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ChAnGES In quALITy PARAMETERS 
AnD VOLATILE AROMA COMPOunDS 
In ‘FAIRTIME’ PEACh DuRInG FRuIT 

DEVELOPMEnT AnD RIPEnInG

EvoluzionE dEi ParaMEtri qualitativi E dEllE CoMPonEnti 
volatili nEi Frutti di PESCo dElla Cultivar ‘FairtiME’

durantE l’aCCrESCiMEnto E la MaturazionE
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AbstrAct

Variation in the quality character-
istics and flavor compounds of ‘Fair-
time’ peach (Prunus persica L. batsch) 
fruit were evaluated during develop-
ment and maturation. Quality parame-
ters were monitored on six peaches col-
lected weekly or bi-weekly from each of 
ten trees starting at the end of pit hard-
ening (12 July) until commercial har-
vest (13 and 18 september). In order 
to evaluate the quality of tree ripened 

rIAssunto

scopo del presente lavoro è lo studio 
sulla variazione dei caratteri qualitativi 
e dei componenti volatili di aroma delle 
pesche (Prunus persica L. batsch) del-
la cultivar ‘Fairtime’. I parametri quali-
tativi sono stati determinati su gruppi 
di sei frutti raccolti con frequenza set-
timanale o bisettimanale da dieci alberi 
iniziando da frutti immaturi (12 Luglio) 
fino alla raccolta commerciale (13 e 18 
settembre). Per valutare la qualità dei 
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fruit, sampling was repeated 3 days af-
ter commercial harvest (september 21). 
the evolution of volatile flavor com-
pounds in the fruit was determined by 
solid Phase Micro-Extraction technique 
in Head space followed by Gas chro-
matography/Mass spectrometry (Hs-
sPME-Gc/Ms). the aromatic composi-
tion is enriched in tree-ripened fruit, es-
pecially ester compounds, determining 
the typical flavor of mature peach fruit. 
the aromatic profile of ‘Fairtime’ peach 
fruit was similar to that of ‘Guglielmi-
na’ fruit, another late-ripening, yellow-
flesh peach cultivar.

frutti maturati sulla pianta (tree ripe) 
sono stati studiati anche campioni rac-
colti tre giorni dopo la raccolta commer-
ciale (21 settembre). L’evoluzione della 
componente volatile del frutto è stata 
determinata tramite la sPME in spazio 
di testa, abbinata alla Gas cromatogra-
fia/spettrometria di Massa (Hs-sPME-
Gc/Ms). I dati dimostrano che la com-
posizione aromatica si arricchisce nei 
frutti tree ripe, specialmente la compo-
nente esterea, determinando l’aroma ti-
pico della pesca matura. Questo meto-
do analitico è stato utilizzato per con-
frontare il profilo aromatico di questa 
cultivar con quello della ‘Guglielmina’, 
evidenziando forti analogie.

IntroDuctIon

Volatile compounds can be regard-
ed as one essential component of fruit 
quality. In fact, aroma makes an impor-
tant contribution to the flavor and eat-
ing attractiveness of fruit. It is deter-
mined by many, often over 200, vola-
tile substances belonging to different 
chemical classes, i.e. esters, alcohols, 
terpenes, eters aldehydes, etc., present 
in very small concentrations (nurstEIn, 
1970). Aroma of peach (Prunus persica L. 
batsch) fruit is not attributable to one or 
several compounds, but is considered to 
be the integrated response of the olfacto-
ry organ to a series of contributing flavor 
compounds (sEVEnAnts and JEnnInGs, 
1966). their influence on the aroma is 
not strictly proportional to their absolute 
quantity or volatility, but also depends 
on the sensorial impact and their inter-
action with other compounds (ArEnA et 
al., 2001; bELItZ and GroscH, 1999; 
buttErY et al., 1988, 1971; buttErY, 
1981; PoLEsELLo, 1980; PYYsALo et al., 
1977; sALo, 1970).

In several investigations on the vol-

atile fraction of peach flavor, approx-
imately 70 compounds belonging to 
lactones (sEVEnAnts and JEnnInGs, 
1966; cHAPMAn et al., 1991; EnGEL et 
al., 1988 a,b), esters and alcohols (VI-
sAI and VAnoLI, 1997) have been iden-
tified. Lactones represent the character-
istic impact compounds, whereas c6 al-
dehydes, alcohols and terpenes are re-
sponsible for the spicy, floral and fruity 
components of the peach aroma (sPEn-
cEr et al., 1978; EnGEL et al., 1988 a). 
Minor constituents include xylene, naph-
thalene, benzyl alcohol, α-terpineol, ben-
zothiazole, 2-pentylfuran, (E, E)-2,4-dec-
adienal, methyleugenol, dihydroionone, 
ionone, and α-bergamotene (HorVAt et 
al., 1990 a,b).

the development of aroma in peach 
fruit is a dynamic process. Volatile sub-
stances are continuously synthesized 
and accumulated during fruit growth 
and maturation. Hence, the pattern of 
qualitative and quantitative volatile con-
stituents varies greatly during fruit de-
velopment. c6 aldehydes and alcohols 
are the major components isolated from 
“green fruit” (EnGEL et al., 1988 b) and 
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generally show a decreasing trend dur-
ing fruit growth (VIsAI and VAnoLI, 1997) 
whereas the concentration of lactones, 
and specifically γ-decalactone, δ-decalac-
tone, benzaldheyde and linalool, increas-
es reaching the highest amounts in ma-
ture fruit (cHAPMAn et al., 1991).

Generally, the concentrations of most 
of the impact compounds increase as 
the fruit matures, therefore peach fruit 
should be harvested when completely 
mature in order to have the best quali-
ty in terms of typical flavor (VIsAI et al., 
1993), color, soluble solids (ss) and ti-
tratable acidity (EccHEr ZErbInI et al., 
1990). Peach fruit quality at consump-
tion depends strictly on the degree of 
maturation at harvest because all the 
major quality parameters, such as ss, 
organic acids, and pectins, change dur-
ing fruit development, but the changes 
are more rapid in proximity to fruit mat-
uration, at which time optimal values are 
reached (EccHEr ZErbInI et al., 2002). 
Many studies have shown significant im-
provements in quality when harvest is 
delayed to some extent (ForLAnI et al., 
2001; EccHEr ZErbInI et al., 1991). In 
particular, tree-ripened fruit of different 
cultivars has a higher (3 to 6 fold) lactone 
content than fruit harvested according 
to commercial specifications (VEnturA, 
1992). Delayed harvesting also increases 
the extent and intensity of the red color 
in the fruit peel (EccHEr ZErbInI et al., 
1992), which is particularly appreciated 
by the consumer (IVAscu et al., 2002). 
Weight and sugar content also increase 
during the final stages of fruit devel-
opment (Lo bIAnco et al,. 1999; PAVEL 
and DEJonG 1993). Hence, harvest tim-
ing becomes a determining factor for fi-
nal fruit quality and consumer appreci-
ation. In addition to the full expression 
of the potential fruit quality, peach mar-
keting and consumer appreciation also 
depend on the possibility of maintaining 
such characteristics at a sufficient level 
until consumed.

the composition of the volatile fraction 

in peach fruit has been investigated ex-
tensively, by different methods. sever-
al studies have shown qualitative and 
quantitative differences in the constit-
uents found due to the different tech-
niques used. Many lactones have been 
identified by Vacuum steam Distillation 
in peach (cHAPMAn et al., 1991; EnGEL 
et al., 1988a) and nectarine (tEKEoKA et 
al., 1988), whereas esters and alcohols 
have been recognized in nectarine and 
peach by Headspace sampling (VIsAI and 
VAnoLI, 1997). Differences in the com-
position of the fruit peel and flesh have 
also been observed as well as the enzy-
matic formation of secondary volatiles 
caused by rupturing fruit tissues (tEKE-
oKA et al., 1988).

A rapid and reproducible analytical 
method that uses less sample tissue 
(AGoZZIno et al., 2005) and exploits the 
Head space solid Phase Micro-Extrac-
tion (Hs-sPME) followed by Gas-chro-
matography/Mass-spectrometry (Gc/
Ms) analysis (VAs and VÉcKEY, 2004; 
Artuur et al., 1992) was used in this 
study.

