50 mg of the sodium salt of the dye
(Panreac, Montcada i Reixac, Spain) and
42 mg of sodium bicarbonate (Panreac,
Montcada i Reixac, Spain) in 200 mL
water, removing the insoluble material
with Albet 243 filter paper. This solution
was standardised daily against a stand-
ard solution of ascorbic acid and stored
in a refrigerator.

The standard solution of ascorbic was
prepared daily by dissolving 25 mg of high-
purity L-ascorbic acid (Panreac, Montca-
da i Reixac, Spain) in 25 mL of metaphos-
phoric acid (Panreac, Montcada i Reixac,
Spain) aqueous solution (3% w/v).

HPLC

The HPLC apparatus consisted of a
Hewlett-Packard 1100 system (Hewlett-
Packard, Palo Alto, CA, U.S.A.), equipped
with a quaternary pump, a diode-array
detector and a column temperature con-
trol module. A 20 µL loop was used for
injection. The column was a C-18 ODS
Hypersil (2504 mm, 5 µm packing) with
a guard-column of the same material.

The chromatographic procedure used
was based on the isocratic method re-
ported by LEE (1993), although slight
modifications were made. Two solvents:
a 20 mM aqueous solution of KH2PO4 (pH
= 2.8) and methanol were used. Elution
was carried out according to the follow-
ing program: 0 min 100% KH2PO4; 5 min
96% KH2PO4 + 4% MeOH; 15 min 100%
KH2PO4.

The column was kept at 25°C and the
flow rate was 0.7 mL/min. The eluate
was monitored at 200, 210, 214 and 230
nm. The chromatograms were recorded
using ChemStation software (Hewlett
Packard; Palo Alto, CA, U.S.A). The col-
umn was washed with water at the end
of each day.

Identification of ascorbic acid in the
samples was made by comparison of the
spectra and retention times with those
obtained for the standard solutions. Peak
purity was established by comparing the
spectra which were obtained at the up-
slope (at peak half-height), apex, and
downslope (at peak half-height) against
a baseline reference. The spectra were
normalized and overlaid for comparison.
The limits of detection (LOD) of ascorbic
acid at the different wavelengths select-
ed were calculated according to the for-
mula LOD = α + 2s

y/x (MILLER and MILL-
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ER, 1993), where s
y/x is the standard de-

viation of the calibration curve and a is
the intercept.

Preparation of samples
and standard solutions for HPLC

Samples were prepared as follows: 9
mL of juice and 1 mL of metaphosphoric
acid solution (3% w/v) were mixed. The
mixture was centrifuged at 5,000 rpm
for 5 min and filtered through PVDF Mil-
lipore filters (13 mm, 0.45 µm).

The standard solutions of ascorbic
acid (Panreac, Montcada i Reixac, Spain)
were made from a 1 g/100 mL stock so-
lution in 3% (w/v) metaphosphoric acid.
Calibration curves at three concentra-
tion levels (100, 400 and 800 mg/L) were
obtained for the different wavelengths
monitored.

Statistical analysis

For statistical analyses Statistica v. 5.5
software (STATSOFT, 1999) was used.
Significant differences were evaluated by
means of analysis of variance (ANOVA)
for repeated measurements (α = 0.05).

RESULTS AND DISCUSSION

Table 1 shows the regression equations
for the calibration curves for ascorbic acid,
r values and LOD for the HPLC method at
the different wavelengths tested.

Tables 2 and 3 show the concentra-
tion of vitamin C obtained by HPLC and
the 2,6-dichlorophenolindophenol titra-
tion method, for OJFC and UFOJ, re-
spectively. Determination at 200 nm led
to the highest standard deviations for
both juices, indicating that quantifica-
tion at this wavelength was less accu-
rate. The results obtained by the refer-
ence method showed that the vitamin C
content in UFOJ was quite homogene-
ous. The average concentration was
360.85 ppm, and the minimum and
maximum contents were 319.55 and
382.69 ppm, respectively. In OJFC, the
range of vitamin C varied widely, since
some of the samples were enriched juic-
es. Most of the samples (n = 11) ranged
from 400 to 800 ppm. The minimum and
maximum contents were 125.80 and
1,191.84 ppm, respectively.

Analysis of variance (ANOVA) for re-
peated measurements (α = 0.05) was
applied, in order to test the same sam-
ples using different wavelengths. For
OJFC (Table 2), an accurate quantifica-
tion of vitamin C was obtained only at
214 nm, since the vitamin C levels were
not significantly different from those of
the reference method. According to the
vitamin C levels determined with the ref-
erence method, the OJFC samples were
divided into three groups: 0-400 ppm,
400-800 ppm and over 800 ppm (Table
4). For the first group, vitamin C levels
were not significantly different from the
reference method at any of the wave-

Table 1 - Regression equations and limits of detection (LOD) for ascorbic acid in OJFC and UFOJ using
the HPLC method.

λ (nm) Equations r LOD (ppm)

200 c = -3.358 + 0.049A 0.999 15.98
210 c = -7.984 + 0.067A 0.999 5.14
214 c = 4.31 + 0.03A 0.999 18.99
230 c = -15.204 + 0.021A 0.999 0.40

c refers to the ascorbic content (ppm) and A is the peak area of the chromatograms.
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Table 2 - Vitamin C (ppm) in orange juices from concentrate (OJFC).

Samples HPLC 200 nm HPLC 210 nm HPLC 214 nm HPLC 230 nm Reference

1 196.87±28.89 176.16±2.27 142.58±0.73 125.99±2.04 150.00
2 182.54±31.25 148.77±7.79 124.32±2.60 115.77±7.45 125.80
3 478.29±11.78 443.23±13.19 387.07±15.51 394.73±12.15 375.00
4 282.89±2.66 281.21±1.17 253.00±2.44 278.50±24.53 284.88
5 586.24±47.84 557.09±8.49 498.01±0.21 542.23±6.46 480.33
6 527.18±69.44 525.97±26.35 454.61±14.56 496.99±4.81 478.08
7 504.33±2.68 522.77±6.46 466.48±6.69 516.28±9.90 462.54
8 484.27±26.43 529.87±3.15 474.57±7.01 519.09±3.76 460.56
9 878.09±20.96 884.40±2.24 793.46±0.79 927.30±0.79 836.48

10 930.99±1.82 900.44±18.07 826.84±9.57 927.01±2.74 837.90
11 563.61±83.64 585.45±1.02 511.44±7.00 517.63±14.67 464.06
12 523.72±58.35 483.86±5.73 470.57±37.75 532.31±8.23 457.52
13 1,274.49±80.11 1291.74±32.43 1,148.75±45.84 1,291.85±31.93 1,149.10
14 1,229.05±18.78 1,223.28±5.89 1,126.80±8.29 1,282.13±16.30 1,191.84
15 688.23±49.10 660.89±6.97 601.98±2.50 664.21±16.19 598.08
16 739.66±5.60 734.10±12.96 627.16±12.49 679.67±3.08 631.80
17 452.79±35.90 465.77±13.81 398.40±2.04 440.71±0.36 423.64
18 531.92±25.21 485.79±27.08 436.72±2.00 460.49±16.17 421.20
19 616.96±7.04 643.19±1.46 575.77±1.70 636.46±0.38 550.08
Means 614.32±295.79a 607.58±301.20 

a 543.08±275.43 
b 597.33±321.29 a 546.26±284.76 

b

Means with different subscripts within a row are significantly different at p < 0.05.

Table 3 - Vitamin C (ppm) in ultrafrozen orange juices (UFOJ).

Samples HPLC 200 nm HPLC 210 nm HPLC 214 nm HPLC 230 nm Reference

1 612.61±1.73 453.14±71.33 394.67±7.90 322.48±6.30 337.81
2 693.83±9.56 497.84±66.77 444.97±5.53 341.71±7.39 319.55
3 696.36±32.04 499.16±4.69 357.52±3.37 355.08±7.01 319.55
4 735.08±39.07 618.22±33.16 474.60±16.30 381.79±12.85 378.24
5 732.12±1.64 609.75±6.68 477.69±1.95 381.15±18.68 378.24
6 749.24±38.61 548.55±95.61 477.33±14.87 414.38±1.70 365.63
7 693.98±44.64 566.17±40.94 469.23±17.37 407.28±5.48 360.75
8 691.72±18.36 559.83±9.19 462.71±10.98 408.09±4.80 367.50
9 729.42±38.46 592.68±47.15 479.60±12.80 416.65±2.01 362.60
10 701.07±151.09 464.66±56.59 448.42±61.17 395.58±15.45 382.69
11 642.58±103.94 495.69±43.64 445.86±29.68 394.14±10.13 366.51
12 801.67±144.54 502.87±49.02 468.82±60.73 396.48±8.73 360.08
13 643.59±213.20 492.12±97.87 455.48±82.41 410.73±19.59 373.18
14 673.09±92.01 500.78±121.05 458.74±20.16 386.99±5.43 379.50
Means 699.74±48.74a 528.68±53.32 

b 451.12±34.67 c 386.61±28.49 
d 360.85±20.80 

e

 Means with different subscripts within a row are significantly different at p < 0.05.
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lengths of detection. For the second
group (400-800 ppm), vitamin C was
accurately quantified only at 214 nm. For
juices with vitamin C levels over 800
ppm, both 214 nm and 210 nm were
suitable for accurately determining vi-
tamin C.

For UFOJ, detection at 200 nm led to
the highest standard deviations (Table
3) and the higher the wavelength of de-
tection the lower vitamin C levels deter-
mined. The vitamin C content at 200 nm
was nearly double that obtained at 230
nm. This is due to partial peak overlap-
ping, since in UFOJ at the lower wave-
length of detection, there was higher
partial peak overlapping (Fig. 1). This was
not true for OJFC; while the profile of
organic acids and, therefore, the chro-
matograms of UFOJ were quite constant,
those corresponding to the OJFC juices
analyzed were quite different among
themselves. The results of ANOVA for
repeated measurements showed that vi-
tamin C levels in UFOJ obtained at all
the wavelengths tested were significant-
ly different among themselves (p < 0.05)
and in comparison with the reference
method. However, the vitamin C content
calculated at 214 and 230 nm correlat-
ed well with those obtained with the ti-
tration method (r = 0.707 and 0.690,
respectively) but poorly with those ob-
tained at lower wavelengths (r = 0.170
and 0.352, for 200 and 210 nm, respec-
tively). This indicates that detection at
200 nm or even at 210 nm is not suita-
ble, probably due to the interference of
compounds which either could not be

Table 4 - Average concentrations (ppm) of vitamin C in the different OJFC groups.

Group HPLC 200 nm HPLC 210 nm HPLC 214 nm HPLC 230 nm Reference

0-400 ppm 285.15±136.17 262.34±133.42a,c 226.74±121.06b 228.75±133.35b,c 233.92±117.24a,b
400-800 ppm 565.36±87.10 

a 563.16±84.61 
a 501.43±71.73 

b 546.01±79.65 
a 493.44±69.27 

b
> 800 ppma 1,078.16±202.48 

a 1,074.97±212.73 
a,c 973.96±189.86 b 1,107.07±207.79 

a 1,003.83±193.21 
b,c

Means with different subscripts within a row are significantly different at p < 0.05.

detected or which do not occur in OJFC.
With respect to the reference method, the
vitamin C contents of UFOJ samples
were all in the 0-400 ppm range. Where-
as for OJFC in this group (Table 4) any
of the wavelengths selected could be used
to accurately determine vitamin C, but
none of them were suitable for UFOJ.

In conclusion, the accuracy with
which the vitamin C content can be de-
termined using the HPLC method for
organic acids depends on the wave-
lengths selected and on the type of sam-
ple. For OJFC with vitamin C contents
in the range 400-800 ppm, the wave-
length 214 nm should be selected. For
lower vitamin C contents (lower than 400
ppm), any of the wavelengths tested in
this study are suitable for an accurate
quantification. However, the HPLC meth-
od studied overestimated the vitamin C
content of UFOJ at all of the wavelengths
tested, due to partial peak overlapping.
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ABSTRACT

This study reports an estimation of
the energy balance performed on verti-
cal closed stainless steel containers (ca-
pacity 500 m3) filled with pomace cooled
by dripping wine at 0° and 4°C during
storage. A comparison between the vol-
atile composition of grappa low-wines
at about 20% v/v ethanol obtained by
distilling grape pomace stored for 3
months in stainless steel containers
and in a plastic container is also re-

RIASSUNTO
Il presente lavoro riporta un bilancio

di energia effettuato su silos verticali
di acciaio inossidabile (capacità 500 m3)
riempiti con vinaccia raffreddata da vi-
nello di sgrondo a 0° e a +4°C durante
l’insilamento.

È stato effettuato un confronto fra la
composizione volatile delle flemme di
grappa ottenute dalla distillazione del-
la vinaccia stoccata per 3 mesi nei si-
los di acciaio e nel tunnel di materiale
plastico. Si è stimato che con il vinello
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ported. Refrigeration at 0°C removed
about 37% of the heat released in alco-
holic fermentation, thus reducing the
average grape pomace temperature in-
crease from 11° to 6.5°C, while refrig-
eration at +4°C removed about 30% of
the heat released reducing the average
grape pomace temperature increase
from 11° to 7.7°C. The cooling practice
applied to the steel containers as well
as storage in the plastic container re-
sulted in lower concentrations of meth-
anol, higher alcohols and short-chain
ethyl esters in comparison to the vola-
tile composition of grappa low wines
from pomace stored in steel containers
without refrigeration.

a 0°C, circa il 37% del calore di fermen-
tazione è stato rimosso e che ciò ha ri-
dotto da 11° a 6.5°C l’incremento della
temperatura media della vinaccia. In-
vece a +4°C, circa il 30% del calore di
fermentazione risulta rimosso, con una
riduzione dell’incremento della tempe-
ratura media della vinaccia da 11° a
7.7°C. La composizione aromatica del-
la flemma da vinacce refrigerate, ana-
logamente a quella delle vinacce insila-
te in tunnel plastico, ha evidenziato la
riduzione di concentrazione di metano-
lo, alcoli superiori ed esteri etilici a corta
catena quando comparata alla flemma
da vinaccia non refrigerata conservata
in silos d’acciaio.

