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PAPER

- Key words: aerobic respiration, alcoholic fermentation, kinetics, Malus domestica, 
mathematical model -

A TENTATIVE MATHEMATICAL MODEL 
TO DESCRIBE THE EVOLUTION OF THE 

AEROBIC AND ANAEROBIC RESPIRATION 
RATES OF GOLDEN DELICIOUS APPLES 

WITH TEMPERATURE, PO2 AND PCO2

UN MODELLO MATEMATICO PER DESCRIVERE L’EVOLUZIONE DELLA 
RESPIRAZIONE AEROBIA IN MELE GOLDEN DELICIOUS AL VARIARE 

DELLA TEMPERATURA E DELLA COMPOSIZIONE GASSOSA (PO2 E PCO2)

G. ANDRICH*, A. ZINNAI, F. VENTURI, S. SILVESTRI and R. FIORENTINI
Dipartimento di Chimica e Biotecnologie Agrarie, Via del Borghetto 80, 

56124 Pisa, Italy
*e-mail: gandrich@agr.unipi.it

AbstrAct

A mathematical model describing 
the evolution of aerobic and anaero-
bic respiration of Golden Delicious ap-
ples stored in refrigerated and control-
led atmosphere, as a function of tem-
perature, PO2 and PcO2 is presented 
and discussed. this paper reports: the 
hypothesis utilised to formulate the 
model; the kinetic equations used; the 
identification of the best values to be 
assigned to the functional parameters 
of the mathematical equations intro-
duced; the model validation carried out 

riAssuntO

Viene analizzato un modello matema-
tico che descrive l’evoluzione della re-
spirazione aerobia e anaerobia di mele 
Golden Delicious in funzione della tem-
peratura e della composizione dell’at-
mosfera di conservazione (PO2 e PcO2). 
Oltre alle ipotesi introdotte nella sua 
formulazione, viene presentata e di-
scussa la struttura matematica del mo-
dello e le equazioni cinetiche impiegate. 
Mentre per l’identificazione dei miglio-
ri valori numerici da attribuire alle co-
stanti funzionali del modello sono sta-
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by using an independent experimen-
tal data set. Despite the low number 
of functional parameters utilised, this 
model appears able to suitably describe 
the evolution of aerobic respiration and 
alcoholic fermentation rates of Golden 
Delicious apples stored at different tem-
peratures, PO2 and PcO2.

ti utilizzati i valori sperimentali relati-
vi alle velocità della respirazione aero-
bia ed anaerobia di frutti mantenuti in 
80 differenti condizioni di conservazio-
ne, nella validazione del modello è sta-
to impiegato un set di dati diverso otte-
nuto misurando l’evoluzione, provocata 
dai frutti conservati, della composizione 
gassosa (PO2 e PcO2) dell’atmosfera di 
conservazione. sebbene il numero dei 
parametri previsti dal modello sia rela-
tivamente contenuto, i valori calcolati 
non sembrano discostarsi in modo si-
gnificativo da quelli sperimentali.

intrODuctiOn

the control of respiratory activity 
highly contributes to maintaining the 
quality of the stored product and to pro-
longing its shelf life (HErtOG et al., 2001; 
JOHnstOn et al., 2001; DE sMEDt et al., 
2002; PEtrAcEK et al., 2002). control-
led atmosphere (cA) storage and modi-
fied atmosphere packaging (MAP) would 
greatly profit from the application of a 
mathematical model able to predict the 
evolution of both aerobic respiration and 
alcoholic fermentation as a function of 
storage conditions (sALtVEit, 2003).

there have been many different ap-
proaches used to identify a suitable res-
piration model and in particular to de-
scribe the effect of PO2 and PcO2 on aer-
obic metabolism. some of these attempts 
are based on empirical or semi-empiri-
cal equations characterised by a limited 
range of possible utilisations (Jurin and 
KArEL, 1963; HEniG and GiLbErt, 1975; 
HAYAKAWA et al., 1975; DEiLY and riZVi, 
1981; bEAuDrY et al., 1992).

Others have used Langmuir’s adsorp-
tion theory to describe the O2 consump-
tion rate in many kinds of fresh prod-
ucts, but the model obtained only de-
scribes the aerobic respiration of prod-

ucts maintained in an atmosphere hav-
ing a negligible amount of cO2 (MAKinO 
et al., 1996a). successively, the same 
authors improved their model to include 
the effect of cO2 on aerobic respiration 
by the addition of an empirical equation 
(MAKinO et al., 1996b).

the actual mechanism describing how 
PO2 from the surrounding atmosphere 
acts on the aerobic respiration rate is 
not yet clear (VAn DOnGEn et al., 2003; 
2004). Most of the time an enzymat-
ic approach using the Michaelis-Ment-
en equation has been applied. in some 
cases the Michaelis-Menten equation 
was modified to improve its applicabil-
ity (cHEViLLOttE, 1973; bAnKs et al., 
1989; AnDricH et al., 1991; LEE et al., 
1991; cAMErOn et al., 1994; HErtOG et 
al., 1998; PEPPELEnbOs et al., 1996a). 
in fact, PEPPELEnbOs and VAn’t LEVEn 
(1996b), changed this equation to de-
scribe the inhibitory effect induced by 
cO2 on aerobic respiration. successive-
ly, they used the same approach to de-
scribe the inhibition due to O2 on the cO2 
production rate during alcoholic fermen-
tation (PEPPELEnbOs and VAn’t LEVEn, 
1996b; PEPPELEnbOs et al., 1998). Even-
tually, they succeeded in formulating a 
mathematical model to describe the ev-
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olution of aerobic and anaerobic respi-
ration as a function of temperature, PO2 
and PcO2 (HErtOG et al., 1998). Accord-
ing to this approach, O2 would be able to 
inhibit alcoholic fermentation, while an 
increase in cO2 in the surrounding at-
mosphere would reduce the rates of both 
aerobic respiration and alcoholic fermen-
tation. so cO2 would be able to inhibit 
two different enzymes, both present after 
glycolysis and, respectively, during the 
pathway connected with pyruvate trans-
formation to give cO2 and H2O, and dur-
ing alcoholic fermentation.

On the other hand, KErbEL et al. 
(1990) showed that phospho-fructo-ki-
nase (PFK), an enzyme involved in glyco-
lysis, is inhibited by a high value of PcO2 
so as to make the phosphorilation of fruc-
to-6-phosphate a possible rate determin-
ing step of glycolysis and perhaps of the 
whole aerobic respiration process.

On the basis of these considerations, 
which seem to be consistent with the ex-
perimental results obtained during this 
research, showing that both aerobic res-
piration and alcoholic fermentation ap-
pear to be similarly affected by an in-
crease in PcO2 (AnDricH et al., 1994a), 
a new kinetic approach was adopted and 
an alternative mathematical model hy-
pothesised.

this model is based on the following 
hypothesis:

a) the rate determining step of the 
whole respiratory pathway could be al-
ternatively situated, as a function of the 
operating conditions adopted (tempera-
ture, PO2 and PcO2) during glycolysis or 
during the following oxidation of pyru-
vate to give cO2 and H2O.

in particular an enzyme involved in 
glycolysis (for example PFK) was as-
sumed to be inhibited by cO2, so as to 
make this enzymatic transformation 
(phosphorilation of fructo-6-phosphate 
to give fructo-1,6-diphosphate) the rate 
determining step of the whole respiration 
process when high values of PcO2 are 
present in the storage atmosphere.

in contrast, when an increase in PO2 
in the storage atmosphere increases res-
piration, the rate determining step would 
be situated during the last part of aero-
bic respiration and in particular during 
pyruvate oxidation (burtOn, 1978; KEr-
bEL et al., 1990).

b) As, from an energetic point of view, 
pyruvate oxidation is largely more fa-
voured than its transformation to etha-
nol and cO2 (18 units of AtP produced 
per unit of pyruvate transformed by aer-
obic transformation, versus only one AtP 
unit which can be obtained by alcohol-
ic fermentation), alcoholic fermentation 
was supposed to take place only when 
the PO2 present in the surrounding at-
mosphere was not sufficient to ensure 
the complete transformation, by aero-
bic respiration, of all the pyruvate pro-
duced by glycolysis.

the experimental values of aerobic 
and anaerobic respiration rates of Gold-
en Delicious apples stored in 80 different 
conditions (4 temperatures, 4 PO2 and 5 
PcO2) were then elaborated by a commer-
cial statistical program (buZZi FErrAris 
and MAncA, 1996) to identify the best val-
ues to be assigned to the functional pa-
rameters involved in the model. A differ-
ent set of experimental data was succes-
sively utilised to validate the model.

MAtEriALs AnD MEtHODs

Measuring the gas exchange rates as 
a function of the working conditions 
adopted (PO2, cO2 and temperature)

the experimental runs were carried 
out using an automatic cell designed and 
developed at the Dipartimento di chim-
ica e biotecnologie Agrarie of university 
of Pisa. this apparatus is able to evalu-
ate simultaneously the rates of cO2 pro-
duced (rcO2

) and of O2 consumed (rO2
) by 

the fruit stored at the desired tempera-
ture (± 1°c) and the gas composition of 
the storage atmosphere.
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to ensure a constant gas composition 
inside the storage room, the amount of 
cO2 produced by the fruit was contin-
uously and automatically monitored 
by a gas chromatograph. the excess 
cO2 produced by the fruit was then re-
moved by traps (aqueous ba(OH)2 solu-
tion) and automatically replaced by an 
equivalent volume of pure O2 (AnDricH 
et al., 1994b). While the amount of O2 
replenished gave a measure of the aero-
bic respiration rate (rar = rO2

), the differ-
ence between the rates of cO2 produced 
and O2 consumed allowed the calcula-
tion of the alcoholic fermentation rate 
(raf = rcO2

 - rO2
).

the experimental runs were carried 
out using commercial Golden Delicious 
apples. the handling of the fruit, the 
experimental protocol, the layout of the 
plant as well as the methodology applied 
to carry out the automatic monitoring 
of the experimental runs were reported 
by AnDricH et al. (1994b). Moreover the 
experimental data was statistically ana-
lyzed according to the procedure report-
ed by AnDricH et al. (1989; 1990).

Estimation of parameters

the identification of the best values 
to be assigned to model parameters was 
carried out using a commercial statisti-
cal program (burEnL). this statistical 
program is able to identify in a space 
of j-dimensions (where j is equal to the 
number of model parameters) the mini-
mum of function F which is given by the 
sum of squares of differences occurring 
among experimental (Yi,exper.) and calcu-
lated (Yi,calc.) values:

 n
F = Σ (Yi,calc. – Yi,exper.)

2 ; n = total number
 i=1

of experimental determinations

the identification of the minimum 
of this equation is carried out by using 
different mathematical algorithms and 
in particular the Gauss-newton meth-

od which utilises the linearization in 
the taylor series of the proposed math-
ematical model. the values assumed by 
model parameters at the minimum of 
the “F” function represent the desired 
best data set (buZZi FErrAris and MAn-
cA, 1996).

Model fitness

the mean square error (MsE) connect-
ed to the differences occurring between 
experimental and calculated data relat-
ed to the PO2 and PcO2 evolution inside 
a cell where the Golden Delicious apples 
were stored was evaluated according to 
the following mathematical expression:

 n

MsE = Σ (Yi,exper. – Yi,calc.)
2/n

 i=1

where:
 Yi,exper. = a generic experimental meas-

ure (i) of PO2 or PcO2;
 Yi,calc. = corresponding calculated val-

ue (i) of PO2 or PcO2;
 n = total number of experimental 
   determinations.
while the percentage of variance 

(VAr%) was calculated according to the 
following expression:

   
VAr% = (MsE)0.5 ⋅ 100 / MEAn

 n

being MEAn = (Σ Yi,exper ) / n
 i=1

MODEL DEVELOPMEnt

the evolution of aerobic respiration 
rate with PO2

According to the hypothesis intro-
duced, an enzymatic transformation in-
volved in the oxidation of pyruvate (bur-
tOn, 1978) was assumed to be the rate 
determining step of the respiratory proc-
ess when PO2 represents the limiting fac-
tor of the whole aerobic respiration (an 
increase of PO2 also determines that of 



Ital. J. Food Sci. n. 1, vol. 18 - 2006  �

rar). As extensively reported in the liter-
ature (cHEViLLOttE, 1973; bAnKs et al., 
1989; AnDricH et al., 1991; LEE et al., 
1991; cAMErOn et al., 1994; PEPPELEn-
bOs et al., 1996a; HErtOG et al., 1998), 
the Henry-Michaelis-Menten equation 
was used to describe the evolution of 
aerobic respiration with PO2:

 rar = rar,max ⋅ [O2] / (KM + [O2]) (1)

where:
rar,max = the maximum value of the 

aerobic respiration rate at the experimen-
tal conditions adopted (mol·kg-1·s-1);

[O2] = the amount of O2 dissolved in 
the cellular solution (mol⋅kg-1);

KM = the Michaelis constant (mol⋅kg-1).
As the resistance to O2 diffusion due 

to apple skin is very reduced, the O2 
mass transfer rate between surround-
ing atmosphere and fruit cells appears 
to be significantly faster than the aero-
bic respiration rate. so the concentra-
tion of O2 dissolved in the cellular solu-
tion can be assumed to be in equilibri-
um with the PO2 of the surrounding at-
mosphere (AnDricH et al., 1989; PEPPE-
LEnbOs et al., 1996a):

Ksat,O2
 = [O2] / PO2

And the following relationship can be 
obtained:

 [O2] = Ksat,O2 ⋅ PO2 (2)

the cO2 inhibition of an enzymatic 
reaction involved in glycolysis

According to the hypothesis intro-
duced, an enzyme involved in glycolysis 
is assumed to be inhibited by cO2, so 
as to make this enzymatic transforma-
tion the rate determining step of glyco-
lysis. to describe the effect induced by 
an increase in PcO2 in the surrounding 
atmosphere, and then also of the cO2 
concentration in the cellular solution, 

on the rate of glycolysis (hexose metab-
olisation rate = rhm), the following equa-
tion was hypothesised:

 rhm = r’hm / (1 + K’cO2 ⋅ [cO2]) (3)

where:
rhm = the hexose metabolisation rate 

(rate of glycolysis) when the cO2 concen-
tration in the cellular solution is greater 
than zero (PcO2≥0) [mmol ⋅ kg-1⋅ h-1];

r’hm = the hexose metabolisation rate 
when the cO2 concentration in the cel-
lular solution is equal to zero (PcO2=0) 
[mmol ⋅ kg-1⋅ s-1];

K’cO2 
= the constant related to the in-

hibitory power induced by cO2 on the 
hexose metabolisation rate [kg ⋅ mol-1];

[cO2] = the concentration of cO2 dis-
solved in the cellular solution [mmol ⋅ 
kg-1].

Aerobic respiration, alcoholic  
fermentation, hexose metabolisation 
and AtP production rates as a  
function of PO2 and PcO2

As, from an energetic point of view, the 
oxidation of pyruvate is largely more fa-
voured than its transformation to ethanol 
and cO2, alcoholic fermentation would 
take place only when the PO2 of the sur-
rounding atmosphere is not sufficient to 
ensure the aerobic respiration of all the 
pyruvate produced by glycolysis.

if PcO2 is close to zero and high PO2 val-
ues are present in the storage atmosphere, 
only aerobic respiration takes place:

c6H12O6 + 6 O2 → 6 cO2 + 6 H2O
(energetic yield = 36 AtP)

because of the stoichiometric factors 
connected with this reaction, the rate of 
hexose (D-glucose) conversion (rhm) will 
be equal to 1/6 of that of O2 consumption 
as well as 1/6 of aerobic respiration (rar 
= rO2

; see Materials and Methods):

rhm = 1/6 ⋅ rO2
; rhm = 1/6 ⋅ rar
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Moreover, according to this hypothesis 
and to the results reported in a previous 
paper (AnDricH et al., 1994a), in this 
case, the rate of AtP produced reaches 
its maximum value (rAtP,max) which is re-
lated to rAtP,max:

rAtP,max = 6 ⋅ rar,max

if both respiratory gasses are practi-
cally absent in the surrounding atmos-
phere (PO2 = PcO2 ≈ 0), all the pyruvate 
produced by glycolysis is converted by 
alcoholic fermentation to produce eth-
anol and cO2:

c6H12O6 → 2 cO2 + 2 c2H5OH
(energetic yield = 2 AtP)

in these conditions, the rate of ethanol 
production (raf = alcoholic fermentation 
rate = rcO2

 - rO2
; see Materials and Meth-

ods), which is double that connected 
with hexose metabolisation (rhm), reaches 
its maximum value (raf,max). Also the rate 
of hexose metabolisation (rhm) assumes 
its maximum value (rhm,max), while that 

related to AtP production (rAtP) is close 
to its minimum value (rAtP,min) (AnDricH 
et al., 1994b):

raf = 2 ⋅ rhm → raf,max = 2 ⋅ rhm,max

rAtP,min = raf,max → rAtP,min = 2 ⋅ rhm,max

if higher PcO2 and reduced PO2 are uti-
lised, only a part of the reduced amount 
of pyruvate, which can be produced in 
these conditions, can be oxidised by aer-
obic respiration because of the low val-
ue of PO2 employed. the pyruvate which 
cannot be consumed by O2, is converted 
by alcoholic fermentation to produce eth-
anol and cO2 (alcoholic fermentation). 
so, on the basis of this hypothesis and 
of related considerations, the following 
relationships can be written:

rhm = 1/6 ⋅ rar + 1/2 ⋅ raf

rAtP = 6 ⋅ rar + raf

Fig. 1 reports the theoretical evolu-
tions of aerobic respiration, alcoholic fer-

Fig. 1 - Evolution of aerobic respiration (rar), alcoholic fermentation (raf), AtP production (rAtP) and hex-
ose metabolisation (rhm) rates with PO2 (PcO2 = 0 kPa).

R
at

e 
(m

m
o

l x
 k

g
-  x

 h
- ) 

o
f:

 a
er

o
b

ic
 r

es
p

ir
at

io
n

(r
ar
);

 a
lc

o
h

o
lic

 f
er

m
en

ta
ti

o
n

 (
r af

);
 h

ex
o

se
m

et
ab

o
liz

at
io

n
 (

r h
m
)

R
at

e 
o

f 
A

T
P

 p
ro

d
u

ct
io

n
 (

m
m

o
l x

 k
g

-1
 x

 h
-1
)

PO2 (kPa)

r
ATP

r
ar

r
hm

r
af



Ital. J. Food Sci. n. 1, vol. 18 - 2006  �

mentation, AtP production and hexose 
metabolisation rates (rar, raf, rAtP, rhm) with 
PO2 when the PcO2 in the storage atmos-
phere was maintained close to zero (An-
DricH et al., 1994b). When PO2 increas-
es also rar and rAtP increase while, on the 
contrary, raf and rhm decrease. Moreover 
the AtP production rate (rAtP) appears 
to reach an asymptotic maximum val-
ue when PO2 is close to that of air, and 
in these conditions, the hexose metabo-
lisation rate (rhm) reaches its asymptotic 
minimum value.

the theoretical evolution of both aer-
obic respiration and alcoholic fermenta-
tion rates as a function of the PcO2 adopt-
ed, is reported in Fig. 2 at four different 
values of PO2 (a = 0; b = 3; c = 10; d = 21 
kPa), while the temperature is maintained 
at 21°c. to allow an easier comparison 

among experimental and calculated val-
ues, together with the theoretical curves, 
the related experimental points (table 2d) 
are also reported (Fig. 2 a,b,c,d). if oxy-
gen is not present in the storage atmos-
phere (Fig. 2a; PO2 = 0 kPa), aerobic res-
piration cannot occur, while the alcoholic 
fermentation rate reaches its maximum 
value when PcO2 is equal to zero, and de-
creases when PcO2 increases. because 
of the more relevant production of AtP, 
which can be obtained by aerobic respira-
tion compared to that coming from alco-
holic fermentation, the reduced amount 
of O2 present in the storage atmosphere 
(PO2 = 3 kPa; Fig. 2b), would be complete-
ly utilised by the fruit to promote aero-
bic respiration, while the remaining frac-
tion of pyruvate produced in these con-
ditions would be converted by alcoholic 

Fig. 2a,b,c,d - Evolution of aerobic respiration (rar) and alcoholic fermentation (raf) as a function of PcO2 
at four different levels of PO2 (a = 0, b = 3, c = 10, d = 21 kPa), while temperature was maintained at 
21°c. the theoretical curves and the experimental points are reported.
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table 1 - steps connected with the logical procedure followed by the mathematical model to describe 
the evolution of aerobic respiration and alcoholic fermentation rates as a function of storage conditions 
(temperature = t2, PO2 = PO2 and PcO2 = PcO2).

[Step 1] - Calculation of the values assumed by the model constants as a function of storage temperature (T2):
1. Ksat,O2(T=T2) = Ksat,O2(T=T1) ⋅ e - ∆H°ksat,O2/R ⋅ (1/T2 - 1/T1) <9>
2. KCO2(T=T2) = KCO2 (T=T1) ⋅ e - ∆H°kCO2/R ⋅ (1/T2 - 1/T1)  <9>
3. KM(T=T2) = KM(T=T1) ⋅ e - ∆H°kM/R ⋅ (1/T2 - 1/T1 <9>
4. rar,max(T=T2) = rar,max (T=T1) ⋅ e - ∆Erar,max/R ⋅ (1/T2 - 1/T1) <8>
5. raf,max(T=T2) = raf,max (T=T1) ⋅ e - ∆Eraf,max/R ⋅ (1/T2 - 1/T1) <8>

[Step 2] - Evaluation of the maximum rate assumed by aerobic respiration at the PO2 and temperature used (PO2, 
T2 → rar*):

1. [O2] = Ksat,O2(T=T2) ⋅ PO2 <2>
2. rar* = rar,max (T=T2) ⋅ [O2] / (KM(T=T2) + [O2]) <1>
3. the hexose metabolisation rate (rhm*) connected to this aerobic activity can be then calculated: rhm* = 1/6 ⋅ rar*

[Step 3] - Evaluation of the hexose metabolization rate (rhm) as a function of temperature, PCO2 and rar* calculated 
in the previous step (T2, PCO2, rar* → rhm):

1. rhm=1/(1+KCO2(T=T2)⋅PCO2)⋅{rar,max(T=T2)/6+(1/2⋅raf,max(T=T2 /rar,max(T=T2)- 1/6) ⋅ (rar,max(T=T2) - rar*)} <7>

[Step 4] - [I° case: rhm ≤ rhm*] The metabolized hexose can be completely converted by aerobic respiration:
1. raf = 0
2. rhm = rar/6 =

=1/(1+KCO2(T=T2)⋅PCO2) ⋅ {rar,max(T=T2)/6 + (1/2⋅raf,max(T=T2) /rar,max(T=T2) - 1/6) ⋅ (rar,max(T=T2) - rar)} <7>
3. rar = (3⋅raf,max(T=T2)⋅rar,max(T=T2)) / (KCO2(T=T2)>⋅PCO2⋅rar,max(T=T2) + 3 ⋅ raf,max(T=T2)) <10>

[Step 5] - [II° case: rhm > rhm*] In this case, the rar value is equal to that calculated in Step 1, while raf will be propor-
tional to the difference occurring between rhm and rar:

1. rar = rar*
2. rhm = rar/6 + raf/2 =
 =1/(1+KCO2(T=T2)⋅PCO2)⋅{rar,max(T=T2)/6+(1/2⋅raf,max(T=T2)/rar,max(T=T2)-1/6)⋅(rar,max(T=T2) - rar)} <7>
3. raf = 2 ⋅ rhm - 1/3 ⋅ rar =
 =2/(1+KCO2(T=T2)⋅PCO2)⋅{rar,max(T=T2)/6+(1/2⋅raf,max(T=T2)/rar,max(T=T2) - 1/6) ⋅ (rar,max(T=T2) - rar)}- 1/3 ⋅ rar <11>

rar* = maximum aerobic respiration rate at the PO2 and temperature used (PCO2 = 0);
Ksat,O2 = constant connected with the equilibrium of O2 partition between the cellular solution of apples and sur-
rounding atmospheres;
T1 = reference temperature;
T2 = run temperature;
∆H°Ksat,O2 = activation energy related to Ksat;
rar,max = kinetic constant connected with Michaelis-Menten-like equation;
∆Ear,max = activation energy related to rar,max;
KM = Michaelis constant;
∆EM = activation energy related to KM;
[O2]cs = concentration of O2 dissolved in cytosol;
PO2 = partial pressure of O2 in the surrounding atmosphere;
kmt,O2 = global mass transfer constant connected with O2 diffusion;
A = fruit area;
raf,max = maximum alcoholic fermentation rate at the temperature used (PO2 = PCO2 = 0 kPa);
∆Eaf,max = activation energy related to raf,max;
rar = aerobic respiration rate under the experimental conditions adopted;
rhm = hexose metabolisation rate under the experimental conditions adopted;
raf = alcoholic fermentation rate under the experimental conditions adopted;
KCO2 = equilibrium constant related to the inhibitory effect of PCO2;
PCO2 = partial pressure of CO2 in the surrounding atmosphere.



Ital. J. Food Sci. n. 1, vol. 18 - 2006  ��

table 2c - Aerobic respiration (rar) and alcohol-
ic fermentation (raf) rates of Golden Delicious ap-
ples stored at 16°c as a function of PO2 and PcO2 
adopted.

 PO2 PCO2 rar raf
 (kPa) (kPa) (mmol ⋅ kg-1⋅h-1) (mmol ⋅ kg-1⋅h-1)

 0 0 0.00 0.59
 3 0 0.21 0.26
 10 0 0.54 0.00
 21 0 0.56 0.03
 0 5 0.00 0.59
 3 5 0.32 0.03
 10 5 0.59 0.00
 21 5 0.52 0.00
 0 10 0.00 0.52
 3 10 0.24 0.11
 10 10 0.39 0.02
 21 10 0.56 0.00
 0 15 0.00 0.47
 3 15 0.11 0.05
 10 15 0.22 0.00
 21 15 0.24 0.00
 0 20 0.00 0.05
 3 20 0.19 0.00
 10 20 0.31 0.00
 21 20 0.38 0.00

table 2b - Aerobic respiration (rar) and alcohol-
ic fermentation (raf) rates of Golden Delicious ap-
ples stored at 6°c as a function of PO2 and PcO2 
adopted.

 PO2 PCO2 rar raf
 (kPa) (kPa) (mmol ⋅ kg-1⋅h-1) (mmol ⋅ kg-1⋅h-1)

 0 0 0.00 0.43
 3 0 0.13 0.07
 10 0 0.40 0.00
 21 0 0.43 0.00
 0 5 0.00 0.16
 3 5 0.06 0.00
 10 5 0.10 0.00
 21 5 0.14 0.00
 0 10 0.00 0.08
 3 10 0.07 0.00
 10 10 0.23 0.00
 21 10 0.09 0.00
 0 15 0.00 0.05
 3 15 0.00 0.00
 10 15 0.17 0.00
 21 15 0.11 0.00
 0 20 0.00 0.00
 3 20 0.00 0.00
 10 20 0.00 0.00
 21 20 0.00 0.00

table 2d - Aerobic respiration (rar) and alcohol-
ic fermentation (raf) rates of Golden Delicious ap-
ples stored at 21°c as a function of PO2 and PcO2 
adopted.

 PO2  PCO2 rar raf
 (kPa) (kPa) (mmol ⋅ kg-1⋅h-1) (mmol ⋅ kg-1⋅h-1)

 0 0 0.00 0.68
 3 0 0.40 0.37
 10 0 1.00 0.05
 21 0 0.83 0.00
 0 5 0.00 0.84
 3 5 0.54 0.00
 10 5 0.81 0.00
 21 5 0.68 0.02
 0 10 0.00 0.70
 3 10 0.37 0.09
 10 10 0.58 0.00
 21 10 0.64 0.02
 0 15 0.00 0.59
 3 15 0.18 0.09
 10 15 0.62 0.00
 21 15 0.47 0.00
 0 20 0.00 0.27
 3 20 0.21 0.00
 10 20 0.58 0.00
 21 20 0.59 0.00

table 2a - Aerobic respiration (rar) and alcohol-
ic fermentation (raf) rates of Golden Delicious ap-
ples stored at 1°c as a function of PO2 and PcO2 
adopted.

 PO2 PCO2 rar raf
 (kPa) (kPa) (mmol ⋅ kg-1⋅h-1) (mmol ⋅ kg-1⋅h-1)

 0 0 0.00 0.33
 3 0 0.08 0.08
 10 0 0.15 0.00
 21 0 0.16 0.03
 0 5 0.00 0.07
 3 5 0.10 0.00
 10 5 0.07 0.00
 21 5 0.14 0.00
 0 10 0.00 0.05
 3 10 0.00 0.00
 10 10 0.06 0.00
 21 10 0.04 0.00
 0 15 0.00 0.04
 3 15 0.00 0.00
 10 15 0.06 0.00
 21 15 0.00 0.00
 0 20 0.00 0.00
 3 20 0.00 0.00
 10 20 0.00 0.00
 21 20 0.00 0.00
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fermentation. Also in this case, increas-
ing values of PcO2 reduced the alcoholic 
fermentation rate.

When increasing values of PO2 are em-
ployed (10, 21 kPa; Fig. 2c and 2d), aer-
obic respiration takes place and only a 
very reduced fraction of alcoholic fer-
mentation occurs. but, in any case, it is 
this process that is initially affected by 
the increasing values of PcO2 and only 
when alcoholic fermentation is reduced 
to zero, does the aerobic respiration rate 
begin to be reduced by the increasing 
values of PcO2. in these experimental 
conditions, the two initial maximum val-
ues assumed by the aerobic respiration 
rate at PO2 equal, respectively, to 10 and 
21 kPa (PcO2 = 0 kPa; ) do not substan-
tially differ because in these conditions 
(high levels of PO2), the aerobic respira-
tion rate is not so far from its maximum 
asymptotic value.

A kinetic equation to describe  
the evolution of the hexose 
metabolisation rate with PO2 and PcO2

According to the considerations pre-
viously reported, the hexose metaboli-
sation rate would vary between a mini-
mum and a maximum value:

rhm,min ≤ rhm ≤ rhm,max

assuming its minimum value (rhm,min) 
when the fruit is stored at high values of 
PO2, while PcO2 is close to zero. in these 
conditions the aerobic respiration rate 
reaches its maximum value, while the 
hexose metabolisation rate would assume 
its minimum value (rar = rar,max → rhm,min = 
1/6⋅ rar,max). the maximum of rhm (rhm,max) 
would be obtained when both respirato-
ry gasses (O2 and cO2) are not present in 
the storage atmosphere and the aerobic 
respiration rate becomes equal to zero 
(rar = 0 → rhm,max = 1/2⋅raf,max).

so the hexose metabolisation rate (r’hm) 
shown by Golden Delicious apples stored 
in an atmosphere having variable PO2, 

but PcO2 close to zero, could be evaluat-
ed as the sum of two contributions: the 
minimum value assumed by the hexose 
metabolisation rate (rhm,min,PcO2≈0 = r’hm,min 
= 1/6⋅ rar,max) and a factor supposed to be 
proportional (Kp) to the difference occur-
ring between the maximum value of the 
aerobic respiration rate (rar,max) and that 
(rar) related to the experimental condi-
tions analysed, and in particular, to the 
PO2 utilised:

 r’hm = 1/6⋅ rar,max + Kp ⋅ (rar,max - rar) (4)

As the hexose metabolisation rate 
reaches its maximum value when both 
PO2 (rar=0) and PcO2 are close to zero, the 
following expression can be obtained:

rhm,max,PcO2≈0 = r’hm,max = 1/2⋅raf,max =

= 1/6 ⋅ rar,max + Kp ⋅ rar,max

and KP calculated:

Kp = 1/2 ⋅ raf,max/rar,max – 1/6

so that equation <4> would become:

r’hm = 1/6⋅ rar,max + (1/2 ⋅ raf,max/rar,max - 1/6) ⋅ 
 (rar,max - rar) (5)

combining equations <3> and <5> the 
following expression can be obtained:

rhm = r’hm / (1 + K’cO2 ⋅ [cO2]) =

= 1/(1 + K’cO2 ⋅ [cO2]) ⋅[1/6⋅ rar,max +

+ (1/2 ⋅ raf,max/rar,max – 1/6) ⋅ 

 (rar,max - rar)] (6)

As, already reported for O2, also the 
resistance offered by apple skin to cO2 
diffusion is negligible and the cO2 mass 
transfer rate, between the surrounding 
atmosphere and the fruit cells appears 
to be largely greater than the respira-
tion rate. in this condition the concen-
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tration of cO2 dissolved in the cellular 
solution can be assumed to be in equi-
librium with the PcO2 of the surround-
ing atmosphere (AnDricH et al., 1990; 
PEPPELEnbOs et al., 1996a):

Ksat,cO2
 = [cO2] / PcO2

and the following relationship can be 
obtained:

[cO2] = Ksat,cO2 ⋅ PcO2

and equation <6> would become:

rhm =

= 1/(1 + K’cO2 ⋅ Ksat,cO2 ⋅ PcO2) ⋅ [1/6⋅ rar,max +

+ (1/2 ⋅ raf,max/rar,max – 1/6) ⋅ (rar,max - rar)]

= 1/(1 + KcO2 ⋅ PcO2) ⋅ [1/6⋅ rar,max +

+ (1/2 ⋅ raf,max/rar,max – 1/6) ⋅ 

 (rar,max - rar) )] (7)

where:
KcO2 = K’cO2

⋅Ksat,cO2
 = constant related to 

the inhibitory power due to cO2 [Pa-1];
PcO2 = the partial pressure of cO2 in 

the surrounding atmosphere [Pa];
rar,max = the maximum of the aerobic 

respiration rate [mol⋅kg-1⋅s-1];
raf,max = the maximum of the alcoholic 

fermentation rate [mol⋅kg-1⋅s-1];
rar = the aerobic respiration rate of ap-

ples stored in the adopted experimental 
conditions [mol⋅kg-1⋅s-1].

the dependence of the kinetic  
constants introduced from  
temperature

to describe the temperature depend-
ence of all the kinetic constants in-
troduced (rar,max, raf,max) the Arrhenius 
equation was utilised (AnDricH et al., 
1998):
 kt=t2 = kt=t1 ⋅ e ∆Ea/r ⋅ (1/t1 - 1/t2) (8)

where:
kt=t2 = kinetic constant at the em-

ployed temperature t=t2;
kt=t1 = kinetic constant at the refer-

ence temperature t=t1;
∆Ea/r = the ratio between the activa-

tion energy and ideal gas constant.
While a close Vant’Hoff expression has 

been introduced to describe the tempera-
ture dependence of the equilibrium con-
stants (Ksat,O2

, KcO2
, KM):

 Kt=t2 = Kt=t1 ⋅ e ∆H°r/r ⋅ (1/t1 - 1/t2) (9)

where:
Kt=t2 = equilibrium constant at the em-

ployed temperature t=t2;
Kt=t1 = equilibrium constant at the ref-

erence temperature t=t1;
∆H°r/r = the ratio between the stand-

ard enthalpy of reaction and the ideal 
gas constant.