Variations in the volatile fraction dur-
ing fruit maturation have been already 
investigated, whereas knowledge about 
the evolution of aroma components in 
tree-ripened fruit is limited. the aim of 
this research was to study the changes 
in volatile compounds in immature, com-
mercial harvest (cH) and tree-ripened 
(tr) fruit of the late-ripening peach cul-
tivar ‘Fairtime’. Flavor components were 
also related to the physical (weight, firm-
ness, color) and chemical (soluble solids, 
titratable acidity) properties of the same 
peach fruit.

MAtErIALs AnD MEtHoDs

the study was conducted in a com-
mercial orchard located near riesi, in 
south-central sicily (37°17’n, 14°04’E). 
the soil was a sandy loam (pH 7.3) with 
low active carbonates. In summer, 10 
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eight-year-old peach trees of the yel-
low-flesh late-ripening cultivar ‘Fair-
time’ and five eight-year-old peach trees 
of the yellow-flesh late-ripening cultivar 
‘Guglielmina’, both grown on GF677 (Pru-
nus persica x Prunus amigdalus) root-
stock, were selected. trees were trained 
to a delayed vase (central leader was re-
moved the third year after planting) and 
spaced at 4.5-5 m. routine horticultural 
care (pruning, thinning, irrigation, ferti-
lization and pest control) was applied to 
all trees throughout the season. Fruit 
were thinned approximately 30 days af-
ter full bloom by removing doubles and 
leaving about one fruit every 15 cm of 
shoot, and summer pruned once at the 
beginning of July.

six peaches were collected weekly 
or bi-weekly from each tree starting on 
July 12 (after pit hardening) until sep-
tember 13 and 18 (commercial harvest). 
In order to evaluate the quality of tree-
ripened fruit, sampling was repeated 3 
days after commercial harvest (septem-
ber 21). From July 12 until september 
13, the same number of fruit were col-
lected from ‘Fairtime’ and ‘Guglielmina’ 
peach trees in order to compare the vol-
atile fraction of the two cultivars. sam-
ple fruit were placed in paper bags and 
transported to the laboratory where the 
weight, diameter, flesh firmness, ss, ti-
tratable acidity, percentage of red color-
ed peel and volatile compounds were de-
termined. Weight, diameter, red colored 
peel, and firmness were determined on 
each fruit, while ss and titratable acidi-
ty were determined on groups of six fruit 
(one per plant and per date of sampling). 
Volatile compound analysis was carried 
out separately on flesh and peel of two 
groups of five fruit each (one per plant 
and per date of sampling). Flesh firm-
ness was measured with a manual pres-
sure tester (tr di turoni & co., Forlì, It-
aly) by mounting an 8 µm tip on two op-
posite sides of the peeled fruit, ss was 
determined using an Atago Palette Pr-
32 digital refractometer (Atago co., Ltd., 

tokyo, Japan), and the titratable acidi-
ty was determined by using a crison s 
compact titrator (crison Instruments, 
sA, Alella, barcelona, spain). Percent-
age of red colored peel was determined 
by visual scale only on commercial har-
vest and tree-ripened fruits.

the analysis of volatile compounds 
was carried out by homogenizing 2 g of 
fruit flesh or peel and placing 50 mg into 
2 mL vials with a pierceable silicone rub-
ber septa coated with polytetrafluoroeth-
ylene (PtFE) film. the vials were stirred 
in a water bath for 15 min at controlled 
temperature (27±0.5°c) in order to reach 
equilibrium. sampling was carried out 
by using a sPME (supelco, bellafonte, 
PA) fiber, coated with a 100 µm film of 
polydimethylsyloxane (PDMs), in head 
space. An 85 µm carboxen/PDMs fiber 
was also tested but a less complete ar-
omatic profile was obtained. on the ba-
sis of the preliminary tests, a 15 min ex-
posure time was suitable for fiber satu-
ration and for the reproducibility of the 
extraction procedure (Fig. 1).

Desorption time in the chromato-
graph injector at 250°c was fixed at 5 
min in splitless mode. separation was 
performed with a Gc-Ms Varian saturn-
3 Ion trap system, equipped with a 30 
m x 0.25 mm i.d. fused-silica capillary 
column supelcowax-10 (supelco, bella-
fonte, PA) coated with 0.25-µm polyeth-
ylene glycol film. the carrier gas (heli-
um) pressure was fixed at 12 psi on the 
column head. the transfer line and ion 
trap temperatures were 180°c. the Gc 
was programmed for a starting temper-
ature of 35°c (5-min hold), a first ramp 
of 5°c/min to 130°c (10-min hold) and 
a second ramp of 10°c/min to 220°c 
(5-min hold). In the ion trap mass spec-
trometer, the electron ionization mode 
(EI) was set at 70 eV, the mass range at 
40-400 thompson and the frequency at 
3 scans per second.

the data were processed with the in-
strument data system and the chro-
matographic and spectrometric results 
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showed excellent reproducibility (sD ≤ 
4%). Each determination was repeated 
three times.

the compounds were identified by lin-
ear retention indexes (rI) calculated us-
ing the Van Den Dool and Kratz’s equa-
tion (VAn DEn DooL and KrAtZ, 1963) 
and by mass spectra through a critical 

Fig. 1 - reconstructed Ion current (rIc) of volatile compounds from peel and flesh of ‘Fairtime’ peach 
fruit at different exposure times (5, 10, 15 and 20 min).

and reasoned comparison within nIst 
2002 library of mass spectral data; the 
presence of 1-hexanol, 2-hexen-1-ol, 
limonene and hexyl acetate was also ver-
ified using standard compounds (Fluka, 
buchs, switzerland).

the means (and standard errors for 
fruit quality parameters) of the measure-
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ments taken on each fruit and for each 
date are reported. the trends of the vol-
atile compounds during fruit develop-
ment and maturation were determined 
by non-linear regression analysis using 
sigmaPlot (systat software, Inc., rich-
mond, california, usA); the P values are 
reported in the text.

rEsuLts AnD DIscussIon

All of the quality parameters, with the 
exception of pH, showed substantial dif-
ferences between immature and com-
mercial harvested fruit (table 1). In ad-
dition, soluble solids increased in tree-
ripened fruit compared to commercial-
ly harvested fruit, whereas weight, pH, 
acidity, and red peel color remained fair-
ly constant. During the same time, flesh 
firmness decreased but remained with-
in the range acceptable for manipulation 
and commercial needs.

the sPME technique was used main-
ly for qualitative or semi-quantitative 
(screening) studies. Hs-sPME involves 
multi-phase equilibrium processes and 
careful consideration must be given to 
the physicochemical properties of the 
compounds to be extracted.

Qualitative optimization of the sPME 
parameters should be applied to deter-

table 1 - Quality parameters (mean ± sE) of ‘Fairtime’ peach fruit collected when immature (IM), at 
commercial harvest (cH), and tree-ripened (tr).

	 Date	 Weight	(g)	 Flesh	firmness	 Soluble	solids	 pH	 Acidity	 Peel	red
	 	 	 (kg/cm2)	 (°Brix)	 	 (g/L)	 color	(%)

IM	 07/12	 56.7±1.6	 10.8±0.77	 10.9±0.15	 3.73±0.07	 0.48±0.02	 -
	 07/26	 72.6±1.8	 10.1±0.24	 10.0±0.62	 3.73±0.02	 0.46±0.01	 -
	 08/03	 82.2±1.0	 8.54±0.15	 11.2±0.07	 4.04±0.06	 0.96±0.01	 15.5±1.27
	 08/20	 82.2±1.0	 7.0±0.13	 12.0±0.10	 3.49±0.19	 0.47±0.01	 38.5±2.14
	 08/30	 164.9±3.6	 6.1±0.18	 12.6±0.17	 3.77±0.03	 1.00±0.01	 38.5±2.14

CH	 09/13	 221.0±5.3	 5.8±0.16	 13.0±0.11	 3.58±0.03	 1.02±0.01	 46.1±1.70
	 09/18	 251.6±2.6	 5.4±0.07	 12.7±0.06	 3.65±0.06	 1.09±0.01	 50.0±2.67