INTRODUCTION

Grappa is a spirit produced in Italy by
directly distilling grape pomace (EC,
1989). Both unfermented grape pomace
and fermented pomace (at about 2 to 4%
v/v ethanol) are stored before distillation
in industrial plants. Fermented grape
pomace could be distilled immediately,
but it is often stored to extend the use of
industrial scale distilleries. Problems of
setting up and managing both the distil-
lation plant and the distillery wastewater
plant give rise to this practice.

Various ensilaging systems are used
for grape pomace storage. Traditionally,
grape pomace is stored in large concrete
earthen tanks, filled with 50-100 tons of
pomace. Concrete rooms are also used.
Usually they (20x6x5 m) are closed on
three sides and the fourth side is opened
to allow filling with 400-500 tons of grape
pomace both by trucks and mechanical
shovels.

At the end of the ensilaging operation,
the pomace is covered with plastic sheets
to limit the entrance of oxygen and the
development of aerobic bacteria such as
acetic bacteria (VERSINI and ODELLO,

1991). The fermentation temperature of
grape pomace can often exceed 30°C, af-
fecting yeast growth and metabolism.
Besides stuck fermentation that can lead
to the reduction of ethanol recovery, com-
pounds (ethyl esters and volatile acids)
detracting from overall grappa quality can
be produced in appreciable amounts as
a result of bacterial spoilage (DE ROSA and
CASTAGNER, 1994). The poor heat trans-
fer which occurs in grape pomace during
ensilaging is due to various factors such
as the high content of cellulose in the
grape pomace and the material and size
of the containers used (DA PORTO, 1998).
During storage, bacteria or mould con-
tamination of the pomace can take place,
leading to off-flavour production in the
resulting spirit (USSEGLIO-TOMASSET,
1971; WILLIAMS and STRAUSS, 1978).

In order to improve the quality of Grap-
pa, the pomace may undergo several
treatments such as acidification to low-
er the pH (VERSINI and INAMA, 1981),
compression to reduce the presence of
oxygen, addition of potassium metabi-
sulfite usually just at the surface towards
the outside, mostly to exploit the anti-
microbial activity of sulfur dioxide.
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Presently new systems of pomace en-
silaging are used such as vertical closed
stainless steel containers (capacity 200-
500 tons of pomace) and salami-like con-
tainers made of plastic (capacity 300
tons) (DA PORTO, 2002).

The aim of this study was to perform
an energy balance on vertical closed
stainless steel containers filled with
grape pomace cooled by dripping wine
at 0° and +4°C and to compare the vola-
tile composition of the grappa low-wines
obtained by distilling pomace from dif-
ferent storage conditions.

Although several studies were con-
ducted by USSEGLIO-TOMASSET (1971;
1985), VERSINI and MARGHERI (1978;
1979), VERSINI and INAMA (1981) and
VERSINI and ODELLO (1991) with grap-
pa and by ORRIOLS-FERNANDEZ et al.
(1991), SOUFLEROS (1991), SILVA et al.
(1995; 1996; 2000), SILVA and MAICATA
(1998; 1999), CORTÉS (2002) and DIEGU-
EZ (2001) with similar spirits such as
orujo, tsipouro and bagaceiras, there are
no reports in the literature about the use
of refrigeration for grape pomace stor-
age on an industrial scale.

MATERIALS AND METHODS

Material

Prosecco grape pomace at 7°Brix was
obtained from a distillery in Veneto (Ita-
ly), working continuously. The grape
pomace was distilled during the winter
of 2000-2001 after storing for 90 days,
from October to December.

Storage conditions

Three vertical closed stainless steel
tanks (diameter 8 m, height 10 m; ca-
pacity 500 m3) externally cooled by wa-
ter flow were used. They were equipped
with some automatic devices for filling
and emptying the pomace and each was
filled with ca. 400 tons of raw material.

Pomace was stored for 90 days, the av-
erage ambient temperature being 14.2°C
in October, 9.6°C in November, 5.8°C in
December. The grape pomace was stored
as follows:

a) under refrigerated conditions (R):
before filling the tank, an aqueous so-
lution of potassium metabisulfite (15 g
L-1) at the rate of 187 g per ton was
spread on the grape pomace. Then the
dripping wine resulting from compress-
ing the pomace, was cooled by a refrig-
eration system to 0°C and pumped to
the top of the tank onto the pomace.
The pump-over operation was carried
out in two steps: 2 days after filling the
tank and after 15 days. A volume of 300
hL of cooled dripping wine was pumped.
Each pump-over operation lasted 24
hours. Using temperature probes put
into various parts of the mass, the av-
erage temperature of the pomace at the
beginning of the storage period was
found to be 28°-32°C. The temperature
of the dripping wine coming out of the
tank was 19°-20°C at the end of the first
pumping and 15°-16°C at the end of the
second one;

b) under partially refrigerated condi-
tions (PR): potassium metabisulfite
(9·10-2 g L-1) was added to the wine drip-
ping from the pomace; the dripping wine
was cooled to +4°C and pumped to the
top of the tank. The pump-over opera-
tion and its duration were the same as
reported for the refrigerated conditions
(R). The average temperature of the pom-
ace at the beginning of the storage peri-
od was 28°-32°C. The temperature of the
dripping wine coming out of the tank was
22°-24°C at the end of the first pumping
and 18°-19°C at the end of the second
one;

c) without refrigeration conditions (WR):
potassium metabisulfite (9·10-2 g L-1) was
added to the dripping wine; there was
neither cooling nor pumping over;

d) using a salami-like container (S):
in these conditions the grape pomace
was pressed using a self-advancing de-
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vice in a plastic tunnel (60x2.5 m diam-
eter) filled with ca. 300 tons of pomace.
An aqueous solution of potassium met-
abisulfite (15 g L-1) at the rate of 187 g
per ton was spread on the grape pomace
before ensilage.

Although VERSINI and INAMA (1981)
suggested acidifying the grape pomace
before storage, this practice was impos-
sible due to the processing of industri-
al amounts of raw material. It is haz-
ardous to handle such quantities of
acid solutions, the mixing technique is
less effective in obtaining a homoge-
nous treatment of the pomace, there
are serious problems both of corrod-
ing the distillery equipment and the
plant and of disposing of the waste liq-
uids.

After the storage period in the previ-
ously reported conditions the grape
pomace was continuously distilled. The
entire mass from each storage trial (i.e.
400 tons of pomace stored and sprayed
with the dripping wine cooled at 0°C
and so on) was completely and sepa-
rately introduced into the de-alcohol-
izing apparatus to obtain the grappa
low-wine samples. The samples can be
considered representative of the mate-
rial obtained from steam-stripped
heap-fermented pomace treated in var-
ious ways because each of them was
taken from a tank containing all the
distilled volume coming from that spe-
cific storage trial.

Energy balance
on the steel containers

The most important heat fluxes were
estimated, as well as formulating an en-
ergy balance for the pomace stored in
the refrigerated conditions and in the
partially refrigerated conditions. Heat
released due to fermentation was esti-
mated, and the consequent pomace tem-
perature increase was calculated, com-
paring the (R), (PR) and (WR) storage con-
ditions.

Chemical analyses

The ethanol content in the various
grappa low-wines was determined by
hydrostatic balance (Gibertini, Milano,
Italy), measuring the density after dis-
tillation (AOAC, 1980).

GC-FID analysis: a Carlo Erba 8000
Top series gas chromatograph (CE In-
struments, Milan, Italy) equipped with
a Supelcowax 10 (Supelco, Milan, Italy)
(30 m x 0.32 mm i.d., film thickness 0.3
µm) fused silica capillary column was
used. The injection and detector tem-
perature was 250°C; oven temperature
program: 8 min at 60°C; 8°C min–1 to
170°C and 13°C min–1 to 240°C; carrier
gas was: helium at 1.2 mL min–1, with a
split ratio of 1:20. Internal standard: n-
dodecanol (3.94 g/L in ethanol; 100 µL
in 5.0 mL sample). Peaks were identi-
fied by RT with a reference mixture of
volatile compounds. Quantification is
expressed as mg/100 mL a.a. (anhy-
drous alcohol).

The repeatability of the HRGC analy-
sis was tested using a grappa low-wine
sample analysed six times. The coeffi-
cients of variation were less than 8% (DA
PORTO, 2002).

RESULTS AND DISCUSSION

This study which was carried out on
an industrial scale is very difficult due
to both the large amount of raw materi-
al and the availability of equipment re-
quired. It is not common, but it produc-
es interesting results, which are usually
very appreciated by the distillers. Indeed,
working in this way, the results obtained
take into account several variables that
could be hardly anticipated or simulat-
ed in the laboratory.

For the calculation of the energy bal-
ance, the thermophysical properties of
the pomace, estimated on the basis of
its composition, were assumed to be:
specific heat cp = 3,350 J/(kg K) (DE
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ROSA and CASTAGNER, 1994), thermal
conductivity k = 0.245 W/(m K).

Estimation of the heat released dur-
ing fermentation was performed as fol-
lows. From the change in the ethanol
concentrations, an amount of 70 g/kg
of sugar in the pomace was calculated
to have fermented. On the basis of
550,000 J/kg heat generation for sugar
fermentation (WILLIAMS, 1982), the to-
tal amount of heat released was calcu-
lated to be 15·109 J. In adiabatic condi-
tions, such amount of heat could in-
crease the average product (pomace and
dripping wine) temperature by about
11°C. This value could be acceptable if
the initial temperature was sufficiently
low, and if the temperature inside the
pomace was uniform. However, due to
the conductive heat resistance of the
pomace, the temperature distribution
inside the storage volume is not uniform,
and the maximum temperature is
reached at the centre of the container.

An estimation of the increase in pom-
ace temperature on the symmetry axis
of the cylindrical container was then
performed. Assuming that fermentation
is usually completed in seven days, the
average heat flux produced was 24,800
W, which is about 50 W/m3 internal heat
generation in the case of 500 m3 tanks.
The containers used in the storage tests
were cooled by cold water flowing on the
external vertical surface, which could
have easily removed the entire fermen-
tation heat flux, because of the large ex-
ternal surface area (250 m2). It can be
easily calculated that this task could be
accomplished with a 10°C temperature
difference between the pomace and the
water and an overall heat transfer coef-
ficient of 10 W/m2K, quite easy to ob-
tain with liquid flows. Unfortunately the
low heat conductivity of grape pomace
delays heat from reaching the most ex-
ternal layers of the pomace. It can there-
fore be assumed that water cooling was
surely able to maintain the initial stor-
age temperature of the product at least

on the external layer. Due to the short
duration of fermentation and to the cool-
ing of the dripping wine, the heating
process was presumably not able to
reach temperature equilibrium, and took
place in transient conditions. This pre-
vents the use of the classical theory of
steady state internal heat generation to
evaluate the maximum temperature of
the mass. Nevertheless, a typical para-
bolic temperature profile can be assumed
for the pomace inside the container. In
this case, and assuming adiabatic con-
ditions, the temperature increase at the
centre of the container was estimated to
be 33°C, with respect to the initial tem-
perature. Therefore, the pomace temper-
ature at the centre of the container could
easily exceed 50°C. From these calcula-
tions it is clear that cooling of the pom-
ace is needed, with devices other than
water flowing on the external surface of
the container.

The use of cooled dripping wine is an
efficient way to cool pomace, because
wine is spread over the top of the pom-
ace, and percolates through it with an
efficient heat exchange. It is very diffi-
cult to measure the temperature after
cooling with cold dripping wine because
of the already mentioned uncertainties
in the actual temperature profile and
because of the random cold wine distri-
bution. It is also difficult to correlate
pomace temperature with the tempera-
ture of the dripping wine coming out from
the tank. However, knowing the energy
balance of the container, some interest-
ing facts can be considered.

It was calculated that the total amount
of heat released during fermentation is
about 15·109 J. Taking into considera-
tion the refrigerated (R) storage condi-
tions, during the first pumping, 30,000
L of wine were cooled from an average
temperature of 25° to 0°C. Therefore,
from the specific heat of wine c

w
 = 4100

J/(kg °C), about 3·109 J were removed
from the pomace through cooling with
the wine. From the specific heat of pom-
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ace c
p
 = 3,350 J/(kg °C), in adiabatic

conditions it can be estimated that the
average pomace temperature decrease
was 2.5°C. During the second pumping,
the wine was cooled from an average tem-
perature of 20° to 0°C, leading to an av-
erage pomace temperature decrease of
2°C. Therefore, about 37% of the fermen-
tation heat was removed by cooling drip-
ping wine, and increase in the average
pomace temperature in adiabatic condi-
tions was reduced from the previous val-
ue of 11° to 6.5°C. The mechanical work
for pumping the wine was neglected in
these calculations, being that it is a mi-
nor part (about 0.5%) of the whole en-
thalpy change.

Taking into consideration the partial-
ly refrigerated (PR) storage conditions,
with the same calculations it can be es-
timated that about 30% of the fermen-
tation heat was removed by cooling drip-
ping wine, and the average pomace tem-
perature increase was reduced from 11°
to 7.7°C.

The volatile composition of the low-
wines obtained from the grape pomace
is reported in Table 1. Data are for pom-
ace stored in stainless steel containers
without cooling of dripping wine (WR),
with two pump-over operations at 0°C
(R) and +4°C (PR), and for the plastic
container (S). Being that the analytical
error was about 8%, only variations in
volatile compounds with a percentage
difference higher than 8% can be con-
sidered significant (DA PORTO, 2002).

At the end of the storage period the
ethanol content of pomace in (WR), (R),
(PR) and (S ) was 3.8% v/w, 3.9% v/w,
3.7% v/w and 3.7% v/w, respectively,
whilst after the de-alcoholizing operation,
sample WR had the lowest ethanol level
(18.8% vol) and sample S the highest
(24.5% vol). These results can be as-
cribed to the de-alcholizing process. In
fact, with constant working conditions
of the apparatus such as feed, initial feed
temperature, steam pressure and waste
composition, the heating of pomace

should be applied homogeneously so as
to promote the highest ethanol recovery.
Ethanol losses are reduced only if pom-
ace is placed in a regular and soft heap
on the plate with holes of the de-alcho-
lizing apparatus, because preferential
ways to steam downflow are avoided.