Aerobic respiration and alcoholic  
fermentation rates as a function  
of working conditions

the logical procedure followed by the 
model to evaluate the aerobic respira-
tion and alcoholic fermentation rates 
as a function of the working conditions 
adopted (temperature, PO2 and PcO2), 
can be explained by the five steps re-
ported in table 1.

On the basis of the values calculat-
ed for the constants (Ksat,O2

; KcO2
; rar,max; 

raf,max; KM) at the storage temperature (t2) 
(step 1), the model determines the max-
imum possible rate (rar*) which can be 
assumed by aerobic respiration at the 
PO2 tested (step 2), together with the re-
lated hexose metabolisation rate (rhm*). 
then as a function of PcO2 of the sur-
rounding atmosphere and of the aero-
bic respiration rate (rar*) previously de-
termined, a preliminary tentative value 
for the hexose metabolisation rate (r°hm) 
is then calculated to be compared with 
the rhm* found in step 2.

if the r°hm value is lower than (or equal 
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to) rhm* (r°hm ≤ rhm*) [step 4, i° case], it 
means that all the pyruvate produced 
by glycolysis can be converted by aero-
bic respiration and no alcoholic fermen-
tation occurs (raf = 0).

in this case:

rhm = 1/6 ⋅ rar = 1/(1 + KcO2
⋅PcO2)⋅

[1/6⋅ rar,max +

+ (1/2⋅raf,max/rar,max – 1/6)⋅(rar,max - rar)]

so both rar and rhm can be calculated:

rar = (3⋅raf,max (t=t2)⋅rar,max (t=t2))/

(KcO2(t=t2)⋅PcO2⋅rar,max (t=t2) +

 + 3⋅raf,max (t=t2)) (10)

rhm=1/6⋅(3⋅raf,max (t=t2)⋅rar,max (t=t2))/

(KcO2(t=t2)⋅PcO2⋅rar,max (t=t2)+3⋅raf,max (t=t2)).

if, on the contrary, the r°hm value is 
greater than rhm* (r°hm > rhm*) [step 5, ii° 
case], it means that only a part of the 
pyruvate produced by glycolysis can be 
converted by aerobic respiration and, in 
this case, the aerobic respiration rate 
would assume the value calculated in 
step 2 (rar = rar* and then also rhm = rhm*), 
while the rate of alcoholic fermentation 
can be so evaluated:

rhm = 1/6 ⋅ rar + 1/2 ⋅ raf → 
raf = 2 ⋅ rhm – 1/3 ⋅ rar

 raf = 2/(1 + KcO2
⋅PcO2)⋅[1/6⋅ rar,max +

+ (1/2⋅raf,max/rar,max – 1/6)⋅(rar,max - rar) )] 
 - 1/3⋅rar) (11)

iDEntiFicAtiOn OF tHE bEst 
VALuEs tO bE AssiGnED  

tO tHE MODEL PArAMEtErs

the best values to be assigned to the 
model parameters were identified by a 

commercial statistical program “bu-
rEnL” (buZZi FErrAris and MAncA, 
1996), which utilised the experimen-
tal data of the aerobic respiration (rar) 
and alcoholic fermentation (raf) rates re-
ported in table 2 a-d. these experimen-
tal points were measured at 80 differ-
ent experimental conditions (4 temper-
atures, 4 PO2 and 5 PcO2) (see Materi-
als and Methods).

Operating at high values of PcO2 (15, 
20 kPa) and at reduced temperature (1, 
6°c), it was not possible to obtain signif-
icant values for aerobic respiration and 
alcoholic fermentation rates because of 
the very reduced activities to be meas-
ured.

the experimental data obtained were 
then compared with those calculated ac-
cording to the equations and the logical 
procedure reported in table 1, assign-
ing different values to the model parame-
ters introduced (Ksat,O2; 

∆H°Ksat,O2; KcO2; ∆H°KcO2; rar,max; ∆Erar,max; raf,max; ∆Eraf,max; 
KM; ∆H°KM).

the minimum of function “F”, ob-
tained as the sum of the differences oc-
curring between estimated and experi-
mental data, allowed the identification 
of the best values to be assigned to the 
model parameters, to obtain good over-
lapping between calculated and experi-
mental values (table 3).

After 80304 loops, the initial value 
assumed by the F function (3501) was 
reduced to 185 when further reduc-
tion of the F function could be not ob-
tained. Moreover the correlation coeffi-
cients connected with aerobic respira-
tion (rrar = 0.90) and alcoholic fermen-
tation (rraf = 0.86) rates, calculated for 
the model linearised in the taylor’s se-
ries, give a measure of suitability of the 
model introduced to describe their ev-
olution with the temperature, PO2 and 
PcO2 adopted. the minimum of function 
F occurred when the values reported in 
table 3 were assigned to the function-
al parameters introduced by the adopt-
ed mathematical model.
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table 3 - Values and related confidence intervals (c.i.; p = 0.05), calculated for the parameters by the 
mathematical optimisation of the model introduced to describe the evolution of aerobic respiration and 
alcoholic fermentation rates of apples stored in refrigerated and controlled atmospheres, as a function 
of temperature, PO2 and PcO2.

Parameter Symbol Numerical value coming Units
 Adopted from optimisation
  mean ± C.I. (p=0.05)

Equilibrium constant related Ksat,O2 (T=21°C) (1.08 ± 25.15) ⋅10-5 mol⋅kg-1⋅Pa-1

to O2 partition

Standard enthalpy connected - ∆H°Ksat,O2 /R (6.93 ± 2.97) ⋅101 °K
to O2 partition

Constant related to the inhibitory KCO2 (T=21°C) (1.24 ± 2.06) ⋅10-4 Pa-1

power of CO2

Standard enthalpy connected to - ∆H°KCO2/R (8.17 ± 5.13) ⋅103 °K
the inhibitory power of CO2

The maximum rate of aerobic r
ar,max(T=21°C) (7.29 ± 1.00) ⋅10-4 mol ⋅ kg-1⋅ h-1

respiration at 21°C

The activation energy related to the ∆Erar,max/R (5.42 ± 2.30) ⋅103 °K
maximum rate of aerobic respiration r

ar,max

The maximum rate of alcoholic raf,max (T=21°C) (6.27 ± 1.11) ⋅10-4 mol ⋅ kg-1 ⋅ h-1

fermentation at 21°C

The activation energy related to the ∆Eraf,max/R (7.33 ± 3.10) ⋅103 °K
maximum rate of alcoholic fermentation r

af,max

Michaelis constant related to aerobic K M (T=21°C) (2.00 ± 23.48) ⋅10-8 mol ⋅ kg-1

respiration

Standard enthalpy connected to the - ∆H°KM/R (6.03± 1.19) ⋅104 °K
Michaelis constant

Correlation coefficient related to rrar (*) 0.90 --
aerobic respiration

Correlation coefficient related to rraf (*) 0.86 --
alcoholic fermentation

Number of experimental values used  80 --
in the optimisation

(*) evaluated for the model linearised in the Taylor’s series.
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Fig. 3a,b,c - time evolution of PO2 and PcO2 (theoretical lines and experimental points) in the atmos-
phere of a cell where Golden Delicious apples were stored (a) temperature = 21°c, PO2,t=o = 7.5 kPa 
and PcO2,t=o = 9.0 kPa; (b) temperature = 21°c, PO2,t=o = 18.6 kPa and PcO2,t=o = 1.5 kPa; (c) tem-
perature = 6°c, PO2,t=o = 20.5 kPa and PcO2,t=o = 0.3 kPa).
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MODEL VALiDAtiOn

to validate the model an experimental 
data set completely different from that 
previously employed to identify the func-
tional parameters of the proposed mod-
el was utilised. to test this model in a 
dynamic situation (sALtVEit, 2003), the 
experimental values related to the evolu-
tion of PO2 and PcO2 in the atmosphere 
of a storage room refilled with Golden 
Delicious apples and stored at different 
temperatures were utilised (Fig. 3,a-c). 
to compare experimental and calculat-
ed values, the mathematical integration 
of the differential equations related to 
the mathematical model was carried out 
(WOrtinG and GEFFnEr, 1965).

the initial experimental conditions are 
reported in table 4 and the experimen-
tal points and the corresponding theo-
retical curves which describe PO2 and 
PcO2 evolution inside a glass jar are re-
ported in Fig. 2,a-c.

the reduced values assumed by the 
mean square error and by the percent-
age of variance (table 4), together with 
the good degree of overlapping occurring 
between the theoretical and experimen-
tal points (Fig. 3,a-c), seem to test the 
suitability of the mathematical model in-
troduced. Only when very low values of 
PcO2 (0.92 kPa) are used, does the cor-
responding value of VAr% becomes too 
high (24.75%), even if, in these condi-
tions, a reduced MsE value is obtained 
(0.052).

Although the composition of the stor-
age atmosphere did not differ significant-
ly (compare initial conditions related to 
Fig. 3b with those of Fig. 3c), the evolu-
tion of PO2 and of PcO2 and then also 
of rar and of raf change significantly with 
temperature indicating the strong effect 
induced by this variable on both aero-
bic respiration and alcoholic fermenta-
tion (Fig. 3b,c).

cOncLusiOn

this model does not take into account 
the effect produced on the kinetics of aer-
obic respiration and alcoholic fermenta-
tion by ethylene and water loss. in fact, 
the experimental data utilised to identi-
fy the best values for model parameters 
were obtained in the absence of ethyl-
ene (absorption by an aqueous solution 
of KMnO4) and using a gaseous mixture 
close to saturation (relative Humidity ≈ 
100%). the dependence of aerobic respi-
ration and alcoholic fermentation on wa-
ter transpiration and ethylene accumu-
lation should be successively evaluated 
to increase the validity and the useful-
ness of the model.

Although the number of parameters 
involved is not particularly high (10 con-
stants, 5 of which were utilised to de-
scribe temperature evolution), this mod-
el appears to be able to suitably describe 
the evolution of aerobic respiration and 
alcoholic fermentation rates of stored 

table 4 - the initial conditions experimentally adopted to evaluate the time evolution of PO2 and PcO2 
in the atmosphere of a glass jar (total volume 9.5⋅10-3 m3) refilled with Golden Delicious apples togeth-
er with the statistical analysis of the results obtained.

 Run Temp. PO2 t=0 PCO2 t=0 MSEa VAR%a MSEa VAR%a

  (°C) (kPa) (kPa) PO2 PO2 PCO2 PCO2

 A 21 11.2 7.2 0.147 8.60 0.193 3.40
 B 21 18.6 1.5 0.240 5.70 0.140 3.22
 C 6 20.5 0.3 0.047 1.09 0.052 24.75

a) see Materials and Methods
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fruit with temperature, PO2 and PcO2. 
Moreover each constant introduced 
has a well – defined chemical – physi-
cal meaning, so their modifications can 
be directly connected to the alteration 
of a specific characteristic of the fruit. 
in particular, the maximum rates of al-
coholic fermentation (raf,max) and aerobic 
respiration (rar,max) appear to be strongly 
related to the ability of the fruit to pro-
duce the enzymes involved in the cor-
responding biochemical pathways, and 
give a measure of the physiological sta-
tus of the stored fruit.
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AbstrAct

the first samples of recently pro-
duced fir honeydew honey, obtained 
from Marchalina hellenica (Gennadi-
us) (Homoptera, coccoidea, Margaro-
didae), originating from Mount Helmos 
in Greece were analysed and examined 
on the basis of physical and chemical 
parameters including humidity, acidi-
ty, sugar profile, hydroxymethylfurfural 
(HMF) and diastase activity. these data 

riAssuntO

i primi campioni di miele di melata di 
abete, recentemente prodotti sul Mon-
te Helmos in Grecia, derivante da Mar-
chalina hellenica (Gennadius) (Homop-
tera, coccoidea, Margarodidae) sono 
stati analizzati dal punto di vista del-
le caratteristiche fisico-chimiche, con 
riguardo ai parametri umidità, acidi-
tà, profilo zuccherino, idrossimetilfur-
furale (HMF) e diastasi. i dati ottenuti 
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were compared with five other Medi-
terranean honeydew honeys of differ-
ent origin obtained from the literature. 
Analytical data of the Greek fir honey 
from M. hellenica honeydew complied 
with the E.u. legal limits. the senso-
rial analysis indicated that the orga-
noleptic characteristics of this type of 
honeydew honey were very similar to 
the Greek fir honey derived from oth-
er coccids with respect to colour, taste 
and smell. the statistical analysis of 
the physico-chemical parameters of 
the six honey types revealed two major 
groups. One group consisted of three 
Greek honeys and the other included 
one spanish and two italian honeys. 
it also showed a marked similarity be-
tween the two Greek honeys that came 
from M. hellenica honeydew on either 
fir or pine trees.

dalle analisi sono risultati rispondenti 
ai limiti previsti dalla normativa euro-
pea. Le analisi sensoriali indicano che 
le caratteristiche organolettiche di que-
sto tipo di miele sono molto simili per 
colore, sapore e odore, al miele Greco 
di abete prodotto da altri insetti appar-
tenenti alla super-famiglia coccoidea. 
Essi sono stati inoltre confrontati con 
quelli relativi ad altri 5 tipi di miele di 
melata di diversa origine, prodotti in 
area mediterranea. L’elaborazione sta-
tistica di tali dati ha messo in evidenza 
due principali gruppi di miele. Del pri-
mo fanno parte tre tipi di miele prodot-
ti in Grecia, del secondo due mieli pro-
dotti in italia e uno in spagna. È stata 
anche rilevata un’elevata analogia tra i 
due mieli greci di melata derivanti en-
trambi da M. hellenica, l’uno su abete 
e l’altro su pino.

intrODuctiOn

in Greece there are approximately 
1,250,000 beehives (AnOnYMOus, 1998), 
kept by about 25,000 beekeepers, giving 
an annual honey production of approx-
imately 15,000 tons. sixty-five percent 
of the Greek honey is honeydew hon-
ey (sAntAs, 1983; tHrAsYVOuLOu and 
MAniKis, 1995; bAcAnDritsOs, 1998, 
2002; nAtiOnAL stAtistic sErVicEs, 
1998; bAcAnDritsOs and PAPADOPOu-
LOu, 1999). sixty per cent of the Greek 
honeydew honeys is produced by insects 
that parasite pine trees (Pinus halepensis 
Miller, P. silvestris Miller, P. pinea L., P. 
brutia ten) and five per cent that parasi-
tize fir trees (Abies cephalonica Loud., A. 
borisii-regis Mattf.) (sAntAs, 1983; tHrA-
sYVOuLOu and MAniKis, 1995; nAtiOn-
AL stAtistics sErVicE, 1998; bAcAn-
DritsOs and PAPADOPOuLOu, 1999; bA-
cAnDritsOs et al., 2002). the remaining 
35% is nectar honey. nectar honeys in-

clude those produced from Thymus capi-
tatus, Satureja spp., Origanum spp., Cal-
luna vulgaris, Citrus sp. (C. auratium, C. 
reticulata, C. limon) and Gossypium hir-
sutum and Heliantus annuus L..

the honeydew from Greek pine for-
ests is produced mainly by the scale 
insect Marchalina hellenica (Gennadi-
us) (Homoptera, coccoidea, Margarodi-
dae) (sAntAs, 1979) which is endemic in 
pine forests in Greece and other Medi-
terranean countries as well as by the in-
sects Cinara palaestinensis H.r.L. and 
Cinara close pini. in Greek fir forests, 
this type of honey is produced by the 
scale insects Physokermes hemicryphus 
(Dalman), Eulecanium sericeum (Lind-
inger) and by the aphids, Mindarus abi-
etinus (Koch), Cinara juniperi (De Geer), 
Cinara confinis (Koch) and Cinara pecti-
natae (nördl.), with P. hemicryphus be-
ing the most important (sAntAs, 1983; 
tHrAsYVOuLOu and MAniKis, 1995; bA-
cAnDritsOs, 2002).
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the study of the physical and chemi-
cal characteristics of Greek honeys was 
pioneered by EMMAnOuEL (1932) and 
continued by KODOunis (1962), MAVri-
cOs et al. (1978), tHrAsYVOuLOu and 
bLADEnOPOuLOu (1984), bAcAnDritsOs 
et al. (1993, 2002), tHrAsYVOuLOu and 
MAniKis (1995), bAcAnDritsOs and PA-
PADOPOuLOu (1999), PAsALOGLOu and 
KOKKOrAs (1999).

the insect M. hellenica was success-
fully established, for first time, in the 
Greek fir forest of Mt. Helmos (latitude 
22o11’30’’E, longitude 37o59’30’’n, al-
titude 2000 m) after an anthropogen-
ic introduction in 1997 (bAcAnDrit-
sOs, 2002). two years later a new type 
of fir honey from M. hellenica honeydews 
was collected from one apiary that was 
placed near the infested fir trees on Mt. 
Helmos.

the Greek fir honey produced by the 
scale insect M. hellenica constitutes a 
new type of honeydew honey. the main 
purpose of this study was to obtain some 
preliminary data concerning some of the 
major physical and chemical character-
istics of this new type of fir honeydew (M. 
hellenica) honey. in addition the data ob-
tained in this study were compared with 
the literature data of five other honeydew 
honeys from Greece, italy and spain.

MAtEriALs AnD MEtHODs

samples

A total of 24 samples of fir honeydew 
(M. hellenica) honey (type-i), collected 
during 1999 and 2001 from 24 beehives 
of an apiary situated near the Mt. Hel-
mos ski resort (longitude 22°11’33”E, 
latitude 37°59’30”n, altitude 2000 m) 
were analysed. Empty frames were put 
in the hive box and the honey samples 
were gathered each year during August 
when the other coccids and aphids of 
the Greek fir trees did not produce hon-
eydew (sAntAs, 1983; tHrAsYVOuLOu, 

2001). the samples were stored at 4°-6°c 
in the dark until the end of the analysis. 
All the samples were subjected to micro-
scopical, physico-chemical and sensori-
al analysis.

sensorial analysis

sensorial analysis was carried out 
to define the organoleptic characteris-
tics according to the accredited proto-
col developed by inA (istituto nazionale 
di Apicoltura) (isO 6564/1985 and isO 
6658/1985).

Pollen analysis

the microscopical analysis of the sed-
iment was conducted according to the 
methods of melissopalinology described 
by LOuVEAux et al. (1978). in addition, 
the HDE/P criterion was examined. 
(HDE: Honeydew elements such as fun-
gi spores, algae, etc., P = total frequen-
cy of pollen grains).

Physico-chemical analysis

Water content, hydroxymethylfurfural 
content (HMF), diastase activity, pH, to-
tal acidity and electrical conductivity 
were determined according to methods of 
the cODEx ALiMEntArius cOMMissiOn 
(1989) and bOGDAnOV et al. (1997).

the sugar profile was determined by 
gas chromatography following the tech-
nique of sAbAtini et al. (2001) in which 
a flame ionization detector is used with 
honey solutions derived with Pierce-
Pourtallier reagent [oxime reagent (pyri-
dine solution containing hydroxylamine 
hydrochloride); hexamethyldisilazane; 
trifluoroacetic acid] and with inA meth-
od reagent [silanising solution (five parts 
pyridine + two parts hexamethyldisila-
zane + one part trimethylchlorosilane)]. 
identification and quantification of the 
single carbohydrates were obtained by 
comparison with a reference mixture of 
known concentration. the chromato-



��  Ital. J. Food Sci. n. 1, vol. 18 - 2006

graphic conditions used were: oven tem-
perature cycle: initial temperature 70°c, 
increased by 5°c/min until a tempera-
ture of 140°c, increased by 6°c/min up 
to 300°c, maintained for 15 min; carri-
er gas: hydrogen, flow velocity 47.3 cm/
s; apolar capillary column model suPEL-
cO (ccFs MEGA Labocest, bologna, it-
aly): sE52, 25m, 0.32 mm id, 0.1-0.15 
μm film thickness.

Other honeys

the other honey types used for com-
parison purposes were:

- type-ii: Greek fir honeydew honey 
(n=10). the insects involved are: Phys-
okermes hemicryphus (Dalman), Eule-
canium sericeum (Lindinger), Mindarus 
abietinus (Koch) and Cinara juniperi (De 
Geer) for Abies chephalonica (LAZAriDOu 
et al., 2003).

- type-iii: Greek pine honeydew hon-
ey (n=14). the insect involved is M. hel-
lenica (LAZAriDOu et al., 2003).

- type-iV: italian fir honeydew hon-
ey (n=67). the insects involved are: Ci-
nara cofinis (Koch), C. pectinatae (nor-
dlinger), C. pilicornis (Hortig), Mindarus 
abietinus (Koch), Physokermes piceae 
(schrank) for Abies alba (Miller) and 
Cinara costata (Zetterstent), C. pili-
cornis (Hortig), C. pruinosa (Hortig), C. 
piceae (Panzer), Physokermes hemicry-
phus (Dalman), P. piceae (schrank) for 
Picea excelsa (Link) (PErsAnO ODDO et 
al., 2000).

- type-V: italian honeydew honey 
(n=53). the insect involved is Metcalfa 
pruinosa, a flatid that infects both wild 
and cultivated plants. Despite the no-
table economical damage caused to the 
plants, its honeydew provides food for 
bees that produce a large amount of hon-
ey (sAbAtini and bArbAttini, 2003).

- type-Vi: spanish forest honeydew 
honey (n=16). the honeydew is produced 
by several insects that parasitize the 
Quercus spp. (MAtEO and bOscH-rEiG 
1997, 1998).

statistical analysis

cluster analysis of 11 parameters 
(fructose, glucose, sucrose, maltose, 
isomaltose, raffinose, erlose, melezi-
tose, water content, electrical conduc-
tivity and pH) was applied to all of the 
honeydew honey types in order to deter-
mine the similarity among the six hon-
eys of different origin; for the analysis, 
each honey type was represented by its 
mean value. the other parameters (tre-
halose, panose, isomalto-triose, malto-
triose malto-tetraose, total acidity, dia-
stase and HMF) were excluded from the 
analysis because their mean values were 
not available for all of the honeydew hon-
ey types. A dendrogram was construct-
ed using the complete Linkage method 
with Euclidean distances. For data anal-
ysis, the statistica v.6 (statsoft inc.) soft-
ware was used.

rEsuLts AnD DiscussiOn

sensorial analysis

the Greek fir honeydew (M. hellenica) 
honey (type-i) was liquid for a long time 
(up to three years kept at temperatures 
between 12° and 25°c) and very viscous. 
it was light amber in colour with hints of 
a milky pearl-like opaqueness. it had a 
typical, decisive and persistent taste that 
was pleasant, not excessively sweet, with 
an intense smell and resinous aroma.

the organoleptic characteristics of 
the Greek fir-honeydew (other coccids) 
honey (type-ii) was similar to those of 
the type-i honey (bAcAnDritsOs et al., 
2003).

the type-iV honey was liquid for a 
long time, very viscous and cloudy due 
to moderate crystallization. it was dark 
amber to almost black in colour with 
greenish hues. it had a characteristic 
smell of wood, resin and balm. it was not 
very sweet, normally acidic with persist-
ent flavour (PErsAnO et al., 2000).
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the type-V honey was liquid for a 
long time and viscous. it was dark am-
ber to almost black in colour and was 
brown when crystallized. it had an in-
tense, not very sweet, herbaceous smell. 
it had a persistent flavour of dried fruit, 
preserved tomato, molasses, fig jam and 
malt (sAbAtini and bArbAttini, 2003).

considering the characteristics de-
scribed above, it seems that the type-
i honey is similar to the type-ii honey. 
compared with the other types, type-i 
honey is similar to the type iV and V hon-
ey in viscosity but different in colour.

Pollen analysis

the samples contained high quantities 
of honeydew elements (HDE). the mean 
value of the HDE/P ratio was equal to 4. 
these data agree with LOuVEAux et al. 
(1978) who proposed values above 3 for 
honeydew honeys. no single pollen was 
dominant but the following were present 
in percentages between 16% and 3%: Tri-
folium hybridum, rosaceae, brassicace-
ae, Rubus f., Trifolium repens gr., Smilax, 
umbelliferae and Castanea sativa.

some isolated pollens included Citrus, 
compositae t, Amorpha, Liliaceae, Tri-
folium pratense gr., Galega, Ailanthus, 
Melilotus, Alkanna, Gleditsia, Mentha f., 
Clematis, Salix, Erica f., Polygonum avic-
ulare, Hedera, Labiatae s, Lotus, Helian-
thus f., Vicia, Polygonum lapathifolium, 
Echium, Xanthium, Arbutus, composi-
tae A and scrophulariaceae. the diver-
sity of the pollen is representative of the 
summertime flowering plants in the area 
investigated.

Physico-chemical characteristics

the results of the analysis of the phys-
ico-chemical characteristics of the type-
i fir honeydew (M. hellenica) honey are 
summarized in table 1. relevant data 
concerning the other five Mediterrane-
an honeydew honeys (types ii-Vi) are 
included in the same table for compar- t
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ison purposes. table 2 shows the sug-
ar composition of the honeys. Other pa-
rameters that determine the liquid state 
of the sample, such as fructose and glu-
cose content, fructose/glucose and glu-
cose/water ratio, are summarized for all 
the honey types in table 3. All the data 
are reported as average values ± stand-
ard deviations; the minimum and maxi-
mum values are given in parentheses.

Water content, a critical character-
istic of honeys because it affects shelf 
life, depends on the type of honey and 
on the harvesting technique. A high wa-
ter content helps keep honey liquid but 
it also increases the risk of fermentation 
(bAcAnDritsOs et al., 2002). the maxi-
mum water content value permitted by 
the European Directive (cOunciL DirEc-
tiVE, 2001) is 20% (with the exception 
of heather (calluna) and baker’s honey 
that can reach 23%). According to a na-
tional Greek norm, Mainalou-Vanilia fir 
honeydew honey (which takes its name 
from the place of origin) must have a 
water content between 14.0 and 15.5% 
(HELLEnic MinistrY OF AGricuLturE, 
1994). in the samples examined (type-i) 
the mean water content value (table 1) 
was 16.3±0.4%. this value was not sta-
tistically different from the type-iii hon-
ey (p=0.2000) and was within the limits 
reported by tHrAsYVOuLOu and MAni-
Kis (1993, 1995) (<18.0%) and the cOun-
ciL DirEctiVE (2001) (<20%). these two 
honey types were produced from the 
same insect honeydew (M. hellenica). 
Among the six types of honeydew hon-
eys, the fir honey (type-ii) had the low-
est mean water content value (14.0%). 
For fir honeydew honey, tHrAsYVOu-
LOu and MAniKis (1993) and bAcAn-
DritOs et al. (1993) reported mean wa-
ter content values of 15.2%; bAcAnDrit-
sOs et al. (2002, 2003) reported 15.1% 
and tHrAsYVOuLOu et al. (2002) report-
ed 15.7%. For the pine honeydew hon-
ey bAcAnDritsOs et al. (1993, 1999, 
2003) reported a mean water content 
value of 16.6%, while tHrAsYVOuLOu et t
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al. (2002) reported 16.7%. in Greece, the 
Eu limit is considered to be too high be-
cause the majority of honeys have a wa-
ter content around 16% (bAcAnDritsOs 
et al., 2002). POurtALLiEr and tALiEr-
cO (1970) reported a value of 17.6% for 
the French honeys, while DOnEr (1977) 
and WHitE (1993) reported a value of 
17.2% for American honeys.

in the cOunciL DirEctiVE (2001), 
electrical conductivity was added as a 
criterion for determining the quality of 
honeys. this measurement depends on 
the ash and acid content of the hon-
ey. the higher the ash and acid con-
tent, the higher the resulting conductiv-
ity (VOrWOHL, 1964). Honeydew hon-
eys are characterized by their high ash 
and electrical conductivity values (PEr-
sAnO ODDO et al., 1986; cAMPOs et al., 
2001; DiEZ et al., 2004). the mean value 
of the fir honeydew (M. hellenica) honey 
(table 1, type-i) was 1.31±0.29 ms/cm. 
in comparison with the other five honey 
types, the type-i honey did not statisti-
cally differ from types-ii (p=0.4268) and 
iii (p=0.9009). All the honey types were 
within the Eu limit (>0.8 ms/cm). tHrA-
sYVOuLOu et al. (2002) reported mean 
conductivity values of 1.34 ms/cm and 
1.23 ms/cm for the Greek fir and pine 
honeydew honeys, respectively.

Honeys have an acidic reaction due to 
the organic acids they contain. the mean 
value of the total acidity of the fir hon-
eydew (M. hellenica) honey (type-i) was 
34.1±2.3 meq/kg. this mean value was 
not statistically different from the value 
of the type-iii honey (p=0.2047), which 
was produced from the same coccid hon-
eydew. With regard to the European di-
rective (cOunciL DirEctiVE, 2001), the 
type-i honey examined and the oth-
er types (when the data were available) 
had mean values, which were within the 
limit (<50 meq/kg). bAcAnDritsOs et al. 
(1993, 2002, 2003), bAcAnDritsOs and 
PAPADOPOuLOu (1999) and tHrAsYVOu-
LOu et al. (2002) reported mean conduc-
tivity values from 30.2 to 31.4 meq/kg 
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for Greek fir honeydew honey and mean 
values from 26.1 to 28.9 meq/kg for the 
Greek pine honeydew honey.

concerning diastase activity, type-i 
honey had a mean value of 27.3±0.8 Dn. 
All the honey types met the requirements 
defined by European legislation (>8 Dn). 
bAcAnDritsOs et al. (1993, 2002, 2003), 
tHrAsYVOuLOu and MAniKis (1993), bA-
cAnDritsOs and PAPADOPOuLOu (1999) 
and tHrAsYVOuLOu et al. (2002) report-
ed mean diastase activity values from 
18.5 to 21.6 Dn for greek fir honeydew 
honey and mean values from 28.4 to 31.7 
Dn for greek pine honeydew honey.