TR	 09/21	 249.1±5.4	 5.2±0.12	 13.0±0.10	 3.70±0.02	 1.08±0.01	 50.3±1.45

mine the best fiber, sampling conditions 
and instrument calibration. Gas chroma-
tograms of the fresh fruit, peel and flesh, 
are shown in Fig. 2.

reproducibility and precision can be 
improved with sPME fiber by careful-
ly controlling and monitoring the time 
and temperature (which should be very 
constant) during sample extraction. the 
extraction time is a critical parameter in 
the sPME sampling process, but once 
the extraction equilibrium is reached, 
no change in time results in adsorbed 
analytes. by standardizing all these pa-
rameters, it is possible to use rIc% as a 
quantitative approach. While this semi-
quantitative method has severe limi-
tations, as is evident in the peak are-
as that do not reflect the real amounts 
of the different compounds, it is a very 
useful tool for making comparisons, es-
pecially for simple non-complex matri-
ces such as gases or Hs.

the percentage of reconstructed to-
tal ion current (rIc) and the rI of each 
compound obtained by Hs-sPME/Gc-
Ms are reported in tables 2 and 3, which 
show the quantitative composition and 
evolution of aroma according to the stage 
of fruit development. the results show 
different qualitative and quantitative 
patterns of the aroma compounds in the 
commercially harvested fruit compared 
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to immature fruit, both for peel and flesh. 
Furthermore, the content of volatile com-
pounds was higher in the peel (table 2) 
than in the flesh (table 3).

In fruit peel, compounds 12 (33.94%) 
and 15 (30.81%) were the most abun-

Fig. 2 - Gas chromatograms of volatile compounds in the peel and flesh of ‘Fairtime’. (see table 1 and 
2 for compounds corresponding to the numbers).

dant regardless of developmental stage, 
while compound 14 was relatively low (5 
to 9%) in immature fruit and increased 
exponentially (over 20%; P = 0.0001) in 
mature fruit (table 2). compound 26 
(initially at 23%) decreased linearly (P = 



�0  Ital. J. Food Sci. n. 1, vol. 19 - 2007

table 2 - retention Index (rI) and reconstructed Ion current (rIc)% of volatile compounds from peel of 
‘Fairtime’ peach fruits collected from July 12 (immature, IM) to september 21 (tree-ripened, tr). sam-
ples analysed by sPME/Gc-Ms.

	 IM	 CH	 TR

	 	 	 7/12	 7/26	 8/03	 8/20	 8/30	 9/13	 9/18	 9/21

N.	 RI	 FAIRTIME	PEEL	COMPOUNDS	 Reconstructed	Ion	Current	(RIC)%

	 1	 1039	 Ethyl	butanoate	 	 1.37	 0.57	 0.60	 0.67	 0.88	 1.10
	 2	 1056	 2-Methyl-ethyl	butanoate	 	 	 	 0.66	 0.68	 0.30	 0.37
	 3	 1071	 3-Methyl-ethyl	butanoate	 	 0.57	 0.30	 1.19	 1.08	 0.98	 1.74	 1.43
	 4	 1078	 Hexanal	 	 	 0.50
	 5	 1108	 1-Butanol,	3-methyl	acetate	 	 	 	 	 	 0.43	 0.79	 0.37
	 6	 1144	 Ethyl	2-butenoate	 	 	 	 0.54	 0.61	 0.25	 0.54
	 7	 1165	 Pentyl	acetate	 	 	 	 	 	 0.29	 0.50	 0.25
	 8	 1173	 Limonene	 	 	 	 	 	 0.58	 0.52
	 9	 1202	 2-Hexenal	(E)
10	 1234	 Ethyl	Hexanoate	 	 	 	 1.17	 1.72	 1.23	 1.46	 0.44
11	 1245	 b-cis-Ocimene	 0.55
12	 1282	 Hexyl	acetate	 33.94	 51.51	 48.17	 51.57	 52.58	 49.79	 48.89	 47.60
13	 1319	 3-Hexen-1-ol-acetate	(z)	 0.39	 1.87	 0.44	 0.42	 0.44	 0.36	 0.60	 0.56
14	 1329	 4-Hexen-1-ol-acetate	(z)	 4.94	 8.80	 5.07	 5.31	 6.60	 15.20	 20.56	 20.29
15	 1348	 2-Hexen-1-ol-acetate	(z)	 30.81	 17.09	 20.19	 17.63	 14.69	 22.88	 16.61	 24.32
16	 1362	 1-Hexanol	 0.53	 1.48	 3.39	 3.26	 3.84	 0.24	 0.68
17	 1379	 Heptyl	acetate	 	 	 	 0.13	 0.08	 0.22	 0.33	 0.22
18	 1393	 3-Hexen-1-ol	 	 	 	 	 0.24	 0.29	 0.32
19	 1398	 Cis-3	hexenyl	piruvate	 1.51	 0.80	 0.65	 0.72	 1.23	 0.45	 0.39
20	 1408	 2-Hexen-1-ol	 0.73	 0.55	 2.48	 1.23	 0.70	 0.22	 0.21
21	 1414	 Hexyl	butanoate	 	 0.51	 1.20	 0.64	 0.72	 0.24	 0.21
22	 1428	 2	Methyl-hexyl	butanoate	 	 0.21	 0.13	 0.31	 0.62	 0.05	 0.17
23	 1441	 Ethyl	octanoate	 	 0.21	 0.26	 0.50	 0.95	 1.46	 1.41	 1.71
24	 1452	 Hexyl	pentanoate	 1.41	 1.14	 1.29	 1.17	 1.88	 0.45	 0.47	 0.51
25	 1483	 2-Hexenyl	butanoate	(z)	 2.18	 0.79	 3.15	 1.21	 1.45	 0.78	 0.50	 0.96
26	 1511	 2-Hexenyl	pentanoate	(E)	 23.00	 12.71	 11.53	 10.54	 7.87	 1.80	 1.14	 1.34
27	 1548	 Ethyl	nonanoate	 	 	 	 	 	 	 0.33
28	 1611	 Hexyl	hexanoate	 	 	 0.14	 0.27	 0.34	 0.15
29	 1641	 Ethyl	decanoate	 	 	 	 	 	 	 0.15
30	 1664	 2-Hexenyl	hexanoate	 	 0.40	 0.55	 0.93	 1.02	 0.48

0.0002) until 1.34% at tr. the six-car-
bon alcohols (1-hexanol, 2-hexen-1-ol 
and 3-hexen-1-ol) were present in small 
quantities during ripening and disap-
peared at tr. compound 23 was not de-
tected at the beginning and increased 
linearly (P = 0.0002) throughout the sam-
pling period.

Many esters increased during ripen-
ing, some (2, 6, 10, 12) appeared later 
and others (7, 5) only appeared at com-
plete ripening. small amounts of terpe-

nes were recovered (compound 11) in 
immature fruit and at complete ripening 
(compound 8). At tr, only esters were 
present in the volatile fraction of the fruit 
peel and the principal compounds were 
12, 14 and 15, which accounted for 93% 
of the total.

Initially the most abundant compounds 
in the fresh fruit were 26 (39.65%), 12 
(31,96%), 15 (16.04%) and 16 (3.10%) 
(table 3), but compound 26 decreased ex-
ponentially (P < 0.0001) and disappeared 
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table 3 - retention Index (rI) and reconstructed Ion current (rIc)% of volatile compounds from flesh 
of ‘Fairtime’ peach fruits collected from July 12 (immature, IM), to september 21 (tree-ripened, tr). 
samples analysed by sPME/Gc-Ms.