The methanol content in the low-wines
(S) and (R) decreased 75 and 81%, re-
spectively, in comparison to the metha-
nol concentration of the low-wine (WR).
Reduction of methanol in sample PR was
only 26%.

According to the data reported in a
previous paper (DA PORTO, 2002) stor-
ing pomace in the plastic container re-
sulted in a decrease in the level of meth-
anol. Since prolonged contact time of
grape skins with pectinesterase produc-
es large amounts of methanol, it may be
presumed that the environmental con-
ditions created by the plastic tunnel are
less effective for pectin methyl esterase
activity than those created by the verti-
cal closed stainless steel tank. The high
percentage decrease of methanol under
refrigerated conditions (R) might be due
to the effect of temperature decrease on
the pectin methyl esterase activity (KULP,
1975). There may also have been a skin
washing effect by the dripping wine re-
sulting in removal of the enzyme. This
will be investigated on the lab scale in
future work.

Obtaining low-wines with a low con-
tent of methanol is very advantageous,
since in continuous distillation plants
methanol is usually separated by the
demethylization column with the loss of
other volatile components. Otherwise,
the same demethylization procedure
might be limited to only a part of the low-
wines then blended with untreated spir-
its in a certain ratio according to the
desired methanol content. This could
reduce the risk of excessive loss of vola-
tile compounds of organoleptic interest.

Higher alcohols were in much lower
amounts in the low-wines obtained cool-
ing the pomace in the steel containers
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Table 1 - Comparison of marc low-wines obtained using different methods and conditions of marc
ensilaging (concentration of volatile compounds in mg/100 mL a.a.).

Steel container Salami-like
container

WR PR (+4°C) R (0°C) S

Ethanol, % vol 18.8 23.3 22.8 24.5
Acetaldehyde 36.95 23.71 11.05 9.30
Methanol 701.69 517.82 127.61 173.27
Variation in methanol -26.20 -81.81 -75.31

concentration with respect to WR, %
2-Butanol 42.51 5.18 17.36 31.29
n-Propanol 56.74 43.03 17.11 25.78
n-Butanol n.d. n.d. 0.32 n.d.
Isoamyl alcohol, sum 173.42 133.69 50.64 56.92
2-Methylpentanol n.d. n.d. 1.14 n.d.
1-Hexanol 14.25 15.60 4.61 5.25
Cis-3-Hexen-1-ol 1.09 0.88 0.25 0.29
1-Nonanol n.d. n.d. 0.41 n.d.
Higher alcohols, sum 288.01 198.39 181.72 119.52
Variation in higher alcohols -31.12 -36.90 -58.50

concentration with respect to WR, %
Linalool 6.78 12.52 16.32 18.57
α-Terpineol 0.61 0.23 0.32 0.54
β-Citronellol n.d. n.d. 0.10 n.d.
Terpenes, sum 7.39 12.75 16.74 19.11
Variation in terpenes 72.53 126.50 158.58

concentration with respect to WR, %
Methyl acetate 9.32 4.20 1.25 3.54
Ethyl acetate 339.13 240.13 97.45 145.00
Ethyl lactate 86.82 61.84 22.44 20.27
Ethyl caprylate n.d. n.d. 0.10 n.d.
Ethyl caprate 1.29 0.95 n.d. 0.47
Ethyl laurate + n.i. 3.27 0.75 1.74 0.92
Ethyl myristate n.d. n.d. 0.49 n.d.
Ethyl palmitate 1.24 2.60 n.d. n.d.
Ethyl palmitoleate 1.94 1.00 0.73 0.44
Ehyl oleate 7.33 n.d. 0.25 1.66
Ethyl linoleate 5.99 0.72 0.97 n.d.
Diethyl succinate + n.i. 2.00 1.15 0.70 0.69
Esters, sum 458.33 313.34 126.12 172.98
Variation in esters -31.63 -72.48 -62.26

concentration with respect to WR, %

n.i. = not identified; n.d. = not detected;
WR = without refrigeration;
PR = partially refrigerated;
R = refrigerated.
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(R; PR) and storing it in the salami-like
container (S), with respect to the amount
(288 mg/100 mL a.a) obtained in (WR)
conditions. Since high temperature and
aeration are factors which tend to stim-
ulate the production of higher alcohols
(BERRY, 1995), it may be presumed that
cooling, in the case of steel containers,
and the poor aeration in the plastic tun-
nel decreased the concentration of higher
alcohols.

The terpenes were mainly represent-
ed by linalool. In the low-wines obtained
from pomace stored in (R) and (PR) con-
ditions, the terpene concentration was,
respectively, 73 and 127% higher than
the low-wine stored in (WR) conditions.
Probably, the pump-over operation with
the dripping wine gave the liquid better
access to the pomace at the top, promot-
ing extraction of the impact flavour com-
pounds from the skins. In agreement
with data reported previosly (DA POR-
TO, 2002) the low-wine obtained from
the pomace stored in the salami like con-
tainer had the highest content of terpe-
nes.

Since the major contribution to total
esters was given by ethyl acetate and
ethyl lactate, it could be presumed that
pomace is preserved from bacterial spoil-
age when pomace is cooled by the drip-
ping wine at 0°C (-72.48%) rather than
at +4°C (-31.63%) or when it is stored in
the plastic container (-62.26%).

CONCLUSIONS

In tests performed on grape pomace
stored in plastic salami-like containers
and in cylindrical stainless steel tanks
each containing 400 tons of pomace, tra-
ditional cooling of tanks was shown to
be inadequate. By cooling two times with
300 hL of dripping wine at 0° and +4°C,
about 37 and 30%, respectively, of heat
fermentation was removed.

The composition of the low wines ben-
efited from the cooling practice as well

as from storage in the plastic contain-
ers. Therefore, they seem to be suitable
methods to preserve grape pomace when
it is stored for a long period, which is
the usual practice in large distilleries.
Further investigations about the heat
released from grape pomace during stor-
age on an industrial scale are in progress
in order to improve the cooling practice.
Application of the cooling practice could
be advantageous from an economic point
of view. Whilst a refrigeration system is
always available in distilleries being that
it is used throughout the sequence of
spiritmaking operations, the disposable
plastic tunnel and its disposal are very
expensive.
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ABSTRACT

The effect of the industrial treatment
with microwaves on the antioxidant
activity of herbs and spices was evalu-
ated. Samples of black pepper (Piper
nigrum L.), oregano (Origanum vulgare
L.), basil (Ocimum basilicum L.) and sage
(Salvia officinalis L.) obtained before and
after the microwave treatment were
extracted with an acetone-water mix-
ture (70:30). The extracts were analyzed
for their phenolic content. The antioxi-
dant activity was determined using the
DPPH• (2,2-diphenyl-1-picrylhydrazyl)

RIASSUNTO

L’attività antiossidante di estratti di
alcune erbe aromatiche e spezie è sta-
ta determinata per valutare l’effetto di
un trattamento di sanificazione a mi-
croonde a cui vengono sottoposte nel
corso della lavorazione industriale.
Sono stati analizzati campioni di pepe
nero (Piper Nigrum L.), origano (Origa-
num Vulgare L.), basilico (Ocimum Ba-
silicum L.) e salvia (Salvia Officinalis L.)
prelevati prima e dopo il trattamento di
sanificazione. L’estratto in acetone/ac-
qua 70% ottenuto da ciascun campio-
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and deoxyribose methods and the
prooxidant activity was determined by
evaluating the reducing power and the
iron chelating capacity. The treatment
did not modify the antioxidant proper-
ties of these herbs and spices as the
majority of the differences between
treated and non treated samples were
not statistically significant.

ne è stato analizzato per valutare in-
nanzitutto il contenuto fenoli totali
mediante il noto metodo di Folin-Cio-
calteu, sugli stessi estratti è stata quin-
di valutata l’attività antiossidante me-
diante i metodi del DPPH• (2,2-difenil-
1-picrilidrazile) e del desossiribosio, e
la capacità proossidante mediante la
valutazione delle capacità riducente e
chelante. Il trattamento a microonde
sembra solo marginalmente influenza-
re l’attività antiossidante, infatti la
maggior parte delle differenze riscon-
trate sono risultate statisticamente non
significative.

INTRODUCTION

Natural antioxidants present in foods
have attracted considerable interest be-
cause of their presumed safety and po-
tential nutritional and therapeutic ef-
fects. The role of free radicals and active
oxygen in the pathogenesis of certain
human diseases including cancer, age-
ing and atherosclerosis is becoming in-
creasingly recognised. Therefore, much
attention has been focused on the use
of antioxidants to inhibit lipid peroxida-
tion or to protect from damage by free
radicals. Food industries are interested
in the use of antioxidants and food rich
in antioxidant compounds as food pre-
servatives or as dietetic supplements.
Concerns about the safety of synthetic
antioxidants, together with consumer
preference for natural products, has re-
sulted in increased research on natural
antioxidants, and has led to the evalua-
tion of antioxidants in a number of plant
sources, in particular aromatic herbs
and spices. Since ancient times, in fact,
these substances have been added to
different types of food to increase the
shelf life and to improve flavour. In the
food industry spices are used either as

raw materials or extracts (MADSEN and
BERTELSEN, 1995).

However, spices and dried herbs used
for food preservation and flavoring are
particularly exposed to microbiological
contamination, and are often a poten-
tial source of microbial contamination to
the food to which they are added. In fact,
their level of contamination can be, in
general, as high as 105-108 microorgan-
isms per gram (FARAG et al., 1995). Con-
taminating agents can be bacteria and
moulds, with the consequent risk of con-
tamination from mycotoxins, particularly
if the food is preserved in humid and
poorly aerated rooms, as well as insects
and other small animals. Salmonella can
be one of the main pathogenic bacteria
(EMAM et al., 1995). Therefore compa-
nies concerned with the processing and
marketing of spices or with their use as
sources of flavour and natural antioxi-
dants must eliminate bacteria and any
other forms of life that may contaminate
spices and aromatic herbs.

One of the most common sanitizing
treatments is the use of gamma rays
which act on bacterial DNA, reducing
viability, but remarkably altering the fla-
vour. With directives 1999/2 and 1999/
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3, the EUROPEAN UNION (1999 a;b) es-
tablished that “...in the case of products
intended for the ultimate consumer and
mass caterers... the words ‘irradiated’ or
‘treated with ionising radiation’ shall ap-
pear on the label...”. Another effective
method could be the use of ethylene ox-
ide, which,however, is prohibited for
herbs and spices by the community reg-
ulations due to its carcinogenic and ge-
notoxic properties (EUROPEAN UNION
1999b; THIER and BOLT, 2000; WELLER
et al., 1999). It is also possible to use
pasteurization or sterilization by heat-
ing spices at appropriate temperatures.
It is well known that the levels of many
food antioxidants can be significantly
reduced as a consequence of heat treat-
ment. Probably because heating causes
oil-based antioxidant compounds to
evaporate, or, being phenolic in nature,
to react with other compounds in the tis-
sue. However, processing is not always
responsible for depleting the antioxidant
properties of foods. In some cases, it can
induce the formation of compounds with
novel antioxidant properties, which can
maintain or even enhance the overall
antioxidant potential of foods. (LINDLEY,
1998; MANZOCCO et al., 1998; NICOLI et
al., 1997; 1999)

Recently the use of microwaves for the
sanitization of spices has acquired in-
creasing importance. The effectiveness
of the microwave treatment for spices
depends on the high penetrating power
of radiation in these products, which
have a low water content, usually 80 to
150 g/kg. This also causes moderate and
uniform heating, while the higher water
content of contaminants leads to high-
er, lethal temperatures. (EMAM et al.,
1995).

In two previous papers (PLESSI et al.,
2002; BERTELLI et al., 2003) the effect
of industrial microwave treatment on the
volatile compounds of different herbs
and spices was reported. In the present
study the effect of the same treatment
on the antioxidant properties of the ex-

tracts obtained from black pepper, oreg-
ano, basil and sage was evaluated.

MATERIALS AND METHODS

Samples

The samples were supplied by Can-
namela Ozzano dell’Emilia (Bologna –
Italy) who have developed a microwave
treatment method for the sanitization of
their products. This new process, im-
proved by Cannamela consists in the
continuous supply of spices and herbs
to the pasteurization chamber where
microwave oscillators sanitize the mate-
rial with the maximum control of all rel-
evant physical parameters. The treat-
ment conditions are between 30 and 70
watt/kg of spices for 15 min depending
on the kind of material.

Analyses were performed on 10 sam-
ples of black pepper (Piper nigrum L.), 8
samples of oregano (Origanum vulgare
L.), 4 samples of basil (Ocimum basili-
cum L.) and 3 samples of sage (Salvia
officinalis L.). For each herb/spice the
company supplied samples taken before
and after the microwave treatment. The
same analyses were performed on treat-
ed (t) and non treated (nt) samples.

Extraction

Two grams of each sample (ground)
were extracted with 20 mL of an acetone/
water mixture (70:30) for 5 min. The ex-
traction was conducted using an IKA-
Ultra-turrax T25 homogenizer (Ika-
Werke GmbH & Co. KG, Staufen, Ger-
many). The extraction was repeated six
times and all extracts were combined and
evaporated under vacuum at low tem-
perature (<40°C) until all the acetone was
removed. The aqueous residue was
transferred to a 50 mL volumetric flask
and diluted to 50 mL with ultrapure
water (Milli-Q plus 185 Reagent water
system, Millipore Corp., Milford, MA,
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U.S.A.). This solution was used for all
the determinations.

Determination of total phenolics

The amount of total phenolics in treat-
ed and non-treated samples was deter-
mined according to the Folin-Ciocalteu
procedure (SINGLETON and ROSSI,
1965) and data are expressed as mg/g
of gallic acid equivalents.

Antioxidant activity

a) DPPH• free radical-scavenging
method

The antioxidant activity of the vari-
ous spice extracts was measured in
terms of hydrogen donating or radical-
scavenging ability using the stable rad-
ical DPPH• (BRAND-WILLIAMS et al.,
1995). To 300 µL of 1 mM DPPH• (2,2-
diphenyl-1-picrylhydrazyl) in methanol
(prepared daily), placed in a spectropho-
tometer cuvette, different volumes of
each extract (20-350 µL) were added
and the total volume was diluted to 3
mL with methanol. After 15 min at 25°C,
the absorbance at 517 nm was meas-
ured. The percent of the stable free rad-
ical quenched by the different volumes
of extracts was calculated according to
the formula:

% radical quenched = [(Ac(0)-Aa(15))/
/Ac(0)]*100

Where Ac(0) is the absorbance of the
control at t=0 and Aa(15) is the absorb-
ance in the presence of the extracts at
15 min.