Hydroxymethylfurfural (HMF) is one 
of the criteria upon which the stage of 
freshness and preservation of honey is 
defined. its percentage increases with 
time and temperature and it is therefore 
a quality control criterion. HMF is pro-
duced following the hydrolysis of fructose 
in an acidic environment (tHrAsYVOu-
LOu and MAniKis 1993). rOGErs (1978) 
reported that fresh honey rarely exceeds 
the 10 mg/kg limit. the mean value of 
the type-i samples examined was 4.8±0.8 
mg/kg, which was the highest and only 
statistically significant value among the 
other five honeys. All of the mean values 
of the honey types were within the Eu 
limit (<40 mg/kg). tHrAsYVOuLOu and 
MAniKis (1993), tHrAsYVOuLOu et al. 
(2002) and bAcAnDritsOs et al. (2002, 
2003) reported mean HMF values from 
2.0 to 3.6 mg/kg for fir honeydew hon-
ey and mean values from 2.4 to 5.3 mg/
kg for pine honeydew honey.

the mean pH value for the type-i hon-
ey was 4.6±0.3, which was not statistical-
ly different from the types iii (p=0.2266) 
and Vi (p=1.0) honeys. the type-i and 
type-Vi (spanish honeydew) honeys had 
the lowest mean values among the six 
honey types. in contrast, the type-iV 
(italian fir honey) had the highest mean 
value. bAcAnDritsOs et al. (1993, 2002, 
2003), bAcAnDritsOs and PAPADOPOu-
LOu (1999), tHrAsYVOuLOu and MAniKis 
(1993) and tHrAsYVOuLOu et al. (2002) 

reported mean pH values from 4.7 to 5.3 
for fir honeydew honey and mean values 
from 4.2 to 4.6 for the greek pine hon-
eydew honey.

in honey, fructose and glucose are 
the predominant monosaccharides, su-
crose and maltose are the most impor-
tant disaccharides, and raffinose, er-
lose and melezitose are the main trisac-
charides, with a high content of melez-
itose and some other low-molecular ol-
igosaccharides (DOnEr 1977; DOnEr 
and HicKs 1982). the type-i [fir hon-
eydew (M. hellenica)] honey had a sug-
ar composition of 27.6±1.4% fructose, 
19.3±1.6% glucose, 0.3±0.1% sucrose, 
1.0±0.2% maltose, 0.42±0.23% raffinose, 
0.31±0.20% erlose and 0.18±0.12% me-
lezitose content. the comparison of the 
type-i honey with the other honey types 
revealed some similarities. Firstly, the 
fructose content was not statistically dif-
ferent from the types ii (p=0.3386) and 
iii (p=0.7724) honeys; secondly the glu-
cose content was not statistically differ-
ent from type ii (p=0.3868) and thirdly 
the sucrose content did not differ greatly 
from types-iii (p=0.3643), -iV (p=0.0623), 
-Vi (p=0.0719) honeys. in reference to 
the European directive for sucrose con-
tent, all of the honey types had mean val-
ues within the Eu limit (<5.0%). Melez-
itose, a basic trisaccharide, is found in 
honeydew honeys. in some honey types 
the melezitose content is high [type-iV 
(5.0%), type-ii (9.52%)], while in others 
it is low [type-V (0.1%), type-i (0.18%)]. it 
seems that the melezitose content could 
be a criterion for separating the honey-
dew honey types.

the sum of the fructose and glucose 
content in the type-i honey had a mean 
value of 46.9±2.2% (table 3); it was 
not statistically different from types -ii 
(p=0.3515) and –iii (p=0.0624). the val-
ue was greater than 45 g/100 g which 
is the limit for honeydew honey accord-
ing to the Eu legislation (cOunciL DirEc-
tiVE, 2001). the fructose/glucose ra-
tio (table 3) of the fir honey (type-i) was 
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1.44±0.14%; which did not differ from 
the type-ii honey (p=0.3004).

in addition, the glucose/water ra-
tio was estimated. MAniKis and tHrA-
sYVOuLOu (2001) suggest that the glu-
cose/water ratio is a very useful indica-
tor for predicting honey crystallization. 
this process, commonly called granula-
tion, is undesirable in liquid honey be-
cause it makes the honey less appealing 
to the consumer. the mean value of the 
fir honey (type-i) was 1.18±0.11%. this 
value was in agreement with our obser-
vation that the fir honey (type-i) has a 
low tendency to granulate. Honey crys-
tallises rapidly when the glucose/water 
ratio is 2.1 and higher (Austin, 1953; 
JAMiEsOn, 1954; WHitE et al., 1962; 
WHitE and JOnAtHAn, 1975; KODOunis, 
1962). there are some other ways to pre-
dict granulation such as the glucose con-

tent (PHiLLiPs, 1929; KODOunis, 1962; 
bOGDAnOV, 1993), the melezitose con-
tent (bOGDAnOV, 1993) and the fruc-
tose/glucose ratio (JAMiEsOn, 1954; 
KODOunis, 1962; WHitE and JOnAtH-
An, 1975).

cluster analysis (complete Linkage - 
Euclidean distances) (Fig. 1) of the data 
revealed two major groups. the first 
group is comprised of the Greek honeys 
(i, ii and iii) while the second group is 
made up of the two italian honeys (iV, V) 
and the spanish honey (Vi). it is interest-
ing to note that within the Greek honey 
group, those that came from M. helleni-
ca honeydew (i and iii) were quite sim-
ilar even though one came from fir tree 
and the other came from pine tree; the 
type-ii honey which came from the hon-
eydew of the other insects was quite dif-
ferent. it should also be noted that the 

Fig. 1 - Dendrogram (complete Linkage - Euclidean distances) indicating the similarity of six honeys 
of different origin: Honey type i (Fir-honeydew-Greece); ii (Fir-honeydew-Greece); iii (Pine-honeydew-
Greece); iV (Fir-insect-italy); V (various plants-honeydew-italy); Vi (Quercus spp-honeydew-spain).
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two Greek fir honeydew honey types (i 
and ii) are quite similar in colour, smell 
and flavour.

All of the above observations demon-
strate the important role that the hon-
eydew honey insect plays in determin-
ing the physico-chemical characteris-
tics of the honey. Honeys derived from 
M. hellenica from either fir or pine forests 
showed similar qualitative characteris-
tics. the spread of M. hellenica to oth-
er areas, including fir and pine forests, 
could provide a honey with as standard-
ized quality and low crystallisation ten-
dency in a period that is different from 
the other fir coccids (fir forest).
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AbstrAct

samples of raw milk, whey culture 
and cheese from seven farms located 
in different areas of Lombardy (italy) 
were analysed to investigate the micro-
flora present in the production chain of 
caprino Lombardo, a fresh goat cheese 
traditionally curdled using artisan 
starters. Lactic acid bacteria, coliforms 
and enterococci proved to be the main 
bacterial groups in the raw milk, while 
lactococci predominated in the artisan 
whey cultures. the 1-day-old and 15-
day-old cheese samples showed, re-

riAssuntO

campioni di latte, innesto naturale 
e formaggio, raccolti presso sette pro-
duttori dislocati in differenti valli del-
la Lombardia, sono stati sottoposti ad 
analisi al fine di determinare la micro-
flora presente lungo la filiera produtti-
va del caprino Lombardo, un formag-
gio fresco tradizionalmente preparato a 
partire da latte crudo di capra. nei cam-
pioni di latte i principali gruppi micro-
bici riscontrati sono stati  batteri lattici, 
coliformi ed enterococchi, mentre latto-
cocchi e lieviti sono risultati dominanti 
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intrODuctiOn

in the mountainous regions of italy, 
cheese-making from goat milk is one way 
of improving the economics of farmers 
living on small farms in remote areas. 
this, in turn, could help to preserve the 
human-social web as well as the environ-
ment, in territories that could, otherwise, 
soon become abandoned. Moreover, be-
cause of the renewed consumer interest 
in typical traditional foods and efforts by 
the authorities to prevent the loss of both 
the biodiversity and the heritage of ru-
ral communities, artisanal cheeses pro-
duced without selected starter cultures 
have come under greater scrutiny, and 
there has been a marked increase in the 
scientific knowledge about such  chees-
es (cOGAn et al., 1997; cOPPOLA et al., 
2001; rAnDAZZO et al., 2002).

caprino Lombardo cheese is one such 
artisan cheese; its manufacture requires 
only a small productive unit, no particu-
lar technological investment and the use 
of cultures selected through local cheese-
making practices. traditional caprino 
is a fresh, soft, northern italian cheese  
made from raw goat milk (FOscHinO et 
al., 1999). However, there is also a capri-
no cheese made from pasteurised cow 

spectively, mean log counts: 9.27 and 
8.58 cFu/g for lactococci, 5.95 and 
7.21 cFu/g for yeasts and 4.41 and 
4.07 cFu/g for enterococci. Lactococ-
cus lactis subsp. lactis was the predom-
inant species in cheese, whereas L. gar-
vieae, Streptococcus thermophilus and 
L. raffinolactis were present as minor 
components. the most detected yeast 
species in cheese samples were Galac-
tomyces geotrichum, Kluyveromyces lac-
tis and Yarrowia lipolytica.

negli innesti naturali. nei campioni di 
formaggio appena prodotto e dopo 15 
giorni i valori medi di conta erano ri-
spettivamente: lattococchi, 9,27 e 8,58 
log uFc/g; lieviti, 5,95 e 7,21 log uFc/
g; enterococchi, 4,41 e 4,07 log uFc/g. 
Lactococcus lactis subsp. lactis è risul-
tata la specie dominante nel formaggio, 
mentre L. garvieae, S. thermophilus e L. 
raffinolactis erano presenti come specie 
accessorie. Galactomyces geotrichum, 
Kluyveromyces lactis e Yarrowia lipolyti-
ca sono state le specie più frequente-
mente riscontrate.

milk. the traditional caprino cheese pro-
duction makes use of artisanal starters 
derived from the cultured whey of a pre-
vious production. these starters allow a 
slow, acidic curdling of the milk incubat-
ed overnight at room temperature. ren-
net is added at a very low concentration. 
After curdling, cloths are used to gently 
extract the curd that is drained and then 
salted by mixing with a final nacl con-
centration of 0.8-1% (w/w). no preserv-
atives are added. the finished product 
is typically cylindrical in shape, small in 
size and chalk white; it is stored under 
refrigeration and consumed fresh with-
in two weeks. in the year 2000, the Lom-
bardy region officially recognised capri-
no Lombardo cheese as a traditional 
product. so it is now protected and pro-
moted as such (rEGiOnE LOMbArDiA, 
2000). Moreover, the italian Ministry of 
Agriculture has funded a research project 
oriented at protecting the microbial bio-
diversity in 44 different italian cheeses, 
most of which are produced from raw 
milk. this has led to numerous studies 
on the indigenous microbial population 
present in the italian dairy environments 
(GirAFFA et al., 2003).

the aim of our work was to charac-
terise the autochthonous microflora 
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present throughout the production chain 
of caprino Lombardo cheese. this was 
done by analysing samples of raw milk, 
artisan whey starters and cheese collect-
ed from artisan cheese-makers located in 
different areas of the Lombardy region.

MAtEriALs AnD MEtHODs

Farms

seven goat farms, labelled from A to 
G, were selected on the basis of herd size 
(from 10 to 100 milking head), type of 
breed (Alpine for b, D; saanen for A, c, 
and E; both for F and G) and geograph-
ical area (mountainous districts of ber-
gamo for A, b and c; Lecco for D, E and 
F; Varese for G). Farms A, c, D and F 
milked manually twice a day, where-
as farms b, E and G used milking ma-
chines; after milking, the raw milk was 
refrigerated, except on farm A. none of 
the cheese-makers used selected starter 
cultures or preservatives in the manufac-
turing of caprino Lombardo cheese.

sampling

samples (150 mL or g) of raw milk, 
whey culture starter, 1-day-old cheese 
and cheese at the end of its shelf life 
(15-day-old cheese) stored at 5°c, were 
aseptically collected from each farm in 
April, July and september and chilled at 
5°c until analysis, which was carried out 
within 24 h. the samples were prepared 
for microbiological examination accord-
ing to the international Dairy Federa-
tion standard 122b:1992 (iDF, 1992). 
the pH of the undiluted samples was de-
termined with a combined glass-calomel 
electrode connected to a pH-meter (Gib-
ertini DP 100-nE, italy).

Microbiological counts

After suitable dilutions, the following 
microbiological counts were made:

Lactic acid bacteria, plated by spread-
ing on HHD agar (biolife, italia) (Mc DOn-
ALD et al., 1987) and modified in this 
work by adding 0.5% lactose, were in-
cubated at 30°c for 72 h in anaerobic 
conditions (GasPack® Anaerobic system, 
bbL, cockeysville, MD, usA). this me-
dium was used to enhance discrimina-
tion among the colonies formed by dif-
ferent strains.

Enterococci, plated by spreading on 
Kanamycin Aesculin Azide agar (Mer-
ck, Darmstadt, Germany) (MOssEL et 
al., 1978), were incubated at 44°c for 
24 h. the incubation temperature was 
increased with respect to the original 
description to improve medium selec-
tivity.

coliforms, plated on Violet red bile 
Lactose agar (Difco, Kansas city, MO, 
usA), were incubated at 30°c for 24h ac-
cording to the international Dairy Feder-
ation standard 73b:1998 (iDF, 1998).

Yeasts and moulds, plated by spread-
ing on Yeast Glucose chloramphenicol 
agar (Merck, Darmstadt, Germany), were 
incubated at 25°c for 5 days according 
to international Dairy Federation stand-
ard 94b:1990 (iDF, 1990).

coagulase-positive staphylococci were 
plated by spreading on baird-Parker agar 
(Oxoid, basingstoke, uK) and then incu-
bated at 37°c for 48 h according to the 
international Dairy Federation standard 
145A:1997 (iDF, 1997).

isolation and preliminary
classification of bacteria

to investigate the microflora composi-
tion, a representative collection of dom-
inant bacterial forms was isolated from 
modified HHD plates at high dilutions of 
samples of 1-day-old cheese. the colo-
nies were selected by morphology, count-
ed separately, and purified by two sub-
sequent subcultures in the same medi-
um. the isolates were then observed mi-
croscopically and a preliminary classifi-
cation was made on the basis of pheno-
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type, analysed by: Gram staining, cat-
alase reaction, cO2 production from D-
glucose and sodium D-gluconate, nH3 
production from arginine, hydrolysis of 
aesculine, growth at 10°, 40° and 45°c, 
growth at 4 and 6.5% (w/v) nacl, coag-
ulation of reconstituted 10% (p/v) skim 
milk after 24 h at 30°c. isolates were 
maintained at -30°c in modified HHD 
broth with 20% (v/v) glycerol.

isolation and preliminary
classification of yeasts

As already described above, repre-
sentative colonies were isolated from 
YGc plates at high dilutions of 1-day-
old cheese samples. isolates were puri-
fied by two subsequent subcultures in 
YEPD agar (AnDriGHEttO et al., 2000) 
and then a preliminary classification was 
done on the basis of phenotype, by us-
ing: the microscopic appearance of the 
cell, urease reaction, nitrate assimila-
tion, erythritol, cellobiose and manni-
tol assimilation, growth with cyclohex-
imide, glucose and maltose fermenta-
tion according to DEAK and bEucHAt 
(1996). Assimilation capability on dif-
ferent carbohydrates was investigated 
by the APi iD 32 c system (bioMerieux, 
Marcy l’Etoile, France). isolates were 
maintained at -30°c in YEPD broth with 
20% v/v glycerol.

DnA extraction

bacterial cells were grown overnight 
at 30°c in modified HHD broth; 1 mL of 
cell suspension was then centrifuged and 
washed in distilled water. the pellet was 
resuspended in 100 μL of tE buffer (10 
mM tris-Hcl, pH 8.0; 1 mM EDtA) con-
taining 40 μg/mL of mutanolysine and 
25 mg/mL of lysozyme and incubated 
at 37°c for 1 h. After centrifugation at 
8,000 g for 10 min, the pellets were re-
suspended in 500 μL of 50 mM tris-Hcl, 
pH 7.4 and 20 mM EDtA, mixed with 50 
μL 10% w/v sDs and incubated at 65°c 

for 30 min. samples were chilled in ice. 
two-hundred microlitres of 5 M potas-
sium acetate were added to the samples 
to precipitate proteins, which were then 
centrifuged at 14,000 g for 5 min. the 
supernatants were mixed gently with an 
equal volume of cold propanol to precip-
itate nucleic acids. After centrifugation 
and washing with 70% v/v ethanol, the 
DnA was resuspended in 100 μL of tE 
buffer.

Yeast cells were grown overnight at 
25°c in YEPD broth under agitation, 
centrifuged and washed in distilled wa-
ter. the pellets were resuspended in 
100 μL tE buffer and the nucleic ac-
ids were extracted according to the pro-
tocol of QuErOL et al. (1992), modified 
by using 25 mg/mL of lytic enzyme from 
Rhizoctonia solani (in 1M sorbitol, 0.1 M 
EDtA, pH 7.5), and incubating at 45°c 
for 2 h in order to digest the cell wall. 
the DnA was then precipitated as de-
scribed above.

Pcr protocols for bacterial isolates

DnA amplifications were performed in 
a 25 μL reaction mixture containing 10 
mM tris-Hcl (pH 9.0), 50 mM Kcl, 1.5 
mM Mgcl2, 200 μM each of dAtP, dctP, 
dGtP and dttP, 1 u of Taq polymerase 
(Applied biosystem) and 80 ng of DnA. 
For the 16s-23s spacer region Anal-
ysis, 0.5 μM of forward primer G1 (5’-
GAAGtcGtAAcAAGG-3’) and 0.5 μM 
of reverse primer L1 (5’-cAAGGcAtc-
cAccGt-3’) were used (JEnsEn et al., 
1993); the temperature profile repeated 
for 30 cycles was: denaturation step at 
94°c for 45 s; annealing step at 58°c for 
45 s; extension step at 72°c for 2 min. 
As confirmation tests for some species, 
specific Pcr assay were performed ac-
cording to the authors; DnA sequences 
of the primers and relevant gene targets 
were His1 (5’-cttcGttAtGAttttAcA-
3’) and His2 (5’-cAAtAtcAAcAAttc-
cAt-3’) for histidine biosynthesis operon 
in L. lactis (cOrrOLEr et al., 1999), pLG-
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1 (5’-cAtAAcAAtGAGAAtcGc-3’) and 
pLG-2 (5’-GcAccctcGcGGGttG-3’) 
for 16s rrnA in L. garvieae (ZLOtKin et 
al., 1998), st1 (5’-cActAtGctcAGAAt-
AcA-3’) and st2 (5’-cGAAcAGcAttGAt-
GttA-3’) for lacZ gene in S. thermophil-
us (LicK et al., 1996). A t-Gradient bi-
ometra thermocycler (biometra, Göttin-
gen, Germany) was used. 

Pcr protocols for yeast isolates

DnA amplifications were performed 
in a 25 μL reaction mixture as report-
ed above. For rAPD Pcr, two separate 
primers were used: 1 μM primer M13 
with the following temperature profile 
repeated for 35 cycles: denaturation 
step at 94°c for 1 min, annealing step 
at 40°c for 20 s, ramp to 72° at 0.6°c/
s and extension step at 72°c for 2 min; 
1 μM primer rF2 (5’ cGGcccctGt 3’) 
(PAFFEtti et al., 1995) with the follow-
ing temperature profile repeated for 35 
cycles: denaturation step at 95°c for 30 
s, annealing step at 36°c for 1 min and 
extension step at 72°c for 1 min and 30 
s.  Amplification products were resolved 
by electrophoresis in 2% (w/v) agarose 
tAE (40 mM tris-Hcl, pH 8.2; 1 mM 
EDtA) gels, stained with ethidium bro-
mide and photographed under uV illu-
mination.

DnA sequence analysis

A portion of the 16s rDnA gene was 
sequenced for 23 representative bacte-
rial isolates. the Pcr amplification was 
performed in a 100 μL reaction mixture, 
with 0.5 μM forward primer (5’ ctAcG-
GctAccttGttAcGA 3’) and 0.5 μM 
reverse primer (5’ AGAGtttGAtcct-
GGctcAG 3’); the temperature profile 
repeated for 35 cycles was: denaturation 
step at 94°c for 45 s; annealing step at 
50°c for the first five cycles and at 55°c 
for the remaining for 45 s; extension step 
at 72°c for 2 min.

A portion of the internal transcribed 

spacers between 18s and 26s rDnA 
genes (its1-5.8s-its2) was sequenced 
for 14 representative yeast isolates. the 
Pcr amplification was performed in a 
100 μL reaction mixture, as reported 
above, with 0.1 μM of forward primer 
2234c (5’ GtttccGtAGGtGAAcctGc 
3’) and 0.1 μM of reverse primer 3126t 
(5’ AtAtGcttAAGttcAGcGGGt 3’) as 
described by MOntrOcHEr et al. (1998). 
the temperature profile repeated for 35 
cycles was: denaturation step at 95°c for 
1 min, annealing step at 50°c for 1 min 
and extension step at 72°c for 1 min. A t 
Gradient biometra thermocycler (biom-
etra, Göttingen, Germany) was used.

the amplified products were purified 
by QiAquick spin columns (Qiagen, Va-
lencia, cA, usA) according to the man-
ufacturer’s instructions and sequenced 
with Abi Prism® bigDye™ terminators 
v 3.0 cycle sequencing Kit (Applied bi-
osystems, Foster city, cA, usA) in an 
Abi Prism® 310 Genetic Analyser. For 
the 16s rDnA bacterial fragment and 
the its1-5.8s-its2 yeast region, the rel-
evant forward primers were used. the 
bLAst program was employed to search 
the Genbank database for homologous 
sequences.

rEsuLts

Monitoring of raw milk,
artisanal whey culture and cheese

All the farmers made caprino Lombar-
do cheese from goat milk, milked from 
the farmer’s own herd. table 1 shows 
the log counts and pH values of the dairy 
samples from each farm; the data are 
the means of three separate tests done 
at different times (April, July and sep-
tember).

the lactic acid bacteria proved to be 
the predominant component of the mi-
croflora in the raw milk samples (mean 
log count = 4.69 cFu/mL, sD =1.07) 
with the samples from farm A having 
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the highest concentration. On this farm, the 
milk was ripened at room temperature prior 
to adding the rennet because the farm was 
not equipped with a refrigerated tank, and no 
culture was used as starter. the findings var-
ied with regard to enterococci. the samples 
from four farms had log counts < 3.00 cFu/
mL, while the samples from the other farms 
showed, on average, a log count of 3.17 cFu/
mL (sD = 0.82). the log count of moulds was 
always < 3.00 cFu/mL, while on three farms 
yeasts were present in the samples at a mean 
log count of 3.78 cFu/mL (sD = 1.02). col-
iforms were detected at a mean log count of 
3.93 cFu/mL (sD = 0.93) in samples from 
five of the seven farms. samples from farms 
c and D showed coagulase-positive staphylo-
cocci counts that were over the limit fixed by 
European regulations (E.c.D.,1992). the pH 
values of raw milk ranged from 6.49 to 6.83, 
with an overall mean of 6.75 (sD = 0.22).

Artisanal whey cultures were dominated by 
lactic acid bacteria with a mean log count of 
9.19 cFu/mL (sD = 0.39), whereas half the 
samples showed the presence of enterococci, 
but at low levels (mean log count = 3.42 cFu/
mL, sD = 0.43). While moulds were never ob-
served at the dilutions tested, yeasts were well 
evident; they were a constant component of 
the starter population with a mean log count 
of 4.20 cFu/mL (sD = 1.10). Low pH values 
(mean 4.54, sD = 0.19) inhibited the growth of 
coagulase-positive staphylococci and kept the 
coliforms under control, since the log count 
was often < 3.00 cFu/mL. Farmer A did not 
use any starter.

in the 1-day old cheese samples, lactic acid 
bacteria reached, on average, a log count of 
9.27 cFu/g (sD = 0.53) and the pH values 
dropped to a mean value of 4.20 (sD = 0.40), 
confirming regular fermentation during the 
overnight incubation at room temperature. 
Enterococci were found at a mean log count 
of 4.41 cFu/g (sD = 1.27) with notable differ-
ences among the samples from the different 
farms. Yeasts were present at a significant level 
(mean log count 5.95 cFu/g, sD 1.15), where-
as the mould log count was < 3.00 cFu/g. col-
iforms were unevenly detected (mean log count 
= 5.09 cFu/g, sD = 2.06), except for chees-
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es from farms A and G, where 
the counts were always high. 
the coagulase-positive staphy-
lococci had a log count < 3.00 
cFu/g for samples from farms 
c, E and F, while the samples 
from the other farms showed a 
mean log count of 3.95 cFu/g 
(sD = 1.09). the cheeses made 
on farms A and D aroused con-
cern because the coagulase-
positive staphylococci count 
exceeded the maximum limit 
set by European council Di-
rective 92/46/Ecc (E.c.D., 
1992) for dairy products made 
from raw milk.

With regard to cheese sam-
ples maintained at 5°c for 15 
days, the concentration of lac-
tic acid bacteria and entero-
cocci decreased, with respec-
tive mean log counts of 8.58 cFu/g (sD 
= 0.58) and 4.07 cFu/g (sD = 1.15). con-
versely the yeasts reached, on average, a 
log count of 7.21 cFu/g (sD = 0.82) thus 
proving that they are significant compo-
nents of the microflora of caprino Lom-
bardo cheese. Moulds were not observed 
at the tested dilutions (log count < 5.00 
cFu/g). Maintenance in an acidic envi-
ronment (mean value of pH 4.22, sD = 
0.36) probably caused the decrease in 
the coliform counts, that were detected 
in samples from A and G, and the co-
agulase-positive staphylococci counts, 
where the log count was < 3.00 cFu/g 
in all samples.

classification of bacterial isolates
from 1-day-old cheese samples

Eighty-one isolates were selected from 
modified HHD plates that came from high 
dilutions and were counted separately on 
the basis of colony morphology. the aim 
was to determine the percent distribu-
tion of the various strains in the lactic 
acid bacteria population. All the isolates 
were paired or short-chain cocci, Gram 

Fig. 1 - rsA profiles of some representative bacterial isolates 
and relevant type strains. Lane 1: marker 100 bp DnA Ladder 
Plus (Fermentas, Lithuania); lane 2: negative control; lane 3, 
isolate 49; lane 4, isolate 8; lane 5, isolate 17; lane 6, isolate 
54; lane 7, isolate 18; lane 8, isolate 112; lane 9, isolate 143; 
lane 10, isolate 177; lane 11, isolate 7; lane 12, L. lactis subsp. 
lactis DsM 20481t; lane 13, L. garvieae DsM 20684t; lane 14, 
L. lactis subsp. cremoris DsM 20069t; lane 15, St. thermophilus 
DsM 20617t; lane 16, Enterococcus faecium Atcc 19434t.

positive, catalase negative, had a homo-
fermentative metabolism and were able 
to grow in 4% nacl; 95% of the isolates 
produced nH3 from arginine, 96% were 
able to grow at 10°c, 93% at 40°c but 
only 4% at 45°c; 69% grew at 6.5% nacl, 
30% hydrolysed aesculine and 21% did 
not coagulate the milk within 24 h (ta-
ble 2). On the basis of the 16s-23s rDnA 
Pcr patterns, the isolates were first as-
cribed at the species level. nine isolates 
were recognized as Lactococcus garvie-
ae since they produced a unique band 
migrating at approximately 420 bp. this 
identification was confirmed by the spe-
cies-specific Pcr assay (ZLOtKin et al., 
1998). sixty-eight isolates were attribut-
ed to Lactococcus lactis as they exhibit-
ed a single band located at 380 bp; the 
application of a Pcr targeted for the his-
tidine biosynthesis operon (cOrrOLEr 
et al., 1999) proved that all 68 L. lactis 
isolates belonged to the subspecies lac-
tis, since they amplified only the expect-
ed fragment of 933 bp (data not shown). 
three isolates showed an amplification 
fragment of 350 bp that is indicative for 
Streptococcus thermophilus, S. macedon-
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icus and S. salivarius; the specific Pcr 
assay attributed the strains to the first 
species (LicK et al., 1996). Only one iso-
late revealed a band of 450 bp, which 
is indicative of Lactococcus raffinolactis 
(bLAiOttA et al., 2002). Figure 1 shows 
the rsA profiles of some representative 
strains.

classification of yeast isolates
from 1-day-old cheese samples

in order to assess the incidence of the 
yeast species in samples of 1-day-old 
cheese, 51 isolates were selected from 
YGc plates at high dilution. Microscopic 
observations revealed 65% of them had 
at an oval shape with buds, while the re-
maining 35% were cylindrical cells that 
often had a pseudo-mycelium. none of 
the isolates hydrolysed urea or assimi-
lated nitrate, whereas 16% assimilated 
erythritol, 33% cellobiose and 71% man-
nitol. ninety-two percent of the isolates 
were able to grow with cycloheximide; 
82% assimilated galactose or D-L lac-
tate, but only 37% grew with lactose as 
the sole carbon source. the identifica-
tion by phenotypic analyses attributed 
18 isolates to Candida spherical, 18 to 
Geothrichum spp., 8 to C. lipolytica, 2 to 
C. zeylanoides, and 1 to each of C. rugo-
sa, C. lusitaniae and C. kefir; 2 isolates 
were not identifiable (table 3). the den-
drogram based on rAPD-Pcr pattern 
analysis revealed that the yeast strains 
grouped into nine clusters at a similar-
ity level of 65% (Fig. 2). For some repre-
sentative isolates of each cluster, a por-
tion of the internal transcribed spacers 
was sequenced in order to confirm the 
classification. the first (cluster 1) gath-
ered the patterns of eight isolates belong-
ing to Y. lipolytica, whereas cluster 2 was 
made up of two isolates from cheese from 
farm D that were identified as C. zeyla-
noides. clusters 3 and 4 were formed 
by only one strain, ascribed respective-
ly to Clavispora lusitaniae and C. zeyla-
noides. the fifth group (cluster 5) gath- t

a
b
le

 3
 -

 P
h

en
ot

yp
ic

 a
n

d
 g

en
ot

yp
ic

 c
h

a
ra

ct
er

is
ti

cs
 o

f 
ye

a
st

 i
so

la
te

s 
fr

om
 c

a
p
ri

n
o 

L
om

b
a
rd

o 
ch

ee
se

 s
a
m

p
le

s 
a
cc

or
d
in

g 
to

 f
a
rm

.

Fa
rm

 
Is

ol
at

e 
As

sim
ila

tio
n 

of
 

G
ro

wt
h 

  
Fe

rm
en

ta
tio

n 
 

Id
en

tifi
ca

tio
n 

RA
PD

   
Id

en
tifi

ca
tio

n
 

 
 

wi
th

 
of

 
by

 
pr

ofi
le

 
by

 
 

ce
llo

bi
os

e 
er

yt
rh

rit
ol

 
ga

la
ct

os
e 

la
ct

at
e 

la
ct

os
e 

m
an

ni
to

l 
cy

clo
he

xim
id

e 
gl

uc
os

e 
AP

I I
D 

32
C 

(N
° c

lu
st

er
) 

IT
S 

se
qu

en
ce

A 
AF

F2
b 

- 
- 

+ 
- 

- 
+ 

- 
+ 

C.
 ru

go
sa

 
4 

C.
 z

ey
la

no
id

es
 

AF
F3

b 
+ 

- 
+ 

+ 
+ 

+ 
+ 

- 
C.

 s
ph

ae
ric

a 
5 

 
AF

2a
 

+ 
- 

+ 
+ 

+ 
+ 

+ 
+ 

C.
 s

ph
ae

ric
a 

5 
 

AF
F2

a1
 

+ 
- 

+ 
+ 

+ 
+ 

+ 
- 

C.
 s

ph
ae

ric
a 

5 
 

AF
F2

a2
 

- 
- 

+ 
+ 

- 
+ 

+ 
- 

G
eo

tri
ch

um
 s

pp
. 

9 
 

AF
F3

a 
- 

- 
+ 

- 
- 

- 
+ 

- 
G

eo
tri

ch
um

 s
pp

. 
9 

 
AF

3c
 

- 
- 

+ 
+ 

- 
+ 

+ 
- 

G
eo

tri
ch

um
 s

pp
. 

9 
 

AF
3b

 
+ 

- 
+ 

+ 
+ 

+ 
+ 

+ 
C.

 s
ph

ae
ric

a 
5 

K.
 la

ct
is

 
AF

3a
 

- 
- 

+ 
+ 

+ 
- 

+ 
+ 

C.
 s

ph
ae

ric
a 

5 
B 

BF
3a

 
- 

- 
+ 

+ 
- 

- 
+ 

- 
G

eo
tri

ch
um

 s
pp

. 
9 

 
BF

F3
a 

- 
- 

+ 
+ 

- 
- 

+ 
- 

G
eo

tri
ch

um
 s

pp
. 