	 IM	 CH	 TR
	
	 	 	 7/12	 7/26	 8/03	 8/20	 8/30	 9/13	 9/18	 9/21

N.	 RI	 FAIRTIME	FLESH	COMPOUNDS	 Reconstructed	Ion	Current	(RIC)%

	 1	 1039	 Ethyl	butanoate
	 2	 1056	 2-Methyl-ethyl	butanoate
	 3	 1071	 3-Methyl-ethyl	butanoate	 	 0.57
	 4	 1078	 Hexanal	 	 	 10.22	 0.18
	 5	 1108	 1-Butanol,	3-methyl	acetate	 	 	 	 	 	 0.42	 0.52	 0.42
	 6	 1144	 Ethyl	2-butenoate
	 7	 1165	 Pentyl	acetate	 	 	 	 	 	 0.30	 0.54	 0.31
	 8	 1173	 Limonene	 	 0.29	 	 	 	 0.14	 0.27
	 9	 1202	 2-Hexenal	(E)	 	 	 11.08	 0.32	 0.25
10	 1234	 Ethyl	Hexanoate	 	 	 	 	 	 	 	 0.36
11	 1245	 β-cis-Ocimene	 2.10
12	 1282	 Hexyl	acetate	 31.96	 55.95	 42.53	 57.44	 52.58	 39.77	 30.31	 28.07
13	 1319	 3-Hexen-1-ol-acetate	(z)	 0.82	 1.28	 0.74	 0.93	 0.50	 0.35	 0.39	 0.93
14	 1329	 4-Hexen-1-ol-acetate	(z)	 2.55	 11.67	 10.60	 9.62	 16.36	 23.66	 35.74	 29.39
15	 1348	 2-Hexen-1-ol-acetate	(z)	 16.04	 15.33	 13.83	 24.66	 27.00	 33.16	 30.47	 40.25
16	 1362	 1-Hexanol	 3.10	 1.70	 3.65	 2.49	 2.31	 1.41	 1.76
17	 1379	 Heptyl	acetate	 	 	 	 0.20	 0.17	 0.13
18	 1393	 3-Hexen-1-ol	 	 	 0.16	 0.14	 0.11
19	 1398	 Cis-3	hexenyl	piruvate
20	 1408	 2-Hexen-1-ol	 2.51	 1.76	 2.77	 2.31	 0.76	 1.33
21	 1414	 Hexyl	butanoate
22	 1428	 2	Methyl-hexyl	butanoate
23	 1441	 Ethyl	octanoate	 	 	 	 0.07
24	 1452	 Hexyl	pentanoate	 1.27	 1.31	 0.32	 0.24	 0.08
25	 1483	 2-Hexenyl	butanoate	(z)	 	 	 0.16	 0.15
26	 1511	 2-Hexenyl	pentanoate	(E)	 39.65	 10.14	 3.95	 1.24	 0.16
27	 1548	 Ethyl	nonanoate
28	 1611	 Hexyl	hexanoate
29	 1641	 Ethyl	decanoate
30	 1664	 2-Hexenyl	hexanoate

in september. the concentrations of 14 
and 15 ranged from 13.83 to 40.25% and 
from 2.55 to 35.74%, respectively, both 
followed a quadratic increase (P = 0.0006 
and P = 0.0002, respectively). the typical 
aldehydes, hexanal (10.22%) and 2-hexe-
nal (11.08%) were detected starting in the 
third week and then disappeared again 
toward maturation. these aldehydes orig-
inate from unsaturated fatty acids and 
have been reported to be the main volatile 
compounds in unripe peach (ZHAnG and 

JIA, 2005; DE sAntIs and MEncArELLI, 
2001) and are responsible for the “green 
flavor” (VEnturA, 1992). they decreased 
until they disappeared at cH. small but 
detectable quantities of 5 and 7 esters 
were present after september 13. Among 
the other esters, 24 decreased in a steep 
linear fashion (P = 0.046) during ripen-
ing. Alcohols like 16 and 20 were present 
during ripening but disappeared com-
pletely by tr.

At tr, the volatile fraction composition 
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was greatly simplified; in fact, only esters 
(mainly 12, 14 and 15) were found; this 
followed the same trend observed in the 
fruit peel. only a few esters increased in 
the flesh of tree-ripened fruit, and these 
contribute to the typical flavor of mature 
peach fruit (VEnturA, 1992).

As expected, substantial changes were 
observed in several quality parameters 
during the transition from immature 
fruit to commercial harvest. on the oth-
er hand, only soluble solids increased in 
tree-ripened fruit as compared to com-
mercial harvested fruit. the volatile com-
pound content was usually higher in the 
fruit peel than in the flesh.

We also studied the evolution of aroma 
compounds in the cultivar Guglielmina 
during ripening. Qualitatively the aro-
ma profile is similar to that of ‘Fairtime’. 
no typical compound could be identified 
that would to differentiate between the 
two cultivars.

In contrast, quantitative differences 
for some compounds of the two culti-
vars were observed, but the differences 
may have been due to various environ-
mental factors as well as to the genet-
ic make up.

concLusIon

the Hs-sPME-Gc/Ms method may 
be a suitable tool for the qualitative and 
semi-quantitative determination of vol-
atile aroma compounds in peach. It is 
able to extract, isolate, detect and identi-
fy a series of volatile compounds. the re-
sults obtained in this first screening pro-
vide information on substantial quanti-
tative changes in volatile constituents 
during peach fruit ripening. Application 
and further improvement of this method 
for the analysis of the volatile fraction of 
fruit may allow for additional quantita-
tive investigations.

Although improvements of peach fruit 
quality parameters observed in this study 
from the time of commercial harvest to 

tree-ripened seem to be minor, some rel-
evant differences in the volatile fraction 
(particularly of the fruit peel) may con-
tribute to significant flavor improvements 
for consumer appreciation of tree-rip-
ened fruit which would justify a three-day 
harvest delay. ‘Fairtime’ and ‘Guglielmi-
na’ are two late-ripening peach cultivars 
with similar pomological characteristics, 
that have very similar aroma profiles, at 
least in the early stages of fruit matura-
tion. Information obtained by using this 
analytical approach could provide an un-
derstanding of the formation and evolu-
tion of flavor compounds and/or provide 
a method for distinguishing between sim-
ilar commercial fruit varieties.
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AbstrAct

the effects of omega-3 fatty acids 
and oily fish on in vivo plasma lipids 
and oxidant status are not well defined 
and understood. the effect of olive oil-
fried sardine consumption on serum 
and lipoprotein levels and thiobarbi-

rIAssunto

Gli effetti degli acidi grassi omega-3 
e dell’olio pesce, in vivo, sui lipidi pla-
smatici e sul loro stato ossidativo non 
sono né ben definiti né completamen-
te compresi. È stato testato l’effetto del 
consumo di sardine fritte in olio d’oliva 
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turic acid-reactive substances (tbArs) 
and on faecal fat, bile and cholester-
ol excretions was tested in hypercho-
lesterolemic rats. cholesterol plus bo-
vine bile was used as a serum choles-
terol-raising agent in a casein plus ol-
ive oil (coc) diet for 3 weeks. Groups 
of seven rats were switched for 2 weeks 
to diets containing casein plus olive oil 
(co) and olive oil-fried sardines (s). sev-
en rats received the co diet through-
out the whole study and served as the 
control (r). tbArs, cholesterol, trig-
lycerides and phospholipids were de-
termined in serum and high density 
lipoproteins (HDL) while fat, bile acid 
and cholesterol levels were measured 
in the faeces. cholesterol withdraw-
al decreased serum cholesterol and 
tbArs in s and co rats (p<0.01). the 
s rats had cholesterol and tbArs val-
ues similar to those of the r rats. the 
s diet significantly increased the daily 
fat, bile acid and cholesterol excretions 
(all, p<0.05), while the cholesterol and 
tbArs contents in serum, HDL and 
non-HDL (VLDL+LDL) (all, p<0.05) de-
creased with respect to the co rats. the 
cholesterol/phospholipid ratio was low-
er in serum and HDL of the s rats than 
in the co rats (p<0.05). these findings 
show that the inclusion in diets of olive 
oil-fried sardines as the only source of 
fat and protein in diets increases fae-
cal cholesterol and bile acid excretions 
that normalise cholesterolaemia and 
serum lipid peroxidation.