Plotting the % radical quenched ver-
sus the extract volumes, it was possible
to extrapolate the amount of extract that
quenched 50% of the DPPH• radical
(EC50). This value was used as the anti-
radical efficiency parameter.

b) Deoxyribose assay
The deoxyribose method for determin-

ing the rate of reaction of the hydroxyl
radical with the antioxidants present in
the spice extracts was performed using
a modification of the method described
by HALLIWELL et al. (1987).

The sugar, 2-deoxyribose, is degrad-
ed on exposure to hydroxyl radicals
generated by a mixture of Fe3+, ascor-
bate, and H2O2 in the presence of EDTA
at pH 7.4. If the resulting mixture is
heated under acidic conditions,
malonaldehyde is formed and may be
detected by its ability to react with thio-
barbituric acid to form a pink chro-
mogen.

Different volumes of spice extracts (5-
160 µL) were put into spectrophotomet-
ric cuvettes, diluted to 1 mL with
KH2PO4 - KOH buffer (10 mM pH 7.4),
then 1,380 µL of 2-deoxyribose (2.5 µM)
in buffer, 200 µL of FeCl3 (100 µM)
premixed with 200 µL of EDTA (100 µM)
were added. After 10 min the reaction
was started by adding 20 µL of H2O2 (1
mM) and 200 µL of 100 µM ascorbic
acid. The samples were then held in a
water bath at 37°C for 1 hour. The color
was developed by adding 1 mL of a 1%
solution of thiobarbituric acid and 1 mL
of 2.8% trichloroacetic acid solution to
the samples and heating at 80°C for 30
min. The absorbance at 532 nm was
then measured. The rate constant of the
reaction between antioxidants and •OH
(KS*109 M-1s-1) was calculated as report-
ed in HALLIWELL et al. (1987) and was
used as the antioxidant efficiency pa-
rameter.

Determination of the reducing power

The reducing power of the extracts was
determined according to the method re-
ported by OYAIZU (1986). One millilitre
of each extract was added to 2.5 mL of
sodium phosphate buffer (0.2 M, pH 6.6)
and 2.5 mL of 1% potassium ferricya-
nide solution. The reaction mixture was
incubated at 50°C for 20 min, then 2.5
mL of 10% trichloroacetic acid solution
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was added and the mixture was centri-
fuged at 3,000 rpm for 10 min, 5 mL of
supernatant were diluted with 5 mL of
ultrapure water and after adding 1 mL
of 0.1% ferric chloride solution, the ab-
sorbance at 700 nm was recorded. A
higher absorbance indicated a stronger
reducing power and a high potential
prooxidant capacity. The absorbance
obtained for various extracts was used
directly as the prooxidant capacity pa-
rameter.

Fe2+ Chelating activity

The Fe2+ chelating activity of the ex-
tracts was measured by the method of
DINIS et al. (1994). To different volumes
of extracts (1-3 mL), 200 µL of ferrous
chloride (2 mM) solution and 200 µL of
ferrozine (5 mM) were added, and the
volume was made up to 3.5 mL with ul-
trapure water. After 10 min at 25°C the
absorbance at 562 nm was measured. A
lower level of absorbance indicated
stronger chelating activity. The slope of
the line obtained, plotting the absorb-
ance versus volumes of extracts, was
used as the parameter. The presence of
chelating activity indicates a low prooxi-
dant capacity.

Statistical analysis

Statistical analysis was performed
using SPSS 10.0 for Windows. To eval-
uate the significance of the differences
between treated and non treated sam-
ples and to eliminate the influence of
the variations between different batch-
es of spices, the paired T-test was used.
The P-value (level of significance) was
selected at 0.05. Principal component
analysis (PCA) allows a large portion of
total variance of the data to be expressed
with a smaller number of variables,
which can be used to graphically repre-
sent the population of samples and to
identify the most significant original fac-
tors.

RESULTS AND CONCLUSIONS

The results are reported in Table 1.
The herbs/spice with the higher phenolic
content were oregano followed by sage,
basil and black pepper. The total phe-
nolic content in pepper, oregano and
basil increased with microwave treat-
ment, while in the case of sage, it de-
creased. Analyzing the results by paired
T-test the differences were statistically
significant for oregano and sage.

Except for oregano, the microwave
treatment caused a reduction of EC 50
values and increased the antioxidant
activity of the herb extracts, as deter-
mined by the DPPH• method. However,
only the difference for basil was statisti-
cally significant.

As regards the results of the deoxyri-
bose method, the same results as in the
DPPH• test were observed. In fact, Ks
values increased (higher antioxidant ca-
pacity) for black pepper, basil and sage,
but not for oregano. The only significant
difference was for basil.

The reducing power improved for all
the extracts with microwave treatment,
but none of the differences were statisti-
cally significant. In the case of chelating
activity, black pepper and oregano
showed an increase in slope, and the
slopes of basil and sage decreased. None
of the differences were statistically sig-
nificant.

The results of PCA performed on all
data are reported graphically in Fig. 1.
Using this method, the samples were suf-
ficiently grouped into four principal clus-
ters. Only in the case of basil were the
treated and non-treated samples clearly
separated. The first two principal com-
ponents explained 67% of the total vari-
ance. The first component, which ex-
plained 43% of the total variance, is re-
lated to the total phenolic content and
DPPH•, while the second is particularly
related to the chelating activity.

The microwave treatment of these herbs
and spice only marginally influenced the
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Table 1 - Results obtained for microwave treated and non-treated samples of black pepper, oregano,
and sage basil.

Parameter Black Pepper Oregano Basil Sage
(n=10) (n=8) (n=4) (n=3)

non treated treated non treated treated non treated treated Non treated treated

Total phenolic content 2.648±0.76 3.300±0.44 112.1±39.9 135.3±43.8 40.05±8.82 44.68±13.3 52.12±5.62 48.29±5.59
(gallic acid equivalents, mg/g) AAP=0.065 AP=0.0005 AP=0.416 AP=0.010

DPPH• method (EC50,, µL) 97.43±58.8 71.26±26.56 21.46±8.15 34.22±17.5 119.7±1.72 80.52±8.44 86.75±29 56.45±8.67
AP=0.222 AP=0.061 AP=0.0014 AP=0.203

Deoxyribose method 3.256±1.99 3.720±2.74 38.51±30.8 21.28±13.6 33.74±11.4 81.66 ±4.06 11.07±4.74 20.12±22.8
(Ks* 109 M-1s-1) AP=0.712 AP=0.448 AP=0.007 AP=0.482

Reducing power (A700) 0.503±0.11 0.543±0.1 0.782±0.28 0.792±0.25 0.420±0.14 0.518±0.11 0.659±0.02 0.868±0.17
AP=0.164 AP=0.949 AP=0.463 AP=0.144

Chelating activity -0.149±0.09 -0.098±0.07 -0.176±0.05 -0.144±0.05 -0.192±0.04 -0.216±0.02 -0.190±0.01 -0.212±0.04
(slope of regression) AP=0.236 AP=0.295 AP=0.124 AP=0.450

Values = Mean±standard deviation; A= P values for paired T-test; Values in bold = statistically significant.

Fig. 1 - Plot of the first two principal components
obtained from multivariate statistical analysis of
the results.

antioxidant activity. The multivariate sta-
tistical analysis showed, in fact, that the
slight differences found did not produce
a real differentiation between treated and
non treated samples except for basil. Re-
sults of the DPPH• and deoxyribose tests
showed an increase in antioxidant activi-
ty with microwave treatment.
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ABSTRACT

This study was carried out to evalu-
ate the possibility of increasing the
presence of selected yeasts in freshly
produced extra-virgin olive oil by inoc-
ulating olives prior to processing. New
types of yeasts classified as Williopsis
californica and Candida boidinii were
found. A β-glucosidase producing strain
of W. californica, used as starter in the
olive inoculation trials, was able to in-
crease the amount of oleuropeinolytic
yeasts in olive oil during the entire sed-
imentation period. The increase in the

RIASSUNTO

È stato condotto uno studio sulla
possibilità di arricchire l’olio extra ver-
gine di oliva con lieviti selezionati ino-
culando le olive prima della loro trasfor-
mazione. Nuovi tipi di lieviti classificati
come Williopsis californica e Candida
boidinii sono stati isolati. Un ceppo di
W. californica, capace di produrre una
β-glucosidasi attiva sull’oleuropeina, è
stato impiegato successivamente come
starter per inoculare le olive prima del-
la loro trasformazione, eseguita impie-
gando un impianto moderno di tipo
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INTRODUCTION

Olives can be used for direct consump-
tion as table olives or processed to ex-
tract the oil. Freshly produced virgin ol-
ive oil is normally cloudy or slightly
opaque due to the presence of suspend-
ed solid particles and micro-droplets of
vegetation water in quantities which vary
according to the variety, the ripeness of
the fruit and the oil processing system
used (BRUNI et al., 1994). During stor-
age, the suspended material sediments
and the olive oil acquires greater clarity
and new organoleptic properties.

Some authors have reported that the
improvement in the chemical and orga-
noleptic properties of the oil during the
extraction and storage processes can be
attributed to the activity of some en-
zymes originating in the fruit. In fact
oleuropein, responsible for the highly
bitter taste of newly produced olive oil,
is hydrolysed by the endogenous β-glu-
cosidase enzyme found in the fruit (AN-
GEROSA et al., 1995; BOTÌA et. al., 2001;
MONTEDORO et al., 1993).

Nevertheless, it has been recently
demonstrated that improvement in the
quality of the olive oil can also be attrib-
uted to the processes of microorganisms
trapped on the solid particles and in the
micro-droplets of vegetation water sus-
pended in the oil. CIAFARDINI and ZUL-

yeasts in the olive oil compared to the
un-inoculated control was 20 and 30%,
respectively, for the continuous and dis-
continuous system used for processing
the olives. Inoculation of the olives with
selected yeasts was demonstrated to be
a valid technique to enrich the oil with
useful microorganisms without direct-
ly manipulating the product.

continuo ed uno tradizionale di tipo di-
scontinuo. L’incremento dei lieviti nel-
l’olio di oliva rispetto al controllo non
inoculato, è risultato rispettivamente
del 20 e 30%, a seconda se le olive ve-
nivano trasformate con il sistema con-
tinuo oppure con quello discontinuo.
L’inoculazione delle olive con lieviti se-
lezionati è risultata una tecnologia va-
lida per arricchire l’olio con microrga-
nismi utili, senza manipolare diretta-
mente il prodotto.

LO (2002a) demonstrated, for the first
time, that in freshly produced olive oil
there is a rich micro-flora consisting
principally of yeasts that survived in the
oil for several months. The microorgan-
isms present in olive oil can influence
the physico-chemical and organoleptic
properties of the oil through the produc-
tion of enzymes. Amongst the microor-
ganisms isolated  were several strains of
yeasts classifed as Saccharomyces cere-
visiae and Candida wickerhamii (CIAFAR-
DINI and ZULLO, 2002a). These species
of yeasts re-inoculated in sterile olive oil
were able to hydrolyse oleuropein by
enzymatic means through the produc-
tion of β-glucosidase, thereby modifying
the organoleptic characteristics of the oil
(CIAFARDINI and ZULLO, 2002a).

The presence in the oil of particular
types of natural yeasts or the addition of
selected yeasts originating from the same
habitat are very important from a tech-
nological point of view since they allow
an improvement in the quality and pro-
duction of oils with specific chemical and
organoleptic characteristics. However,
knowledge on this subject is very limit-
ed and research on the role of selected
yeasts for the production of oils of high
organoleptic and nutritional quality are
as yet non existent. Direct inoculation
and mixing of a starter in the oil mass is
detrimental to oil quality because the ox-
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ygen and the water added with the start-
er can promote several chemical reac-
tions. The aim of this study was to eval-
uate the effect of inoculating the olives
before processing in order to increase the
yeasts in the olive oil but without direct-
ly manipulating the product.

MATERIALS AND METHODS

Characterisation of yeasts

A freshly produced extra-virgin olive
oil obtained from the “Leccino” variety
harvested at early ripeness was used.
The yeasts were isolated using a previ-
ously reported method (CIAFARDINI and
ZULLO, 2002b). Fifty isolates were then
randomly taken from approximately 500
colonies and transferred to Malt Yeast
Glucose Peptone Agar (MYGPAgar)
(WICKERHAM, 1953) and identified ac-
cording to conventional methods used in
yeast taxonomy (KURTZMAN and FELL,
1998). The β-glucosidase test was car-
ried out by transferring the yeasts to the
wells of a Tissue Culture Plate contain-
ing 150 µL of 0.1 M phosphate buffer
(pH 7) containing 0.4% (w/v) of the syn-
thetic substrate p-nitrophenyl-β-D-glu-
copyranoside (pNPG). After twenty min
of incubation at 30°C the positivity of the
reaction was observed through the ap-
pearance of a yellow colour (KENGEN et
al., 1993). The β-glucosidase producing
yeasts were tested on oleuropein (Extra-
synthese, Geney, France) as reported
previously (CIAFARDINI and ZULLO,
2002a).