9 
C 

CF
F2

a 
+ 

- 
+ 

+ 
+ 

+ 
+ 

- 
C.

 s
ph

ae
ric

a 
5 

K.
 la

ct
is

 
CF

3b
 

+ 
- 

+ 
+ 

- 
+ 

+ 
- 

C.
 s

ph
ae

ric
a 

5 
 

CF
2b

 
+ 

- 
+ 

+ 
+ 

+ 
+ 

- 
C.

 s
ph

ae
ric

a 
5 



��  Ital. J. Food Sci. n. 1, vol. 18 - 2006

 
CF

F3
b 

- 
+ 

- 
+ 

- 
+ 

+ 
- 

C.
 lip

ol
yt

ica
 

1 
 

CF
3a

 
- 

+ 
- 

- 
- 

+ 
+ 

- 
C.

 lip
ol

yt
ica

 
1 

 
CF

3c
 

- 
- 

+ 
+ 

+ 
+ 

+ 
- 

C.
 s

ph
ae

ric
a 

5 
 

CF
F3

a 
+ 

- 
+ 

+ 
+ 

+ 
+ 

- 
C.

 s
ph

ae
ric

a 
5 

 
CF

2a
 

- 
+ 

+ 
+ 

- 
+ 

+ 
- 

C.
 lip

ol
yt

ica
 

1 
D 

DF
2a

 
+ 

- 
+ 

- 
+ 

+ 
- 

+ 
C.

 lu
sit

an
ia

e 
3 

Cl
av

. lu
sit

an
ia

e
 

DF
F2

b 
- 

+ 
- 

+ 
- 

+ 
+ 

- 
C.

 lip
ol

yt
ica

 
1 

Y.
 lip

ol
yt

ica
 

DF
F3

a 
+ 

+ 
- 

+ 
- 

+ 
+ 

- 
C.

 lip
ol

yt
ica

 
1 

 
DF

3a
 

- 
- 

+ 
+ 

+ 
+ 

+ 
- 

C.
 s

ph
ae

ric
a 

5 
 

DF
3b

 
- 

- 
- 

- 
- 

+ 
+ 

- 
C.

 z
ey

la
no

id
es

 
2 

 
DF

F3
b 

- 
- 

- 
- 

- 
+ 

+ 
- 

C.
 z

ey
la

no
id

es
 

2 
C.

 z
ey

la
no

id
es

 
DF

F2
a 

- 
- 

+ 
+ 

- 
- 

+ 
- 

G
eo

tri
ch

um
 s

pp
. 

9 
 

DF
F2

c 
- 

- 
+ 

+ 
+ 

+ 
+ 

+ 
C.

 s
ph

ae
ric

a 
5 

E 
EF

2a
 

- 
- 

+ 
+ 

- 
- 

+ 
- 

G
eo

tri
ch

um
 s

pp
. 

9 
 

EF
F3

b 
+ 

- 
+ 

+ 
+ 

+ 
+ 

- 
C.

 s
ph

ae
ric

a 
5 

K.
 la

ct
is

 
EF

F2
a 

- 
- 

+ 
+ 

- 
- 

+ 
- 

G
eo

tri
ch

um
 s

pp
. 

9 
 

EF
3b

 
+ 

- 
+ 

+ 
+ 

+ 
+ 

- 
C.

 s
ph

ae
ric

a 
5 

 
EF

3a
 

- 
- 

+ 
+ 

- 
- 

+ 
- 

G
eo

tri
ch

um
 s

pp
. 

9 
 

EF
F2

c 
+ 

- 
+ 

+ 
+ 

+ 
+ 

- 
C.

 s
ph

ae
ric

a 
5 

 
EF

F2
b 

- 
+ 

- 
+ 

- 
- 

+ 
- 

C.
 lip

ol
yt

ica
 

1 
 

EF
F3

a 
- 

- 
+ 

+ 
- 

+ 
+ 

- 
G

eo
tri

ch
um

 s
pp

. 
9 

G
. g

eo
tri

ch
um

F 
FF

3a
 

- 
- 

+ 
- 

- 
+ 

+ 
- 

G
eo

tri
ch

um
 s

pp
. 

9 
 

FF
F2

a1
 

- 
+ 

- 
+ 

- 
+ 

+ 
- 

C.
 lip

ol
yt

ica
 

1 
 

FF
F2

a2
 

- 
- 

+ 
+ 

+ 
+ 

+ 
- 

G
eo

tri
ch

um
 s

pp
. 

9 
 

FF
F3

b 
+ 

- 
+ 

+ 
- 

+ 
+ 

- 
C.

 s
ph

ae
ric

a 
5 

 
FF

F3
a 

- 
+ 

- 
+ 

- 
+ 

+ 
- 

C.
 lip

ol
yt

ica
 

1 
Y.

 lip
ol

yt
ica

G
 

G
FF

3a
 

- 
- 

+ 
+ 

- 
+ 

+ 
- 

G
eo

tri
ch

um
 s

pp
. 

9 
 

G
F2

a 
- 

- 
+ 

+ 
- 

- 
+ 

- 
G

eo
tri

ch
um

 s
pp

. 
9 

G
. g

eo
tri

ch
um

 
G

FF
3c

 
- 

- 
+ 

- 
- 

- 
- 

 
in

ac
ce

pt
ab

le
 

7 
S.

 c
er

ev
isi

ae
 

G
FF

2a
 

+ 
- 

+ 
+ 

- 
+ 

+ 
- 

G
eo

tri
ch

um
 s

pp
. 

9 
 

G
FF

3b
 

- 
- 

+ 
+ 

+ 
- 

+ 
+ 

C.
 k

efi
r 

6 
K.

 m
ar

xia
nu

s
 

G
F3

b 
- 

- 
+ 

+ 
- 

- 
+ 

- 
G

eo
tri

ch
um

 s
pp

. 
9 

 
G

F3
c 

+ 
- 

+ 
+ 

+ 
+ 

+ 
+ 

C.
 s

ph
ae

ric
a 

5 
K.

 la
ct

is
 

G
F3

d 
- 

- 
+ 

- 
- 

- 
- 

 
in

ac
ce

pt
ab

le
 

8 
 

G
F3

a 
- 

- 
+ 

+ 
- 

+ 
+ 

- 
G

eo
tri

ch
um

 s
pp

. 
9 

G
. g

eo
tri

ch
um

 
G

FF
2b

 
+ 

- 
+ 

+ 
+ 

+ 
+ 

- 
C.

 s
ph

ae
ric

a 
5 

 
G

FF
2c

 
- 

- 
+ 

+ 
- 

+ 
+ 

- 
G

eo
tri

ch
um

 s
pp

. 
9 

Fa
rm

 
Is

ol
at

e 
As

sim
ila

tio
n 

of
 

G
ro

wt
h 

  
Fe

rm
en

ta
tio

n 
 

Id
en

tifi
ca

tio
n 

RA
PD

   
Id

en
tifi

ca
tio

n
 

 
 

wi
th

 
of

 
by

 
pr

ofi
le

 
by

 
 

ce
llo

bi
os

e 
er

yt
rh

rit
ol

 
ga

la
ct

os
e 

la
ct

at
e 

la
ct

os
e 

m
an

ni
to

l 
cy

clo
he

xim
id

e 
gl

uc
os

e 
AP

I I
D 

32
C 

(N
° c

lu
st

er
) 

IT
S 

se
qu

en
ce



Ital. J. Food Sci. n. 1, vol. 18 - 2006  ��

Fig. 2 - cluster analysis of rAPD-Pcr patterns from yeast strains obtained with primers M13 and rF2. 
numbers indicate cluster names. Distance values between branches in the dendrogram are reported 
as percentage of similarity (0-100%).
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ered rAPD profiles of 18 isolates attrib-
uted to K. lactis; a further differentia-
tion into sub-clusters at a level of more 
than 80% similarity was observable with-
out any evident link with farm or time 
of isolation. cluster 6 was composed of 
a single strain of K. marxianus, whereas 
two strains of S. cerevisiae isolated from 
farm G were positioned in different clus-
ters (7 and 8). the ninth cluster grouped 
the patterns of 18 isolates ascribed to 
Galactomyces geotrichum collected from 
samples from most of the farms.

DiscussiOn

raw goat milk is rich in lactic acid bac-
teria; thus it is naturally apt for cheese-
making in accordance with what has 
been described for tenerife (ZArAtE et 
al., 1997), Avenato (HAtZiKAMAri et 
al., 1999) and ibores (MAs et al., 2002) 
cheeses in which the predominant spe-
cies is Lactococcus lactis subsp. lactis, 
and which are traditionally produced 
without the addition of starter cultures. 
On the other hand, hygienic markers 
such as coliforms and staphylococci are 
secondary, but constant, components of 
the microflora found in goat milk (LODi 
1993; ZArAtE et al., 1997; MAs et al., 
2002). therefore, it cannot be exclud-
ed that potentially hazardous germs are 
present in the cheese production chain 
(biELAsZEWsKA et al., 1997; FOscHinO 
et al., 1999; 2002). Artisan cheese-mak-
ers however, reject the idea of subject-
ing the raw milk to thermal treatment for 
economic reasons but also because they 
believe that such treatment has a nega-
tive effect on the sensorial quality of the 
end product. thus the safety of tradition-
al caprino Lombardo cheese has to be 
achieved by improving the microbiologi-
cal quality of the milk, and by the con-
trolled use of starters for the rapid and 
safe acidification of the curd. it was not 
by chance that the highest coliforms and 
coagulase-positive staphylococci levels 

were found in the cheese samples col-
lected from farm A where artisanal whey 
cultures were not used. the cheese from 
this farm also had the highest pH val-
ues. top priority must be given to insure 
that hygiene measures are implement-
ed, and compulsory, with regard to the 
equipment and practices used in animal 
care, milking, and chilling of milk dur-
ing storage and cheese processing. Arti-
san whey cultures were confirmed to be 
the functional source of lactic acid bac-
teria for regular milk fermentation proc-
esses. nevertheless, the yeasts detected 
in all the whey samples were responsible 
for a significant microbial presence that 
marked the typicity of the product. the 
microflora of caprino Lombardo cheese 
consists mainly of lactococci and yeasts, 
whose counts increase during storage at 
5°c. it should also be noted that, despite 
the absence of preservatives, no moulds 
were visible in any of the samples. this 
observation and data, already reported 
in the literature (suZZi et al., 2001; ViL-
JOEn, 2001), suggest that yeasts play a 
positive role in both the sensorial char-
acterisation and shelf-life extension of 
the product by causing the formation of 
aromatic compounds or relevant precur-
sors due to proteolytic and lipolytic activ-
ities and ethanol production. though re-
maining at low pH leads to a decrease in 
coagulase-positive staphylococci of <103 
cFu/g after 15 days, it does not appear 
sufficient enough to reduce the coliform 
numbers, as already reported for other 
fresh goat cheeses (ZArAtE et al., 1997; 
MAs et al., 2002).

investigations of the dominant mi-
croflora of dairy products are often car-
ried out by collecting and identifying 
a few randomly selected colonies from 
high dilution plates; this approach does 
not always lead to accurate knowledge 
of the species distribution in the ma-
trix. in the present work, the actual in-
cidence of the species in the bacterial 
population of cheese samples was in-
vestigated by monitoring the phenotyp-
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ic and genotypic characteristics of each 
strain, taking into account the frequen-
cy of the colony morphology during the 
isolation from modified HHD plates. As 
regards the identification of the bacterial 
isolates, Lactococcus lactis subsp. lactis 
was dominant in 81% of all the samples 
collected, whereas, surprisingly, Lacto-
coccus garvieae was the main species in 
the remaining 19% of the samples were 
obtained from three of the seven farms. 
As already described by other authors 
(cOrrOLEr et al., 1998; 1999; MAnnu et 
al., 2000; FOrtinA et al., 2003) physio-
logical tests commonly used to differen-
tiate the species among the genus Lac-
tococcus failed to identify wild strains: 
for instance, in this work, 69% of the 
L. lactis subsp. lactis isolates were able 
to grow at 6.5% nacl. Even the real oc-
currence of L. garvieae can be underes-
timated if molecular identification tech-
niques are not used, because the pheno-
typic traits of this species are very sim-
ilar to the L. lactis group. till now, L. 
garvieae has occasionally been isolated 
from dairy sources as a minor milk com-
ponent (An et al., 2004) and curd (MO-
rEA et al., 1999) or as an agent of mas-
titis in cow and water buffalo (tEixEirA 
et al., 1996; VELA et al., 2000). neverthe-
less, when a genetic approach to strain 
classification is adopted, the incidence 
of this species in dairy samples increas-
es, as FOrtinA et al. (2003) recently re-
ported in samples of toma Piemontese, 
a traditional italian PDO cheese made 
from raw cow milk without the addition 
of any starter culture. the presence of L. 
garvieae in the dairy chain should be fur-
ther investigated in order to determine a 
possible technological role, or potential 
pathogenicity, since this species has fre-
quently been associated with episodes of 
septicaemia in fish (ELDAr et al., 1996; 
1999; VELA et al., 2000).

As for the yeasts, Galactomyces ge-
otrichum (anamorph Geotrichum candi-
dum), Kluyveromyces lactis (anamorph 
Candida sphaerica) and Yarrowia lipoly-

tica (anamorph Candida lipolytica) were 
mainly isolated from caprino Lombardo 
cheese; they were found in 85, 71 and 
43% of the samples respectively; these 
yeasts are psycrotrophs that can me-
tabolise lactate. they have proteolytic 
and, for G. geotrichum and Y. lypolyti-
ca, lipolytic activities that contribute to 
the organoleptic features of the cheese. 
Different authors have also shown evi-
dence of a meaningful incidence of the 
same species in fresh and short-ripened 
cheeses such as caprino (AnDriGHEt-
tO et al., 2000), water-buffalo Mozza-
rella (rOMAnO et al., 2001, suZZi et al., 
2000), Feta (cOsEntinO et al., 2001; 
FADDA et al., 2001; PsOMAs et al., 2001) 
and rokpol cheeses (WOJtAtOWicZ et 
al., 2001). the APi 32 iD test has prov-
en to be a suitable tool for the classi-
fication of yeasts in the dairy environ-
ment since between 48 to 51 isolates 
(96%) were identified properly when 
the results of the phenotypic analysis 
were compared with those obtained with 
rAPD finger-printing and its sequenc-
ing (table 3). Moreover, rAPD-Pcr us-
ing primers M13 and rF2 has been 
confirmed to be a useful technique for 
discriminating yeast at the species lev-
el, as previously stated by various au-
thors (AnDriGHEttO et al.; 2000, su-
ZZi et al.; 2000, PsOMAs et al., 2001). 
Yeast development in traditional capri-
no Lombardo cheese is expected, given 
that the product’s high acidity, medium 
moisture content, lack of preservatives 
and low storage temperature are factors 
that support the proliferation of fungi. 
Furthermore, the constant presence 
of yeasts in artisan whey cultures and 
cheeses is beneficial. they are a major 
component of the microflora that con-
tributes to ripening and flavour devel-
opment; therefore such yeasts should 
be considered a distinctive trait of the 
typicity of the product. no relationships 
between the prevalence of species in 
cheese and the period of isolation or 
territory were observed.
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AbstrAct

A mixture of pasteurized and raw 
goat’s milk inoculated with different 
populations of Listeria monocytogenes 
was used in the manufacture of chevre 
Metsovo cheese (pH>5.0). L. monocy-
togenes grew rapidly with maximum 
populations up to 8.38-8.78 log10 cFu/
g after 5-10 d (strain scott A) or 7.60-
7.78 log10 cFu/g after 30 d (strain cA). 
in separate experiments a pasteurized 
mixture of ewe’s and goat’s milk inocu-

riAssuntO

nella produzione di formaggio che-
vre Metsovo (pH>5) è stata impiegata 
una miscela di latte di capra, pastoriz-
zato e non, inoculata con differenti po-
polazioni di Listeria monocytogenes. La 
L. monocytogenes cresceva rapidamen-
te fino ad un massimo di carica batteri-
ca di 8.38-8.78 log10 cFu/g dopo 5-10 
giorni (ceppo scott A), o 7.60-7.78 log10 
cFu/g dopo 30 giorni (ceppo cA). in al-
tre sperimentazioni, latti di capra e di 
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lated with L. monocytogenes was made 
into Pichtogalo chanion cheese (pH 
at 4.43). the population of L. monocy-
togenes decreased rapidly and listeriae 
were not countable after 2-10 days. De-
pending on the number of cells in the 
initial inoculum, L. monocytogenes was 
not detected between 5 and 20 days af-
ter cheesemaking using cold enrich-
ment. L. monocytogenes survived in 
frozen 48 h cheese at -20°c for one to 
more than three months.

pecora sono stati inoculati con L. mo-
nocytogenes, per la produzione del for-
maggio Pichtogalo chanion (pH 4.43). 
in quest’ambiente sfavorevole, la popo-
lazione di L. monocytogenes diminuiva 
rapidamente e non risultava possibi-
le effettuare una conta delle Listeriae 
dopo 2-10 giorni. in funzione del nu-
mero di cellule nell’inoculo iniziale, la 
L. monocytogenes non era presente fra 
i 5-20 giorni dopo il processo di casei-
ficazione effettuata con il metodo di ar-
ricchimento a freddo. La L. monocyto-
genes sopravviveva da uno fino a più di 
tre mesi nel formaggio di 48 ore conge-
lato a -20°c.

intrODuctiOn

soft cheeses, contaminated with Lis-
teria monocytogenes have often been in-
criminated as the causative agents of 
human foodborne listeriosis (LinnAn et 
al., 1988; biLLE et al., 1988; buLA et al., 
1995). L. monocytogenes has often been 
found in raw ewe’s and goat’s milk, ob-
tained from clinically healthy or diseased 
herds. the microorganism has been re-
covered from 0 to 43% of the milk samples 
examined (HirD and GEniGEOrGis, 1990; 
GrEEnWOOD et al., 1991; rODriGuEZ et 
al., 1994). in Greece, Listeria spp. have 
been found in 3.75% of raw cow’s milk, 
6% of raw goat’s milk, 6% of mixtures of 
raw ewe’s and goat’s milk samples and 
20% of environmental samples taken 
from 8 cheese–processing plants (GEni-
GEOrGis et al., 1991b). the exact number 
of L. monocytogenes in raw milk is not 
known, but GrEEnWOOD et al. (1991) es-
timated fewer than 200 cFu/mL of milk. 
According to WHO (1988), this number is 
expected to be much lower in bulk tanks, 
because the various sources from which 
the milk has been collected are not all 
contaminated.

L. monocytogenes behaves different-
ly in different types of cheese depend-
ing on the different physico-chemical 
conditions during the manufacture, 
ripening and storage of the cheese [e.g. 
starter cultures, acidity, temperature 
and duration of ripening, moisture (aw), 
salt and salt in moisture phase]. it has 
been reported that L. monocytogenes 
grows modestly during the early stages 
of cheddar, Feta and blue cheese pro-
duction and then ceases to grow when 
the pH drops below 5.0, with L mono-
cytogenes populations decreasing sig-
nificantly during ripening and storage 
(rYsEr and MArtH, 1987a; PAPAGEOr-
GiOu and MArtH, 1989a;b). substan-
tial growth of L. monocytogenes occurs 
in camembert and brick cheese dur-
ing the ripening process when the pH is 
above 5.75 (rYsEr and MArtH, 1987b; 
1989). the growth of L. monocytogenes in 
market cheeses was correlated with high 
pH (>5.5) and the absence of starter cul-
tures during cheesemaking (GEniGEOr-
Gis et al., 1991a). the pathogen grows 
in Greek whey cheeses with pH values 
ranging from 6.0 to 6.5, even at refrig-
eration temperatures (PAPAGEOrGiOu et 
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al., 1996). L. monocytogenes survives for 
more than 40 d in touloumotyri cheese 
at a pH of 4.53, but it is inactivated with-
in 16-27 d in Galotyri cheese at a pH of 
4.35 (PAPAGEOrGiOu et al., 1998a).

L. monocytogenes is likely to be present 
in the environment of small, traditional 
cheese-processing plants, or in raw ewe’s 
and goat’s milk, which is usually not 
pasteurized during traditional cheese-
making. in this study, the behavior of L. 
monocytogenes during the manufacture, 
ripening and storage of chevre Metsovo 
(cM) and Pichtogalo chanion (Pc) chees-
es was investigated. cM, a hard cheese 
with a pH of ca. 5.5, is traditionally pro-
duced in the area of Epirus, from a mix-
ture of raw and pasteurized goat’s milk. 
Pc is a soft white spreading cheese with 
Protected Designation of Origin, with a 
pH of ca 4.5. it is traditionally produced 
on the island of crete from ewe’s and/
or goat’s milk (raw or pasteurized). L. 
monocytogenes was found in 4 out of 62 
samples of Pc cheese analyzed by PA-
PAGEOrGiOu et al. (1998b). this study 
was undertaken to determine whether 
the conditions during manufacture, rip-
ening and storage of these two cheeses 
support the growth and/or survival of L. 
monocytogenes.

MAtEriALs AnD MEtHODs

cultures

L. monocytogenes scott A and califor-
nia (cA) were used in this study. cul-
tures were maintained at 4°c on tryp-
tose agar (tA) (Difco/becton Dickinson, 
sparks, MD) slants and were transferred 
monthly. Working cultures used to in-
oculate milk for the manufacture of Pc 
and cM cheeses were prepared as de-
scribed by PAPAGEOrGiOu and MArtH 
(1989c). the final culture contained ca. 
1.75x108 cFu of L. monocytogenes/mL. 
A sufficient volume of this culture was 
dispersed in 100 mL of pasteurized milk 

to yield the desirable concentration of L. 
monocytogenes when added to the milk 
used for cheesemaking.

Lyophilized Lactococcus lactis subsp. 
lactis, Lactobacillus casei subsp. pseudo-
plantarum, Lactobacillus casei subsp. ca-
sei and Lactococcus lactis biovar diacety-
lactis strains isolated from traditional-
ly manufactured Pc cheese (PAPAGEOr-
GiOu et al., 1998b) were regenerated in 
sterile skimmed cow’s milk, which was 
incubated for 24 h at 23°c. to manu-
facture Pc cheese, a sufficient volume of 
each of these cultures was added to the 
cheese milk, so as to contain 1.3, 1.3, 1 
and 0.4%, of each culture, respectively. 
Lactobacillus delbrueckii subsp. bulgari-
cus and Streptococcus thermophilus were 
grown in sterile skimmed cow’s milk for 
24 h at 42°c, and then used (0.2% v/v) 
for the manufacture of cM cheese.

cheesemaking

chevre Metsovo cheesemaking
six liters of pasteurized (63°c/30 

min) goat’s milk and 6 L of raw goat’s 
milk were placed in a small stainless 
steel cheese-vat placed in a larger pilot-
plant-sized cheese-vat filled with water. 
the milk was inoculated with L. monocy-
togenes (at different levels ranging from 
ca. 2x101 to 4x103 cFu/mL); after warm-
ing the milk to 30°c, 0.2% (v/v) of the 
starter culture was added. After 15 min 
50 mg of rennet diluted in 50 mL tap wa-
ter was added. After 1 h the curd was 
cut into 0.5-inch cubes and was left un-
disturbed for 10 min. the cut curd was 
then transferred into two round metal 
hoops (18 cm diameter), 0.3% ground 
black pepper sterilized in a dry-air oven 
(1 h/180°c) was sprinkled onto the curd 
using a salt shaker and the curd was 
allowed to drain for 24 h at 17°c. the 
hoops were turned twice at 8 h intervals. 
After draining, the cheese was placed in 
a 19% sterile salt-brine for 24 h at 17°c. 
the cheese was ripened for 60 d at 17°c 
at a relative humidity of 80-85% and 
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subsequently stored at 4°c for 60 d. the 
30-d cheeses were then coated with par-
affin to minimize moisture loss.

Pichtogalo chanion cheesemaking
A mixture of equal volumes of whole 

raw ewe's and goat’s milk was obtained 
from a local dairy plant and was pas-
teurized in an open vat at 63°c for 30 
min. Eight liters of pasteurized milk were 
placed in the same small cheese-vat de-
scribed earlier and inoculated with L. 
monocytogenes at different levels rang-
ing from ca. 2x102 to 2x105 cFu/mL. 
After warming the milk to 23°c, 4% (v/
v) of the starter culture was added. Fif-
teen min later, 34 mg of rennet dilut-
ed in 50 mL tap water was added; coag-
ulation took place within ca. 2 h. After 
standing at 23°c for 24 h for souring, 
the curd was transferred without cutting 
into hoops and was allowed to drain for 8 
h. After draining, 1% salt was added and 
the cheese was refrigerated. Forty-eight 
hours later, half of the cheese was fro-
zen at -20°c in ca. 150 g portions placed 
in sterile stomacher bags, and the rest 
was stored at 4°c.

Microbiological analyses of cheeses

sampling
Milk samples of 25 mL were used to 

determine the presence of, or to count 
the L. monocytogenes cells from: a) the 
milk of the cheese-vat before inoculation 
and b) the inoculated milk, immediate-
ly after inoculation. Also, milk samples 
of 11 mL were used to count the lactic 
acid bacteria (LAb) cells immediately af-
ter the starter cultures were added. For 
the cM cheese trials, the samples for 
counting the L. monocytogenes and LAb 
cells and determining pH were taken at 
the following stages: a) curd in hoops 
before draining b) whey after hooping 
c) curd in hoops after 24 h of draining 
d) fresh 48 h cheese just after salting 
in brine e) 5, 10, 20, 30, 40, 60, 90 and 
120 d cheese during ripening and stor-

age. For the Pc cheese trials, the sam-
ples for counting the L. monocytogenes 
and LAb cells and determining the pH 
were taken at the following stages: a) 2, 
4, 6, 8, 10, 12, 14, 22 and 24 h curd b) 
32 h curd after draining and before the 
addition of salt c) drained whey d) re-
frigerated cheese at 2, 5, 10, 15, 20, 25 
and 30 d and e) frozen cheese at 15, 30, 
45, 60, 75 and 90 d. At each sampling, 
a frozen sample was thawed at 35±1°c 
(within 1 h) and duplicate 10 g cheese 
samples (one from the outer 1.5-2.0 cm 
of the cheese and the second from the 
center of the cheese) were tested. sam-
ples in which L. monocytogenes was not 
detectable by plating were re-examined 
after cold enrichment.

Enumeration of microorganisms
twenty-five milliliters or grams of 

milk, whey or cheese were homogenized 
with 225 mL of warm (42±1°c) sterile 
1% tryptose broth (tb) supplemented 
with 2% sodium citrate (sigma-Aldrich 
co. Ltd., Gillingham, uK) in sterile stom-
acher bags (stomacher 400, techmar 
co. inc., cincinnati, OH) for 3 min. Ap-
propriate serial decimal dilutions were 
made using warm sterile 2% sodium ci-
trate solution.

L. monocytogenes was counted by sur-
face-plating 0.2 mL of milk or appropri-
ate curd- or cheese-dilutions on lithi-
um chloride phenylethanol moxalactam 
(LPM) agar (LEE and MccLAin, 1986). 
Plates were incubated aerobically at 35°c 
for 48 h. typical, blue-green colonies on 
LPM agar were counted and a number 
of them, equal to their square root, were 
confirmed as L. monocytogenes by Gram 
staining, observation of tumbling motil-
ity under wet mount, catalase reaction, 
esculin hydrolysis, production of acid 
from rhamnose, xylose, mannitol and a-
methyl-D-mannoside and cAMP test, as 
described by LOVEtt (1987).

cold-enrichment was performed by 
incubating the primary dilution (10-1) in 
sterile tb at 4°c for up to 8 weeks. Every 
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2 weeks, a drop of the culture was placed 
on the surface of 3 LPM agar plates. the 
drop was surface-plated with a bent rod, 
and the same rod was used to consecu-
tively spread the remaining 2 Petri dish-
es. Plates were incubated aerobically at 
35°c for 48 h.

the LAb were counted in Mrs and 
M17 agar (OxOiD, Hampshire, u.K.). 
One-mL of the appropriate dilutions was 
pour-plated in 15 mL of agar and plates 
were overlaid and incubated anaerobi-
cally at 35°c for 72 h (Gaspak system, 
bbL Microbiology systems, cockeys-
ville, MD.).

Physico-chemical analyses
of cheeses
Duplicate fat and moisture determi-

nations were made for each trial accord-
ing to the standard Methods for the Ex-
amination of Dairy Products (brADLEY 
et al., 1993). Duplicate nacl determi-
nations were made on 10 g cheese sam-
ples using the Quantab chloride titra-
tor test strip method (Miles Laboratories 
inc., Elkhart, in).

At the time of testing for L. monocy-
togenes, the pH values were measured 
using a pH meter (type s22, Wissens-
chatflich-technische Werkstätten, Ger-
many). For cM cheese, 10 g were homog-
enized with 20 mL of distilled water, the 
electrode was immersed into the emul-
sion and when a stable measurement 
was obtained the pH value was recorded. 
For Pc cheese, the pH measurement was 
obtained by directly inserting the pH-
electrode into the soft cheese mass.

calculation of growth rate
and statistical methods
Generation times for L. monocytogenes 

during cM cheese manufacture were cal-
culated (for all 6 trials) using the follow-
ing formula: generation time = 1/log P2-
log P1/0.301 (t2-t1), where t1 = time of 
P1, t2 = time of P2, P1 = cFu/g at t1 and 
P2 = cFu/g at t2.

For statistical analysis of the results 

obtained in all 8 trials after the first day 
of Pc cheesemaking, a reliability and 
survival analysis was carried out with 
the MinitAb package (release 11/96).

rEsuLts AnD cOncLusiOns

composition of chevre Metsovo
and Pichtogalo chanion cheeses
the moisture content of cM cheese 

was 35.51% (s.D. ± 1.31) and the fat in 
the dry matter (FDM) was 47.03% (s.D. 
± 0.54). the salt content was 3.01% (s.D. 
± 0.13) and the pH of the 90 and 120 d 
ripened cheeses was 5.18 (s.D. ± 0.29) 
and 5.16 (s.D. ± 0.29), respectively. the 
same parameters for the Pc cheese were 
as follows: moisture content 64.45% (s.D. 
± 2.82); FDM 55.33% (s.D. ± 4.41) and 
salt 1.25% (s.D. ± 0.4). the pH of the 2 d 
cheese was 4.23 (s.D. ± 0.19). the Greek 
regulatory standards for Pc cheese spec-
ify that it must not contain more than 
65% moisture or less than 50% FDM 
(Greek codex Alimentarius, 1989); these 
two criteria were met in all the trials. no 
standards are specified for cM cheese.

Growth of L. monocytogenes during
the manufacture and ripening
of chevre Metsovo cheese
the milk used for all 6 trials was free 

of L. monocytogenes (measured by di-
rect plating and cold-enrichment for 
up to 8 weeks) prior to inoculation with 
the pathogen. the milk was inoculated 
at 4 different levels so as to contain ca. 
2x101, 2x102, 4x102 and 4x103 cFu/mL 
of strain scott A and at 2 different lev-
els of ca. 102 and 103 cFu/mL of strain 
cA. the behavior of L. monocytogenes 
strains scott A and cA during the man-
ufacture and ripening of cM cheese is 
shown in Fig. 1. no growth of L. monocy-
togenes was observed during the first 2 
h prior to, and during curdling. L. mono-
cytogenes populations increased during 
the whey drainage phase and the day fol-
lowing cheesemaking, the pathogen pop-
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ulations reached levels of 4.88 to 7.07 
and 4.60 to 5.91 log10cFu/g for strains 
scott A and cA, respectively. the gen-
eration times of L. monocytogenes in the 
first day (from the time of curd forma-
tion) were 2.11 h (s.D. ± 0.13) and 3.24 
h (s.D. ± 0.04) for strains scott A and 
cA, respectively. the pathogen contin-
ued to grow during cheese-ripening and 
the generation times of the second day 
were 5.23 h (s.D. ± 1.12) and 6.96 h 
(s.D. ± 1.73) for strains scott A and cA, 
respectively (Fig. 1).

the maximum populations of L. mono-
cytogenes scott A were reached after 5-
10 d and ranged from 8.38 to 8.78 log10 
cFu/g. the maximum populations of 
strain cA were only reached after 30 d 
and ranged from 7.60 to 7.78 log10 cFu/
g but were already at high levels (6.60 to 
6.88 log10 cFu/g) by day 5. the L. mono-
cytogenes populations in cM cheese dur-
ing the 2-month ripening period at 17°c 
and after 2 months of storage at 4°c re-
mained high (6.00 to 7.30 log10cFu/
g) except for one batch inoculated with 
strain scott A in which the pathogen 
count decreased to 4.07 log10cFu/g. it is 
important to note that low levels of ther-

Fig. 1 - Growth of L. monocytogenes (strain scott A, trials A-D; strain cA trials E-F) and changes in pH 
during the manufacture and ripening of chevre Metsovo cheese. temperatures were 17°c (ripening, 
days 1-60) and 4°c (storage, days 61-120).

mophilic starter were used [L. delbrueck-
ii subsp. bulgaricus 2.69 (s.D. ± 0.61) 
log10cFu/mL and S. thermophilus 4.70 
(s.D. ± 0.70) log10cFu/mL of milk], but 
these increased slowly during cheese-
making and after 5 d of ripening the pop-
ulations of lactobacilli (Mrs agar counts) 
and streptococci (M17 agar counts) 
were 8.74 (s.D. ± 0.20) and 9.03 (s.D. ± 
0.43) log10cFu/g, respectively (data not 
shown). Later, the LAb population de-
clined slightly during ripening, with Mrs 
and M17 agar counts in the 60 d ripened 
cheeses ranging from 7.00 to 8.34, and 
from 7.74 to 8.59 log10cFu/g, respec-
tively. the LAb levels remained relative-
ly constant during the subsequent 60 d 
storage of cM cheese at 4°c.