sul siero, sui livelli di lipoproteine e so-
stanze reattive all’acido tiobarbiturico 
(tbArs) e sui grassi, acidi biliari e co-
lesterolo escreti con le feci, in ratti af-
fetti da ipercolesterolemia. Del coleste-
rolo addizionato di bile bovina è stato 
utilizzato come agente per innalzare il 
colesterolo nel siero in una dieta a base 
di olio di oliva addizionato di caseina 
(coc), per la durata di tre settimane. 
Gruppi di sette ratti sono stati sotto-
posti alternativamente, per 2 settima-
ne, a diete consistenti in caseina ad-
dizionata all’olio d’oliva (co) e sardine 
fritte in olio di oliva (s). un gruppo di 
sette ratti (r), che andava a costituire 
il gruppo di controllo, seguiva la dieta 
co dall’inizio dello studio. sono stati 
determinati nel siero le tbArs, il co-
lesterolo, i trigliceridi ed i  fosfolipidi e 
le lipoproteine ad alta densità (HDL). Il 
contenuto in grassi, acidi biliari e cole-
sterolo è stato invece determinato nelle 
feci. L’eliminazione di colesterolo dimi-
nuisce il colesterolo serico e le tbArs 
nei ratti dei gruppi s e co (p<0,01). I 
ratti del gruppo s presentavano valori 
di colesterolo totale e di tbArs simi-
li ai ratti del gruppo r. La dieta s in-
crementava significativamente l’escre-
zione giornaliera di grassi, acidi biliari 
e colesterolo (p<0,05), mentre il con-
tenuto di colesterolo e tbArs nel sie-
ro, di HDL e di non-HDL (VLDL+LDL) 
(p<0,05) diminuiva se confrontato con 
i ratti del gruppo co. Il rapporto cole-
sterolo/fosfolipidi risultava minore nel 
siero e nelle HDL per i ratti s rispet-
to ai ratti co (p<0,05). Questi risulta-
ti dimostrano che includere nella die-
ta sardine fritte in olio d’oliva, come 
unica fonte di grassi e proteine, incre-
menta l’escrezione di colesterolo feca-
le e acido biliare, normalizzando la pe-
rossidazione dei lipidi del siero e la co-
lesterolemia.



Ital. J. Food Sci. n. 1, vol. 19 - 2007  ��

IntroDuctIon

consumption of fish oil with a high 
omega-3 polyunsaturated fatty acid 
content (n-3 PuFA) has been associat-
ed with a reduced risk of cardiovascu-
lar disease (AscHErIo et al., 1995; HArP-
Er and JAcobson, 2001). Data from 
reviews by HArrIs (1996) and nEstEL 
(1998) indicate that the usefulness of 
fish oil in treating hypercholesterolae-
mia is doubtful except when the excess 
cholesterol is in the very low density li-
poprotein (VLDL) fraction of the serum. 
It has been suggested that reduction of 
high density lipoprotein (HDL) levels af-
ter n-3 PuFA administration may be re-
lated to an increase in the reverse choles-
terol transport (rct) pathway (MontoYA 
et al., 2002). As known, sr-bI mediates 
the binding of HDL and the selective up-
take of its cholesterol content by hepa-
tocytes and its utilization for biliary se-
cretion (rIGottI et al., 1997). cholesterol 
is eliminated from the body by convert-
ing it into cholic acid and other bile ac-
ids (HoFMAnn, 1999). the bile acid pro-
duction increases significantly in cho-
lesterol-fed animals as a compensatory 
mechanism to decrease the hypercho-
lesterolaemic effect of dietary choles-
terol (MADAnI et al., 1998). on the oth-
er hand, it has been suggested that li-
poprotein peroxidation plays a central 
role in the early stages of atherosclero-
sis (EstErbAuEr et al., 1992), and hy-
percholesterolemia appears to be asso-
ciated with an increase in serum lipid 
peroxidation (rEILLY et al., 1998). GAr-
rIDo-PoLonIo et al. (2004) found that 
HDL is an important carrier of thiobar-
bituric acid reactive substances (tbArs) 
in rats fed thermally oxidized sunflow-
er-seed oil.

the effect that fried fish consumption 
has on the prevention and treatment of 
dietary hypercholesterolaemia has been 
studied by our group (sÁncHEZ-MunIZ et 
al., 1992b; 1996; 2003), but to the best 
of our knowledge no data concerning the 

effects of fried-fish consumption on se-
rum lipid peroxidation are available.

In the present study it was hypothe-
sised that the consumption of olive oil-
fried sardines increases the excretion of 
cholesterol and bile acids and decreases 
the serum HDL-cholesterol as a mecha-
nism to decrease serum cholesterol and 
lipid peroxidation in hypercholesterolae-
mic animals. the aims of this study were 
to assess the effect of a diet containing 
olive oil-fried sardines, as the only source 
of fat and protein, on (i) fat, cholester-
ol and bile acid faecal excretions; (ii) se-
rum lipids and HDL composition and lev-
el; and (iii) serum and HDL-tbArs with 
respect to other diets containing casein 
and olive oil.

MAtErIALs AnD MEtHoDs

Frying performance and
diet preparation

sardines (600-700 g) were cut open 
in a fan-shaped fashion and fried in 3-
L domestic fryers with olive oil for 4 min 
at 180ºc. After frying, the sardines were 
freeze-dried and included in the diet as 
the only source of protein and fat. Ac-
cording to previous studies (sÁncHEZ-
MunIZ et al., 1992b; 1996, 2003) diets 
containing casein were supplemented 
with 0.2% DL-methionine; the sardine 
diet was not supplemented with this ami-
no acid. the hypercholesterolemic diet 
contained cholesterol (20 g/kg diet) and 
bovine bile (5 g/kg diet, consisting of a 
mixture of free and conjugated bile acids, 
with a minimum of 50% bile acids).

other basic dietary components were 
the following: crude fibre (microcrys-
talline cellulose) 50 g/kg, minerals mix 
37.7 g/kg, vitamin supplements 1.2 g/
kg, sucrose 250 g/kg, bHt 1 g/kg and 
bHA 1 g/kg. Wheat starch (roughly 620 
g/kg in the casein and olive oil diet (co) 
and in the diet containing sardines fried 
in olive oil (s)) was used to complete 
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the diet composition. the composition 
(mg/kg diet) of the mineral mix was KI, 
0.21; na2seo3, 0.24; na2cro4.4H2o, 
1.58; naF, 2.43; cuso4.5H2o, 24.72; 
Znco3, 25.50; Mnso4.H2o, 169.20; 
Feso4.7H2o, 199.00; Mgco3, 769.70; 
nacl, 906.30; and Mgso4.7H2o, 2250; 
na2H2Po4.2H2o, 2930; KHco3, 6100; 
caHPo4.2H2o, 8590; KH2Po4, 8200; 
caco3, 10000. the composition (mg/
kg diet) of the vitamin mix was choline, 
1111.11; folic acid, 1.11; niacin, 22.22; 
calcium pantothenate, 8.88; riboflavin, 
3.33; thiamin, 4.44; vitamin b6, 6.66; vi-
tamin K, 0.055; vitamin E, 33.33, vita-
min D3, 0.028; vitamin A, 0.0015 (reti-
nol acetate). the energy content of the 
diets was 6.9 MJ/kg for coc, 7.0 MJ/
kg for sc, 7.2 MJ/kg for s, and 7.2 MJ/
kg for co.

Animal and dietary treatment

Male Wistar rats weighing 65 g were 
housed individually in metabolic cag-
es (20°-23ºc, 12 h light/dark cycle). 
the study protocol was approved by a 
committee for Animal studies of the 
universidad complutense de Madrid 
and performed in accordance with the 
Guide for the care and use of Labora-

tory Animals (nAtIonAL rEsEArcH 
councIL, 1985). During a 3-day peri-
od adapting to the environmental con-
ditions, rats were fed commercial rat 
pellets (sander, Madrid, spain). Fol-
lowing the adaptation period the rats 
were introduced to the hypercholester-
olaemic diet containing casein + olive 
oil + cholesterol + bovine bile (coc). 
After three weeks, blood samples were 
collected from rats that had fasted for 
16-18 h. the samples were taken from 
the tail vein of coc fed rats following 
vasodilatation in a water bath at 37ºc. 
Following the analysis, the animals 
were divided into two groups of 7 rats 
each that had similar mean cholester-
ol levels and standard deviations. the 
rats were then switched to the experi-
mental diets. During the experimental 
period, 7 rats were given the co diet 
and the other 7 rats received the s diet. 
A reference group of seven rats (r) re-
ceived the co diet throughout the en-
tire study. Food and water were pro-
vided ad libitum (Fig. 1). Food intake 
was checked daily and the rats were 
weighed on alternate days. At the end 
of the experiment, r, co and s rats 
were anaesthetised by intraperitoneal 
injection with sodium pentobarbital (60 

Fig. 1 - Experimen-
tal design. coc rats: 
rats in which hyper-
cholesterolaemia was 
induced by diet con-
taining casein plus 
DL-methionine + ol-
ive oil +  bovine bile + 
cholesterol; co rats: 
rats fed casein plus 
DL-methionine + olive 
oil diet; s rats: rats 
fed a diet containing 
olive oil fried sardine 
as the only protein 
and fat sources; r 
rats: rats fed the co 
diet during both the 
induction and exper-
imental periods and 
used as the reference 
group.
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mg/kg body weight) and blood was ex-
tracted by carotid puncture.