Starter preparation
and olive inoculation

The starter used to inoculate the ol-
ives was prepared using the 1639 strain
of Williopsis californica isolated from the
olive oil and characterised from a physi-
ological point of view. This yeast strain
was chosen because it has specific mark-

ers, important from a technological as-
pect, which differentiate it from the other
isolates. Among these specific markers
are its ability to produce β-glucosidase,
its growth at 35°C and its ability to fer-
ment glucose of the 13 sugars reported
in Table 1. These markers were used to
recognise, in the oil, the strain of yeast
inoculated on the olives before milling.
The starter was prepared by multiplying
strain 1639 of W. californica in 1 L flasks
containing MYGP broth. After three days
of incubation at 30°C, the yeast was col-
lected using centrifugation at 5,000 g for
10 min and suspended in a volume of
sterile, distilled water until reaching a fi-
nal concentration of 109 cfu/mL. The
starter produced was kept at 4°C for a
maximum of 24 hours and used to inoc-
ulate the olives which had been washed
in water immediately before inoculation.
Two thousand kilograms of olives of the
“Leccino” variety were divided into two
equal parts and processed with a contin-
uous system produced by the ALFA
LAVAL company (Monza, Italy) and with
a traditional discontinuous system pro-
duced by the Pieralisi company (Jesi,
Ancona, Italy). Before processing, the ol-
ives were put into two plastic containers
with a capacity of 500 kg, one of which
was enriched with 1 L of starter (final
concentration 0.2% v/w), while the other
received 1 L of sterile, distilled water. The
olives were inoculated by spraying the
starter directly onto the fruit while the
500 kg containers were being filled. Im-
mediately after inoculation, the olives
were slightly mixed and then submitted
to the extraction processes, using the
control first for both of the extractions.

Evaluation of yeast movement
to the olive oil

The oil from the control and the inocu-
lated olives obtained from the two extrac-
tion systems was put into two 100 L stain-
less-steel covered containers and kept at
6°-7°C. The trials were carried out in a 2
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Table 1 - Yeast species isolated from olive oil and comparison of some characteristics.

Candida boidinii Williopsis californica

Description: white colonies white colonies
multilateral budding multilateral budding

simple and elaborate no filaments
pseudohyphae

Enzymatic activity:
Urease - -
Esterase - -
β-glucosidase - +

Growth on sugars:
D (+)-Galactose - -
Maltose - -,+
Me α-D-glucoside - +
D (+)-Trehalose - -,+
Melibiose - -
Lactose - -
D (+)-Cellobiose - +
D (+)-Melezitose - -
D (+)-Raffinose - -
Inulin - -
D (-)-Arabinose - -
Starch - -
D (+)-Xylose + +
D (-)-Mannitol + +

Growth at:
30°C + +
35°C +,- +
37°C +,- -
42°C - -

Growth on:
Nitrate + +
Nitrite + +

Tolerance to:
acetic acid 1% (v/v) - -

Resistence to:
cycloheximide 0.01% (w/v) + -
cycloheximide 0.1% (w/v) + -

Sugars fermented:
D (+)-Glucose + +
D (+)-Galactose - -
Maltose - -
Me α-D-glucoside - -
Sucrose - -
D (+)-Trehalose - -
Melibiose - -
Lactose - -
D (+)-Cellobiose - -
D (+)-Melezitose - -
D (+)-Raffinose - -
Inulin - -
Starch - -

+, positive reaction; -, negative reaction.
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month time period (oil sedimentation
time) taking a 500 mL sample at the be-
ginning of the experiment (zero time) and
subsequently once every ten days. Im-
mediately after sampling, the samples
were analysed for the presence of yeasts.
The samples were emulsified using a vor-
tex mod. Maxi Mixer (FAVS, Bologna, It-
aly) and part of each sample was diluted
with sterile, distilled water and then used
to inoculate Petri dishes containing
MYGP Agar. After three days of incuba-
tion, the yeast colonies were counted and
compared to the W. californica strain
used as starter. This analysis took into
account the following markers: growth
at 35°C, production of β-glucosidase,
ability to ferment only glucose of the
sugars reported in Table 1. The yeast
colonies that developed on the MYGP
Agar, using small, sterile, wooden sticks,
were put onto MYGP Agar, setting up
masters each containing 50 colonies.
After three days of incubation at 35°C, a
part of the colonies was transferred to
the wells of a Tissue Culture Plate and
assayed for the production of β-glucosi-
dase using the procedure described by
KENGEN et al. (1993). Successively, the
remaining part of the β-glucosidase pos-
itive colonies, were observed under a mi-
croscope and furthermore were used for
the sugar fermentation test. Finally, the
colonies containing all the characteris-
tics similar to the W. californica strain
used as a starter were recorded.

RESULTS AND DISCUSSION

The results of the microbiological anal-
ysis carried out on a freshly produced
extra-virgin olive oil indicated the pres-
ence of a rich micro-flora formed princi-
pally of yeasts (data not shown). The tax-
onomical analysis of the isolated colo-
nies, carried out on the basis of the car-
bohydrate fermentation patterns and
other physiological characteristics, con-
firmed the presence of the Saccharomy-

ces cerevisiae and Candida wickerhamii
species in the olive oil as reported previ-
ously by CIAFARDINI and ZULLO (2002a).
Furthermore new yeast isolates classi-
fied as Williopsis californica and Candi-
da boidinii were identified and enzymat-
ically characterized. In all of the isolates,
there was no urease or esterase activity
and only W. californica was able to syn-
thesize β-glucosidase, active on the syn-
thetic substrate pNPG and oleuropein
(Table 1). This indicated the possibility
of indirectly increasing the beneficial
micro-flora in the oil by inoculating the
olives before processing. The presence
of yeasts in the oil increased when the
inoculated olives were processed by both
extraction systems (Fig. 1). However, the
best results were obtained using the dis-
continuous system, where at zero time
the increase in yeasts was equal to ap-
proximately 30% (Fig. 1). This could be
due to the fact that with the discontinu-
ous system the movement of the yeasts
to the oil was promoted by the longer
milling time which allowed a better ho-
mogeneity of the pulp mass before the
successive separation of the oil. The
yeasts in the oil obtained using the two
extraction methods were found to remain
vital throughout the entire storage peri-
od, even though their total number de-
creased with time, due to the precipita-
tion of the solid and liquid particles sus-
pended in the oil in which the microor-
ganisms are entrapped. The oil extract-
ed from the olives which were inoculat-
ed with W. californica, compared to the
uninoculated control, was richer in
yeasts throughout the 60 days of stor-
age (Fig. 1). There was a higher percent-
age of β-glucosidase positive yeasts in the
oil from both extraction systems from the
olives inoculated with W. californica (Fig.
2). The β-glucosidase positive yeasts in-
creased during storage of the olive oil,
specially when the discontinuous system
was used. This can be attributed to the
predominance of the inoculated yeast
over the other wild type yeasts normally
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Fig. 1 - Total yeasts found in the olive oil obtained with the continuous and discontinuous milling
system during storage. ◆ , olive oil from un-inoculated olives (control) processed with the continuous
milling system; ■ , olive oil from olives inoculated with W. californica before processing with the contin-
uous milling system; �, olive oil obtained from un-inoculated olives (control) processed with the discon-
tinuous milling system; �, olive oil obtained from olives inoculated with W. californica before processing
with the discontinuous system. Data are means ± standard deviation.

Fig. 2 - β-glucosidase positive yeasts found in the olive oil during storage. ◆ , yeasts found in the olive oil
extracted with the continuous system from un-inoculated olives; ■ , yeasts found in the olive the oil
extracted with the continuous system from olives inoculated with W. californica; �, yeasts found in the
olive oil extracted with the discontinuous system from un-inoculated olives; �, yeasts found in the olive
oil extracted with the discontinuous system from olives inoculated with W. californica. Data are means
± standard deviation.
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present in olive oil. In fact, considering
that this fraction of β-glucosidase-pro-
ducing yeasts demonstrated their posi-
tivity also regarding the other typical
markers of W. californica, it is plausible
to attribute this increase, expressed as
percent of the total yeasts present in the
oil, to the 1639 strain of W. californica,
inoculated on the olives before process-
ing. The possibility of enriching the oil
with selected yeasts by inoculating the
olives, opens a whole new chapter in the
sector of extra-virgin olive oil production.
In fact, with this system it is possible to
transfer selected yeasts to olive oil, elim-
inating any direct deleterious effect to
the product which could cause oxidation
or other undesirable alterations.
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ABSTRACT

A physicochemical analysis was
made of the different types of “horchata
de chufa” sold in Spain. The analyti-
cal methods for the determination of
total fat, total solids, ash, reducing
sugars, starch and protein were adapt-
ed for these low-acid vegetable bever-
ages. The contents found were: fat,
0.91-3.40 g per 100 g; total solids,
13.61-22.06 g per 100 g; ash, 0.079-
0.298 g per 100 g; protein, 0.294-0.742
g per 100 g; starch, not detected-7.45
g per 100 mL; reducing sugars, 11.13-

RIASSUNTO

È stata condotta un’analisi chimico-
fisica sui differenti tipi di “horchata de
chufa” commercializzati in Spagna. I
metodi analitici per la determinazione
dei grassi totali, dei solidi totali, delle
ceneri, degli zuccheri riducenti, del-
l’amido e delle proteine, sono stati adat-
tati a questa bevanda vegetale. La com-
posizione riscontrata è la seguente:
grassi, 0,91-3,40 g%; solidi totali,
13,61-22,06 g%; ceneri, 0,079-0,298
g%; proteine, 0,294-0,742 g%; amido,
non riscontrato-7,45 g%; zuccheri ri-
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17.86 g per 100 mL; pH, 6.37-7.56;
and density, 1.039-1.067 g mL–1. The
fat content of all the sterilised horcha-
tas was below the minimum value
specified in the regulations.

ducenti, 11,13-17,86 g%; pH, 6,37-
7,56; densità, 1,039-1,067. Il contenu-
to in grassi di tutte le horchata steriliz-
zate è risultato al di sotto del minimo
previsto dalla legge.

INTRODUCTION

“Horchata de chufa” is a milky-look-
ing Spanish dairy beverage, which is
extracted from tiger-nut tubers (Cyper-
us esculentus L.) and to which sugar (su-
crose) is added. It is a low-acid vegeta-
ble beverage of the Mediterranean area
that has a high nutritional quality and
therefore an important potential in the
present food market, but is limited by a
very short shelf-life (SELMA et al., 2003).
Its high nutritional quality is due to its
composition. The fat is rich in oleic acid
(75% of total fat) and linoleic acid (9-10%
of total fat), and arginine is the major
amino acid, followed by glutamic acid
and aspartic acid. With the exception of
histidine, the essential amino acids in
natural horchata de chufa are higher
than the amount in the model protein
proposed for adults by the FAO/OMS
(MORELL and BARBER, 1983; NAVARRO
et al., 1984).

The nutritional and sensory charac-
teristics of horchata depend on many
factors, including the chemical compo-
sition of the tuber and the manufactur-
ing process (VARO et al., 1998a,b). The
lipid and protein content can change
without changes in their lipid and ami-
no acid profiles.

Because of the importance of this
non-alcoholic beverage, its manufac-
ture, distribution and marketing are
regulated by current legislation (BOE,
1988; 1991). However, completion of
this legislation has been held back due
to lack of information about the char-
acteristics of the various types of hor-

chata available on the market (CANTALE-
JO, 1996).

The appearance of sterilised horchata
de chufa in Valencia in the eighties made
it possible for this type of food to reach
all parts of Spain, and in recent years
sales have started to expand to other
countries, such as France, Mexico, Pan-
ama, Venezuela, the Dominican Repub-
lic, the USA and some Mediterranean
countries. Horchata consumption in
Spain is about 50 million litres per year.
Annual sales of this product amount to
over 60 million euros and it has a very
well established market (CONSEJO REG-
ULADOR DENOMINACION ORIGEN “CHU-
FA DE VALENCIA”, 2003).

Various food preservation techniques
have given rise to the manufacture of
horchata on an industrial scale, but heat
treatment at temperatures above 75ºC
may gelatinise the starch and coagulate
the proteins and so alter the organolep-
tic characteristics typical of horchata
(CANTALEJO, 1996; MOSQUERA et al.,
1996). The aim of the present study was
to characterise the various types of hor-
chata commercially available and estab-
lish the influence of the preservation
treatment on its nutritional character-
istics.

MATERIALS AND METHODS

Samples

Commercial products of the various
types of horchata de chufa considered
representative of the variability of this
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kind of product on the Spanish market
were selected. Three batches of each type
of horchata with different manufactur-
ing dates were purchased. The analyses
were performed in duplicate on two sub-
samples from each batch and type of
horchata.

The different types of horchata defined
by Spanish legislation (BOE, 1988; 1991)
are the following:

- Untreated horchata: this is prepared
with the appropriate proportion of chu-
fas, water and sugar. The starch and fat
must come exclusively from the tubers
used for preparing the horchata. The
product may be sold as: refrigerated (A)
or frozen (B).

- Pasteurised horchata: this is hor-
chata de chufa subjected to a techno-
logical heat process that wholly or par-
tially suppresses or transforms its starch
content, and then it is submitted to a
heat treatment that ensures the destruc-
tion of pathogenic organisms and most
of the common flora. It may be sold as:
refrigerated (C) or frozen (D).

- Sterilised horchata (E): this is simi-
lar to pasteurised horchata, but it is
subjected to a heat treatment that en-
sures destruction of microorganisms and
inactivation of their forms of resistance.

- UHT horchata (F): this is similar to
sterilised horchata, but with the appli-
cation of UHT heat treatment and asep-
tic canning.

All of these horchatas must have a
minimum of 12 g of soluble solids per
100 g, expressed as ºBrix at 20ºC. Their
minimum fat content, obtained exclu-
sively from the tubers used, must be 2 g
per 100 g. The minimum pH is 6.3, and
total sugars expressed as sucrose must
be more than 10 g per 100 mL.

- Condensed pasteurised horchata (G):
this must be prepared with suitable pro-
portions of chufa, water and sugar so
that the resulting condensed product has
a minimum of 60 g of soluble solids per
100 g, expressed as ºBrix at 20ºC, 3.5 g
of starch per 100 mL, and 4.5 g of fat

per 100 g, obtained exclusively from the
chufas. It must have a minimum pH of
6. Total sugars must be at least 50 g per
100 mL, expressed as sucrose.

- Condensed pasteurised horchata
without sugar (H): this must be prepared
in the same way as condensed pasteur-
ised horchata, but with the addition of
fructose instead of sucrose.