As shown in Fig. 1 the pH of cM 
cheese decreased slowly during the first 
5 d and remained above 5.0 for all tri-
als. Market samples of this cheese man-
ufactured by traditional cheesemak-
ers also had pH values around 5.5. the 
high pH and ripening temperature of 
17°c are very favorable for L. monocy-
togenes multiplication. the 3.01% salt 
content in cM cheese (calculated salt in 
water phase 7.83 ± 0.50) permitted the 
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growth of L. monocytogenes. Other stud-
ies have shown that the same L. mono-
cytogenes strains did not grow and their 
populations gradually became inactive 
in whey or skim milk containing 12% 
nacl. However, these strains grew in 
the same batches of whey and skim milk 
containing 6% nacl, even at 4°c (PAPA-
GEOrGiOu and MArtH, 1989c). Modest 
growth of L. monocytogenes was also re-
ported during the first stages of produc-
tion of cheddar cheese (rYsEr and MAr-
tH, 1987a), Feta cheese (PAPAGEOrGiOu 
and MArtH, 1989a) and blue cheese 
(PAPAGEOrGiOu and MArtH, 1989b). in 
these experiments, growth ceased when 
the pH in the cheeses dropped below 5.0 
and the populations decreased markedly 
during ripening and storage. L. monocy-
togenes can also grow in market chees-
es at pH values above 5.5 (GEniGEOrGis 
et al., 1991a) and in the whey cheeses, 
Myzithira, Anthotyros and Manouri, with 
high pH values of ca. 6.4 (PAPAGEOrGiOu 
et al., 1996). the results of this work are 
in agreement with those reported in the 
literature and confirm that cM cheese, 
having a high pH value (>5.0) and rip-
ened at 17°c, supports the growth of L. 
monocytogenes (Fig. 1).

Fate of L. monocytogenes during
the manufacture and storage
of Pichtogalo chanion cheese
the milk used for all the trials was 

free of L. monocytogenes (measured by 
direct plating and cold-enrichment for 
up to 8 weeks) prior to inoculation with 
the pathogen. A pasteurized mixture of 
ewe’s and goat’s milk was inoculated 
with L. monocytogenes scott A to con-
tain ca. 2x102 cFu/mL in trials A, c and 
E, and ca. 2x103 cFu/mL in trials b, D 
and F. A higher inoculum of ca. 2x105 
cFu/mL was used in trials G and H. in 
trial G, raw milk was used and no start-
er culture was added, while in the other 
seven trials 4% mesophilic starter cul-
ture was added (consisting of 1.3% Lac-
tococcus lactis subsp. lactis, 1.3% Lacto-

bacillus casei subsp. pseudoplantarum, 
1% Lactobacillus casei subsp. casei and 
0.4% Lactococcus lactis biovar diacety-
lactis). A high level of mesophilic start-
er culture is also used by traditional 
cheesemakers on the island of crete for 
the production of Pc cheese (PAPAGEOr-
GiOu et al., 1998b).

the behavior of L. monocytogenes, 
strain scott A during the manufacture 
of Pc cheese is shown in Fig. 2. the L. 
monocytogenes populations remained 
stable during the first 8-12 h of cheese-
making, except for trial b, in which a 
modest growth of ca. 0.45 log10cFu/g of 
curd was noted. L. monocytogenes pop-
ulations decreased rapidly by 1.23 and 
1.25 log10cFu/g in trials A and b, re-
spectively during the subsequent 12 h of 
cheesemaking, whereas the populations 
in the other six trials remained relative-
ly stable. this difference in the fate of L. 
monocytogenes in trials A and b could 
be attributable to the earlier decrease in 
the pH of these cheeses.

After souring the curd for 24 h, L. 
monocytogenes populations decreased 
significantly (P<0.001) in all the trials 
and the pathogen was finally inactivat-
ed after 5-10 d of cheese storage at 4oc 
in trials A through F and after 20 d of 
storage in trials G and H (Fig. 3). it is im-
portant to note that trials G and H were 
conducted after the results of trials A 
through F had been obtained, and the 
inoculum of the pathogen in these two 
trials was intentionally higher. As a re-
sult, the pathogen survived for an addi-
tional 10 d in trials G and H even though 
the most substantial loss of L. monocy-
togenes viability occurred during the first 
10 d of cheese storage at 4°c. L. mono-
cytogenes decreased by 2.74 and 3.90 
log10cFu/g after 5-10 d (trials A through 
F) and by 5.59 and 5.49 log10cFu/g after 
10 d (trials G and H) and then dropped 
to non-detectable levels. in addition, the 
results of cold-enrichment were negative 
for the Pc cheese samples stored at 4°c 
beyond the above-mentioned survival 
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Fig. 3 - Loss of viability of L. monocytogenes scott A and changes in pH during storage of Pichtogalo 
chanion cheese at 4°c. Values below 1 log10cFu/g represent positive results obtained after cold enrich-
ment. Values at 0 log10cFu/g represent negative results obtained after cold-enrichment.

Fig. 2 - behavior of L. monocytogenes scott A and changes in pH during the manufacture of Pichtoga-
lo chanion cheese.
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times of L. monocytogenes. the statisti-
cal analysis of the results obtained af-
ter the first day of Pc cheesemaking in 
all the trials indicated that the average 
estimated time required for one decimal 
reduction of the L. monocytogenes pop-
ulation (estimated D-value) during this 
sharp inactivation phase in Pc cheese 
was 1.81 (s.D. ± 0.40) d. results from 
previous work in our laboratory (PAPA-
GEOrGiOu et al., 1998a) indicated that 
the death rate of L. monocytogenes was 
the same during the storage of Galotyri 
cheese (pH = 4.35) at 5°c (estimated D-
value 1.24 to 2.97 d).

the pH during Pc cheesemaking de-
creased rapidly and after souring the curd 
at 23°c for 24 h, the pH values in all the 
trials was ca. 4.43 (s.D. ± 0.20), which 
was unfavorable for the subsequent sur-
vival of L. monocytogenes. it is also im-
portant to note that after the addition of 
4% mesophilic starter culture, the aver-
age populations of lactobacilli and lacto-
cocci in the milk were equal to 7.55 (s.D. 
± 0.45) and 7.51 (s.D. ± 0.52) log10cFu/
g, respectively (data not shown). Also, 
in trial G the initial populations (at time 
0) of lactobacilli and streptococci (Mrs 
and M17 agar counts) were high (7.90 
log10cFu/g each). the LAb population in-
creased during curd souring at 23°c for 
24 h with Mrs and M17 agar counts for 
all trials reaching 8.70 (s.D. ± 0.74) and 
8.85 (s.D. ± 0.58) log10cFu/g, respective-
ly. these high LAb levels remained rela-
tively constant during the storage of Pc 
cheese at 4°c for 30 d.

survival of L. monocytogenes
during frozen storage
of Pichtogalo chanion cheese
Ewe’s and goat’s milk production is 

seasonal in Greece and culminates in 
April and May. since most of this milk 
is used for cheesemaking, it is common 
to freeze and store the ewe’s and goat’s 
milk or cheese curd after drainage to 
ensure year-round manufacture of the 
cheeses (ALicHAniDis et al., 1981; PA-

PAGEOrGiOu et al., 1997). Pc cheese 
is mainly consumed fresh during the 
time of its seasonal production. How-
ever, because freezing of this cheese 
does not considerably affect its texture 
or organoleptic properties, it is a com-
mon consumer practice to purchase 
fresh cheese immediately after it is pro-
duced and freeze a portion of it for fu-
ture consumption. therefore, it was im-
portant to determine the survival of L. 
monocytogenes in Pc during short peri-
ods of refrigeration at 4°c or after freez-
ing at -20°c.

the results concerning the survival 
of L. monocytogenes in Pc during fro-
zen storage are shown in table 1. Pop-
ulations of L. monocytogenes in 2 d 
cheese prior to freezing at -20°c ranged 
from 1.48 to 3.00 log10cFu/g in trials A 
through F and were equal to 5.43 and 
5.30 log10cFu/g in trials G and H, re-
spectively. For trials G and H, where 
a high initial L. monocytogenes inocu-
lum was used, there was a substantial 
reduction in the pathogen populations 
within the first 15 d of frozen storage, 
as shown by a reduction of 1.55 (trial 
G) and 1.76 (trial H) log10cFu/g by day 
15. However, additional cold storage of 
the cheese up to 90 d did not result in 
any further substantial reduction in the 
numbers of viable cells. in contrast, in 
trials A through F, where the L. monocy-
togenes populations prior to freezing the 
2 d cheese were low (1.48-3.00 log10cFu/
g), the pathogen counts decreased rap-
idly and reached non-detectable levels 
by day 15. nevertheless, the pathogen 
was viable in all cheese samples at day 
30, and in 1 out of 6 trials at day 75 of 
frozen storage at -20°c. cold-enrich-
ment results were negative for all sam-
ples stored at -20°c for 90 d and 5 out 
of 6 trials were negative even at 60 d (ta-
ble 1). the formation of larger intracellu-
lar and extracellular ice crystals during 
slow freezing at -20°c injures and kills 
bacterial cells. the damage that bacte-
rial cells undergo during slow freezing 
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and frozen storage at -18°c, the partic-
ularly lethal effect of the freeze-thaw cy-
cle on L. monocytogenes, and the abili-
ty of strain scott A to survive at subzero 
temperatures are well-established facts 
(EL KEst and Marth, 1992; PAPAGEOr-
GiOu et al., 1997).

in conclusion, the results of this work 
indicate that, if L. monocytogenes is 
present in milk, even at a low count, it 
can grow during the traditional manu-
facture and ripening of cM cheese. these 
results emphasize that products like cM 
cheese with high pH values (>5.0) ripened 
at relatively elevated temperatures (17°c) 
support the growth of L. monocytogenes. 
the addition of 3.0% salt and 0.3% black 
pepper did not prevent L. monocytogenes 
growth. some authors have recommend-
ed the use of inhibitory substances such 
as nisin to reduce or prevent the growth 
of L. monocytogenes in certain dairy foods 
(bEnKErrOuM and sAnDinE, 1988; JunG 
et al., 1992). regarding Pc cheese, our 
results indicate that, even if L. monocy-
togenes is present in the milk in high 
numbers, the pathogen cannot grow dur-
ing cheesemaking due to the rapid drop 
in pH during the first 24 h and the micro-
organism is inactivated after 5 to 20 d of 
storage at 4°c. L. monocytogenes popula-

table 1 - results of the survival of L. monocytogenes (log10cFu/g and positive or negative results after 
cold-enrichment) during frozen storage of Pichtogalo chanion cheese at -20°c.

 Frozen storage time Trial*

 (days) A B C D E F G H

 2a 1.70 3.00 2.48 2.18 1.60 1.48 5.43 5.30
 15 + + + + + + 3.88 3.54
 30 + + + + + + 3.40 3.95
 45 + + + - - + 3.48 3.78
 60 - - + - - - 3.18 3.40
 75 - - + - - - 3.48 3.65
 90 - - - - - - 3.40 3.51

a Counts at day 2 are from cheese samples just before freezing.
* See sub-section “Fate of L. monocytogenes during the manufacture and storage of Pichtogalo Chanion cheese” 
under the “Results and Conclusions” section for explanation of trials.

tions declined substantially in Pc cheese 
during the first 15 d of frozen storage, but 
some cells (ca. 1% or less) remain viable 
or sublethally injured up to 90 d. Even 
though the conditions are unfavourable 
for the growth and survival of L. monocy-
togenes in Pc cheese, it is important to 
note that this unripened cheese is ready 
for consumption 2 d after manufacture. 
therefore, every effort must be made to 
keep this cheese pathogen-free. thus, to 
minimize L. monocytogenes and/or other 
milkborne pathogen contamination of cM 
and Pc cheeses, precautions must be tak-
en during the collection of raw milk and 
there should be proper pasteurisation. to 
achieve this Good Manufacturing Practic-
es and Hazard Analysis critical control 
Point programs must be followed.
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AbstrAct

the aim of the investigation was to 
evaluate the relationship between col-
our parameters (L*, a*, b*) and the sy-
neresis and titratable acidity of yo-
ghurt. After manufacture, the pH val-
ues of the yoghurts were adjusted to 
4.45, 4.40 and 4.35. the susceptibili-
ty of the yoghurts to syneresis immedi-
ately after manufacture was identical, 
but it increased during storage. After 3 
weeks of storage, the yoghurt with an 
initial pH value of 4.35 was the most 
prone to syneresis. the lower the initial 

riAssuntO

È stata studiata la relazione tra i pa-
rametri di colore (L*, a*, b*), la sinere-
si e l’acidità titolabile dello yogurt. Gli 
yogurt presi in esame avevano valore di 
pH di 4.45, 4.40 e 4.35. Mentre la su-
scettibilità degli yogurt alla sineresi im-
mediatamente dopo la produzione non 
subiva variazioni, essa aumentava nel 
corso della conservazione. Dopo 3 set-
timane di conservazione, lo yogurt con 
un pH iniziale di 4,35 è stato quello più 
soggetto a sineresi. Più basso risultava 
il valore iniziale di pH dello yogurt mag-
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pH of the yoghurt, the greater the in-
crease of titratable acidity during stor-
age. As the storage time increased, the 
degree to which the L*, a* and b* colour 
parameters decreased, depended on the 
initial pH of the yoghurts. the lowest 
values were recorded in yoghurt with an 
initial pH of 4.35. A high correlation co-
efficient was found between the L*, a* 
and b* colour parameter values and the 
syneresis and titratable acidity values, 
irrespective of the initial pH.

giore era l’incremento di acidità titolabi-
le durante la conservazione. All’aumen-
tare del tempo di conservazione il gra-
do in cui i parametri di colore, L*, a* e 
b*, decrescevano dipendeva dal valore 
iniziale di pH degli yogurt. i valori più 
bassi sono stati registrati in yogurt con 
valore di pH iniziale di 4.35. un eleva-
to coefficiente di correlazione è stato ri-
scontrato tra i valori dei parametri di 
colore L*, a* e b*, la sineresi ed i valori 
di acidità titolabile, indipendentemen-
te dai valori di pH iniziale.

intrODuctiOn

Yoghurt quality and hence its consum-
er acceptability is determined primarily 
by the degree of coagulation of the curd. 
Any change in acidity of the yoghurt, re-
sulting from the activity of the microflo-
ra deliberately introduced in the course 
of the manufacturing process, causes 
changes in the viscosity and structure 
of the product and alters its suscepti-
bility to syneresis (LucEY, 2002; PuVA-
nEntHirAn et al., 2002; sHAKEr et al., 
2003; sAnDOVAL-cAstiLLA et al., 2004). 
the values of these parameters not only 
influence the initial quality of the yo-
ghurt, but can also be used to deter-
mine the suitability of the product for 
further storage (birOLLO et al., 2000; 
cAis-sOKOLi ’nsKA et al., 2004). there-
fore, these parameters (e.g. syneresis), 
or instrumental measurements (e.g. col-
our parameter L*, a*, b*) are essential 
for a rapid and objective determination 
of the extent of changes that have oc-
curred in the product (DELLO stAFFOLO 
et al., 2004; KuMAr and MisHrA, 2004; 
YAZici and AKGun, 2004).

the objective of the investigation was 
to establish correlations between the sy-
neresis and titratable acidity of the yo-

ghurt examined in relationship to colour 
measurements.

MAtEriALs AnD MEtHODs

natural stirred yoghurt with a 2% fat 
content, manufactured under industri-
al conditions was used. it was manu-
factured from skimmed milk that had 
been pasteurised for 10 min at 75°c 
and then thickened by adding powdered 
skimmed milk (5%), which increased the 
average dry matter content from 12.67 
to 17.02%. Fat content standardisation 
to reach 2% in the processed milk was 
achieved using cream with a 30% fat 
content, which was pasteurised at 90°c 
for 5 s. After heating the processed milk 
at 50°c, it was homogenised under 15 
MPa pressure and then pasteurised at 
95°c for 3 min. After cooling the milk to 
40°c, a freeze-dried culture containing 
Lactobacillus delbrueckii subsp. bulgari-
cus and Streptococcus thermophilus (1:1) 
was added (50 u/250 L milk). the inocu-
la were obtained from the chr. Hansen’s 
Laboratory A/s Denmark. the milk was 
incubated at 42°c until the following 
pH values were reached: 4.45, 4.40 and 
4.35. the curd obtained was then cooled 
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to 20°c, mixed and poured into 0.2 L 
containers, which were then cooled to 
6°c. six batches of 2,000 L of each dif-
ferent pH value were manufactured for 
each yoghurt. Assays and measurements 
were performed directly after manufac-
ture as well as after 7, 14 and 21 days 
of storage at 6°c. the analyses were car-
ried out on the six batches and three rep-
lications of each assay or measurement 
were conducted.

the pH of the yoghurts was deter-
mined using a pH-meter (cP-315, El-
metron co., Zabrze, Poland), which was 
equipped with a combined EsAgP-301W 
type electrode (Eurosensor co., Gliwice 
Poland) consisting of a glass half-cell and 
a saturated chloro-silver half-cell. the 
method proposed by DAnnEnbErG and 
KEssLEr (1988) was applied to measure 
the susceptibility of the yoghurt to sy-
neresis at 10°c. the titratable acidity of 
the yoghurt was assessed in accordance 
with conditions specified in the appropri-
ate standard (iDF/isO stAnDArD, 1991). 
the colour of the yoghurt was measured 
reflectionally using a spectrophotometer 
(Hitachi u-3000, tokyo, Japan) with a 
1 cm thick layer and the c light source. 
the evaluation of colour in reflected light 
was performed using the ciELab col-
our system L*, a* and b* recommend-
ed by the commission internationale de 
l`Eclairage, where L* designates bright-
ness, and a* and b* are chromaticity co-
ordinates (ciE buLLEtin, 1974). the tem-
perature of the samples ranged from 12° 
to 10°c. in addition, the colour differ-
ence value (∆E) was calculated between 
the colour of each sample and the mod-
el of ideal whiteness, using the formula 
(FrAncis and cLYDEsDALE, 1975):

∆E=[(∆L)2 + (∆a)2 + (∆b)2]0,5

for which the following assumptions were 
made: L*=100, a*=0 and b*=0.

the results of the measurements and 
assays were then subjected to statisti-
cal analysis using the Excel calculation 

sheet of statistica 6.0. the results were 
then used to determine the standard er-
ror (±sE), linear and polynomial regres-
sions of different degrees using the least 
squares method, the square of the corre-
lation coefficient and verification of the 
hypotheses at the p=0.05 level of signif-
icance (brAnDt, 1997).

rEsuLts AnD DiscussiOn

the results of the investigations 
showed that the pH values of the yoghurt 
immediately after manufacture signif-
icantly influenced the range of select-
ed physico-chemical traits. Differences 
in the pH values of the yoghurts direct-
ly after manufacture did not significant-
ly affect their susceptability to syneresis 
measured at time 0 (table 1). neverthe-
less, differences were observed on the 7th 
day of storage and these differences re-
mained until the end of the storage peri-
od. no significant differences were found 
between yoghurts with initial pH values 
of 4.45 and 4.40, while yoghurts with an 
initial pH of 4.35 were more susceptable 
to syneresis. irrespective of the differ-
ences, all of the yoghurts become more 
susceptable to syneresis with increasing 
storage time (0.98<r<0.99). After three 
weeks of storage, yoghurts with initial 
pH values of 4.45 and 4.40 were 73.2% 
more susceptable to syneresis than at 
the beginning, whereas yogurts with an 
initial pH of 4.35 were 88.4% more sus-
ceptable. When carrying out investiga-
tions on natural yoghurts with a pH val-
ue of 4.6 containing traditional, high-ar-
omatic cultures, DAnnEnbErG and KEs-
sLEr (1988) showed that their suscept-
ability to syneresis ranged from 38 to 
58%, depending on the extent of the de-
naturation of β-lactoglobulin in the proc-
essed milk. similar relationships were 
also demonstrated by sAVELLO and DAr-
GAn (1997).

the lower the yoghurt pH after its 
manufacture, the higher was its titrat-
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table 1 - changes in the syneresis of the yoghurts during storage (%).

 pH of yoghurt  Storage time (days) Standard error ±SE
 after production
  0 7 14 21

 4.45 4.3 Aa 4.9 Ab 6.2 Ac 7.4 Ad 0.25
 4.40 4.3 Aa 5.1 Ab 6.5 Ac 7.5 Ad 0.17
 4.35 4.3 Aa 5.6 Bb 6.9 Bc 8.1 Bd 0.04

A, B: different capital letter superscripts within the same column indicate significant differences (p=0.05) between the 
means of yoghurts with distinct initial pH; a, b, c, d: different small letter superscripts within the same row indicate 
significant differences (p=0.05) between the means of a yoghurt with a particular initial pH on the storage days.

able acidity (table 2). this trend was 
maintained throughout the storage pe-
riod. With increase in storage time, there 
was a significant increase in the titrat-
able acidity values (0.94<r<0.99). the 
smallest increase in titratable acidity 
(10.2%) was in yoghurts with the highest 
pH value (pH 4.45), while the highest one 
(13.2%) was found in yoghurts with the 
lowest initial pH value (pH 4.35).

the range of changes in the quality pa-
rameters of the yoghurts was determined 
by using the instrumental colour meas-
urements. regardless of storage time, 
yoghurts with an initial pH of 4.35 had 
the lowest L* values (Fig. 1), while the 
yoghurt with an initial pH of 4.45 had 
the highest. storage time exerted a sig-
nificant influence on the decrease of the 
colour lightness value (0.88<r<0.96). the 
lightness values of the yoghurts with ini-

table 2 - changes in the titratable acidity of the yoghurts during storage (osH).

 pH of yoghurt  Storage time (days) Standard error ±SE
 after production
  0 7 14 21

 4.45 38.30 Aa 39.06 Aa 40.20 Aa 42.21 Ab 0.45
 4.40 42.30 Ba 43.01 Ba 44.05 Bb 47.17 Bc 0.89
 4.35 46.60 Ca 49.15 Cb 50.88 Cc 52.75 Cd 0.28

A, B, C: different capital letter superscripts within the same column indicate significant differences (p=0.05) between 
the means of yoghurts with distinct initial pH; a, b, c, d: different small letter superscripts within the same row indicate 
significant differences (p=0.05) between the means of a yoghurt with a particular initial pH on the storage days.

tial pH values of 4.45 and 4.40 were low-
er than the values measured directly af-
ter their manufacture by 3.97 and 4.71 
units, respectively, while those of the 
yoghurt with pH 4.35 were up to 15.60 
units less.

the a* index values of the yoghurts 
with initial pH values of 4.45 and 4.40 
differed significantly from the values de-
termined in the yoghurts with a pH of 
4.35 (Fig. 2). this difference remained 
throughout the storage period. the a* in-
dex values declined significantly towards 
an intense green colour (on average by 
2.19 units), in proportion to the length 
of storage time (0.95<r<0.99).

the results of the measurements 
showed the absence of a significant in-
fluence of the initial pH value of the yo-
ghurts on the b* index value at 0 days of 
storage time (Fig. 3). the mean b* index 
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Fig. 1 - changes in the L* value (±sE) of the yoghurts during storage.
A-b; a-d - different capital letters with mean values for the same storage time indicate statistically sig-
nificant differences between yoghurts with different initial pH values; different small letters with mean 
values for the yoghurt with the same initial pH indicate statistically significant differences between dif-
ferent storage times, at the level of p=0.05.

Fig. 2 - changes in the a*-value (±sE) of the yoghurts during storage.
A-b; a-d - designations as in Fig. 1.



��  Ital. J. Food Sci. n. 1, vol. 18 - 2006

value of the yoghurts directly after man-
ufacture was 9.05. there were significant 
differences between the b* values of the 
yoghurts with initial pH values of 4.45 
and 4.40 at 21 days of storage, with that 
with an initial pH of 4.45 being signif-
icantly higher. After 21 days of storage 
the b* index values in the yoghurts with 
an initial pH of 4.35 decreased by 2.68 
units and was equal to 6.14.

the lack of significant differences be-
tween the yoghurts with initial pH values 
of 4.45 and 4.40 during the entire peri-
od of storage became apparent when co-
efficient values of the white remoteness 
∆E were calculated (Fig. 4). immediate-
ly after manufacture, the distance from 
white of all the yoghurts was identical. 
However, 7 days later, the yoghurts with 
an initial pH of 4.35 were the most dis-
tant from the white standard. this differ-
ence continued to increase during stor-
age time and after three weeks of storage, 
the ∆E index value had doubled.

in comparing the results of the col-
our instrumental measurements of the 
yoghurts with different initial pH val-

Fig. 3 - changes in the b*-value (±sE) of the yoghurts during storage.
A-c; a-d - designations as in Fig. 1.

ues with the results of their susceptibili-
ty to syneresis, there was a different lev-
el of correlation (table 3). the highest 
values of the determination coefficient 
(94.64<r<99.34) were calculated for the 
linear function determining the correla-
tion between the a* index value and the 
susceptability to syneresis of the same 
samples. A similar, high correlation was 
determined between the results of the 
susceptability of the yoghurt to syneresis 
and the b* index values measured in the 
course of 3 weeks for the same yoghurt 
samples. On the other hand, the low cor-
relation, which was determined between 
the susceptability of the yoghurts to sy-
neresis and their lightness index L* val-
ues, affected the results of the compara-
tive analysis with values that indicate the 
distance from the white standard (∆E).

the analysis comparing the results of 
titratable acidity with the results of the 
colour measurement showed that the 
highest degree of correlation occurred 
with the a* and b* index values (table 
4). High coefficient r values indicate the 
possibility of evaluating changes in yo-
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Fig. 4 - changes in the colour difference ∆E (±sE) of the yoghurts during storage.
A-b; a-d - designations as in Fig. 1.

table 3 - Parameters of yoghurt colour assessment (y) as a function of syneresis (x) during 3 weeks of 
storage.

Colour  pH of yoghurt y(x) Determination Correlation
parameters after production  coefficient R coefficient r

L* 4.45 -1.01x + 96.76 65.04 0.81
 4.40 -1.57x + 99.28 96.09 0.98
 4.35 -4.34x + 109.96 89.54 0.94

a* 4.45 -0.64x + 0.02 94.64 0.97
 4.40 -0.79x + 0.83 99.12 0.99
 4.35 -0.62x + 1.30 99.34 0.99

b* 4.45 -0.12x + 9.73 93.74 0.97
 4.40 -0.30x + 10.52 92.33 0.96
 4.35 -0.73x + 12.32 91.41 0.95
colour difference
∆E 4.45 0.75x + 9.03 73.08 0.85

	 4.40	 1.21x	+	6.82	 95.88	 0.98
 4.35 3.67x - 3.03 90.16 0.95

ghurt titratable acidity on the basis of 
changes in the a* index (86.32<r<99.12) 
and b* index values (85.21<r<99.31). it 
was not possible to demonstrate a high 
degree of correlation between the value 

of titratable acidity of the samples dur-
ing 3 weeks of storage and the results 
of the lightness index L* and, hence, the 
values of the distance from the white 
standard ∆E.
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cOncLusiOn

the results indicate that the pH of 
yoghurts immediately after their man-
ufacture significantly influenced the re-
sults of the colour measurements. De-
spite their different initial pH values, 
the yoghurts, immediately after manu-
facture, had the same propensity to sy-
neresis. However, after 3 weeks of stor-
age, yoghurts with the highest titrata-
ble acidity values and whose initial pH 
value was 4.35, were the most suscept-
able to syneresis. Furthermore, direct-
ly after manufacture, yoghurts with a 
pH value of 4.45 and 4.40 were char-
acterised by the same lightness index 
L* values as well as the same a* and 
b* index values. At the same time, yo-
ghurts with an initial pH of 4.35 had 
the lowest L* values and were charac-
terised by the lowest a* and b* index 
values. With increase in storage time, 
the lightness index L* value declined 
significantly. in addition, the a* index 
value decreased towards an intense 
green colour, while that of the b* in-

table 4 - Parameters of yoghurt colour assessment (y) as a function of titratable acidity (x) during 3 
weeks of storage.

Colour  pH of yoghurt y(x) Determination Correlation
parameters after production  coefficient R coefficient r

L* 4.45 -0.81x + 123.51 63.58 0.79
 4.40 -1.00x + 134.24 88.31 0.94
 4.35 -2.64x + 214.48 84.31 0.92

a* 4.45 -0.49x + 16.15 86.75 0.93
 4.40 -0.49x + 17.77 86.32 0.93
 4.35 -0.39x + 14.31 99.12 0.99

b* 4.45 -0.09x + 12.89 85.21 0.92
 4.40 -0.21x + 17.94 99.31 0.99
 4.35 -0.45x + 30.07 86.68 0.93
colour difference
∆E 4.45 0.60x - 10.83 71.43 0.84
 4.40 0.77x - 20.22 89.10 0.94
 4.35 2.23x - 91.61 85.17 0.92

dex decreased toward an intense yel-
low colour. changes in the a* and b* in-
dex values were highly correlated with 
yoghurt titratable acidity values and 
their susceptability to syneresis, which 
is one of the most important parame-
ters of yoghurt quality.
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AbstrAct

the in vitro antimicrobial and anti-
oxidant activities of the essential oil and 
methanol extract from Hyssopus offici-
nalis L. ssp. angustifolius were investi-
gated. the essential oil, which has pi-
nocarvone, pinocamphone, and β-pine-
ne as main components, exhibited acti-
vity against eight bacteria, and ten fun-
gi and a yeast, C. albicans, with Mini-
mum inhibitory concentration values 
(Mic) ranging from 15.625 to 250 μL/
mL; the methanol extract was inacti-
ve. With regard to antioxidant activity, 
the essential oil was inactive, while the 
methanol extract provided 50% inhi-
bition at a concentration of 117.0 μg/
mL in DPPH assay and 40% inhibition 
at the concentration of 2 g/L in linole-
ic acid test system.

riAssuntO

È stata studiata l’attività antimicro-
bica ed antiossidante in vitro di olio es-
senziale e di estratto metanolico di Hys-
sopus officinalis L. ssp. angustifolius. 
L’olio essenziale, che ha come princi-
pali costituenti il pinocarvone, pino-
camphone e β-pinene, presentava atti-
vità antimicrobica su otto tipologie bat-
teriche, dieci fungine ed un lievito, C. 
albicans, con una concentrazione Mi-
nima inibente (Mic) fra 15,625 e 250 
μL/mL; l’estratto metanolico risultava 
inattivo. Per quanto riguarda l’attività 
antiossidante, l’olio essenziale risulta-
va inattivo, mentre l’estratto metanoli-
co presentava un’attività inibente del 
50% ad una concentrazione di 117,0 
μg/mL nel test de DPPH e del 40% ad 
una concentrazione di 2 g/L nel test 
dell’acido linoleico.

intrODuctiOn

Hyssop (Hyssopus officinalis (L.), La-
miaceae), a wild perennial undershrub, 
is cultivated in temperate regions of 
Asia, Europe and America. it includes 
about 5 species, all found around the 
northern Mediterranean coast and in 
Asia Minor (KÖnEMAnn, 1999). in the 
flora of turkey, this genus is represent-
ed by one taxon, Hyssopus officinalis 
L. ssp. angustifolius (DAVis, 1982). this 
plant is called “Zulfa otu” by the local 
people around Erzurum turkey and 
the leaves of this species are mainly 
used as a condiment for soups as a re-
placement for mint (bAYtOP, 1997). in 
its native area, hyssop is found on dry 
banks and among rocks and ruins (LE 
strAnGE, 1977) and grows to a height 
ranging from 20 to 70 cm.

H. officinalis L. has been known as a 
culinary and medicinal herb for hun-

dreds of years. it is used for cough, bron-
chitis, asthma, and chronic catarrh, 
rheumatism, sore throat, wounds, ul-
cers, and tumors (siMOn et al., 1984; 
bOWn, 1995). in modern medicine hys-
sop is considered a reasonably effective 
treatment for mild irritations of the res-
piratory tract that accompany the com-
mon cold (tYLEr, 1993). Furthermore, its 
essential oil is widely used in the food, 
pharmaceutical and cosmetic industries. 
Many reports have been published con-
cerning the composition of hyssop essen-
tial oil (sHAH, 1991; scHuLZ and stAHL-
bisKuP, 1991; tsAnKOVA et al., 1993; 
KErrOLA et al., 1994 ; GOrunOVic et al., 
1995; sALVAtOrE et al., 1998; GArG et 
al., 1999; PiccAGLiA et al., 1999; cHAL-
cHAt et al., 2001; FrAtErnALE et al., 
2004). the main components of H. of-
ficinalis L. are pinocamphone, isopinoc-
amphone, β-pinene, 1,8-cineole, myrte-
nol, linalool, pinocarvone, methyl euge-
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nol, and limonene. these studies have 
also emphasized the existence of marked 
chemical differences in the oils extract-
ed from plants from different locations 
or genotypes.