Analytical determinations

Moisture was determined by oven dry-
ing at 105ºc to constant weight (AoAc, 
1993). Protein was determined by the 
KJELDAHL procedure (AoAc, 1993). 
sardine, diet, and faecal fats were ex-
tracted by the bLIGH and DYEr (1959) 
method. the fatty acid methyl esters of 
olive oil, fish fat, and dietary fat were 
analysed in a a Hewlett Packard 5890 
series II chromatograph (Palo Alto, cA) 
equipped with a 50 m (i.d. 0.22 mm) 
capillary column (bPX70, 0.25 µm film 
thickness (sGE, Austin tX). the con-
tent of different fatty acids in the diet 
was calculated on the basis of the per-
centage in the fat and the proportion of 
fat in the fish, using the conversion fac-
tors for fried sardines found previous-
ly (sÁncHEZ-MunIZ et al., 1992a). cho-
lesterol in faeces was determined after 
solubilising the faecal fat extracts with 
isopropanol/water (95:5, by vol) (Mon-
tEs et al., 1978). serum was separat-
ed by low-speed centrifugation at 1,500 
x g at 4ºc for 30 min. VLDL and LDL 
were precipitated with dextran sulphate 
(Mw 50,000) and magnesium chloride 
(FInLEY et al., 1978). total cholester-
ol, HDL-cholesterol, triglycerides, total 
phospholipids and HDL-phospholipids 
were analysed according to standard en-
zymatic methods (boehringer Mannhe-
im, Germany). Faecal bile acids were 
extracted by the DE WAEL et al. (1977) 
method and determined by spectrofluor-
ometry (coDocEo et al., 1980) using 
the sterognost-3αr Pho commercial kit 
(nyegaard & co. A/s, norway). tbArs 
levels in serum and HDL were measured 
at 532 nm following the method of YAGI 
(1993). the u-Mann Whitney non-par-
ametric test was used to compare data. 
the sPss 11.0 statistical package was 
used. P values of <0.05 were considered 
significant.

rEsuLts AnD DIscussIon

Proximate diet composition

the major fatty acids (in % w/w of to-
tal fatty acids) in the olive oil used for fry-
ing were c16:0, 12.3; c18:0, 3.7; c18:1, 
76.5; c18:2, 4.7, while that of the raw 
sardines were c16:0, 25.6; c18:0, 9.0; 
c18:1, 19.5; c18:2, 3.5; c20:5, 4.9; 
c22:6, 17.2. the diets had similar pro-
tein and fat contents but differed in the 
amounts of saturated and polyunsatu-
rated fatty acids (PuFA) (table 1).

Food consumption
and body weight gain

the effect of experimental diets on 
food consumption was tested. Food con-
sumption was not significantly different 
(p<0.1) in the different dietary groups 
which suggests that the fried sardine diet 
was well accepted by the rats. However, 
more fat and fatty acids (e.g. saturated, 
PuFA n-3) were consumed by the s rat 
group than by the co or r groups (table 
2). body weight gain was not significant-
ly affected by the different diets.

serum lipids

the hypercholesterolaemic induction 
period led to moderate hypercholestero-
lemia (table 3). consumption of the co 
or s diets resulted in significantly lower 
total cholesterol (p<0.01) and phosphol-
ipid (p<0.05) levels than those observed 
in the coc group; the s diet group had 
(p>0.1) total cholesterol levels similar to 
those in the r group (table 3). these re-
sults are similar to those previously ob-
served (sÁncHEZ-MunIZ et al., 2003), al-
though, in the present study, the assayed 
sardines contained only ~5% n-3 PuFA 
(table 1). thus, according to present re-
sults a relatively low amount of n-3 PuFA 
seemed to normalise serum cholesterol in 
rat in a 2-wk period. Fish protein, as well 
as n-3 PuFA, may have a significant hy-
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table 1 - composition of semi-synthetic diets containing casein plus DL-methionine and olive oil (co), 
casein plus 0.2% DL-methionine, olive oil, bovine bile and cholesterol (coc), and sardines fried in ol-
ive oil (s).

	 CO	 S	 COC

Protein	(g/100	g	dry	matter)	 14.54±0.46	 14.75±0.14	 13.92±0.68
Lipids	+	cholesterol	(g/100	g	dry	matter)	 9.08±0.22	*	 9.52±0.28	a*	 11.80±0.24
Cholesterol	(2%)	and	bovine	bile	(0.5%)	added	 NO	 NO	 YES
Fatty	acids	(g/100	g	total	fatty	acids)
C16:0	 12.3±0.3	 13.1±0.2		 11.9±0.1
C16:1	n-7	 0.7±0.02	 1.1±0.1	a	 0.7±0.04
C18:0	 3.7±0.0	 3.8±0.1	 3.6±0.0
C18:1	n-9	 76.5±0.3	 70.1±0.7	a	 77.1±0.3
C18:2	n-6	 4.7±0.1	 4.4±0.1	 4.7±0.0
C18:3	n-3	 0.9±0.06	 1.6±0.2	 0.7±0.06
C20:5	n-3	 ND	 1.0±0.16	a*	 ND
C22:6	n-3	 ND	 2.2±0.4	a*	 ND
Total	MUFA	 77.3±0.2	 71.5±0.7	a	 77.9±0.3
Total	SFA	 16.9±0.3	 18.1±0.4	 16.4±0.2
Total	PUFA	n-3	 0.9±0.06	 5.3±0.3	a*	 0.7±0.06
Total	PUFA	n-6	 4.9±0.1	 5.1±0.2	 5.0±0.1
PUFA/SFA	 0.34±0.00	 0.57±0.02	a*	 0.35±0.01
PUFA	n-6/PUFA	n-3	 5.3±0.4	 0.97±0.06	a*	 6.9±0.1

Data	are	mean	±	standard	deviation	of	three	determinations.	ND:	Not	detected.	Values	bearing	the	letter	a	indicate	
significant	differences	between	CO	and	S	groups.	CO	and	S	data	with	an	asterisk	were	significantly	different	with	
respect	to	COC	(U-Mann	Whitney	test,	p<0.05).

table 2 - Food, fat and major fatty acid intakes and body weight gain during the experimental period.

Rats	 CO	 S	 R

Food	intake	(g/day)	 15.81±0.62	 17.40±0.38	 15.79±0.58
Fat	intake	(g/day)	 1.41±0.06a	 1.70±0.04b	 1.41±0.05a
Fatty	acid	intake	(g/day)
C16:0	 0.16±0.01a	 0.21±0.00b	 0.16±0.01a
C18:0	 0.05±0.00a	 0.06±0.00b	 0.05±0.00a
C18:1	n-9	 1.03±0.04	 1.10±0.02	 1.03±0.04
C18:2	n-6	 0.06±0.00	 0.07±0.00	 0.06±0.00
C18:3	n-3	 0.01±0.00a	 0.02±0.00b	 0.01±0.00a
C20:5	n-3	 0.00±0.00a	 0.02±0.00b	 0.00±0.00a
C22:6	n-3	 0.00±0.00a	 0.03±0.00b	 0.00±0.00
Total	MUFA	 1.04±0.04	 1.13±0.02	 1.04±0.04
Total	SFA	 0.23±0.01a	 0.28±0.01b	 0.23±0.01a
Total	PUFA	n-3	 0.01±0.00a	 0.08±0.00b	 0.01±0.00a
Total	PUFA	n-6	 0.06±0.00a	 0.08±0.00b	 0.06±0.00a
Body	weight	gain	(g/day)	 5.44±0.59	 5.56±0.56	 4.64±0.29

CO	rats:	Rats	fed	casein	plus	DL-methionine	+	olive	oil	diet;	S	rats:	Rats	fed	a	diet	containing	olive	oil	fried	sardine	
as	the	only	protein	and	fat	sources;	R	rats:	Rats	fed	the	CO	diet	during	both	the	induction	and	experimental	peri-
ods,	and	used	as	the	reference	group.
Data	are	mean	values	±	standard	deviations	of	seven	rats.	Values	in	the	same	row	bearing	different	letters	are	sig-
nificantly	different	(U-Mann	Whitney	tests,	p<0.05).	MUFA:	monounsaturated	fatty	acids,	SFA:	saturated	fatty	ac-
ids,	PUFA:	polyunsaturated	fatty	acids.
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table 3 - serum, HDL and non HDL-lipids (mmol/L) and peroxidation levels of rats fed semi-synthet-
ic experimental diets.