Methods of determination

Total fat
The fat content of the horchata was

determined by extraction with organic
solvents in a Soxhlet-type apparatus
(CARPENTER et al., 1993). As the sample
was liquid, the method of FOLCH et al.
(1958) and MANGLANO (1999) was used
with some modifications. A mixture of
chloroform and methanol (2:1, v/v) was
chosen for the extraction of total fat. Fif-
ty mL of horchata was placed in a de-
canting funnel, 50 mL of the extractant
mixture was added, and the mixture was
agitated for 2 min. The contents were
separated into two tubes and centrifuged
(3000 rpm, 15 min, 10ºC). The chloro-
form phase was separated and the en-
tire extraction process was repeated with
the aqueous phase. The solvent was
eliminated and the residue was heated
in an oven at 80ºC for 1 hour and then
weighed. The intraday precision (RSD %)
obtained was 2.2±0.7% and the inter-
day precision was 3.3±1.1%, using four
samples.

Total solids
It was seen that when the samples of

horchata were dried to a constant weight
at 100±4ºC, they caramelised because
of the high percentage of sugar. In order
to overcome this difficulty, different tests
were made with 5, 10, 15 and 20 mL of
horchata, which was dried in a sand bath
(60ºC) until a pasty mixture was ob-
tained. This was then placed in a forced
air oven at different temperatures, rang-
ing from 80 to 100ºC, for a period vary-
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ing from 2 to 48 hours. In all cases there
was caramelisation of the carbohydrate
present in the horchata. The tests were
continued without drying the sample in
the sand bath. The final conditions se-
lected were 15 mL of horchata main-
tained at 95ºC in a forced air oven for 2
hours.

Ash
The ash content of the horchata was

determined in accordance with the offi-
cial method (BOE, 1988), but varying the
final temperature of the oven to 450ºC.
Different volumes of horchata (2, 5, 10
and 25 mL) were tested, and it was found
that the percentage of ash was
0.238±0.033, 0.232±0.027, 0.273±0.008
and 0.281±0.005 (g per 100 g ± stand-
ard deviation) and the coefficient of var-
iation was 13.7, 11.7, 2.5 and 1.9 for 2,
5, 10 and 25 mL of horchata, respec-
tively. The method used was as follows:
The organic matter of 25 mL of sample
was destroyed by ashing in a tempera-
ture programmed furnace. The temper-
ature was increased slowly, at a rate of
50ºC/30 min, to a final temperature of
450ºC. This temperature was maintained
for 24-48 h. In order to complete the di-
gestion, the residue was soaked with 1
mL concentrated nitric acid (d = 1.4 g
mL–1). From 48 to 72 h were needed to
destroy the organic matter of the sam-
ple completely.

Reducing sugars
The volumetric method of Lane-Eynon

was used. Four mL of horchata was cen-
trifuged at 7,800 rpm for 10 min at 2ºC
(see determination of starch), and the
supernatant was separated and collect-
ed in a 100 mL standard flask. To ex-
tract the sugars remaining in the sedi-
ment, different volumes of lukewarm
water were added (10, 15 and 25 mL),
the mixture was centrifuged at 4,300
rpm for 10 min at 20ºC, and the super-
natant was collected in a standard flask.
After 4 extractions with 15 mL of luke-

warm water, it was confirmed that the
extraction of sugars was complete by
means of the Molisch test (the solution
to be tested was poured over sulphuric
acid with some drops of α-naphthol at a
rate of 15 g per 100 mL. The appearance
of a red-violet ring in the contact area
indicated the presence of sugar). A Car-
rez solution (4 mL) was then added, and
the mixture was made up to 100 mL with
deionised water and filtered.

Fifty mL of the filtrate was taken and
placed in another 100-mL standard
flask, 25 mL of deionised water and 5
mL of hydrochloric acid (d = 1.18 g mL–1)
were added, and the resulting mixture
was placed in a water bath at 70ºC. Var-
ious analysis times (3, 5, 7, 10, 12 and
15 min) were studied, and it was found
that hydrolysis was complete after 7 min.
The flask was cooled, neutralised with
2.5 N NaOH and made up to 100 mL with
deionised water. The mixture was tested
with 10 mL of Fehling’s solution, which
had been previously tested with a solu-
tion of inverted sucrose at 0.5 g per 100
mL.

In order to calculate the precision of
the method, the sugar content was de-
termined in 6 aliquots of a particular
horchata, giving a coefficient of 1.4%
(17.76±0.24 g per 100 mL of reducing
sugars). To estimate the accuracy of the
method, 6 recovery assays were pre-
pared, giving a value of 98.1%.

Starch
The starch content of horchata varies

in accordance with the preservation
treatment to which it has been subject-
ed. The method for the determination of
starch in horchata was based on the
method proposed by the MINISTERIO DE
SANIDAD Y CONSUMO (1985). Four
millilitres of horchata was taken and
centrifuged (7,800 rpm, 10 min, 2ºC),
and one drop of iodine solution was add-
ed to the supernatant in order to ascer-
tain whether starch was present or not.
If starch was present in the supernatant,
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the sediment alone could not be used to
determine the starch content because it
would give an underestimate, and so in
this case a lyophilised sample of the hor-
chata was analysed. If there was no
starch in the supernatant, the sediment
obtained by ultracentrifugation or a
quantity of lyophilised sample equivalent
to 4 mL of horchata was taken, 8 mL of
ethanol:petroleum ether (1:3 v/v) was
added, the mixture was centrifuged at
3,500 rpm for 5 min at 20ºC, and the
supernatant was discarded. In this way
the fat was eliminated. The simple sug-
ars were separated from the sediment by
washing with lukewarm water as indi-
cated in the section on the determina-
tion of reducing sugars. The starch in
the sediment was then hydrolysed. A
study was made with perchloric acid at
52 g per 100 mL using various volumes
(1, 2, 4, 6 and 8 mL), times (15, 30 and
45 min) and temperatures (60°, 75° and
85ºC) for the hydrolysis. The conditions
finally selected were as follows: the sed-
iment was dissolved in 5 mL of deion-
ised water and then transferred to a 100
mL standard flask, 6 mL of perchloric
acid (52 g per 100 mL) was added, the
mixture was shaken and placed in a
water bath at 75ºC for 15 min with peri-
odic agitation. In these conditions the
hydrolysis of the starch was complete.

Protein
The official method (BOE, 1988) was

followed, although adjustments were
made to the amount of sample, the var-
ious amounts of reagents, the distilla-
tion time and the indicator most suita-
ble for testing the protein content.

Different volumes (1, 2, 3 and 5 mL)
of horchata were studied. The sample
quantity selected was 2 mL, because it
gave the smallest coefficient of variation.
It was placed in a digestion tube, and 10
mL of concentrated sulphuric acid (d =
1.84 mL–1), 6 drops of 2N CuSO4, 3 g of
K2SO4 and some glass beads were add-
ed. The mixture was placed on a heating

blanket until mineralisation was com-
plete. It was then distilled in a Kjeltec
apparatus, with the automatic addition
of 100 mL of water and 80 mL of NaOH
(40 g per 100 mL). Different distillation
times (5, 6.8 and 9.9 min) were tested,
and the time finally chosen was 6.8 min.
When distillation was complete, the NH3
was tested with 0.1 N HCl until there
was a change in the indicator (methyl
red). A parallel test was performed with
a blank.

pH and density
The determination of pH was based on

the potentiometric measurement at 20ºC
(BOE, 1988). It was determined in a Cri-
son GLP 21 pH meter equipped with a
temperature compensation sensor at
20ºC. The results are expressed to two
decimal places.

Density was determined at 20ºC with
a pycnometer.

Statistical evaluation

The contents were compared using
one-way analysis of variance (ANOVA).
To determine differences between prod-
ucts and between samples of the same
product the least significant difference
(LSD) test (p < 0.05) was applied. The
computer program employed was Stat-
graphics Plus for Windows 3.0.

RESULTS AND DISCUSSION

Tables 1 and 2 show the mean values
of six determinations (two determina-
tions for each subsample) of the chemi-
cal characteristics for each batch and
type of horchata de chufa.

The fat content of all the sterilised
horchatas and horchata F1 (UHT) was
below the minimum value specified in
the regulations (2 g per 100 g) (BOE,
1988). The fat content was particularly
high in condensed pasteurised horchata
without sugar (H), with a value three
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times greater than that of condensed
pasteurised horchata (G), which differs
in its sucrose content.

The smallest percentage (g per 100 g)
of total solids was found in the sterilised
horchatas (E1 – E5) and the UHT hor-
chatas (F1 and F2), followed by the con-
densed pasteurised horchatas (all the
values for the condensed horchata are
expressed in terms of diluted horchata)
(G and H) and then the remaining hor-
chatas. These differences were statisti-
cally significant (p < 0.05).

The quantity of mineral salts in a sam-
ple was determined from the ash ob-
tained after incineration of the sample.
The mineral composition of horchata de
chufa can vary because of agronomic
factors such as climate, geographical lo-
cation of the land, kind of soil, kind of
fertiliser, etc.

The lowest percentage of ash was
found in the condensed pasteurised hor-

Table 1 - Chemical characteristics of each of the types of “horchata de chufa” commercially available in
Spain (n=6).

Sample Fat Solids Ash Protein Starch Sugar

(g per 100 g) (g per 100 mL)

A 2.95±0.09 20.03±0.28 0.265±0.021 0.730±0.198 4.31±0.16 17.86±0.13
B 2.84±0.09 19.24±0.34 0.246±0.001 0.438±0.001 2.88±0.06 16.47±0.20
C1 2.79±0.24 22.06±0.95 0.266±0.027 0.631±0.018 6.04±0.09 17.05±0.08
C2 3.40±0.18 21.56±0.58 0.240±0.006 0.691±0.010 5.57±0.34 17.24±0.73
C3 2.75±0.14 21.17±0.42 0.298±0.006 0.742±0.026 0.85±0.05 16.95±0.62
D 2.76±0.19 21.05±0.18 0.242±0.001 0.693±0.023 3.66±0.19 16.35±0.34
E1 1.09±0.05 15.10±0.09 0.227±0.006 0.378±0.025 6.07±0.52 11.49±0.06
E2 1.50±0.05 15.55±0.19 0.159±0.004 0.418±0.021 N.D. 13.18±0.16
E3 0.91±0.05 14.57±0.05 0.230±0.001 0.395±0.023 N.D. 12.89±0.10
E4 0.92±0.05 15.09±0.03 0.200±0.021 0.366±0.042 1.55±0.03 11.95±0.20
E5 1.27±0.06 14.62±0.01 0.195±0.001 0.434±0.018 2.83±0.11 11.21±0.03
F1 1.74±0.04 13.61±0.02 0.217±0.001 0.437±0.004 0.15±0.06 11.13±0.10
F2 2.24±0.08 13.63±0.39 0.265±0.002 0.446±0.005 N.D. 11.68±0.17
G 0.92±0.03 15.48±0.04 0.079±0.004 0.294±0.025 1.06±0.08 15.06±0.18
H 3.10±0.11 16.54±0.25 0.101±0.001 0.384±0.022 7.45±0.63 12.90±0.21

N.D.: not detected. Untreated horchata: refrigerated, A or frozen, B; Pasteurised horchata: refrigerated, C or frozen,
D; Sterilised horchata: E; UHT horchata: F; condensed pasteurised horchata: G or without sugar, H.
All the values for the condensed horchatas (G and H) are expressed in terms of diluted horchata, so that the final
result is of the same order as those of the other horchatas.

chatas (G and H), and these differences
were statistically significant (p < 0.05).
Sterilised and UHT horchata (E and F)
had higher values than the condensed
pasteurised horchatas and lower values
than refrigerated untreated horchata (A),
frozen untreated horchata (B), refriger-
ated pasteurised horchata (C) and fro-
zen pasteurised horchata (D), but these
differences were not statistically signifi-
cant.

For each kind of horchata de chufa,
the Technical Health Regulations (BOE,
1988) define the minimum starch con-
tent to be 1.9 g per 100 mL for frozen
untreated horchata (B), refrigerated pas-
teurised horchata (C) and frozen pas-
teurised horchata (D), and 0.7 g per 100
mL for condensed horchatas (G and H)
when diluted for consumption. Howev-
er, the regulations in the Valencian Com-
munity (DOGV, 1995) establish slightly
higher values of 2.2. and 0.85 g per 100
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Table 2 - Determination of pH and density of each
of the types of horchata de chufa commercially
available in Spain (n=6).

Sample pH Density (g mL–1)

A 6.59±0.02 1.067±0.005
B 6.55±0.02 1.062±0.001
C1 6.89±0.12 1.065±0.001
C2 6.70±0.05 1.064±0.001
C3 6.37±0.01 1.060±0.003
D 6.78±0.07 1.065±0.002
E1 7.56±0.09 1.044±0.001
E2 6.55±0.09 1.046±0.001
E3 6.96±0.12 1.041±0.001
E4 7.42±0.05 1.041±0.001
E5 7.50±0.04 1.039±0.001
F1 7.25±0.10 1.039±0.002
F2 6.87±0.01 1.042±0.001
G 7.12±0.01 1.048±0.002
H 6.44±0.03 1.052±0.001

Untreated horchata: refrigerated, A or frozen, B; Pas-
teurised horchata: refrigerated, C or frozen, D; Steri-
lised horchata: E; UHT horchata: F; condensed pas-
teurised horchata: G or without sugar, H.
All the values for the condensed horchatas (G and H)
are expressed in terms of diluted horchata, so that the
final result is of the same order as those of the other
horchatas.

mL, respectively. The starch content was
quite variable, even within a given type
of horchata. Only sample C3 had values
below those set by the regulations.

The sugar content of the condensed
horchatas (G and H) is expressed in
terms of diluted horchata, so that the
final result is of the same order as those
of the other horchatas. The Technical
Health Regulations establish that total
sugar, expressed as sucrose, should be
at least 10 g per 100 mL, except in the
case of condensed horchatas, in which
it should be greater than 50 g per 100
mL (BOE, 1988; DOGV, 1995). The steri-
lised and UHT horchatas had the lowest
content of reducing sugars, and these
differences were statistically significant.

The total protein content was obtained
by determining the total nitrogen using

the Kjendahl method and multiplying by
a correction factor of 6.25. As can be
seen, the protein content varied accord-
ing to the type of horchata, but in no
case was it more than 1 g per 100 g.