Plant extracts and essential oils have 
been known to possess antibacterial and 
antifungal activity against a wide range 
of microorganisms (OuAttArA et al., 
1997; HAMMEr et al., 1999; cHAO et al., 
2000). this property of herbs has been 
attributed to the presence of some anti-
microbial constituents contained in their 
oils. However, there have been a relative-
ly limited number of reports in the litera-
ture dealing with the effect of H. officina-
lis extract and/or essential oils against 
various bacterial and fungal species 
(MAZZAnti et al., 1998; rEnZini et al., 
1999; LEtEssiEr et al., 2001; MArinO et 
al., 2001; FrAtErnALE et al., 2004).

there is increasing interest in the anti-
oxidant compounds of plants because 
they improve the flavour of food, retard 
the oxidative degradation of lipids and 
play an important role in disease preven-
tion. there are only a few reports con-
cerning the antioxidant activity of H. of-
ficinalis L. in the literature. While DAP-
KEVicius et al. (1998) reported no activ-
ity from the extracts prepared using dif-
ferent extraction techniques, DJArMAti 
et al. (1991) found high activity related to 
rosmanol-9-ethyl ether which was much 
greater than the synthetic antioxidant 
agent, butylated hydroxy toluene (bHt). 
FErnAnDEZ-LOPEZ et al. (2003) also re-
ported that hyssop inhibited lipid oxida-
tion and degradation of heme pigments 
caused by cooking and storage. in anoth-
er report, hyssop extracts were found to 
exhibit prooxidative action and increase 
conjugated diene formation in sunflower 
oil (AbDALLA and rOOZEn, 1999).

ÖZEr et al. (2005) examined the essen-
tial oil composition of H. officinalis L. ssp. 
angustifolius. However, to our knowl-
edge, the biological activity of H. officina-
lis L. ssp. angustifolius from turkey has 
not been studied previously. therefore, 

in this paper, we report the antimicrobi-
al and antioxidant activities of essential 
oil and methanol extracts from H. offic-
inalis plants collected from the eastern 
Anatolia region of turkey.

MAtEriALs AnD MEtHODs

Plant material

H. officinalis L. ssp. angustifolius 
plants at the full flowering stage were 
collected in August 2002 in Köse, 
Gümüşhane, turkey. the taxonomic 
identification of the plant material was 
confirmed by a senior plant taxonomist, 
Meryem  ̧sengül, in the Department of bi-
ology, Atatürk university, Erzurum, tur-
key. the plant material was dried in the 
shade, and the plant leaves were sepa-
rated from the stems, and ground in a 
grinder with a 2 mm diameter mesh. the 
voucher specimen was deposited at the 
Herbarium of the Department of biolo-
gy, Ataturk university, Erzurum-turkey 
(AtA. HErb 9734).

isolation of the essential oil and  
Gc-Ms analysis

the air-dried and ground aerial plant 
parts were water-distilled for 3 hours 
using a clevenger-type apparatus (yield 
1.13% v/w). the essential oil (EO) ob-
tained was dried over anhydrous sodi-
um sulphate and, after filtration, stored 
at +4°c until tested and analyzed. Gc-
Ms conditions were reported in a previ-
ous study (ÖZEr et al., 2005).

Preparation of the methanolic  
extract

the dried and powdered leaves (500 
g) were extracted with 1 L of methanol 
using a soxhlet extractor for 72 h at a 
temperature not exceeding the boiling 
point of the solvent (Lin et al., 1999). 
the extract was filtered using What-
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man filter paper (n. 1) and then con-
centrated in vacuo at 40ºc using a ro-
tary Evaporator. the residues obtained 
were stored in a freezer at -80ºc until 
further tests.

Microbial strains

the methanolic extracts and the es-
sential oil were tested individually 
against a range of 40 microorganisms, 
including 24 bacteria, 15 fungi, and a 
yeast species. the microorganisms used 
are listed in tables 1 and 2. Microorgan-
isms were provided by the Department 
of clinical Microbiology, Faculty of Med-
icine, and Plant Diagnostic Laboratory, 
Faculty of Agriculture at Ataturk univer-
sity, Erzurum, turkey. the identity of 
the microorganisms used in this study 
was confirmed by the Microbial identifi-
cation system in the biotechnology Ap-
plication and research center at Atat-
urk university.

Antimicrobial activity

Disc-diffusion assay
the dried plant extracts were dis-

solved in methanol to a final concen-
tration of 30 mg/mL and sterilized by 
filtration through 0.45 μm Millipore fil-
ters. Antimicrobial tests were then car-
ried out by the disc diffusion method 
(MurrAY et al., 1995) using 100 μL of 
a suspension containing 108 cFu/mL 
of bacteria, 106 cFu/mL of yeast and 
104 spore/mL of fungi spread on nutri-
ent agar (nA), sabouraud dextrose agar 
(sDA) and potato dextrose agar (PDA) 
medium, respectively. the discs (6 mm 
in diameter), impregnated with 10 μL of 
essential oil or 30 mg/mL extracts (300 
μg/disc), were placed on the inoculated 
agar. negative controls were prepared 
with the same solvents used to dissolve 
the plant extracts. Ofloxacin (10 μg/
disc), sulbactam (30 μg)+cefoperazona 
(75 μg) (105 μg/disc) and/or netilm-

icin (30 μg/disc) were used as positive 
reference standards to determine the 
sensitivity of one strain/isolate in each 
microbial species tested. the inoculat-
ed plates were incubated at 37ºc for 24 
h for clinical bacterial strains, 48 h for 
the yeast and 72 h for fungi isolates. 
Plant-associated microorganisms were 
incubated at 27ºc. Antimicrobial activi-
ty was evaluated by measuring the zone 
of inhibition against the test organisms. 
Each assay was repeated twice.

Micro-well dilution assay
the minimal inhibition concentra-

tion (Mic) values were determined for 
the bacterial strains which were sensi-
tive to the essential oil in the disc diffu-
sion assay. the inocula of the bacterial 
strains were prepared from 12 h broth 
cultures and suspensions were adjust-
ed to 0.5 McFarland standard turbidity. 
the essential oils and extracts of H. of-
ficinalis, dissolved in 10% dimethylsul-
foxide (DMsO), were first diluted to the 
highest concentration (500 μg/mL) to be 
tested, and then serial two-fold dilutions 
were made in order to obtain a concen-
tration range from 7.8 to 500 μg/mL in 
10 mL sterile test tubes containing nu-
trient broth. the Mic values of the H. of-
ficinalis extracts against bacterial strains 
and Candida albicans isolates were de-
termined based on a micro-well dilu-
tion method (ZGODA and POrtEr, 2001; 
GÜLLÜcE et al., 2004) with some modi-
fications.

the 96-well plates were prepared 
by dispensing 95 μL of nutrient broth 
and 5 μL of the inoculum into each 
well. One-hundred microlitres from the 
stock solutions of H. officinalis essen-
tial oil prepared at a concentration of 
500 μg/mL was added to the first wells. 
then, 100 μL from the serial dilutions 
was transferred to the six consecutive 
wells. the last well containing 195 μL of 
nutrient broth without compound and 
5 μL of the inoculum on each strip was 
used as a negative control. the final 
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volume in each well was 200 μL. Max-
ipime (bristol-Myers squibb, new York, 
usA) at a concentration range of 500-
7.8 μg/mL was prepared in nutrient 
broth and used as a standard drug for 
positive control. the plate was covered 
with a sterile plate sealer. contents of 
each well were mixed on a plate shaker 
at 300 rpm for 20 s and then incubated 
at appropriate temperatures for 24 h. 
Microbial growth in each medium was 
determined by reading the respective 
absorbance (Abs) at 600 nm using the 
ELx 800 universal microplate reader 
(biotek instrument inc, Highland Park, 
Vt, usA) and confirmed by plating 5 
μL samples from clear wells on nutri-
ent agar medium. the oil tested in this 
study was screened twice against each 
organism. the Mic was defined as the 
lowest concentration of the compounds 
that inhibited the growth of the micro-
organisms.

Mic agar dilution assay
the agar dilution method, as de-

scribed previously by GuL et al. (2002), 
was used to determine the Mic values 
of the fungi isolates. the essential oils of 
Hyssopus officinalis were added asepti-
cally to sterile molten PDA medium, con-
taining tween 20 (sigma 0.5%, v/v), at 
the appropriate volume to produce the 
concentration range of 7.8-500 μg/mL. 
the resulting PDA solutions were im-
mediately poured into Petri plates after 
vortexing. the plates were spot inocu-
lated with 5 μL (104 spore/mL) of each 
fungal isolate. Amphotericin b (sigma A 
4888) was used as a reference antifungal 
drug. the inoculated plates were incu-
bated at 27º and 37ºc for 72 h for plant 
and clinical fungi isolates, respectively. 
At the end of the incubation period, the 
plates were evaluated for the presence or 
absence of growth. Mic values were de-
termined as the lowest concentration of 
the essential oil where absence of growth 
was recorded. Each test was repeated at 
least twice.

Antioxidant activity

DPPH assay
the hydrogen atoms or electron donat-

ing ability of the corresponding extracts 
and some pure compounds was deter-
mined from the bleaching of purple-col-
oured methanol solution of DPPH. this 
spectrophotometric assay uses the sta-
ble radical 2,2’-diphenylpicrylhydrazyl 
(DPPH) as a reagent (cuEnDEt et al., 
1997; DAPKEVicius et al., 1998; bur-
its and bucAr, 2000). Fifty microlit-
ers of various concentrations of the ex-
tracts in methanol were added to 5 mL 
of a 0.004% methanol solution of DPPH. 
After a 30 min incubation period at room 
temperature the absorbance was read 
against a blank at 517 nm. inhibition 
free radical DPPH in percent (i%) was 
calculated in the following way:

i %= (Ablank– Asample / Ablank) x 100

Where Ablank is the absorbance of the 
control reaction (containing all the re-
agents except the test compound), and 
Asample is the absorbance of the test com-
pound. Extract concentration providing 
50% inhibition (ic50) was calculated from 
the graph plotted as inhibition percent-
age against extract concentration. tests 
were carried out in triplicate.

β-carotene-linoleic acid assay
in this assay antioxidant capacity is 

determined by measuring the inhibi-
tion of the volatile organic compounds 
and the conjugated diene hydroperox-
ide formation from linoleic acid oxida-
tion (DAPKEVicius et al., 1998). A stock 
solution of β-carotene-linoleic acid mix-
ture was prepared as follows: 0.5 mg 
β-carotene was dissolved in 1 mL of chlo-
roform (HPLc grade), 25 μL linoleic acid 
and 200 mg tween 40 were added. chlo-
roform was completely evaporated using 
a vacuum evaporator. then, 100 mL of 
distilled water saturated with oxygen (30 
min at a flow rate of 100 mL/min) were 
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added with vigorous shaking. this reac-
tion mixture (2.500 μL) was dispersed in 
test tubes and 350 μL portions of the ex-
tracts, prepared in 2 g/L concentrations, 
were added and the emulsion system was 
incubated up to 48 hours at room tem-
perature. the same procedure was re-
peated with a positive control bHt and 
a blank. After this incubation time, the 
absorbance of the mixtures was meas-
ured at 490 nm. Antioxidative capacities 
of the extracts were compared with those 
of the bHt and the blank.

Assay for total phenolics
the total phenolic constituents of 

the H. officinalis extracts were deter-
mined using the literature methods 
involving Folin-ciocalteu reagent and 
gallic acid as standard (cHAnDLEr and 
DODDs, 1983; sLinKArD and sinGLE-
tOn, 1977). the extract solution (0.1 
mL) containing 1000 μg extract was 
put in a volumetric flask; 46 mL of dis-
tilled water and 1 mL of Folin-ciocal-
teu reagent were added and the flask 
was shaken thoroughly. After 3 min, 3 
mL of a 2% na2cO3 solution were added 
and the mixture was allowed to stand 
for 2 h with intermittent shaking. the 
absorbance was measured at 760 nm. 
the same procedure was repeated for 
all the standard gallic acid solutions 
(0-1.000 g 0.1 mL-1) and the standard 
curve was determined using the equa-
tion given below:

Absorbance:
0.0012 x Gallic acid (μg) + 0.0033

rEsuLts AnD DiscussiOn

Antimicrobial activity  
of the essential oil

the composition of the essential oil of 
H. officinalis was examined previously 
by ÖZEr et al. (2005). the main constit-
uents of the essential oil were pinocar-

vone (36.3%), isopinocamphone (19.6%), 
β-pinene (10.6%), 1,8-cineole (7.2%), and 
pinocamphone (5.3%). in the literature, 
the results obtained for hyssop (scHuLZ 
and stAHL-bisKuP, 1991; tsAnKOVA et 
al., 1993; GOrunOVic et al., 1995; sAL-
VAtOrE et al., 1998; GArG et al., 1999; 
PiccAGLiA et al., 1999: cHALcHAt et al., 
2001) show pinocamphone and isopinoc-
amphone to be the main components. in 
the present study the oil also contained 
pinocamphone and isopinocamphone, 
but had much higher levels of pinocar-
vone (36.3%).

A part of the essential oil obtained 
from the previous study (ÖZEr et al., 
2005) was used in the current inves-
tigation to determine its antimicrobi-
al and antioxidant activity. the antimi-
crobial activities of H. officinalis essen-
tial oil and extracts against microorgan-
isms were examined and their poten-
cy was qualitatively and quantitative-
ly assessed by the presence or absence 
of inhibition zones and zone diameter, 
and Mic values. the results show that 
the essential oil of H. officinalis L. ssp. 
angustifolius had antimicrobial activi-
ties against eight bacteria (table 1) and 
ten fungi and one yeast species (table 
2). the data clearly indicate that the es-
sential oil is more effective against fungi 
than bacteria. in contrast, the methanol 
extract from the aerial parts of H. offic-
inalis L. showed no antimicrobial activ-
ity. these observations support the hy-
phothesis that the essential oil of plants 
contains more antimicrobial substanc-
es than their extracts, including water, 
methanol, ethanol and hexane (AHMAD 
et al., 1998; ELOFF, 1998).

the maximal inhibition zones and 
Mic values for the bacterial strains that 
were sensitive to H. officinalis essential 
oil were in the 8-24 mm, and 31.25-
250 μL/mL ranges (table 1). in gener-
al, the gram-positive bacterial strains 
tested seemed to be affected by the es-
sential oil to the same extent as the 
gram-negative bacteria strains, while 
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previous studies reported that gram-
positive bacteria were more sensitive to 
plant oil and extracts than gram-nega-
tive bacteria (cOsEntinO et al., 1999; 
KArAMAn et al., 2003). As with antifun-
gal and anticandidal efficacy, the maxi-
mal inhibition zones and Mic values of 
the yeast and fungi species that were 
sensitive to the H. officinalis essential 
oil were 7-35 mm and 15.62-250 μL/
mL, respectively (table 2). these find-
ings confirm the observations report-
ed by HOVADiK and cHLADEK (1974), 

MAZZAnti et al. (1988) and MArinO et 
al. (2001). they also suggest that H. of-
ficinalis essential oil has some antimi-
crobial effect.

While it is well known that the an-
timicrobial effect of hyssop oil is due 
to its chemical constituents, we have 
failed to find the evidence that the main 
component of this hyssop oil, pinocar-
vone (36.30%), has an antimicrobial 
effect. However, ViLJOEn et al. (2002) 
reported the antimicrobial and anti-
fungal effect of essential oil containing 

table 1 - Antimicrobial activity of Hyssopus officinalis L. ssp. angustifolius essential oil against the bac-
terial strains tested.

 Test microorganisms Hyssopus officinalis Antibiotics

 Bacteria Inhibition Minimal Inhibitory Inhibition Minimal Inhibitory
 zone a concentration zone b concentrations c 

 (mm) (MIC) (mm) (MIC) (µg/mL)

Acinetobacter baumanii-A8 16 62.50 18 (OFX) 31.25
Bacillus macerans-A199 24 62.50 19 (OFX) 15.62
Bacillus megaterium -A59 - - 9 (SCF) 15.62
Bacillus subtilis-ATCC-6633 - - 28 (OFX) 62.50
Bacillus subtilis-A57 - - 28 (OFX) 125
Brucella abortus-A77 - - 12 (SCF) 62.50
Burkholdria cepacia-A225 - - 22 (SCF) 125
Clavibacter michiganense-A227 - - 25 (SCF) 16.62
Enterobacter cloacae-A135 - - 20 (NET 31.25
Enterococcus faecalis-ATCC-29122  8 250 18 (SCF) 31.25
Escherichia coli-A1 18 31.25 - (OFX) 62.50
Klebsiella pneumoniae-A137 - - 12 (OFX) 125
Proteus vulgaris-A161 - - 12 (OFX) 125
Proteus vulgaris-KUKEM1329 12 125 13 (OFX) 125
Pseudomonas aeruginosa-ATCC9027 - - 22 (NET) 31.25
Pseudomonas aeruginosa ATCC27859 - - 22 (NET) 15.62
Pseudomonas syringae pv.tomato A35 - - 24 (OFX) 125
Salmonella enteritidis-ATCC-13076 -  27 (SCF) 62.50
Staphylococcus aureus-A215 14 125 22 (SCF) 31.25
Staphylococcus aureus-ATCC-29213 12 125 22 (SCF) 62.50
Staphylococcus epidermis-A233 - - - (SCF) 15.62
Streptococcus pyogenes-ATCC-176 10 125 10 (OFX) 62.50
Streptococcus pyogenes-KUKEM-676 - - 13 (OFX) 31.25
Xanthomonas campestris-A235 - - 20 (SCF) 31.25

a Inhibition zone in diameter (mm) around the discs impregnated with 300 µg/disc of methanol extract.
b OFX=Ofloxacin (10 µg/disc); SCF=sulbactam (30 µg)+cefoperazona (75 µg) (105 µg/disc) and NET=Netilmicin, (30 
µg/disc) were used as positive reference standard antibiotic discs (Oxoid).
c Maxipine (µg/mL) was used as reference antibiotic in micro well dilution assay (Sigma).
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pinocarvone and trans-pinocarveol as 
the main components in Myrothamnus 
flabellifolius. Furthermore, it is highly 
likely that the antimicrobial activity of 
the oil is also associated with the con-
tribution of pinocamphone (19.64%) 
and the monoterpenes β-pinene and 
1,8-cineole (10.62 and 7.22%, respec-
tively), which are known to possess 
antibacterial activity (MAGiAtis et al., 
1999; MArtins et al., 2000; LEtEssiEr 
et al., 2001; tZAKOu et al., 2001; FrA-
tErnALE et al., 2004). AbOu-JAWDAH 
et al. (2002) also reported that antimi-
crobial activity may be associated with 
a compound that is present in a low 
quantity but possesses a high biolog-
ical activity. to better understand the 

reason for its antimicrobial effect, fur-
ther studies involving individual com-
ponents and different combinations of 
the main components of hyssop oil are 
needed.

Antioxidant activity

Methanol extract and the essential oil 
were subjected to a screening for their 
possible antioxidant activity by using 
two complementary test systems, name-
ly, DPPH radical and beta carotene/lino-
leic acid. Free radical scavenging activi-
ty was measured in the DPPH assay and 
the reaction followed a concentration-
dependent pattern. As shown in Fig. 1, 
the inhibition percentage (i %) rapidly 

table 2 - Anticandidal and antifungal activities of Hyssopus officinalis ssp. angustifolius essential oil 
against the yeast and fungi isolates.

 Test yeast and fungi Hyssopus officinalis Antibiotics

  Inhibition Minimal Inhibitory Inhibition Minimal Inhibitory
  zone a concentrations zone b concentrationsc

  (mm) (MIC) (µg/mL) (mm) (MIC) (Amp B)

Yeast
Candida albicans-A117  7 250 - (NET) 31.25

Fungi
Alternaria alternate 35 62.50 - (NET) 31.25
Aspergillus flavus 35 62.50 - (NET) 15.62
Aspergillus variecolor 20 62.50 - (NET) 15.62
Fusarium acuminatum - - - (NET) 62.50
Fusarium oxysporum 35 62.50 - (NET) 62.50
Fusarium solani 24 31.25 - (NET) 62.50
Fusarium tabacinum - - - (NET) 62.50
Moniliania fructicola - - - (NET) 15.62
Penicillum spp. 35 31.25 - (NET) 31.25
Rhizopus spp. - - - (NET) 125
Rhizoctonia solani 35 31.25 - (NET) 31.25
Sclorotinia minor 35 15.62 - (NET) 125
Sclorotinia sclerotiorum 34 31.25 - (NET) 62.50
Trichophyton rubrum 35 - - (NET) 31.25
Trichophyton mentagrophytes - - - (NET) 15.62

a Inhibition zone in diameter (mm) around the discs impregnated with 300 µg/disc of methanol extract.
b NET=Netilmicin (30 µg/disc) was used as positive reference standard antibiotic discs (Oxoid).
c AmpB = Amphotericin B (µg/mL) was used as reference antibiotic in micro well dilution (Sigma).
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increased with increasing extract con-
centration.

Extract concentrations providing 50% 
inhibition (ic50) were determined from 
the corresponding concentration-inhi-
bition percentage graphs. in the β-caro-
tene-linoleic acid assay H. officinalis ex-
hibited moderate activity.

Only the methanol extract seems to 
be promising with 50% inhibition at a 
concentration of 117.0 μg/mL in DPPH 
assay and 40% inhibition at the con-
centration of 2 g/L in the linoleic acid 
test system. in contrast to AbDALLA 
and rOOZEn (1999) methanol extracts 
of H. officinalis exhibited good free rad-
ical scavenging activity. the metha-
nol extract also consisted of 75 μg gal-
lic acid equivalent phenolics in one mg 
of extract (7.5%) which are thought to 
be mainly responsible for the activity. 
Polyphenols, especially phenolic acids, 
are always considered to be strong anti-
oxidants. High amounts of protocate-
chuic, chlorogenic, syringic, ferulic and 
rosmarinic acid were found in methanol 

extracts of H. officinalis L. by ZGOrKA 
and GLOWniAK (2001). rosmarinic acid, 
a well known antioxidant agent in this 
family, could be responsible for the ac-
tivity observed in this study. the phe-
nolic acids need to be isolated and de-
termined in a future investigation.

to our knowledge, this is the first re-
port of the antimicrobial and antioxi-
dant properties of H. officinalis L. ssp. 
angustifolius oil and extract. it is ap-
parent that the essential oil possess-
es compounds with antimicrobial prop-
erties, which could be used as antimi-
crobial agents in new drugs for therapy 
against infectious diseases in humans 
and plants. Furthermore, the study also 
revealed that the hyssop extracts tested 
had antioxidant activity.
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AbstrAct

Milk from goats fed borage or haw-
thorn shows the presence of flavonoids 
and terpenoids. A comparison between 
the flavonoid content in the plants and 
in the milk of the goats seems to prove 
that the mammary route is one of the 
excretory pathways. rutin and querce-
tin are excreted in part without mod-
ifications, while other compounds ap-
pear to have less structural complexity, 
indicating a metabolism that is prob-
ably mediated by the gastrointestinal 
microflora. the presence of phenolic 

riAssuntO

il latte di capre alimentate con bor-
ragine o biancospino rivela la presen-
za di flavonoidi e terpenoidi provenien-
ti dalla dieta. il confronto fra il conte-
nuto flavonoidico delle piante e del lat-
te degli animali studiati sembra prova-
re che l’escrezione mammaria sia una 
delle vie metaboliche possibili per i com-
posti flavonoidici. La rutina e la quer-
cetina sono parzialmente escrete sen-
za modificazioni, mentre altri composti 
presenti nel latte presentano minore 
complessità strutturale rispetto ai me-
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compounds in the milk could affect the 
quality and sensory traits of the milk 
and milk products.

tabolici presenti nelle piante, a riprova 
di una probabile mediazione metaboli-
ca da parte delle microflora gastrointe-
stinale. La presenza di composti fenoli-
ci nel latte può essere importante in re-
lazione alla qualità sensoriale del latte 
e dei suoi derivati.

intrODuctiOn

Mediterranean pastures in southern 
italy are highly variable depending on the 
season. the proportion of graminaceous 
plants decreases from 80-85% to 55-60% 
from winter to spring, while the propor-
tion of forbs increases from 25-30% to 
60-65%, from late spring to early sum-
mer (FEDELE et al., 1993). in early sum-
mer, goats graze predominantly on forbs 
(FEDELE et al., 1993), some of which are 
used as medicinal plants by man.

in recent years, several studies have 
shown that some plant compounds 
(e. g. vitamins, volatile organic com-
pounds) are directly transferred from 
the grazed herbage to the milk (FED-
ELE et al., 2000; PiZZOFErrAtO et al., 
2000a; ViALLOn et al., 2000). in fact, 
the physico-chemical and organolep-
tic features of milk and cheese can be 
greatly affected by the diet of the graz-
ing animals since a large variety of the 
organic components present in the 
plant tissues can accumulate in the 
lipid and water-soluble fraction of the 
milk. in particular, monoterpene com-
pounds can greatly influence the aroma 
of the milk. terpenes could be used as 
biochemical indicators of the composi-
tion of the forage grazed and could be 
used to determine the origin of cheese 
(FEDELE et al., 2000).

the impact of animal diet on the 
monoterpene and sesquiterpene content 
in cheese has been studied by many au-

thors. DuMOnt and ADDA (1978), Du-
MOnt et al. (1981), bOssEt et al. (1994, 
1997, 1999) and bucHin et al. (1998) 
have shown that these aromatic com-
pounds are more frequent in dairy prod-
ucts when animals are fed mountain 
forages. Other authors (ViALLOn et al., 
1999; cOuLOn et al., 2000; VErDiEr-
MEtZ et al., 2000) have reported that 
highland grass with different botanical 
composition strongly affects the flavour 
of milk and cheese.

Little information is available on the 
fate of other non-volatile phyto-constit-
uents and the possibility of finding these 
compounds and/or their metabolites in 
milk. O’cOnnEL and FOx (2001) report-
ed that the majority of phenolic com-
pounds found in cow milk are derived 
from the feed and when the cows are 
fed large quantities of particular crops, 
other phenolic compounds may also be 
detected in ruminant milk. Morevoer, 
some alkylphenols present in ruminant 
milk are derived from phenolics ingest-
ed through the animal feed (KiLic and 
LinDsAY, 2005).

the aim of this study was to investi-
gate the effect of some secondary me-
tabolites of two plants (Crataegus oxy-
acantha L. and Borago officinalis L.), 
whose chemical composition is well 
known (ZHAnG et al., 2001; PEirEtti et 
al., 2004), on the chemical composition 
of milk. these plants are normally pre-
ferred for grazing by goats in the spring 
and summer (FEDELE et al., 1993).
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MAtEriALs AnD MEtHODs

Plant material

borage (Borago officinalis L.) and haw-
thorn (Crataegus oxyacantha L.) were col-
lected at the bella farm of the istituto sper-
imentale per la Zootecnia, Potenza, italy. 
the plants were identified using PiGnAt-
ti’s “Flora d’italia” (1976). A voucher spec-
imen of the plants is stored in the Herbar-
ium of the Medical botany chair at the 
state university of salerno.

Animal experiment

nine lactating Maltese goats were di-
vided into three equal groups and each 
group was housed in a box (3x2 m). 
Group c (control) was fed ad libitum with 
a diet of natural hay ad libitum and 300 
g/per head day-1 of concentrates (barley 
200 g and maize 100 g).

Groups H (hawthorn) and b (borage) 
were fed ad libitum with green plants 
of C. oxyacantha and B. officinalis, re-
spectively. A sufficient quantity of bor-
age and hawthorn in the bud-flowering 
stage was harvested daily from a native 
pasture on the farm of the istituto sper-
imentale per la Zootecnia. no vitamins, 
minerals or concentrates were added to 
diet of these animals.

During ten days of adaptation to the 
diet, the feeding behaviour was evalu-
ated. thereafter, data were collected re-
garding the measurements of daily plant 
intake and milk production for each 
group for seven days. cumulative milk 
samples for each group were collected 
daily and stored in bottles at -20°c.

Plant samples made up of the plant 
parts usually grazed by the goats were har-
vested from the same pasture. the sam-
ples were air dried and preserved in canvas 
sacks until used for chemical analysis.

Plant extraction and analysis

Five-hundred grams of air-dried bor-

age stems, flower buds and flowers were 
successively extracted with petroleum 
ether, chloroform and methanol at room 
temperature at a concentration of 10% 
w/v to give 2.2, 2.8 and 3.7 g of residues, 
respectively. Air-dried leaves, flowers and 
terminal sprouts of hawthorn (500 g) 
were extracted in the same way, obtain-
ing 2.6 g of petroleum ether, 4.7 of chlo-
roform and 5.8 g of methanol residues.

both chloroform extracts were frac-
tionated on a silica-gel (Merck, Milan, it-
aly) column (80x4 cm) eluting with chlo-
roform and mixtures of cHcl3 and MeOH 
of increasing polarity.

Fractionation of the borage chloro-
form extract gave 467 fractions that were 
pooled into 17 main fractions (bi-bxVii) 
on the basis of their thin layer chroma-
tography (tLc) similarity. the hawthorn 
chloroform extract was fractionated into 
576 fractions, and then pooled into 15 
main fractions (H1-HxV).

Fractions containing flavonoidic com-
pounds (bVii and HViii) were purified by 
rP-HPLc on a μ-bondapack column (30 
cm x 7.8 mm) eluting with a 1:1 mixture 
of H2O-MeOH.

Quercetin (12.3 mg) and 5,7-dihydrox-
yflavone (3.5 mg) were recovered from 
fraction bVii. Fraction bix yielded pure 
oleanolic acid (2.5 mg).

Fraction HViii afforded pure querce-
tin (12.7 mg) and vitexin-7-glucoside 
(2.5 mg).

Methanol extracts of borage and haw-
thorn were both fractionated in the same 
way. Methanol extracts were fractionated 
in a H2O-buOH system. buOH extracts 
dissolved in methanol were purified on a 
sephadex LH-20 (Amersham, Milan, ita-
ly) column, eluting with MeOH.

ninety-four fractions were obtained 
from the borage methanol extracts 
(bME), which were then grouped into 8 
main fractions (bMEi-bMEViii) on the 
basis of their tLc similarity. Fraction 
bMEV was purified by rP-HPLc under 
the same conditions as reported above; 
rutin (4.5 mg), kaempferol (4.6 mg) and 
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kaempferol 3-O-β-D-glucopyranoside 
(1.9 mg) were recovered.

Hawthorn methanol extract (HME) 
gave 87 fractions, that were pooled into 
8 main fractions (HMEi-HMEViii) on the 
basis of their tLc similarity in buOH:
AcOH:H2O (12:3:5) and cHcl3:MeOH:
H2O (70:30:3). rutin (8.9 mg) and apigen-
in (2.3 mg) were obtained as pure constit-
uents by purifying the HMEVi fraction by 
means of rP-HPLc, on a μ-bondapack 
column (30 cm x 7.8 mm) eluting with a 
1:1 mixture of H2O-MeOH.

Five-hundred grams of the diet fed to 
group c (control) were extracted and 
fractionated as reported for borage and 
hawthorn; no flavonoids were found.

Milk extraction and analysis

One litre of each milk (D20° = 1.021) 
sample was lyophilized and the residue 
was extracted successively at room tem-
perature and at a concentration of 10% 
w/v with petroleum ether, chloroform, 
methanol. Milk from group H gave 8.9 g, 
465.3 mg and 2.6 g of petroleum ether, 
chloroform and methanol residues, re-
spectively. the milk from group b gave 
9.9 g of petroleum ether, 768.9 mg of 
chloroform and 2.8 g of methanol res-
idues. the milk from group c (control) 
gave 7.5 g, 879.3 mg and 1.8 g of petro-
leum ether, chloroform and methanol 
residues, respectively. Like the chloro-
form plant extracts, the chloroform milk 
extracts were fractionated on a silica-gel 
column eluting with chloroform and mix-
tures of chloroform and methanol of in-
creasing polarity.

chloroform extract fractions of milk b 
were pooled into 9 main fractions (Mbi-
Mbix). Fraction MbVi was further puri-
fied by rP-HPLc on a bondapack column 
(30 cm x 7.8 mm) eluting with a mixture 
of H2O-MeOH 1:1. Pure compounds of 
5,7-dihydroxyflavone (1.4 mg), flavone 
(2.7 mg) and 5,7,4’-tri-hydroxyflavonol 
(2.7 mg) were recovered from this frac-
tion. Fraction Mbiii, purified in the same 

way, contained pure β-amyrin (1.5 mg). 
Methanol extract, treated in the same 
manner as the plant methanol extracts, 
was fractionated on a sephadex LH-20 
column. seventy-five fractions were col-
lected and pooled into seven main frac-
tions MbMEi-MbMEVii. Fraction Mb-
MEiV, purified by rP-HPLc revealed the 
presence of rutin (1.7 mg).