Rats	 COC	 CO	 S	 R

Serum	cholesterol	(mmol/L)	 4.79±0.39	 2.43±0.13a*	 1.85±0.08b*	 1.84±0.09b*
Serum	phospholipids	(mmol/L)	 1.55±0.06	 1.31±0.09a*	 1.17±0.04a*	 1.34±0.12a
Serum	triglycerides	(mmol/L)	 0.44±0.09	 0.75±0.09ab*	0.58±0.04a*	 1.02±0.12b*
Serum	cholesterol/Phospholipids	(mol/mol)	 2.97±0.17	 1.86±0.19a*	 1.51±0.08b*	 1.49±0.08b*
Serum	HDL-cholesterol	(mmol/L)	 0.59±0.06	 0.65±0.04a	 0.49±0.03b	 1.04±0.11c*
Serum	HDL-phospholipids	(mmol/L)	 0.68±0.06	 0.78±0.01a*	 0.70±0.02b	 0.93±0.09a*
Serum	HDL-cholesterol/Total	cholesterol	(mol/mol)	 0.12±0.02	 0.27±0.01a*	 0.27±0.02a*	 0.58±0.05b*
Serum	HDL-phospholipids/Total	phospholipids	(mol/mol)	 0.44±0.04	 0.62±0.02a*	 0.60±0.02a*	 0.72±0.03b*
Serum	non-HDL-cholesterol	(mmol/L)	 4.20±0.32	 1.78±0.12a*	 1.36±0.08b*	 0.80±0.10c*
Serum	non-HDL-phospholipids	(mmol/L)	 0.87±0.06	 0.52±0.05a*	 0.47±0.05a*	 0.30±0.09b*
Serum	TBARS	(MDA	µmol/L)	 3.26±0.45	 1.63±0.20a*	 1.10±0.12b*	 0.85±0.12b*
Serum	HDL-TBARS	(MDA	µmol/L)	 1.00±0.10	 0.65±0.07*	 0.72±0.09	*	 0.62±0.10*
Serum	non-HDL-TBARS	(MDA	µmol/L)	 2.25±0.34	 1.01±0.18a*	 0.40±0.06b*	 0.20±0.05c*

COC	rats:	Rats	in	which	hypercholesterolaemia	was	induced	by	diet	containing	casein	plus	DL-methionine	+	olive	
oil+	bovine	bile	+	cholesterol;	CO	rats:	Rats	fed	casein	plus	DL-methionine	+	olive	oil	diet;	S	rats:	Rats	fed	a	diet	
containing	olive	oil	fried	sardine	as	the	only	protein	and	fat	sources;	R	rats:	Rats	fed	the	CO	diet	during	both	the	in-
duction	and	experimental	periods,	and	used	as	the	reference	group.
Data	are	mean	values	±	standard	deviations	of	seven	rats.	Values	in	the	same	row	bearing	different	letters	are	sig-
nificantly	different	(U-Mann	Whitney	tests,	p<0.05).
*	Significantly	different	(U-Mann	Whitney	tests,	p<0.05)	with	respect	to	COC	group.

pocholesterolaemic effect (VAZQuEZ and 
sÁncHEZ-MunIZ, 1994; AIt YAHIA et al., 
2003; sAncHEZ-MunIZ et al., 2003). the 
s rats tended to have lower triglyceride 
levels (p<0.1) than their co counterparts, 
these results are in line with the hypot-
riglyceridaemic effect of n-3 PuFA report-
ed in other studies (HArrIs, 1996; nEs-
tEL, 1990). the r group had the highest 
triglyceride levels. the s and r rats had 
the lowest total cholesterol/phospholipid 
ratio (table 3). the total cholesterol/to-
tal phospholipid ratio has been used as 
hypercholesterolaemic and atherogenic 
markers (KAnnEL et al., 1971). According 
to their total cholesterol/total phospholi-
pid ratio, the atherogenic risk of s rats is 
similar to that of r group animals.

Lipoprotein-cholesterol
and phospholipids

the non-HDL-cholesterol) and non-
HDL-phospholipid contents in serum 
decreased (p<0.01 and p<0.05, respec-

tively) in the rats that had the s and co 
diets due to the cholesterol withdrawal 
(table 3). More significant (p<0.05) de-
creases in the non-HDL-cholesterol lev-
els were noted in the rats on the s diet. 
these results can be explained by the 
fact that the production of liver b-VLDL 
is inhibited by n-3 PuFA (nEstEL, 1990). 
In agreement with MorGADo et al. (2005) 
HDL-cholesterol tended to be lower in n-
3 PuFA-enriched diets which suggests 
that there was an active rct pathway in 
the rats that were fed the s diet.

serum and lipoprotein-tbArs

the s and co diets decreased se-
rum and HDL-tbArs (p<0.01) values 
compared to the coc values, but the s 
diet caused the greatest decrease in se-
rum and non-HDL-tbArs. no signifi-
cant differences (p>0.1) were found in 
the tbArs values between the s and r 
groups (table 3). HDL is known to car-
ry a large amount of cholesteryl ester 
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hydroperoxides via the rct pathway 
(MAcKnEss and DurrInGton, 1995). 
thus, the present results are relevant 
because fried sardine consumption had 
a hypolipaemic effect and the tbArs lev-
els decreased.

Moreover, the results should be attrib-
uted to the lipid, rather than the protein, 
fraction of the fried sardines because, ac-
cording to AIt YAHIA et al. (2003) plasma 
and VLDL + LDL lipid peroxidation are 
not significantly affected by dietary fish 
protein or casein. Furthermore, while 
n-3 PuFA have several double bonds 
and are, thus, susceptible to free radi-
cal attack, there are conflicting reports 
on the effect of fish oil supplementation 
on the lipid peroxidation status in both 
animals and humans. ErDoGAn et al. 
(2004) found that the tbArs levels de-
creased in rats when fish oil was ingest-
ed for 30 days, suggesting that n-3 fat-
ty acids may enhance resistance to lipid 
peroxidation. nALsEn et al. (2006) found 
that the antioxidant status was not af-
fected by supplementation of n-3 PuFA, 
but the concentration of a biomarker of 

non enzymatic lipid peroxidation, 8-iso-
PGF2α, decreased significantly in healthy 
humans. However, sonG and MIJAZAWA 
(2001) reported that lipid peroxidation 
increased in rats fed dietary docosahex-
aenoic acid-rich oil.

cholesterol and bile acid
faecal excretions

s and co rats excreted significantly 
(p<0.01) more bile acids than the r rats. 
Daily faecal excretions of cholesterol and 
fat were also significantly higher (p<0.05) 
in s rats than those of r rats (table 4). 
these results suggest that these excre-
tions actively contribute to reducing plas-
ma cholesterol due to less liver cholester-
ol being available for VLDL synthesis. Ir-
ItAnI et al. (1985) found that, compared 
with dietary casein, fish and soybean pro-
tein significantly increased the excretion 
of cholesterol and its metabolites (copros-
tanol and bile acids) and decreased the 
plasma cholesterol levels. using rats kept 
on a standard low-fat diet, the cholester-
ol from chylomicrons enriched with n-3 

table 4 - Moisture, fat, cholesterol, and bile acid contents in faeces of rats fed semi-synthetic experi-
mental diets.