In all the horchatas analysed, the pH
(Table 2) satisfied the Technical Health
Regulations (minimum pH of 6.3 except
for condensed horchata, which must
have a minimum pH of 6 after being re-
constituted). The highest pH values (7.05
to 7.19) were found in the sterilised and
UHT horchatas and condensed pasteur-
ised horchata, and these horchatas were
statistically different (p < 0.05) from the
others, with the exception of UHT hor-
chata, which did not differ statistically
(p < 0.05) from pasteurised horchata.

The density varied from 1.041 g mL–1

for UHT horchata (F) to 1.067 for refrig-
erated untreated horchata (A) (Table 2).

Although many studies on chufa tu-
bers have appeared, few studies on the
physical and chemical properties of hor-
chata de chufa have been published. The
pH values found by MESTRES and PUJA-
DAS (1980) for pasteurised and sterilised
horchata (6.61 and 6.84 respectively) are
slightly lower than those found in the
present study for these two types of hor-
chata. They obtained a mean pH value
of 6.14 for natural horchata, lower than
the minimum required in current legis-
lation (BOE, 1988) and lower than the
value found in the present study. The
sugar contents found in pasteurised and
untreated horchata, 8.16 and 9.4 g per
100 mL, respectively, was lower than
that found in the present work, whereas
the sugar content in sterilised horchata
was of the same order. The same can be
said for total solids, for which they ob-
tained values of 14.7, 16.75 and 14.7 g
per 100 g in pasteurised, untreated and
sterilised horchata, respectively. The fat
content (3.0 g per 100 g) that they found
for pasteurised horchata is similar to the
value found in the present work. For
untreated and sterilised horchata they
reported values of 3.24 and 2.26 g per
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100 g, respectively, which are higher
than the levels found in the present work,
especially for sterilised horchata. The
density values found in the present study
were higher than those obtained by MES-
TRES and PUJADAS (1980) for untreat-
ed, pasteurised and sterilised horchata
(1.034, 1.036 and 1.035 g mL-1, respec-
tively).

For untreated horchata, the sugar
content found in this work is similar to
the value obtained by NAVARRO et al.
(1984) (18.3 g per 100 mL) and higher
than the values found by VARO et al.
(1998a), BENEYTO et al. (2000) and
GOZALBO et al. (2000), who reported
ranges of 14.5-16.9 g per 100 mL, 14.5-
16.0 and 14.8-15.8 g per 100 g, respec-
tively.

The total fat value for untreated hor-
chata found in the present work was
higher than the values reported by
MORELL and BARBER (1983) and NAVAR-
RO et al. (1984) (2.70 and 2.62 g per 100
mL, respectively) and similar to the val-
ues found by VARO et al. (1998a), BENEY-
TO et al. (2000) and GOZALBO et al.
(2000).

In untreated horchata, the values
found for solids were within the range
obtained by VARO et al. (1998a) (19.7-
21.6 g per 100 g) and are slightly below
the values found by MORELL and BAR-
BER (1983) and NAVARRO et al. (1984)
(22.18 and 22.82 g per 100 g, respec-
tively).

MORELL and BARBER (1983) and NAV-
ARRO et al. (1984) obtained protein val-
ues of 1.23 and 0.93 g per 100 mL, re-
spectively, in untreated horchata,
higher than those found in the present
study, and starch values of 3.44 and 2.42
g per 100 mL, respectively, lower than
those found in this work.

The ash content found in untreated
horchata in this study is similar to the
values found by MORELL and BARBER
(1983) and NAVARRO et al. (1984).

In untreated horchata the pH value
found in this study and in the literature

(MORELL and BARBER, 1983; NAVARRO
et al., 1984; VARO et al., 1998a; BENEY-
TO et al., 2000 and GOZALBO et al., 2000)
was higher than the minimum required
by legislation (BOE, 1988).

MORELL and BARBER (1983) and VARO
et al. (1998a) obtained a density value
between 1.067 and 1.077 g/mL-1, simi-
lar to the value found in the present
study.

CONCLUSION

There were few differences between the
different types of horchata (as verified
by the statistical analyses performed),
except for the condensed horchatas (G
and H), which had lower values for total
solids, ash and sugar than the other
horchatas. Condensed pasteurised hor-
chata also had lower values for fat and
starch. It is important to note the higher
protein content in untreated horchata.
The Technical Health Regulations were
satisfied in all cases, except in the fat
content of all the sterilised horchatas and
horchata F1 (UHT), which was below the
minimum value specified in the regula-
tions.
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PASSING THE TEST FOR HEALTH CLAIMS
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How can we be sure that claims made about functional foods are not untrue or
misleading? The development of foods with benefits beyond their traditional nutri-
tional value, so called functional foods, has led to a great deal of interest by health
professionals and their patients.

Health professionals need to be confident in the scientific and regulatory proc-
esses that are used to support the health effects of functional foods, and that any
health claims are based on good nutrition science.

The concept of functional foods and health claims was initially investigated in a
Concerted Action on Functional Foods in Europe (FUFOSE) funded in the EU DG
XII FAIR programme, and co-ordinated by ILSI Europe. The aim was to develop
and establish a science-based approach for the development of food products that
benefit health and well-being (British Journal of Nutrition 1999; 81 Suppl. 1:S1-
27). The development of two types of health claims was proposed ‘enhanced func-
tion’ and ‘reduction of disease risk’. FUFOSE stated that claims should always be
valid in the context of the whole diet, must relate to the amounts of foods normally
consumed, and be based on well designed studies using appropriately identified,
characterised and validated biomarkers.

PASSCLAIM is an EC Concerted Action funded in the 5th Framework and built
on the work of FUFOSE. It is formed by a network of Theme Groups and a Consen-
sus Group, whose objectives are:

- To produce a tool for assessing the scientific support for health-related claims
in foods;

- To evaluate critically the existing schemes that assess the scientific substanti-
ation of claims;

- To select criteria for how biomarkers should be identified, validated and used
in studies exploring the links between diet and health.

The first PASSCLAIM consensus reports have just been published. They cover
diet-related cardiovascular disease, bone health and osteoporosis, physical per-
formance and fitness, a review of existing codes, and a draft set of interim criteria
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for the substantiation of health claims (European Journal of Nutrition 2003; 42
Suppl. 1:1-119). Participants are now focusing on insulin sensitivity and risk of
diabetes, diet-related cancers, mental performance and gut health and immunity.

Project No: QLK1-2000-00086 (PASSCLAIM) http://europe.ilsi.org/passclaim/
Project Co-ordinator: Dr. Laura Contor, International Life Sciences Institute -

ILSI Europe, Avenue E. Mounier 83 bte 6, BE-1200 Brussels, Belgium, Tel. +32-2
771.00.14; Fax: +32-2 762.00.44, E-mail: dpannemans@ilsieurope.be.

This one-pager was written by Dr Gail Goldberg, British Nutrition Foundation,
UK, in June 2003.

FOOD TRACEABILITY
FFE 646/03/SME88

Food quality and safety will be strongly improved by the EC legislation (178/
2002) on food traceability, which will come into force in January 2005. The aim of
this regulation is to improve food quality and safety, to protect consumers against
false claims and product information and further to promote fair trade. Thus, the
new system enables consumers to be provided with targeted and accurate infor-
mation concerning the products.

This regulation requires that all stakeholders within the food supply chain (agricul-
ture and feed producers, food manufacturers, retailers, etc.) must be able to identify
the source of all raw materials and ingredients and also to whom the products have
been sold. The food companies must develop and use new identification systems and
data handling procedures and these must often be integrated into their quality man-
agement system and their HACCP system. Several product-specific traceability regu-
lations have been prepared, for example on meat, fish and genetically modified prod-
ucts and more are in the pipeline. Further, international standardization organisa-
tions are working hard to develop standards to be used, such as Codex and CEN.

A group of 24 European scientists and industrialists established the EU-funded
Concerted Action called FoodTrace, which aims to develop a practical framework
for food traceability and develop the means to plan, model, validate and imple-
ment. This Action is working specifically on products, including animal feed, fish,
meat, poultry, cereals, dairy, organic farming, processed foods, confectionery, wine,
fresh produce, and supermarket supply as well as national and international trade.

The project partners are facing several problems, in particular: how to electronically
identify the lots; selecting which data must / should be included; how to capture and
store data. On the project website, www.eufoodtrace.org/, interested parties may read
about the Action conferences, follow net meetings and read progress reports.

Another project (Tracefish, QLK1-2000-00164) has been working on farmed and
captured fish traceability. Information on this project can be found in the internal
section of the Flair-Flow website: http://www.flair-flow.com/industry-docs/
ffe55702.html.

Project No: QLK1-2001-02202 (FoodTrace).
Project Co-ordinator: Ian G. Smith, Automatic Identification Manufacturers (Eu-

rope) Ltd, The Old Vicarage, Haley Hill, HX3 6DR Halifax, UK, Tel.: +44 1422 368368;
Fax: +44 1422 355604, E-mail: ian@aimglobal.org.

This one-pager was written by Mr Finn. Holm, Food Group Denmark, in September
2003.
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LINKING EARLY DIET
AND CHILDHOOD OBESITY

FFE 660/03/HP93

Childhood obesity can lead to psychosocial distress as well as detrimental ef-
fects on cardiovascular disease risk factors such as dyslipidaemia, arterial hyper-
tension and glucose intolerance.

It is clear, from studies across Europe, that the prevalence of obesity is increas-
ing among children, with serious consequences in terms of quality of life and bur-
dens on health care and social security systems. This is being investigated by the
Chopin project with a view to finding effective strategies to prevent obesity at an
early age.

Although genetics play some part in a person’s predisposition to obesity, life-
style factors are known to be of great importance. Furthermore, early nutrient
supply during infancy is thought to have a lasting, programming effect on later
obesity risk.

Infants fed formula milk are more likely to become obese than breastfed
infants. Research has also shown a dose response effect; longer duration of
breastfeeding has a marked effect on reducing later obesity risk. One hy-
pothesised reason for this is the relative higher protein content of some in-
fant formulae compared with breast milk. The Chopin project will test this
theory.

Specifically, the project will include a double-blind randomised multicentre
intervention trial of healthy infants in 5 European countries, comparing infant
formulae, which are isocaloric, with high and low protein contents, balanced by
fat. The project will also evaluate the effects of different feeding regimes on a
novel anthropometric marker, namely the difference between body length at 2
years and length at birth, on later obesity development. Other measurements
will include body composition, energy expenditure, protein metabolism, renal
function, leptin and insulin-like growth factor-1.

In addition to promoting the benefits of breast-feeding, the project is expected to
lead to the development of new infant foods and will break new ground in providing
data for producing infant formula with adequate protein. The project website also
includes a dedicated area for health professionals to access information, which
will assist them in advising on infant feeding.

The project has already recruited babies, who will be studied over the first 2
years of life, and it is expected that the cohort will be followed up until the age of 8
years, enabling important conclusions to be drawn.

The study will be completed in 2005 and a large cluster meeting (Perinatal
nutrition and its later consequences: New opportunities) is to be held in July
2004.

Project Reference: QLK1-2001-00389 (Chopin), http://www.childhood-
obesity.org/index.php.

Project Contact: Ms. Julia Rosen, University of Munich, Div Metabolic Disorders
and Nutrition, Lindwurmstrasse 4, 80337 Munchen, Germany, E-mail:
jrosen@med.uni-muenchen.de; margaret@ashwell.uk.com.

This one-pager was written by Dr Frankie Phillips, British Nutrition Foundation,
UK, in October 2003.
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LESS STOMACH DISEASE
FFE 663/03/CG93

In the last decade of the twentieth century, the number of reported cases of
gastro-enteritis, caused by bacteria named Campylobacter, has increased in West-
ern industrialized nations, but there remains a lack of information on the preva-
lence of emerging Campylobacteraceae. Therefore, a joint European, US and South
African project that started 7 months ago is aiming to develop methods capable of
isolating and identifying these bacteria.

Many different bacteria are included in the family Campylobacteraceae. Most of
them have been associated with disease in animals and man. For example, Campy-
lobacter jejuni is the major cause of human gastro-enteritis worldwide, responsible
for 400 to 500 million cases of diarrhoea each year. Campylobacter are easily de-
stroyed by food processing because they are sensitive to heat, dehydration and
acid environments. However, they can survive for long periods in frozen foods and
moist environments.

Campylobacter are present in the intestinal tract of wild and domestic animals
such as poultry, pork, beef and lamb, where they usually cause few or no symp-
toms. Raw or incompletely cooked food products, such as raw poultry, inadequate-
ly pasteurised milk and contaminated drinking water may be infectious agents.
Usually the symptoms occur within 1-7 days after contamination. Typical symp-
toms include diarrhoea, high fever, headache, nausea and abdominal and muscle
pain.

The routine detection methods are inadequate for a growing number of emerging
Campylobacteraceae. In the CAMPYCHECK project improved isolation, detection
and identification procedures for the analysis of Campylobacteraceae in the food
and water chain are developed and the risk exposure is discussed with industry,
consumers and other relevant interest groups.

Project Reference: QLK1-2002-02201 (Campycheck) http://www.campycheck.org/
Project Contact: Prof. C. William Keevil, Environmental Healthcare Unit, School

of Biological Sciences, Biomedical Sciences Building, University of Southampton,
Bassett Crescent East, Southampton SO16 7PX, UK, Tel.: +44 (0)2380 594726;
Fax: +44 (0)2380 594459, E-mail: cwk@soton.ac.uk.

This one-pager was written by Mrs. Sirpa Karppinen, VTT Biotechnology, Fin-
land, in October 2003.

ENGINEERED PLANTS HIGHER
IN ANTIOXIDANTS

FFE 665/03/SME95

The quality of tomatoes, cereals and other crops may be improved in the future
by using new genetically modified crops with a greater content of antioxidants,
such as natural flavonoids or other phenolic compounds. Because of the healthy
profile of these antioxidants, which are believed to have a protective effect against
cardiovascular diseases and some forms of cancers, these new crops are consid-
ered as functional foods.
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This tendency to improve food raw materials by traditional breeding, by genetic
modification, or by changing the feeding of animals is often seen: health improved
meat by improving the fatty acid profile of animal feed; health improved eggs by
adding fish oils to the chicken feed; rice with higher content of vitamins and iron;
and now tomatoes or cereals with high content of antioxidants, for example flavo-
noids, carotenoids or tocopherols (vitamin E). This is what could be called second
generation functional foods.