Fractions of the chloroform extract of 
milk H were pooled into 10 main frac-
tions (MHi-MHx). Fraction MHV was pu-
rified by rP-HPLc, under the same con-
ditions as reported for the H milk, and 
revealed pure 5,7-dihyroxyflavonol (2.3 
mg), flavone (3.5 mg), and quercetin (1.2 
mg). Pure β-sitosterol (1.8 mg) was pu-
rified from fraction MHiii. the metha-
nol extract did not show the presence 
of flavonoids.

the control milk did not reveal the 
presence of flavonoid derivatives in the 
cHcl3 or MeOH extracts.

structural determination
of compounds

the structure of the pure compounds 
that were isolated from both plants and 
milk was determined by accurate anal-
ysis of 1H, 13c and 13c DEPt nMr data 
and by comparison with literature data 
(AGrAWAL, 1989). nMr spectra were 
obtained on a bruker Drx 600 spec-
trometer (bruker, Karlsruhe, Germany). 
the identification of the flavonoid com-
pounds isolated from the plants and milk 
was also confirmed, when possible, by 
HPLc analyses by comparing the reten-
tion times with those of standard com-
pounds (sigma-Aldrich co., Milan) (Fi-
cArrA et al., 1984, 1990).

statistical analysis

Determinations of compounds from 
both plants and milk were repeated three 
times and the data are reported as mols/
kg of dry plant or milk, and represent 
means of these three determinations.
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rEsuLts AnD DiscussiOn

the feeding behaviour and food in-
take of goats changed in relation to plant 
species and feeding regimes. the goats 
preferred to eat the apex of the stems, 
the flower buds and flowers of borage, 
while they preferred the leaves, flowers 
and terminal sprouts of hawthorn. the 
goats browsed 85.3 and 51.8% of bor-
age and hawthorn, respectively, in re-
lation to the total amount available for 
the animals.

the level of borage dry matter intake 
(DMi) varied from 50 to 220 g/head day-

1 (115±33 g); for hawthorn it was from 
364 to 955 g/head day-1 (516±44). the 
DMi of the control group was 860 g/head 
day-1 (755±105).

the metabolites of plant origin (ter-
penoids and flavonoids) found in the 
plant and milk, respectively, are listed 
in table 1. the triterpenoids are only 
represented by oleanolic acid, found in 
the borage chloroform extract and by β-

amyrin, present in the milk (chloroform 
extract) of the goats fed borage. β-sito-
sterol was isolated in the chloroform ex-
tract of group H.

in contrast, flavonoids were present 
in all the plant and milk extracts. the 
chloroform extract of milk from goats 
fed borage contained 5,7,4’-tri-OH-flavo-
nol, 5,7-di-OH-flavone, and flavone; the 
methanol extract contained rutin. Milk of 
the hawthorn-fed group contained quer-
cetin, 5,7-di-OH-flavone, and flavone 
(chloroform extract). Only the methanol 
extract of milk from goats fed hawthorn 
did not contain any of these compounds. 
the control milk did not contain triter-
penoid or flavonoid derivatives. no oth-
er phenolics were found in the milk. the 
chemical composition of the milk from 
each group (b, H, and control) was ho-
mogeneous for the entire experiment.

the milk of both groups b and H, con-
tained compounds that probably came 
from the diet; flavonoids and terpenoids, 
in fact, are metabolites that are wide-

table 1 - Plant metabolites found in plants and milk. Data are expressed as mols/1,000 g of dry plant 
or milk. Data are means of three determinations.

Extract Plants Milk

 Borage Hawthorn Control Borage fed Hawthorn fed

Chloroform
 Quercetin Quercetin None 5,7,4’-tri-OH-Flavonol Quercetin
 8.1±0.3x10-5 8.4±0.6x10-5  9.2±0.3x10-6 3.9±0.1x10-6

 5,7-di-OH-Flavone Vitexin-7-glucoside  5,7-di-OH-Flavone 5,7-di-OH-Flavonol
 2.7±0.3x10-5 0.8±0.1x10-5  5.4±0.3x10-6 8.3±0.3x10-6

    Flavone Flavone
    12±0.4x10-6 16±0.2x10-6

 Oleanolic acid   β-Amyrin β-Sitosterol
 1.1±0.1x10-5   3.4±0.2x10-6 4.2±0.1x10-6

Methanol
 Rutin Rutin None Rutin None
 1.5±0.3x10-5 2.9±0.2x10-5  2.7±0.1x10-6

 Kaempferol Apigenin
 2.0±0.2x10-5 1.7±0.2x10-5

 Kaempferol-3-O-β-
 D-glucopyranoside
 0.9±0.2 x10-5
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spread in higher plants. the goats in 
group b ingested about 435 mg/week 
of total flavonoidic compounds, excret-
ing about 105 mg/week of these com-
pounds in the milk. the ratio 435/105 
is similar to that found for rutin, 80 mg 
ingested/23 mg excreted. the goats of 
group H showed a greater intake of dry 
matter and, consequently, had greater 
quantities of total flavonoids. the pres-
ence of flavonoids in the milk is not un-
expected, considering that the mammary 
route is one of the drug excretion path-
ways. On the other hand, the literature 
reports the presence of phenolics in ru-
minant milk that came from the plants 
ingested by the animals (O’cOnnELL and 
FOx, 2001; KiLic and LinDsAY, 2005) 
and flavonoid transport by mammali-
an endothelial cells has been proposed 
(scHrAMM et al., 1999).

the concentration of the total flavo-
noid fraction found in the milk of both 
groups is low in comparison to the cor-
responding fractions found in the plants. 
this finding is in agreement with the lit-
erature which indicates that urinary and 
biliar excretion of flavonoids and/or their 
metabolites are the main metabolic path-
ways for such compounds (bAbA et al., 
1981; sAWAi et al., 1987; HutcHins et al., 
1995; LEE cHAO et al., 2002). the con-
centration of flavonoids in plants ranges 
from 0.8 to 8.4x10-5 mols/kg, whereas 
the concentration recovered in the milk 
was about 10-times less, ranging from 
2.7 to 16x10-6 mols/kg.

the qualitative analysis of the flavo-
noidic fraction present in the milk pro-
vided some insights: 1) two flavonoids 
(rutin and quercetin) are present both 
in plants and in the milk; however, their 
concentration in the milk is low if com-
pared with the concentration found in 
the plants. GEE et al. (2000) and MO-
rAnD et al. (2000) reported that rutin is 
hydrolysed during absorption in the mo-
nogastric digestive tract. the presence of 
rutin and quercetin in milk may consti-
tute a non-hydrolysed aliquot or may in-

dicate a difference between monogastrics 
and ruminants. 2) Other flavonoids that 
were purified from the milk were differ-
ent from those found in each plant, but 
generally had a chemical structure that 
was less substituted than that of the 
plant compounds.

in the literature, controversies abound 
concerning which form of flavonoids are 
absorbed (LEE cHAO et al., 2002). some 
animal studies have shown that some 
flavonoids should be considered non-ab-
sorbable because they are bound to sug-
ars such as β-glycosides (Di cArLO et al., 
1999). On the other hand, other animal 
models have shown that gastrointesti-
nal metabolism of flavonoids is depend-
ent on the intestinal microflora (GriF-
FitHs et al., 1981; bOKKEnHEusEr et 
al., 1987; WintEr et al., 1989; scHnEi-
DEr et al., 1999; JustEsEn et al., 2000; 
LEE cHAO et al., 2002). Our hypothesis 
is that the gastrointestinal microflora of 
the goat can structurally modify feed fla-
vonoids through hydrolyses and/or oth-
er interactions that result in molecules 
that are structurally less complex.

the data presented in this study raise 
new questions: 1) for how long a time can 
flavonoids be recovered from milk? 2) 
What is the concentration of such com-
pounds in the milk in relation to time? 
3) Does the presence of such compounds 
in milk have nutriceutical applications 
that could improve health benefits of 
milk for humans?

Flavonoids are well known for their bi-
ological activities (Di cArLO et al., 1999) 
and, in some modern strategies for pre-
paring fortified foods, these compounds 
are added to milk and other food (nin-
FALi et al., 2002). Our data demonstrate 
that the presence of phenolics and ter-
penoids in milk depends on the animal 
feed. this finding has also been con-
firmed for other classes of compounds, 
g. e. tocopherol and retinol (PiZZOFEr-
rAtO et al., 2000b) and volatile terpe-
nes (cOuLOn et al., 2000). Moreover, the 
consumption of phenolic-rich foods can 
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affect both the animal’s health and the 
sensory aspects of the milk and their 
products (O’cOnnELL and FOx, 2001).
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AbstrAct

A pilot feeding trial was performed for 
four weeks to study the influence of Bifi-
dobacterium lactis 420 on healthy adult 
volunteers. B. lactis levels increased by 
more than 1,000-fold. total bifidobac-
teria increased only in subjects who 
had low initial levels. B. lactis 420 ap-
peared to have some influence on the 
metabolism of the intestinal microbiota 
and immune markers were only mar-
ginally influenced. interestingly, trends 
for inverse correlations between faecal 

riAssuntO

È stata condotta una prova di alimen-
tazione per quattro settimane a livello 
pilota allo scopo di studiare l’influen-
za del Bifidobacterium lactis 420 sulla 
salute di volontari adulti sani. i livel-
li di B. lactis aumentavano più di mil-
le volte. i bifidobatteri totali aumenta-
vano solo in soggetti che avevano bas-
si livelli iniziali. B. lactis 420 sembra-
va avere influenza sul metabolismo di 
microbioti intestinali e i markers im-
munitari venivano solo marginalmen-
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tnF-α and igA concentrations and B. 
lactis were noted. Further investigation 
with more subjects is needed to confirm 
these influences on the microbial met-
abolic activity.

te influenzati. saranno stati osservati 
andamenti interessanti di correlazioni 
inverse fra le concentrazioni di tnF-α 
fecale e igA e B. lactis. sono necessa-
ri ulteriori approfondimenti su un nu-
mero superiore di soggetti per confer-
mare queste influenze sull’attività me-
tabolica microbica.

intrODuctiOn

selected strains of probiotics have 
specific health benefits. Probiotics often, 
though not always, seem to exert their 
health benefits by modulating the com-
position and/or activity of the intestinal 
microbiota. Markers for the beneficial ef-
fects of probiotics can be measured by 
assessing the composition of the intesti-
nal microbial community, as well as mi-
crobial metabolites (bEnnO et al., 1996) 
and markers of immune function (AcHE-
sOn and LucciOLi, 2004).

the aim of the current pilot study was 
to investigate the influence of consuming 
Bifidobacterium lactis 420 on markers of 
intestinal health in healthy adults.

MAtEriALs AnD MEtHODs

the study was approved by the Ethics 
committee of the Department of surgery, 
Hospital District of Helsinki and uusi-
maa and an informed written consent 
was obtained from each of the subjects. 
Eight healthy adults (4 men, 4 women; 
28-48 years old, mean age 40) were re-
cruited for the study.

the subjects were enrolled for a base-
line period of one week, during which 
time they were instructed to refrain from 
consuming probiotic-containing prod-
ucts. During the following four-week pe-
riod, the subjects consumed daily one 
sachet containing 109 cFu B. lactis 420 
and 1 g saccharose. the subjects were 

followed for another week of washout. 
Faecal samples were collected at the 
baseline (0), during the administration 
(1, 2, 3 and 4 weeks) and two and sev-
en days after probiotic consumption had 
been stopped. the samples were stored 
at -20ºc 3-4 h after defecation.

the total number of microbes (both 
dead and viable) was determined by flow 
cytometry as described by PEurAnEn et 
al. (2004), using sYtO® 24 (Molecular 
Probes inc. Eugene, Or, usA).

Faecal levels of total bifidobacteria and 
B. lactis were determined with quantita-
tive real-time Pcr as described by GuE-
iMOnDE et al. (2004).

Microbial activity was determined by 
measuring the short-chain fatty acids 
(scFA), acetic, butyric and propionic 
acids, and branched-chain fatty acids, 
valeric, iso-butyric, 2-methyl butyric and 
iso-valeric acids. these were determined 
by gas chromatography as described by 
HOLbEn et al. (2002).

igA and tumour necrosis factor (tnF)-
α were measured from faecal samples by 
ELisA as described by PEurAnEn et al. 
(2004). For the measurements, commer-
cial kits were used according to the man-
ufacturers’ instructions; the igA, E80-
102, was from bethyl Laboratories, inc. 
(Montgomery, tx, usA), and the tnF-α, 
Quantikine Hs Human tnF-α, sstA00c, 
was obtained from r&D systems inc. 
(Minneapolis, Mn, usA).

Faecal dry matter was determined by 
drying weighed samples in an oven at 
105ºc for 18 h.
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Differences between time points were 
calculated according to Wilcoxon signed 
rank test. correlations were calculated 
using spearman rank correlation tests. 
results were considered significant with 
p-values less then 0.05.

rEsuLts AnD DiscussiOn

neither the total number of microbes, 
nor the total number of bifidobacteria 
were influenced by the administration. 
this result may be related to the rela-
tively high initial levels of bifidobacte-
ria (mean 4x109/g) in the subjects. How-
ever, four subjects who had low initial 
bifidobacteria levels (<109/g) exhibited 
a significant increase (p=0.027) in the 

level of faecal Bifidobacterium after the 
four-week period with probiotic con-
sumption. the results of previous stud-
ies in which other probiotics (bEnnO et 
al., 1996) and also prebiotics (tuOHY et 
al., 2001) were used showed that bifi-
dogenic effects were mainly observed in 
subjects who had low initial Bifidobac-
terium levels.

compared to the baseline numbers of 
faecal B. lactis (1.2x105/g faeces), there 
was a significant increase (p<0.03) in 
these values at each of the time points 
during the intervention and two days af-
ter probiotic consumption was stopped 
(108/g). the faecal B. lactis count re-
turned to pre-intervention levels seven 
days after probiotic consumption had 
been stopped (Fig. 1). these results in-

Fig. 1 - Bifidobacterium lactis and total Bifidobacterium levels in faeces of volunteers consuming pro-
biotic Bifidobacterium lactis 420 as determined by quantitative real-time Pcr. bars indicate the aver-
age of eight subjects and standard deviation. * significantly different from baseline (0). WO; washout 
2 and 7 days.
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dicate that there is only a transient col-
onisation by B. lactis 420.

the intervention had some effect on 
the levels of metabolic end-products of 
the intestinal microbiota, which indicat-
ed that the consumption of B. lactis 420 
influenced the metabolism of the micro-
biota. the percentage of acetic acid with-
in the total short-chain fatty acid compo-
sition increased slightly (p=0.0357) from 
the baseline (57%) to the end of the in-
tervention (61%). the values returned 
back to the pre-intervention levels (58%) 
2 days after probiotic consumption had 
stopped. no significant changes over 
time were observed for total the short-
chain fatty acids (82 mmol/kg faeces), 
propionic and butyric acids accounted 
for, 17 and 13% of the total short-chain 
fatty acids, respectively.

inverse correlations were observed 
between the change in total bifidobac-
teria and the change in faecal propionic 
and butyric acid content from the base-
line to week 4 (p=0.0376 and 0.1015, re-
spectively and rho=-0.786 and -0.619, 
respectively). the decrease in propionic 
acid maybe related to the fact that it can 
be metabolised by bifidobacteria (rOY, 
2001). Furthermore, a positive trend 
(p=0.1015) was observed in the correla-
tion (rho=0.619) of faecal acetic acid con-
tent from the baseline to the end of the 
intervention. thus, increases in bifido-
bacteria were associated with lower pro-
pionic and butyric acid levels and a high-
er level of acetic acid in the faeces.

Of the branched-chain fatty acids test-
ed, only valeric acid decreased at 2 and 
4 weeks (p=0.0117 and 0.0357, respec-
tively) compared to the baseline. these 
values returned to pre-intervention lev-
els 2 days after probiotic consumption 
had stopped. Lower valeric acid values 
indicate that amino acid fermentation 
was reduced. this is desirable, because 
this translates into a concomitant re-
duction in phenols and indoles. A sig-
nificant (p=0.0322) inverse correlation 
(rho=-0.810) was observed between the 

change in bifidobacteria and the change 
in the level of faecal valeric acid from the 
baseline to the end of the intervention. 
An increase in bifidobacteria was asso-
ciated with lower levels of valeric acid in 
the faeces.

the faecal tnF-α levels were low and 
ranged from below the detection lim-
it (0.5 pg/g) to 12 pg/g, which are nor-
mal levels for healthy adults (QADri et 
al., 2002). the faecal igA concentra-
tions ranged from 4 to 336 µg/g faeces 
(mean 102 µg/g), which are also with-
in the range reported for healthy adults 
(PEssi et al., 2000). the consumption of 
probiotics did not influence the faecal 
tnF-α or igA levels. the lack of an im-
mune response upon the consumption 
of the probiotic may have been related to 
the fact that the volunteers were healthy 
adults. the lack of an immunological re-
sponse was previously reported in a sim-
ilar study population (MÄKELÄinEn et al., 
2003). considering all the pooled data, 
a trend (p=0.067) for an inverse correla-
tion (rho=-0.69) between faecal B. lactis 
and the tnF-α and igA levels (p=0.0508; 
rho=-0.724) was observed. thus, an in-
crease in B. lactis was associated with 
a decrease in the tnF-α and igA levels 
in the faeces. While the significance of 
these inverse correlations is not known, 
it should be noted that most of the igA 
was bound to the faecal bacteria (VAn 
DEr WAAiJ et al., 1996), while the as-
say measured free igA. Another poten-
tial explanation is that B. lactis 420 may 
enhance cellular immune responses, 
which, in turn would suppress humoral 
responses (crOss et al., 2001).

cOncLusiOn

the consumption of B. lactis 420 
seems to influence the metabolic activi-
ty of the intestinal microbiota. Although 
the changes associated with the con-
sumption of B. lactis 420 were statis-
tically significant, they were in gener-
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al small. their biological relevance has 
yet to be determined. the limited effects 
may have been related to the small size 
of the study group which limits the sta-
tistical power of the intervention. Fur-
thermore, all of the subjects were healthy 
adults, which may also have limited the 
possibility of observing physiological ef-
fects, such as changes in the immune re-
sponse (MÄKELÄinEn et al., 2002). nev-
ertheless changes were observed and a 
larger clinical intervention that will fo-
cus on the intestinal microbiota activity 
is warranted. in order to observe chang-
es in immune function, a subject group 
should be selected that has reduced im-
mune function or inflammation (GiLL et 
al., 2001).
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AbstrAct

the occurrence of ochratoxin A 
(OtA) in different pork products was 
surveyed. twenty-two samples of raw 
ham muscle were obtained from in-
dustrial plants for ham production and 
84 samples of dry-cured ham (n=30), 
cooked ham (n=12), salami (n=12), cop-
pa (n=18) and würstel (n=12) were col-
lected from retail outlets located in the 
Emilia region (northern italy). After ex-
traction and immunoaffinity clean-up 
steps, OtA was quantified using HPLc-
fluorescence detection. the limits of de-

riAssuntO

È stata effettuata un’indagine sulla 
contaminazione da ocratossina A (OtA) 
di carne suina fresca e conservata. sono 
stati raccolti 22 campioni di carne fre-
sca (rifilature di prosciutto) presso sta-
bilimenti industriali e sono stati prele-
vati complessivamente 84 campioni di 
prosciutto crudo (n=30), prosciutto cot-
to (n=12), salame (n=12), coppa (n=18) 
e würstel (n=12), in punti vendita del-
l’Emilia. Dopo estrazione e purificazio-
ne su colonna di immunoaffinità, l’OtA 
è stata quantificata mediante HPLc con 
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tection and quantification (LOQ) for the 
method used were 0.01 and 0.03 μg/
kg, respectively. OtA was detected in 
47% of the samples, but only 24% con-
tained OtA above the LOQ. High levels 
of OtA were only found in some dry-
cured ham samples: 5 (17%) exceed-
ed 1.0 μg/kg, the limit set by the ital-
ian Ministry of Health guideline and 2 
(7%) exceeded 10 μg/kg; however, the 
median was only 0.02 μg/kg. the other 
pork products showed lower OtA con-
tamination that was always below 0.30 
μg/kg. the contribution of pork prod-
ucts to OtA intake in italy appears to 
be negligible.

rivelazione fluorimetrica. i limiti di rive-
lazione e di quantificazione (LQ) per il 
metodo usato erano di 0,01 e 0,03 μg/
kg, rispettivamente. La tossina è risul-
tata presente nel 47% dei campioni, 
ma solo nel 24% sopra al LQ. Alti livel-
li di OtA sono stati trovati solo in al-
cuni campioni di prosciutto crudo: in 5 
(17%) di questi la contaminazione tro-
vata ha superato il livello di 1,0 μg/kg, 
limite fissato dal Ministero della sani-
tà, e in 2 era superiore a 10 μg/kg; tut-
tavia, la mediana è risultata solamen-
te di 0,02 μg/kg. Gli altri tipi di salu-
mi hanno mostrato una bassa conta-
minazione da OtA, sempre inferiore a 
0,3 μg/kg. il contributo delle carni sui-
ne all’assunzione di OtA in italia sem-
bra essere trascurabile.

intrODuctiOn

Ochratoxin A (OtA) is a mycotox-
in produced by various Aspergillus and 
Penicillium species. several studies have 
shown that the toxin has carcinogenic, 
nephrotoxic, immunotoxic, teratogen-
ic and possibly neurotoxic and geno-
toxic properties. it has also been asso-
ciated with balkan Endemic nephrop-
athy and the development of urinary 
tract tumours in humans (MArQuArDt 
and FrOHLicH, 1992; PLEŠtinA, 1996; 
scHLAttEr et al., 1996). the toxicology 
and human health risk of OtA have been 
assessed at both the European and in-
ternational level. OtA has been classified 
by the international Agency for research 
on cancer (iArc) into Group 2b as a pos-
sible human carcinogen (cAstEGnArO 
and WiLD, 1995). the scientific commit-
tee on Food (scF) of the European com-
mission (cOMMissiOn OF tHE EurOPE-
An cOMMunitiEs, 1998) noted that tol-
erable daily intake (tDi) estimates from 
other organizations (Joint FAO/WHO Ex-

pert committee on Food Additives [JEc-
FA], canadian authorities, nordic Work-
ing Group on Food toxicology and risk 
Evaluation) ranged from 1.2-14 ng/kg 
b.w./day. Due to concerns about the po-
tential genotoxicity of OtA, the scF rec-
ommended that exposure should be kept 
towards the lower end of the range, e.g. 
below 5 ng/kg b.w./day.

the worldwide occurrence of OtA con-
tamination of raw agricultural products 
has been amply documented. cereals 
and derived products are assumed to be 
the major dietary source of OtA, even if 
the occurrence of the toxin in other plant 
products such as dried fruit, coffee, co-
coa, spices and wine has been recent-
ly demonstrated (bEnFOrD et al., 2001; 
trucKsEss et al., 1999; tHiruMALA et 
al., 2001, JørGEnsEn, 1998). Products 
of animal origin can also contribute to 
the OtA intake in humans; OtA can oc-
cur in meat and meat products as a re-
sult of either: (1) indirect transmission 
from animals exposed to naturally con-
taminated feed, or (2) direct contamina-
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tion with moulds or with naturally con-
taminated spice mixtures used as in-
gredients (GArEis, 1996). Among farm 
animals, pigs are particularly sensitive 
to the toxin, while ruminants are able 
to degrade the toxin in the rumen. OtA 
is absorbed in the small intestine and 
then bound to serum proteins; the se-
rum half-life of the toxin in pigs was cal-
culated to be in the range of 72 to 120 h. 
the highest amounts of OtA are found 
in the blood, while distribution with-
in the tissues follows the pattern kid-
ney > liver > muscle > fat (KrOGH et al., 
1974; PAttErsOn et al., 1976; GALtiEr 
et al., 1981; curtui et al., 2001). OtA 
can also be produced by moulds growing 
on pork products during ripening: Peni-
cillium verrucosum and OtA were found 
in hams sampled during the curing 
time (sPOtti et al., 2001). several stud-
ies have been carried out in different 
countries on the occurrence of OtA in 
edible tissues of pigs and in pork prod-
ucts. All the available data were gath-
ered and a weighed mean concentration 
of 0.12 and 0.052 μg/kg was calculat-
ed for pig kidney and products of ani-
mal origin (mainly pork products), re-
spectively. the contribution of this food 
category and the total OtA intake in 
Europe were calculated to be about 1.5 
and 45 μg/kg b.w. per week, respective-
ly (JEcFA, 2001 and references there-
in). Few surveys have been published on 
the contamination by OtA of pork prod-
ucts produced in italy. in 2001, a retail 
survey of different cured pork products 
(ZAnnOtti et al., 2001) found that 56% 
of 159 samples contained OtA at a lev-
el >1.0 μg/kg, the limit set by the ital-
ian Ministry of Health guideline (Minis-
tErO DELLA sAnitÀ, 1999). cHiAVArO et 
al. (2002) reported on the occurrence of 
OtA in 42 dry-cured ham samples, in 
the middle and at the end of the ripen-
ing period. the OtA level was >1.0 μg/
kg on 15 samples and the maximum lev-
el found was 2.3 μg/kg. no detectable 
OtA (>0.1 μg/kg) was found in a survey 

on 15 salami and 5 mortadella samples 
(cAntOni et al., 2004).

this paper reports the results of a sur-
vey on the incidence and levels of OtA in 
fresh pork and pork products produced 
in northern italy, in order to evaluate 
the contribution of these products to the 
OtA intake in humans.

MAtEriALs AnD MEtHODs

samples

During the years 2001 and 2002, 22 
samples of raw ham muscle were ob-
tained from industrial plants for ham 
production and 84 samples of pork prod-
ucts (30 dry-cured ham, 12 cooked ham, 
12 salami, 18 coppa and 12 würstel sam-
ples) were collected from retail outlets in 
the Emilia region (northern italy). the 
products were sold in consumer-size 
packages and the minimum sample size 
was 100 g. All sampled products were 
produced in northern italy. After collec-
tion, the samples were frozen and kept 
at -20°c until the time of analysis.

reagents and standards

the immunoaffinity columns (Ochr-
aprep) were purchased from rhône Di-
agnostics technologies (Glasgow, uK). 
chemicals and solvents used for the ex-
traction and clean-up solutions were 
Acs grade or equivalent. Phosphate buff-
ered saline (Pbs) was prepared as per 
rhône (nacl 8 g/L, Kcl 0.2 g/L, na2HPO4 
1.15 g/L, KH2PO4 0.2 g/L; pH 7.4). Ac-
etonitrile and acetic acid used for HPLc 
mobile phases were Lc grade.

OtA standard was obtained from sig-
ma-Aldrich (st. Louis, MO, usA). A solu-
tion of OtA (40 μg/mL in benzene:ace-
tic acid 99:1) was calibrated spectropho-
tometrically at 333 nm using the value 
5550 for the extinction coefficient (AOAc 
international, 1995) and stored at -20°c 
when not in use; after calibration of the 



�0�  Ital. J. Food Sci. n. 1, vol. 18 - 2006

OtA solution, working standards were 
prepared by evaporating an exact volume 
under a stream of nitrogen and redissolv-
ing the residue in the mobile phase. ten 
OtA standards of between 2 and 60 pg 
were injected.

Analysis for ochratoxin A

Extraction and immunoaffinity
clean-up
OtA in meat products was extracted 

and purified, using an immunoaffinity 
column, as in the method reported by 
DrAGAcci et al. (1999), with the follow-
ing modifications. samples were homog-
enized in a Moulinex mill and aliquots 
of 10 g were weighed in a 250 mL plas-
tic centrifuge bottle; 100 mL of chloro-
form acidified with 0.8 mL 85% ortho-
phosphoric acid were added and the re-
sulting mixture was extracted for 2 min 
using an ultra-turrax t25 homogeniz-
er at 12,000 rpm and subsequently for 
15 min with a wrist-action shaker. After 
centrifugation at 6,400 g for 10 min at 
4°c and filtration through a folded filter-
paper, an aliquot of 50 mL was trans-
ferred into a separatory funnel; then a 
liquid-liquid extraction was performed 
by adding 50 mL of 0.5 M naHcO3 so-
lution. Extraction was repeated with 25 
mL naHcO3, the aqueous phases were 
recombined, adjusted to pH 7.5 with 3n 
Hcl and the final volume was measured. 
the immunoaffinity column was placed 
on an sPE vacuum manifold (Visiprep, 
supelco, bellefonte, Pennsylvania, usA), 
then 30 mL of the aqueous extract was 
applied to the column (flow rate: 0.5 mL/
min), followed by a washing with Pbs 
(10 mL). the OtA was then slowly elut-
ed (0.5 mL/min) from the column with 
methanol acidified with acetic acid (98:2, 
2 mL) into a graduated glass vial; the el-
uate was concentrated under nitrogen, 
brought to 1 mL with the mobile phase 
(acetonitrile:2% acetic acid 41:59) and 
vortex-mixed for a few seconds. the ex-
tract was filtered (Millipore corporation, 

bedford, MA, usA, HV 0.45 μm) before 
HPLc analysis.

chromatography

the HPLc system consisted of a Per-
kin Elmer 200 (Perkin Elmer, norwalk, 
connecticut, usA), equipped with a Jas-
co As 1555 sampling system and a FP 
1520 fluorescence detector (Jasco corpo-
ration, tokyo, Japan) set at 333 nm ex-
citation and 470 nm emission. the sys-
tem was controlled by borwin 1.5 soft-
ware (Jasco). A rP-18 column (4 μm par-
ticle size, 125x4 mm i.d., Merck) was 
used at ambient temperature, with a mo-
bile phase of acetonitrile:2% acetic acid 
(41:59) for OtA and (55:45) for OtA me-
thyl ester, at 1.0 mL/min. the retention 
time stabilities were checked by inject-
ing a standard every 5 samples. the in-
jection volume for both standards and 
sample extracts was 30 μL, correspond-
ing to 60 mg of meat sample. Quantifi-
cation was on the basis of peak areas 
using the borwin software. Derivatiza-
tion of OtA through methylation (GArE-
is, 1999) with subsequent HPLc analy-
sis was used for the qualitative confir-
mation of positive samples.

statistics

the normal distribution of OtA con-
tent was checked using the “Proc. uni-
variate normal” (sAs institute, inc., 
1999, release 8). since the OtA con-
tent was not always normally distribut-
ed, the statistical significance of differ-
ences was examined by a two sample t-
test, equivalent to a Wilcoxon rank sum 
test, using the t-approximation for the 
level of significance.

rEsuLts AnD DiscussiOn

the calibration curve showed good lin-
earity over the range 2-60 ng (r>0.998). 
the limits of detection (LOD) and quan-
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tification (LOQ) were determined by the 
signal-to-noise approach. the analyte re-
sponse and the chromatographic noise 
were both measured from the chromato-
gram of a blank sample extract to which 
between 0.2 and 1.5 mL of an OtA solu-
tion (0.222 ng/mL) had been added. the 
LOD (0.01 μg/kg) and LOQ (0.03 μg/kg) 
were defined at those levels resulting in 
signal-to-noise ratios of 3 and 10, re-
spectively. the recovery values were es-
timated by spiking known blank matri-
ces with OtA at levels ranging from 0.2 
to 1.0 μg/kg. Average recoveries for four 
replicate samples of each pork product 
ranged from 84 to 91% (table 1). results 
were not corrected for recovery. the iden-
tity of OtA was confirmed in a selection 
of 12 positive samples by preparing its 
methyl ester and re-injecting the sam-
ple into the HPLc. the disappearance 
of the OtA peak, and the correspond-
ing appearance of a methyl-OtA peak 
was considered positive identification. 
similarly, 8 samples with no detectable 
OtA were derivatized to check against 
the occurrence of false negatives: none 
were detected.

Figures 1 and 2 show typical chro-
matograms from a sample of naturally-
contaminated dry-cured ham, as well 
as of OtA and OtA methyl ester stand-
ard solution.

the results for the 106 samples are 
shown in table 2. OtA was detected in 
50 samples (47%), but only 25 (24%) 
contained OtA concentrations above 
the LOQ.

Levels of OtA >1.0 μg/kg, the limit set 
by the italian Ministry of Health guide-
line, were found in 5 (17%) out of 30 
dry-cured ham samples (28.42, 12.50, 
2.65, 1.83, 1.03 μg/kg). the mean val-
ue (1.62 μg/kg) was significantly higher 
when compared with those of the other 
pork products, that showed a very lim-
ited OtA contamination.

comparing our data on dry-cured ham 
with those obtained in a previous italian 
survey (cHiAVArO et al., 2002), we found 
a lower incidence of samples exceeding 
1 μg/kg (17 vs. 36%), but higher maxi-
mum values. Different results were ob-
tained by ZAnnOtti et al. (2001). in this 
survey, the mean OtA level in dry-cured 
ham samples was 1.29 μg/kg, but 65.5% 

table 1 - recovery of ochratoxin A from artificially contaminated pork productsa.