Flavonoids are naturally present in most fruits and vegetables. They are as good
antioxidants as carotenoids and vitamin E or C. These antioxidants are thought to
work by scavenging oxygen radicals, thus protecting against oxidative breakdown
of biopolymers such as DNA, proteins and lipids. Breakdown of DNA molecules in
cells is believed to be the most prominent mechanism for initiation of cancer cells
and oxidation of lipoproteins for increasing the risk of arteriosclerosis.

The scientists involved in the PROFOOD research project are trying to identify
key genes responsible for flavonoid production and have started to grow the very
first generation of tomato plants possibly high in flavonoids. After completion of
this work, they intend to transfer their know-how to other crops, in particular
cereals.

Project N.: QLK1-CT-2001-01080 (PROFOOD),
http://profood.ipk-gatersleben.de
Project Coordinator: Professor Dr. Uwe Sonnewald, Institute for Plant Genetics

and Crop Plant Research, Molecular Cell Biology, Corrensstrasse 3, DE-06466
Gatersleben, Germany, Tel.: +49 394825214; Fax: +49 394825515, E-mail:
sonnewald@ipk-gatersleben.de.

This one-pager was written by Mr Finn. Holm, Food Group Denmark, in Novem-
ber 2003.

PUSHING THE POTENTIAL
OF PHYTOCHEMICALS

FFE 667/03/HP94

Diets that include plenty of plant-derived foods (e.g. fruits, vegetables, nuts and
wholegrains) may help to prevent chronic diseases such as heart disease and some
cancers, but the beneficial effects of these foods may be enhanced even further. An
EU Concerted Action has examined the potential need for improving a selected
range of nutrients and beneficial factors in plants, where the levels of these sub-
stances are possibly inadequate for protective effects in humans.

Understanding about the potential roles of phytochemicals in plants is still in its
infancy and for many phytochemicals the benefits of improving their levels in crops
is uncertain. Nonetheless, there are strong arguments for improving exposure
through the diet, if there are health benefits associated with augmenting the in-
take of specific nutrients, rather than through the use of supplements. Real health
benefits are likely to result from the enhancement of certain nutrients in plant
foods, especially for the developing world where plant foods are the dietary staple.

Biotechnology has enabled specific foods to be modified to improve their nutri-
tional content. Examples of these are:
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- Tomatoes with increased amounts of β-carotene;
- Rice with increased iron content;
- Soybeans with increased or decreased amounts of isoflavones;
- Edible vaccines based on modified potato.
The NEODIET Concerted Action has brought together scientists, working in in-

dustry and academia, to review the nutritional enhancement of plant foods in the
context of social, economic and political issues that need to be considered by those
working in the field of biotechnology, if the potential health benefits are to be real-
ised.

A major output of the project is the special edition of the Journal of the Science
of Food and Agriculture (Issue 7, 2000), which includes position papers, prepared
by the participants of NEODIET. These position papers review the current evidence
on, among others, the examples of potential ways in which foods could be en-
hanced. Both increased content of nutrients and phytochemicals and removal, or
reduction, of some “anti-nutritive” or undesirable factors have been reviewed.

The website includes information about the project, and project newsletters may
be accessed, which provide more details on how the technologies for enhancing
plant-derived foods have been developed for various products.

Project Reference: FAIR-CT97-3052 (NEODIET) http://www.ifrn.bbsrc.ac.uk/
neodiet/

Project contact: Dr David Lindsay, Biochemistry Department, Institute of Food
Research, Norwich Research Park, Norwich NR4 7UA, UK, Tel.: +44-1603-255224;
Fax: +44-1603-505671, E-mail: dlindsay@bbsrc.ac.uk.

This one-pager was written by Dr Frankie Phillips, British Nutrition Foundation,
UK, in November 2003.
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NEWS

11th International Symposium on
Supercritical Fluid Chromatography,

Extraction, and Processing
August 1-4, 2004, Pittsburgh,

Pennsylvania, USA

Continuing the Tradition with Ses-
sions on:

- Supercritical Chromatography (Pre-
parative, Analytical, Production-Scale);

- Pharmaceuticals, Nutraceuticals,
and Natural Products Processing;

- Application of Critical Fluids in Ma-
terials Processing;

- Carbon Dioxide Sequestration - Met-
al / Mineral Extraction and Processing;

- Particle Formation and Polymer Pro-
duction / Processing Techniques;

- Carbon Dioxide-Based Cleaning and
Material Deposition Platforms;

- Energy, Nuclear, Hazardous Waste
and Recycling Applications;

- The Biotechnology - Critical Fluids
Interface, Bio-Refining;

- Food Applications, Ultra-High Pres-
sure Food Processing;

- Analytical Pressurized Fluid Extrac-
tion (ASE, PSE, Sub-Critical Water).

Pre-Symposium Short Courses
Sunday, August 1
1. Fundamentals of Critical Fluids and

Their Application;
2. Supercritical Fluid Chromatography

Theory and Application;
3. Analytical Pressurized Fluid Extrac-

tion (Pressurized Liquids, SFE, Sub-Crit-
ical Water Extraction).

Please contact the Symposium/Exhibit

Manager, Janet Cunningham, regarding reg-
istration, short courses, sponsorship, exhibit
and lodging at Barr Enterprises, P.O. Box 279,
Walkersville, MD 21793, USA, Tel. +1 301-
668-6001 - Fax +1 301-668-4312 - E-mail:
janetbarr@aol.com.

Abstract Deadline - February 20, 2004,
www.supercritconf.org

Confectionery Manufacturing Expo
(CME)

Wiesbaden, Germany
27th to 29th April 2004

The show is the only pan-European
major exhibition exclusively featuring
suppliers to the confectionery industry.
ZDS Solingen, The Central College of the
German Confectionery Trade, will be or-
ganising the seminar programme. ZDS is
the world’s most prestigious training es-
tablishment for the confectionery indus-
try.

The programme will include sessions
on manufacturing technologies and the
use of ingredients in different confection-
ery products. Details on the seminars will
be published on the event website,
www.cm-expo.com, in the next few
weeks.

Confectionery Manufacturing Expo,
takes place every other year and is or-
ganised by Simply Events, a leading in-
ternational trade shows organiser and
publisher.

For further information, please con-
tact: Gillian Pattison, Show Press Office,
Tel.: +44 (0)20 8542 9090, E-mail:
press@simply-events.com.
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Announcement of Competition

“PREMIO DEL MUSEO”
EUROPEAN MUSEUM PRIZE XIII

EDITION 2004

Section for journalism
The Board of Scientific consultants of

the National Museum of Pasta, the only
one of its kind in the world, will award a
Prize for journalism in 2004.

The Prize aims to promote knowledge

and appreciation of Italian pasta food, ed-
ucation in learning the nutritional value
of this typical national food, which can
contribute to alleviate the world-wide prob-
lem of hunger. The theme for 2004 is “La
Pasta come conferma del valore di patria,
in un mondo globalizzato in crisi”.

For more information: Museo Nazionale
della Pasta, Piazza Scanderbeg 114-120,
00187 Roma, Italy, Tel. +39 06 6991119-
6991120 - Fax +39 06 6991109.
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GUIDE FOR AUTHORS
ITALIAN JOURNAL OF FOOD SCIENCE - IJFS

1. Manuscript Preparation

(1) Manuscripts must be typed, double-spaced and two copies submitted along with
the computer disk. There should be liberal margins on top, bottom and sides (2.5 cm).
English is the official language. Authors who are not fluent in written English must seek
help from a person fluent in scientific English. The Assistant Editor reserves the right to
make literary corrections and to make suggestions to improve brevity, but the paper
must be revised by a native English speaker before submission.

Pages and lines on all pages, including those pages for “References” and figure legends,
must be numbered in the left margin, beginning with number one at the top of the page.

The paper must also be submitted on a Macintosh or Windows floppy disk. Indicate
which word processor was used to generate the file and save the file also in format
“Text only”, DCA-RTF or ASCII, if you do not have programs for Macintosh; graphics,
pictures and diagrams must be saved in TIF, JPEG, EPS, CGM or PICT formats (not
included in MsWord documents).

(2) Every paper should be divided under the following headings in this order:
Title. Informative of the content of the article (<50 characters + spaces). Author(s).

Initials and Surname, omit professional and official titles. The Institute and address
where the research was carried out and the current address of each author should be
given as a footnote on the title page.

Abstract. Clearly state the objective of the study, give a concise description of
experiment(s), observations, results and conclusions. No references should be cited.
DO NOT EXCEED 100 WORDS. An abstract and title in Italian (corresponding to
the English) must also be included.

Keywords. Up to six words, in alphabetical order, which describe the document
must be given to aid data retrieval and indexing.

Introduction. Review pertinent previous work and cite appropriate references. State
the purpose of the investigation.

Materials and Methods. Indicate apparatus, instruments, reagents, etc., giving
sufficient detail to allow the work to be repeated.

Results and Conclusions. Results and Conclusions may be presented together or
separately. Concisely present results using tables and figures to help justify conclusions
(do not present the same information in both forms). Use statistical analysis when
appropriate. Unsupported hypotheses should be avoided. Conclusions should point
out the significance of the findings and, if possible, relate the new findings to some
problem in Food Science and Technology.

Acknowledgments. Acknowledgments of assistance are appropriate provided they
are not related to analyses, or other services performed for a fee. Financial support,
thanks for assistance, article number or thesis fulfillment may be included.

Units. A list of units particular to the paper may be included.
References. References should be arranged alphabetically, and for the same author

should be arranged consecutively by year, typed double-spaced. Each individual citation
should begin flush left (no indentation). Refer to attached examples taken from “Style
Guide for Research Papers” by the Institute of Food Technologists (Chicago - Illinois -
USA). Literature citations in the text should be referred to by name and year in
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parentheses (only the initials in capital letters). If there are more than two authors,
mention the first author and add et al.

(3) Tables should be as few and as simple as possible and include only essential
data. Each table must be on a separate sheet and saved on floppy disk, and have an
Arabic number, e.g.  Table 4  NOT  Tab. 4.  Legends must be self-explanatory and on a
separate sheet. Use lower-case letters for footnotes in tables and explain below the
table in the order in which they appear in the table.

(4) Figures must be drawn on separate sheets of paper and saved on floppy disk in
TIF, JPEG, EPS, CGM or PICT formats. They should be drawn so that on 50% reduction,
lines, figures and symbols will be clearly legible and not overcrowded. A photocopy of
how the figure should appear must be included. Photographs must be unmounted,
glossy prints or slides. All figures must be given Arabic numbers, e.g. Fig. 3, in the text
and in the final copy only on the back where the title of the paper, the senior author’s
surname and the top of the illustration must also be marked; for reviewing procedures,
do not include this information in the first submitted copies. Legends for figures must
be self-explanatory and should be typed on a separate sheet under “Legends to Figures”.

(5) Standard Usage, Abbreviations and Units. The Concise Oxford and Webster’s
English Dictionaries are the references for spelling and hyphenation. Statistics and
measurements should always be given in figures, e.g. 10 min, except when the number
begins a sentence. When the number does not refer to a unit of measurement it is
spelled out unless it is 100 or greater. Abbreviations should be used sparingly, only
when long or unwieldy names occur frequently, and never in the title; they should be
given at the first mention of the name. International Standard abbreviations should
generally be used except where they conflict with current practice or are confusing. For
example, 3 mm rather than 3x10-3m. Abbreviations should be defined the first time
that they are used in the text and they should be used consistently thereafter.
Temperatures should be expressed in the Celsius (centigrade) scale. Chemical formulae
and solutions must specify the form used, e.g. anhydrous or hydrated, and the
concentration must be in clearly defined units. Common species names should be
followed by the Latin binomial (italics) at the first mention. For subsequent use, the
generic name should be contracted to a single letter if it is unambiguous.

2. Review Policy

Scientific contributions in one of the following forms may be submitted:
Opinions and Reviews - Papers may be sent directly to the Editor-in-Chief who will

decide upon publication or articles will be requested directly from the authors by the
Editor-in-Chief.

Short Communications and Surveys - They do not need to have the formal organization
of a research paper; they will receive priority in publication;

Papers - The paper must follow manuscript preparation.
Short Communications, Surveys and Papers will be subjected to critical review by

the referees. Upon receiving papers from authors, the Advisory Board with the Editor-
in-Chief will select papers in relationship to innovation and originality and send copies
to the referees. A letter stating that the paper has been accepted for refereeing will be
sent to the authors. Papers needing revision will be returned to the author, and the
author must return the revised manuscript to the Editor-in-Chief, otherwise the paper
will be considered as withdrawn. Papers not suitable for publication will be returned to
the author with a statement of reasons for rejection.
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3. Editorial Policy

Referees may not be from the same institution as the author. Referees should make
their comments and questions in detail and return the paper to the Editor-in-Chief as
soon as possible, usually within 4 weeks. The identity and the report of the referees are
made known to the Editor-in-Chief, but only the anonymous report is routinely sent to
the author. If all referees recommend acceptance or rejection, the decision stands. If
the opinions of the referees tie, the Editor-in-Chief has the freedom to decide upon
acceptance or rejection of the paper. Manuscripts will be edited in the order received
and accepted papers will be published as closely as possible in this order. A letter
announcing the issue of publication will be sent to the author after the manuscript has
been accepted by the Editor-in-Chief. Each paper is accepted with the understanding
that it is the sole document under active consideration for publication covering the
work reported (it has NOT been previously published, accepted or submitted for publi-
cation elsewhere). Upon acceptance of the paper for publication, the author agrees to
pay the page charges as published on the first page of each issue. Authors take full
responsibility for all opinions stated in their papers and published in this journal.

4. Mailing Instructions

Papers for publication and communications regarding editorial matters
should be sent to:
Prof. Paolo Fantozzi or Dr. Mary F. Traynor, F.S.E.
Dipartimento di Scienza degli Alimenti, Università di Perugia, S. Costanzo,
I - 06126 Perugia, Italy
E-mail: ijfs@unipg.it or paolofan@unipg.it
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(1966). “Newer Knowledge of Apple Constitution”, p. 141,
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(Thesis)
Gejl-Hansen F. 1977. Microstructure and stability of freeze-

dried solute containing oil-in-water emulsions. Sc. D.
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