 Recovery (%)

 Spike level Number of Mean±standard Range
 (µg/kg) analyses deviation

Dry-cured ham 0.2 4 87±3 85-91
 1.0 4 89±2 87-92
Cooked ham 0.2 4 90±3 86-93
 1.0 4 91±3 89-94
Salami 0.2 4 85±4 81-88
 1.0 4 88±4 85-91
Coppa 0.2 4 84±3 82-86
 1.0 4 87±4 84-90
Würstel 0.2 4 86±4 82-90
 1.0 4 88±2 86-91
Muscle (for ham) 0.2 4 85±4 81-88
 1.0 4 86±3 84-89

a OTA concentration in the original matrix <0.010 µg/kg.
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of them exceeded 1 μg/kg. Moreover, in 
the same survey a diffuse contamination 
in some pork products was observed, 
with mean levels of 1.22, 1.05 and 1.54 
μg/kg in cooked ham, salami and würs-
tel samples, respectively.

Fig. 1 - chromatogram (HPLc; fluorescence detec-
tion) of: a) an OtA standard solution (5.55 μg/L), 
equivalent to 166.5 pg of OtA injected; b) a nat-
urally-contaminated dry-cured ham sample con-
taining 2.64 μg/kg (equivalent to 158 pg of OtA 
injected). injection volume 30 μL each.

Fig. 2 - chromatogram (HPLc; fluorescence de-
tection) of: a) an OtA methyl ester standard solu-
tion (4.44 μg/L), equivalent to 133 pg of OtA in-
jected; b) a naturally-contaminated dry-cured ham 
sample (extract derivatized) containing 1.83 μg/kg 
(equivalent to 110 pg of OtA injected). injection 
volume 30 μL each.

in italy, consumption of salt pork 
products is about 18.8 kg per person/
year; dry-cured ham consumption is 
21.3% of the total, corresponding to 11 
g per person/day (istitutO PEr LA VALO-
riZZAZiOnE DEi sALuMi itALiAni, 2003). 
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in terms of public health, the potential 
impact of the presence of OtA in dry-
cured ham can be evaluated consider-
ing consumption data and the median 
OtA level that we found (0.02 μg/kg). 
An exposure of 0.22 ng per person/day 
or 0.004 ng/kg b.w./day can be calcu-
lated, which is about 0.07% of the tDi 
of 5 ng/kg b.w./day fixed by the scF of 
the European commission. in Europe, 
cereals and wine contribute about 3.6 
and 1.3 ng/kg b.w./day, respectively, to 
the average OtA intake (JEcFA, 2001). if 
compared with these products, the con-
tribution of dry-cured ham is therefore 
negligible.

cOncLusiOns

this survey indicates that OtA con-
tamination of pork products is a phe-
nomenon which particularly concerns 
dry-cured ham. both raw ham muscle 
samples and other italian pork prod-
ucts, like salami, coppa, cooked ham 
and würstel show a very low occur-
rence and low levels of OtA. this find-
ing suggests that indirect transmission 
from animals exposed to contaminated 
feed to the presence of OtA in pork and 
pork products occurs very rarely. Only 
direct contamination with OtA-produc-

ing moulds during the ripening of dry-
cured hams can explain the high levels 
found in some of these samples. this 
conclusion is supported by a study car-
ried out by an interdisciplinary group at 
our university, that showed the presence 
of P. verrucosum in the air of an indus-
trial ripening room and on the surface 
of hams (bAttiLAni, 2005).

in conclusion, the presence of OtA in 
dry-cured ham is not a cause for alarm, 
but should be monitored. Further re-
search is necessary to study conditions 
that favour the growth of OtA-produc-
ing fungi and the preventive action that 
can be undertaken to reduce this con-
tamination.
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AbstrAct

the nutritional variations in some 
typical semi-cured italian meats after 
the cooking process were investigated. 
three raw and three cooked samples of 
Bondiola, Cotechino (Modena and Cre-
mona), Salama da sugo (Ferrara) and 
Lingua salmistrata (Veneto) were stud-
ied. For Lingua salmistrata the root, 
centre and tip were analysed separate-
ly. Water, nacl and protein %, total li-
pid content and its characterization, 
nitrate and nitrite concentration and 
the energy supply were determined. 

riAssuntO

Questo lavoro riguarda lo studio del-
le variazioni nutrizionali in alcuni pro-
dotti semiconservati a base di carne. 
sono stati esaminati alcuni prodotti ita-
liani tipici; per ciascun tipo sono stati 
analizzati tre campioni crudi e tre cot-
ti, provenienti dallo stesso lotto. Della 
lingua salmistrata sono state analiz-
zate tre porzioni: radice, centro e pun-
ta. sono stati determinati il contenu-
to di nitrati e nitriti, le percentuali di 
acqua, nacl, e proteine, il contenuto 
e la caratterizzazione dei lipidi totali e 
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the nutrient composition and energy 
supply did not change due to cooking, 
while the nacl, nitrite and nitrate con-
centration decreased.

l’apporto energetico. La concentrazio-
ne di nacl, nitriti e nitrati diminuisce, 
mentre la composizione dei nutrienti e 
l’apporto energetico non variano molto 
dopo la cottura.

intrODuctiOn

cured meats destined to be cooked in-
clude some salt-cured meats and some 
other products such as lingua salmistra-
ta (corned tongue). such products, ob-
tained through different procedures, are 
usually boiled and more rarely grilled. 
With cooking there is a variation in the 
water content and the level of soluble 
proteins, low melting lipids, sodium chlo-
ride and nitrites and nitrates which are 
usually present as additives. these lat-
ter are of particular importance and their 
respective percent content may undergo 
positive or negative variations.

As far as food additives are concerned, 
there are legal limits. therefore, it is nec-
essary to determine if products comply 
with the law. it is also important to cal-
culate the total daily intake of food addi-
tives (MAriAni cOstAntini et al., 1999).

nitrates are ingested as part of our 
daily diet through products such as wa-
ter, vegetables, fruit and their by-prod-
ucts, some kinds of cheese and salt-
cured meats. if nitrate intake surpass-
es the acceptable daily dose, they are 
potentially hazardous, because they 
are transformed into nitrites by bac-
terial microflora. the European com-
mission’s scientific committee on Food 
has fixed the maximum daily dose of ni-
trites and nitrates at 0.06 mg/kg of body 
weight and 3.7 mg/kg of body weight, 
respectively.

nitrates and nitrites are used as ad-
ditives to salt-cured meats for different 
purposes. One is to keep the deep crim-
son colour of the meat, through the re-

action of nitrite with myoglobin. in raw 
meat the reaction gives rise to red ni-
trosylmyoglobin, while in cooked meat, 
where globin has been denatured, the 
reaction gives a pink colour, due to ni-
trosomyochromogen (PÖHnL, 2005). An-
other purpose is to prevent the growth 
of Clostridium botulinum strains that are 
sensitive to acidic pHs. As far as con-
sumer health is concerned, most con-
scientious food industries add ascorbic 
or erythorbic acid to cured meats to re-
duce the nitrite concentration (MirVisH 
et al., 1995; cOVELLi et al., 1998). the 
starter bacteria used in the preparation 
of salt-cured meats may also reduce the 
pH. Moreover, nitrites preserve flavour 
and retard rancidity development (cAP-
PELLi and VAnnuccHi 2005).

the toxicity of nitrites is particularly 
associated with the formation of carci-
nogenic nitrosamines. these compounds 
may develop in the stomach, especial-
ly in persons who take antacids and 
in smokers, or may already be present 
in food (POGODA and PrEstOn-MArtin 
2001). infantile methemoglobinemia, 
less frequent than in the past, is main-
ly caused by the consumption of nitrate-
rich vegetables, by persons whose enzy-
matic heme-protection systems are not 
completely efficient (cAPPELLi and VAn-
nuccHi 2005).

the uE Directive (1995) concerning 
salt-cured meats allows a maximum 
content for both sodium nitrite (E250) 
and potassium nitrite (E249) of 100 
parts (175 for bacon) per million (ppm) 
in the finished product. Moreover, it al-
lows a maximum of 250 ppm for both so-
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dium nitrate (E251) and potassium ni-
trate (E252), which function as nitrite 
reserves. it has been acknowledged that 
these limits need to be lowered.

this study is a part of a broader re-
search program to determine the nitrates 
and nitrites in foods of animal and plant 
origin (cEnGArLE et al., 2001; tiLLOcA 
et al., 2004). in this study the raw ma-
terials were some salt-cured meats and 
lingua salmistrata (corned tongue), that 
is a kind of beef by-product, rich in pro-
teins with fat spread in non homogene-
ous way, that has been treated with salt-
petre for preservation. the nitrate and 
nitrite content present in these prod-
ucts and their possible variation due to 
the cooking process were investigated. 
the data obtained, together with the lip-
id and the protein content, may be used 
to assign a correct nutritional value to 
the cooked products.

MAtEriALs

samples of bondiola veneta, cotechino, 
lingua salmistrata and salama da sugo, 
obtained from retail outlets, were used.

Bondiola veneta is a salt-cured meat 
stuffed into a pig bladder that gives it 
its typical round shape; it weighs about 
800 grams and consists of lean pork 
meat, pork fat, pigskin, lard, garlic, 
red wine, salt, pepper and natural fla-
vourings. saltpetre is used as an addi-
tive and it is aging from twenty days to 
three months.

Salama da sugo is prepared with pork 
meat (53% neck, 32% bacon, 10% throat 
lard, 3% liver, 2% tongue), salt, pepper 
and red wine. no additives were declared. 
it is stuffed into a pig bladder that is suit-
able for aging since it has a solid, uni-
form thickness; it is tied up with a string 
that divides them it into eight parts. Ag-
ing is between six and twelve months at 
10°-12°c with 75% water content and it 
is protected from the light.

Cotechino is also stuffed into pig’s or 

beef’s intestine. it has a variable weight 
and consists of equal amounts of proc-
essed lean pork meat, pork fat and pig-
skin, red wine with natural flavourings, 
salt, pepper, sugar and spices. Additives 
are saltpetre and sometimes soy lecithin 
(in the cremona-type); it is seasoned out-
doors for at least 15-20 days, according 
to the pigskin content; cooking time de-
pends on the seasoning.

Lingua salmistrata is an ox tongue that 
is carefully cleaned, washed and beat-
en vigorously in order to breakdown the 
fibers. Additives are saltpetre, vinegar, 
pepper and spices and it weights 800-
1,200 grams.

MEtHODs

samples of each type were taken from 
the same lot in order to have reasonably 
homogeneous products to analyse and 
that would allow evaluation of the alter-
ations in the composition that occurred 
as a result of the cooking process with a 
certain level of accuracy. samples were 
taken from whole cooked products, so 
as to avoid breaking the casing, which 
would affect the reliability of the deter-
minations.

three raw samples and three cooked 
samples of each product were used; each 
portion was homogenised before being 
analysed. Lingua salmistrata samples 
were separated into the root, centre and 
tip, and the different parts were analysed 
separately.

before cooking, the casing was light-
ly pricked with a needle, to avoid skin 
breaking during cooking. For boiling, the 
label instructions were followed.

the following measurements were 
made: water content and total lipids 
%, characterization of the total lipid 
fraction, by thin layer chromatography 
(tLc) and proton nuclear magnetic reso-
nance (1H-nMr), % protein, % nacl and 
nitrite and nitrate (ppm). the caloric 
value was calculated for both raw and 



��0  Ital. J. Food Sci. n. 1, vol. 18 - 2006

cooked products. the water content, 
was determined according to the offi-
cial method (bALEstriEri and MArini, 
1996), while total lipids were extract-
ed according to the bLiGH and DYEr 
method (1959).

the distribution of the glyceridic forms 
was analysed using tLc, on silica gel 60 
plates, 20x20 cm, 0.25 mm thick (siL-
25 MAcHErEY-nAGEL, Düren, Germa-
ny, cat n. 809013). the eluent mixture: 
hexane: diethyl ether: formic acid = 70 
: 30 : 1.5 (c. Erba); detector: iodine va-
pours. reading with totalLab software 
(nOnLinEAr DYnAMics; newcastle 
upon tyne, uK) after scanning.

the ratio of polyunsaturated/unsatu-
rated fatty acids was calculated by 1H-
nMr spectra: spectrometer Varian xL 
200 (Palo Alto, california, usA), solvent 
cDcl3, solute/solvent ratio = 1:5, pow-
er 200 MHz. two other parameters were 
determined, the number of vinyl pro-
tons (nV) and the number of methylene 
protons in α at two double bonds (nM), 
which are proportional to the total un-
saturation and polyunsaturation levels, 
respectively. the ratio nM/nV was also 
determined.

nV = (A - b/4) / b  nM = c/b

where A = area concerning the methinic 
protons of the double bonds + methinic 
proton at 2 of the esterified glycerol, at 
around 5.2 ppm; b = multiplet area at 
4.22 ppm, concerning methylenic pro-
tons of esterified glycerol; c = area of 
methylenic protons included between 
two double bonds, at 2.77 ppm (cEn-
GArLE et al., 1992).

total nitrogen was determined by the 
Kjeldahl method (biFFOLi, 1990); the val-
ues for the proteins were obtained by 
multiplying the percentage of organic ni-
trogen by 6.25.

the nacl content was estimated 
through differential argentometric titra-
tion (tAtEO, 1978), while the number of 
nitrate and nitrite ions was estimated 
through colorimetric analysis using the 
method of bArbiEri et al. (1983).

rEsuLts AnD DiscussiOn

table 1 reports the water content and 
total lipid % values. the variations are 
evident in the range of standard devia-

table 1 - Mean values of the water content and total lipids (%/edible portion) in the samples before 
and after cooking.

 Water content Total lipids

Samples  part mean S.D. mean S.D.

Bondiola veneta raw  47.40 0.28 27.1  1.27
 boiled  45.70 2.45 27.81 6.95
Cotechino Modena raw  50.43 2.84 32.25 2.33
 boiled  36.90 3.58 38.47 7.47
Cotechino Cremona raw  49.80 2.1  27.23 0.32
 boiled  49.20 1.8  26.68 0.18
Lingua salmistrata veneta raw root 55.13 0.9  15.80 2.47
  center 52.83 1.0  18.63 0.53
  tip 62.23 2.89  3.05 1.34
 boiled root 55.38 0.52 12.30 2.10
  center 53.52 2.40 19.96 1.00
  tip 60.72 2.18  3.65 0.47
Salama da sugo Ferrara raw  26.00 1.22 37.75 0.42
 boiled  27.82 3.11 16.59 0.60
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table 2 - Mean values of the 1H nMr parameters in the samples before and after cooking.
nV = (A - b/4) / b; nM = c/b, where: A = area of the methinic protons at around 5.2 ppm; b = multi-
plet area at 4.22 ppm, area of the methylenic protons of esterified glycerol; c = area of methylenic pro-
tons included between two double bonds, at 2.77 ppm.

Samples  part NV NM NM/NV

Bondiola raw  1.05 0.22 0.21
 boiled  1.09 0.27 0.25
Cotechino Modena raw  1.04 0.24 0.23
 boiled  1.07 0.27 0.26
Cotechino Cremona raw  1.11 0.24 0.22
 vapour cooked  1.12 0.22 0.19
Lingua salmistrata raw root 0.93 0.10 0.11
  center 1.00 0.35 0.35
  tip 0.68 0.21 0.31
 boiled root 0.87 0.12 0.14
  center 0.70 0.77 1.10
  tip 0.73 0.10 0.63
Salama da sugo raw  1.08 0.23 0.21
 boiled  1.13 0.33 0.30

tion (s.D.). the values decreased in eve-
ry sample except for the salama da sugo, 
where the values increased slightly.

After cooking the edible part (e.p.) con-
tained less water, therefore the related 
percentage lipid composition increased; 
the marked reduction recorded for the 
salama da sugo is certainly due to the 
loss of fat that occurred when the cap of 
the cured cooked meat was cut.

regarding the composition of the li-
pid fraction, the results of the 1H-nMr 
(table 2) reveal that there are no signif-
icant variations in the unsaturated ac-
ids, in general, and in the polyunsatu-
rated acids, in particular. in examining 
the results concerning the glyceridic 
forms (table 3), it should be taken into 
consideration that, since they are rela-
tive percentages, the apparent increase 
of some components may be due to the 
decrease of others. For instance, while 
the increase of fatty acids might be as-
cribed to some hydrolysis phenomena, 
a real increase in triacylglycerols can-
not be assumed. in this way the appar-
ent increase of triacylglycerols and free 
fatty acids in the salama da sugo could 
be explained by a simultaneous reduc-

tion of polar compounds that passed 
through the casing.

in lingua salmistrata, besides the var-
iability in the individual samples, that 
obviously originated from the different 
specimens, the results are rather diffi-
cult to explain as most of the root lacks 
casing.

the protein content (table 4) was quite 
constant; the solubilization of proteins is 
evidently prevented by both the casing 
and the denaturation that occurred fol-
lowing the preparation processes.

the nacl content (table 4) decreased 
slightly in each sample with cooking: 
the minimum loss was 40 mg/100 g ed-
ible part (bondiola and salama da sugo), 
while the maximum loss was 580 and 
560 mg/100 g edible part on the cent-
er and tip parts of the tongue, respec-
tively.

the nitrite and nitrate content values 
(table 5) in each cooked sample were 
within the legal limits. it should be not-
ed that these ions were also present in 
the salama da sugo even though they 
were not declared among the ingredi-
ents. the highest nitrate content was 
found in the lingua salmistrata, due to 
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table 3 - ratios between different glyceridic forms by tLc: MG, DG and tG = mono-, di- and triacylg-
lycerols; ox = oxidated products; FFA = free fatty acids.

 Bondiola Cotechino Salama da sugo

 raw boiled raw boiled raw boiled

Polars 20.23 33.95 16.7  4.6  8.71  8.52
MG    0.0  0.0  1.55  0.41
1.2 D  5.44  9.52 21.9  6.6  3.61  8.63
1.3 D  7.29 24.68 13.4 14.9  4.34  7.07
ox   - -  5.75  2.13
FFA  1.49  7.17 21.1 29.7 17.22 15.41
TG 64.92 16.40 20.1 44.2 49.48 54.83
Sterol esters  0.63  8.28  6.8 -  9.33  3.00

 Tongue

 root raw root boiled center raw center boiled tip raw tip boiled

Polars  6.9 15.8 11.4 17.7 15.6  7.8
MG  0.0  0.0  0.0  0.0  1.6  4.3
1.2 D  3.5  2.6  5.8  1.7  2.2  3.9
1.3 D  3.5  3.0  6.9  1.9  9.9  8.5
FFA 11.3  7.2 14.8  9.6 25.6 16.5
TG 74.7 71.4 61.1 69.2 45.1 59.0

table 4 - Mean values of the protein and nacl content (%/edible portion) in the samples before and 
after cooking.

 Protein NaCl

Samples  part mean S.D. mean S.D.

Bondiola raw  24.37 0.9  2.8 0.02
 boiled  25.19 0.04 2.8 0.01
Cotechino di Modena raw  24.07 2.50 1.9 0.10
 boiled  23.01 1.83 1.6 0.06
Cotechino raw  14.2  0.25 1.1 0.09
 vapour cooked  15.99 0.11 1.0 0.10
Lingua salmistrata raw root 20.09 0.23 2.8 0.02
  center 22.00 0.22 2.8 0.10
  tip 21.89 0.45 2.7 0.16
 boiled root 25.99 5.85 2.5 0.00
  center 23.55 0.98 2.2 0.13
  tip 25.98 1.20 2.3 0.14
Salama da sugo raw  22.73 3.51 2.8 0.02
 boiled  26.51 1.57 2.8 0.01
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the type of preparation and the partial 
lack of epithelial protection. During the 
cooking process 25 to 33% of the nitrate 
content was lost.

the caloric value of each sample (ta-
ble 6) remained practically unchanged 
after cooking, except for the salama da 
sugo in which there was a 40% decrease, 
due to the large loss of lipids. in these 

table 6 - Mean caloric supply of 100 g of the edible part before and after cooking.

Samples  part Energy supply Kcal/100 g e.p.

Bondiola veneta raw  341
 boiled  351
Cotechino di Modena raw  387
 boiled  438
Cotechino locale raw  302
 vapour cooked  304
Lingua salmistrata raw root 223
  center 255
  tip 115
 boiled root 215
  center 274
  tip 137
Salama da sugo raw  431
 boiled  255

table 5 - Mean values of the content of nitrite and nitrate ppm/edible portion in the samples before 
and after cooking. standard deviation <5%.

Samples  part NaNO2 ppm/e.p. NaNO3 ppm/e.p.
   mean mean

Bondiola raw   2.6   5.5
 boiled   1.6   3.5
Cotechino di Modena raw  20.3 110.5
 boiled  14.5  80.5
Cotechino raw   6.8  74.5
 vapour cooked   6.1  73.0
Lingua salmistrata raw root 24.2 176.0
  center 23.6 174.0
  tip 21.9 119.5
 boiled root 22.3 116.0
  center 21.6 113.5
  tip 18.1  98.0
Salama da sugo raw   7.42  49.0
 boiled   5.16  26.0

products, the lipid content and the relat-
ed chemical composition changes from 
one stock to another and is a determin-
ing factor of the nutritional property of 
the cooked samples.

From these results, it is concluded 
that in the specific preparation and cook-
ing operations adopted, there is little var-
iation in the nutritional and energetic 
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characteristics of the product, which is 
a very remarkable positive effect; there 
is a slight loss of sodium chloride and 
greater reduction in the concentration 
of nitrite and nitrate.
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chair)
s. crouch, usA
G. Evetugyn, russia
L. Gorton, sweden
G. Guibault, ireland
J. Hart, England
M. Karayannis, Greece
A.A. Karyakin, russia
V. Magearu, romania
M. Mascini, italy
H. Mottola, usA
J.L. Marty, France
G. Palleschi, italy
K. Van staden, south Africa

Important Deadlines:
June 1st, 2006: 2nd Announcement
september 16th, 2006: submission of 

the abstracts
september 23rd, 2006: information to 

authors about acceptance of abstracts
september 30th, 2006: Early registra-

tion with reduced fee
the scientific programme will include 

plenary lectures, oral presentations and 
poster sessions to cover the following 
topics.

Analytical chemistry applications 
based on the kinetics of:

- Electrochemical reactions
- spectrometric systems
- biorecognition systems

- Enzyme systems
- Flow injection systems
Further details, including registra-

tion form, scientific programme, trav-
el and accommodation will be sent 
with second announcement and will 
soon be available on the KAc-2006 
web site.

communication should be directed to 
Professor Aziz Amine

Association biocap, Faculté des sci-
ences et techniques de Mohammedia, 
b.P. 146. 20800 Mohammedia, Mo-
rocco - Fax +212 23 315353 - e-mail: 
azizamine@yhaoo.fr

Farber Assumes Presidency
of the International Association

for Food Protection

Jeffrey M. Farber, research Director at 
Health canada in Ottawa, Ontario, can-
ada, assumed the presidency of iAFP at 
the conclusion of iAFP 2005. He is cur-
rently responsible for the management 
of research and policy development in 
the area of microbiological food safety. 
He is also Adjunct Professor at the uni-
versity of Ottawa and a member of the 
icMsF. Dr. Farber obtained his b.sc. 
and M.sc. (A) degrees in Applied Micro-
biology and immunology from McGill 
university in Montreal and his Ph.D. in 
Food Microbiology from McGill univer-
sity in Quebec.

During his career, he has published 
over 100 papers in refereed journals, 
book chapters, and is an invited lec-
turer, internationally. since joining 
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iAFP in 1986, Dr. Farber has served 
on many committees and Professional 
Development Groups, organized sym-
posia and served as Program commit-
tee chair.

the italian Journal of Food science con-
gratulates Dr. Farber, who has published in 
iJFs and has served as a referee on many 
occasions.

IDF highlights cheese
as a star dairy product

cheese production is growing all 
around the world, and is at record lev-
els in some Eu countries. this is one 
of the positive facts to emerge from the 
sixth edition of the World Market for 
cheese, published by the international 
Dairy Federation.

the report presents the latest trends 
and structural changes in total world 
cheese production, trade and consump-
tion. thirty countries representing ap-
proximately 80% of total world cheese 
production from cow’s milk participat-
ed in the survey.

As far as international cheese trade is 
concerned, world cheese trade increased 
by approximately 32% from 1995 to 
2004. Oceania accounted for the larg-
est rise in world cheese market shares, 
up from 25% in 1995 to 37% in 2004. 
Another remarkable growth comes from 
the new Eu 10, whose exports almost 
doubled from 1995 to 2003, reaching 
172,000 tonnes in 2003. As to us, they 
experienced a growth of almost 100%. 
According to the survey, the major sup-
pliers of cheese to the world market in 
2004 were Australia, new Zealand and 
Germany.

the new bulletin of iDF n. 402/2005 
The World Market for Cheese 1995-
2004, Sixth Edition is a reference tool 
for those who need the facts on cheese 
(marketers, officials, policy makers). it 

can be ordered in electronic form on the 
iDF Website at www.fil-idf.org.

For further information, please contact 
Marylène tucci, iDF communications and 
Public Affairs Assistant at iDF on + 32 2 
7068644.

the World Dairy Situation 2005

the international World Dairy Feder-
ation announces the release of its an-
nual report on the World Dairy situa-
tion. this major tool including statistics 
on production, consumption and trade 
assist researchers, policymakers, and 
economists in providing a tool for strate-
gy formulation. the new iDF publication 
presents a thorough and broad overview 
on trends in production, milk process-
ing, consumption, trade and prices in 
major parts of the world. Detailed sta-
tistics by world, region and individual 
countries are also included.

Data are also available from countries 
which are not iDF members. contribu-
tions from the ZMP which, on behalf of 
iDF, has continued its networking with 
other institutions working on the econo-
my of the world dairy sector, have signifi-
cantly added to the publication. Milk pro-
duction, industrial milk processing, trade 
in dairy products, development of demand 
and consumption and prices for 2004 are 
presented, along with some dairy prod-
uct information and forecasts for 2005.

country reports provided by experts 
from member states, describing devel-
opments and sometimes subjective prog-
nosis, are presented.

the WDs Forum section comprises 
three papers: OEcD review of the po-
tential effects of liberalization of world 
dairy trade; comparison of the world 
dairy trade projections produced by var-
ious authoritative bodies; effects of ac-
cession to the Eu of the dairy sector of 
the new member states.
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see bulletin 399/2005 to read the ab-
stract and to order. - Pages: 86 - Price: 
70 Euro - http://www.fil-idf.org.

For further information, please contact: 
Marylène tucci, iDF communications and 
Public Affairs, tel.: +32 2 7068644, Fax: 
+32 2 7330413, E-mail: Mtucci@fil-idf.org -
http://www.fil-idf.org.

Probiotics to improve health
and quality of life

Experts in probiotics gathered from 
13 to 14 October 2005 at the interna-
tional symposium on “understanding 
the role of probiotics in health” in Gent, 
belgium to review latest research dem-
onstrating the positive health benefits 
of probiotics.

Latest scientific studies revealed new 
evidence that probiotics play a major role 
regarding the reduction of complaints 
of constipation and several types of di-
arrhea, decrease of urinal infections, al-
leviation of abdominal pain in patients 
suffering from irritable bowel syndrome 
(ibs), effective treatment of pouchitis and 
reduction of the occurrence of inflamma-
tory symptoms. the positive influence of 
probiotics on the immune system includ-
ing reduction of the risk of colon cancer is 
a main focus of current research.

Probiotics are living microorganisms 
that confer positive health benefits to 
the host if ingested regularly and in large 
numbers, for instance with fermented 
milk products. since their commercializa-
tion by the dairy industry in the first half 
of the 20th century, probiotics play an in-
creasingly important role in maintaining 
and improving human health and quality 
of life for people all over the world.

For more information, contact: Marylène 
tucci, iDF communications and Public Af-
fairs, Mtucci@fil-idf.org, tel.: +32 2 7068844, 
http://www.fil-idf.org.

mIlK beneFItS to humAn heAlth
Scientific reviews published

in the Supplement
to the Journal

of the American college of nutrition

seven independent scientific review 
papers recording the views of some top 
nutrition scientists on milk and its role 
on the diet have been published as a 
supplement to the December issue of 
the Journal of the American college of 
nutrition.

science shows that consuming dairy 
foods each day helps people meet their 
nutrient recommendations and may 
help to reduce the risk of chronic dis-
eases such as osteoporosis, hyperten-
sion and obesity.

these review papers address key 
health topics such as dairy and breast 
cancer, weight, osteoporosis, asthma, 
allergy and lactose intolerance. “this 
information will help health profes-
sionals respond to questions and con-
front misinformation about the role of 
milk and milk products in a healthy 
diet”, commented Jill nicholls, nutri-
tion expert for the international Dairy 
Federation (iDF), which commissioned 
the work, and Director, scientific Af-
fairs at the u.s.-based national Dairy 
council.

“specialists in several key areas of 
dairy and health contributed to this 
supplement which provides a compre-
hensive overview of the nutritional val-
ue of dairy foods. this work reinforc-
es the public perception of milk and 
milk products as wholesome and high-
ly nutritious foods. it is an important 
reference tool to which health profes-
sionals and others interested in the 
health benefits of dairy can refer, es-
pecially when facing conflicting view-
points”. said christian robert, iDF Di-
rector General.

Dairy Food consumption and Health: 
state of the science on current topics, 
supplement to the December issue of 



���  Ital. J. Food Sci. n. 1, vol. 18 - 2006

the Journal of the American college of 
nutrition is available for consultation on 
the iDF Website.

Glanbia unveils
innovation centre

Glanbia nutritionals has announced 
the official opening of the Glanbia 
Group innovation centre (Gic) in Kil-
kenny, by the irish Minister for En-
terprise, trade and Employment, Mr 
Michéal Martin. the centre, which will 
involve an investment of over €15 over 
the next four years, is supported by 
Enterprise ireland and has been in op-
eration since september 2004. the fa-
cility currently stands at 1,265 sq me-
tres and includes specialist laborato-
ries, a pilot plant, sensory analysis fa-
cilities and a research library. Forty-
two people are employed there, com-
prising 16 development professionals 
and 26 highly skilled research scien-
tists. this number is set to increase in 
October 2005 when a 700 sq metre ex-
pansion will be completed.

Glanbia nutritionals, a division of 
Glanbia plc, is one of the world’s leading 
suppliers of science-based nutritional 
solutions to a broad range of industries. 
these include functional foods, clinical, 
infant and sports nutrition, and dietary 
supplements.

For more information about Glanbia nu-
tritionals and its ingredients, please contact: 
Avril twomey, Glanbia nutritionals, Glan-
bia innovation centre, Leggetsrath busi-
ness Park, carlow road, Kilkenny, ireland. 
tel.: +353 (056) 7796029, Fax: + 353 (056) 
7796001, E-mail: atwomey@glanbia.ie, Or 
visit: www.glanbianutritionals.com.

Paying farmers for their milk
latest IDF survey presents results in 

29 countries

Devising payment systems is a com-
plex exercise. Modifying existing systems 
is just as difficult. new research pub-
lished by the international Dairy Fed-
eration reveals the variety of solutions 
found around the world to meet the va-
riety of demands made on farmers and 
the dairy industry.

in order to meet consumers’ expecta-
tions, farmers pay attention to the com-
position of their milk, its hygienic qual-
ity, absence of contaminants and anti-
biotics and also environmental issues, 
farm assurance programmes. All these 
feature in payment systems in some 
countries but there is no universal sys-
tem. Differences from country to country 
– climate, market structure, and role of 
government, export orientation – mean 
that the aims of the payment systems 
also differ. Frequency and method of pay-
ment, how the actual price paid is deter-
mined, what markets are served, what 
premiums are paid, and how cost factors 
such as cooling and transportation are 
dealt with this new iDF publication.

this new iDF survey covers all param-
eters currently taken into account to cal-
culate how much a farmer gets paid for 
the milk. Practices in 29 countries are 
presented, from the most sophisticated 
dairy sectors to the least and covering 
cows milk, buffaloes, sheep and goats. 
iDF does not seek to recommend any one 
system, however to ensure that it pro-
vides a source of ideas for those who es-
tablish or adapt payment systems.

“Payment systems for ex-farm milk” is 
the new bulletin of iDF n° 403/2006. it 
can be ordered in electronic form via the 
iDF website at http: www.fil-idf.org
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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 electronically numbered in the left margin, beginning with number one at 
the top of the page.

the paper must also be submitted by e-mail or on a digital support (cd-rom or 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 at 300 dpi in tIF, JPeG, ePS 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 saved and printed on a separate sheet, 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 and saved by separate in tIF, JPeG, ePS or PIct 
formats (300 dpi resolution). 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 3x10-3 m. 
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.

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 
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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 an-
nouncing 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 publication 
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 responsi-
bility 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
the proofs will be sent to the corresponding author as a PDF file by e-mail only.
A hard copy will be sent by mail only if the author makes this reguest when the 
paper is accepted for publication.
the revised proofs must be returned by fax or mail to: chiriotti Editori - P.O. box 
167 - 10064 Pinerolo (to) - italy - e-mail: info@chiriottieditori.it
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