Rats	 CO	 S	 R

Faeces
g/day	(dry	matter)	 1.40±0.08a	 1.89±0.10b	 1.35±0.07a
Fat	(%	dry	matter)	 4.28±0.34a	 3.84±0.35a	 4.26±0.29a
Bile	acid
mg/g	faeces	(dry	matter)	 13.63±0.46b	 12.27±1.22b	 3.27±0.50a
mg/day	 19.15±0.82b	 25.27±2.62c	 4.32±0.53a
Fat
mg/g	faeces	(dry	matter)	 43.16±3.45a	 38.71±3.51a	 43.0±2.87a
mg/day	 62.04±8.62ab	 74.08±8.19b	 58.77±6.47a
Cholesterol
mg/g	faeces	(dry	matter)	 4.02±0.45a	 3.57±0.28a	 3.07±0.19a
mg/day	 5.75±0.88ab	 6.79±0.72b	 4.15±0.32a

CO	rats:	Rats	fed	casein	+	olive	oil	diet;	S	rats:	Rats	fed	a	diet	containing	olive	oil	fried	sardine	as	the	only	protein	
and	fat	sources;	R	rats:	Rats	fed	the	CO	diet	during	both	the	induction	and	experimental	periods	and	used	as	the	
reference	group.
Data	are	mean	values	±	standard	deviations	of	seven	rats.	Values	in	the	same	row	bearing	different	letters	are	sig-
nificantly	different	(U-Mann	Whitney	tests,	p<0.05).
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PuFA (from fish oil) was removed from 
the blood and excreted via the bile more 
rapidly than that from chylomicrons en-
riched with saturated or monounsaturat-
ed fatty acids (palm or olive oil, respec-
tively) (brAVo et al., 1995).

It has been proposed that taurine 
plays a significant role in cholesterol 
metabolism by increasing cholesterol 
excretion and reducing serum and liver 
cholesterol concentrations in rats fed a 
high cholesterol diet (YoKoGosHI et al., 
1999). According to the nutritional com-
position of sardines described by sHIrAI 
et al. (2002), 1 kg of the s diet contains 
about 1.3 g of taurine, which explains 
the present results, at least in part.

the cholesterol excretion via the bile 
acids also helps keep the hepatic free 
cholesterol pool low, while the gene ex-
pression of lipoprotein liver receptors 
would be high which would help de-
crease the concentration of serum ather-
ogenic lipoproteins (DIEtscHY, 1998). 
cholesterol used to synthesize bile ac-
ids and excrete free cholesterol into the 
bile is derived mainly from the hepatic 
uptake of plasma HDL in the final step 
of the rct pathway (botHAn and brA-
Vo, 1995). According to MorGADo et al. 
(2005) the reduction in plasma HDL-cho-
lesterol associated with increased biliary 
cholesterol and bile acids may be surro-
gate markers of an accelerated rct path-
way in fish oil-fed rats. this concurs with 
the low HDL-cholesterol levels found in 
rats fed the s diet.

In conclusion, hypercholesterolaemic 
rats that consumed olive oil-fried sar-
dines increased their excretion of bile 
acids and cholesterol. by the end of the 
study, these rats had lower atherogen-
ic lipoprotein profiles and the serum 
cholesterol and serum and lipoprotein 
tbArs levels were normal. However, 
long-term studies of experimental ani-
mals and healthy and dislipaemic hu-
man volunteers are needed to ascer-
tain the usefulness of consuming large 
amounts of fried oily fish.

AbbrEVIAtIons:

HDL: high density lipoproteins; LDL: low density 
lipoproteins; PuFA: polyunsaturated fatty acids; 
sr-bI: scavenger receptors bI type; tbArs: thio-
barbituric acid reactive substances; VLDL: very 
low density lipoproteins.
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AbstrAct

selected trace metals (copper, lead, 
and zinc), an ultra-trace metal (cadmi-
um) and pesticides (metalaxyl, penco-
nazole, procymidone and parathion) 
were determined during the fermenta-
tion step in a vinification process. two 
laboratory-scale fermentations were 
carried out, with and without skins (for 
the production of red and white wine, 
respectively), and each day samples 
of must were collected and analysed. 
Levels of metals were determined by 
two analytical techniques: Inductive-

rIAssunto

Al fine di valutare il comportamen-
to di alcuni elementi in traccia (rame, 
piombo, cadmio e zinco) e pesticidi (me-
talaxyl, penconazole, procymidone e pa-
rathion) durante la fermentazione in un 
processo di vinificazione, sono state ef-
fettuate due vinificazioni in scala-labo-
ratorio, con e senza bucce, ed ogni gior-
no sono stati analizzati campioni di mo-
sto. I metalli sono stati analizzati utiliz-
zando due tecniche analitiche: IcP-Ms 
e sV, mentre i pesticidi sono stati ana-
lizzati in Gc-Ms. rame e zinco hanno 



��  Ital. J. Food Sci. n. 1, vol. 19 - 2007

ly coupled Plasma Mass spectrometry 
(IcP-Ms) and stripping Voltammetry 
(sV) with a thick-Film Modified Graph-
ite-containing Electrode (tFMGE). For 
the analysis of pesticides, a liquid-liq-
uid extraction and silica gel clean up 
followed by Gas chromatography with 
Mass spectrometry detection (Gc-Ms) 
was used. copper and zinc concentra-
tions decreased in a continuous man-
ner throughout the two wine-making 
processes, while lead and cadmium 
concentrations dropped sharply dur-
ing the first two days and stabilised 
afterwards. the reduction in pesticide 
concentrations was more evident in 
red wine vinification than in the white 
one. Parathion decreased quite rapid-
ly, while metalaxyl was the most per-
sistent.

mostrato una diminuzione costante du-
rante i due processi, mentre le concen-
trazioni di piombo e cadmio hanno avu-
to una repentina iniziale diminuzione e 
poi si sono stabilizzati, a livelli comun-
que molto bassi. La diminuzione dei pe-
sticidi è più evidente nella vinificazione 
in rosso che in quella in bianco, il para-
thion decresce più rapidamente mentre 
il metalaxyl è più persistente.

IntroDuctIon

Wine is one of the most important 
agricultural/food industry products in 
the world. In 2000, vineyards made up 
5.4% of the total cultivated land in Ita-
ly (IstAt, 2002), covering over 700,000 
hectares. Moreover, the production of 
Doc (Denominazione di origine control-
lata or “controlled denomination of ori-
gin”) and DocG (Denominazione di orig-
ine controllata e Garantita or “control-
led and guaranteed denomination of or-
igin”) wines is continuously increasing. 
In the last decades results from sever-
al medical studies have indicated that 
a moderate consumption of wine could 
provide some health benefits due to the 
presence of antioxidant compounds at 
significant concentration levels and of 
essential elements such as co, cu, se 
and Zn at adequate concentration lev-
els. on the other hand, several poten-

tially toxic elements, such as Pb and cd, 
can also be present in wines at low but 
significant levels [e.g. 3.3 µg L-1 for cd 
(MEnA et al., 1996) and 73 µg L-1 for Pb 
(WHo, 1996)]. It is therefore important 
to determine their concentration levels 
in order to evaluate the dietary intake of 
these toxic elements through wine con-
sumption.

the presence of toxic trace metals in 
wine may be due to metal-containing in-
secticides and fungicides, environmen-
tal pollution (water, soil and atmos-
pheric contamination) and poor cellar 
practices such as contact with wine 
production equipment and oenological 
products used in the wine-making proc-
ess (PEDErsEn et al., 1994). Lead con-
centration in wine is regulated in most 
countries and the maximum acceptable 
values range between 50 and 300 µg L-1. 
because of its toxicity, lead and other el-
ements can be a potential trade barrier 
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for importing wine if the concentration 
levels do not meet the tolerance limits 
set by the importing country (GonZALEZ 
HErnAnDEZ et al., 1996; oIV, 1990).

cadmium is highly toxic, tends to ac-
cumulate in biological systems and has 
a long half-life. Generally, the cadmium 
content in wine is low (<1 µg L-1) but, 
when wine is consumed in large quanti-
ties, the dietary intake can reach phys-
iologically significant levels.

copper may be carried over into wine 
mainly from copper sulphate-based ap-
plications to control fungus. certain 
countries authorize the use of copper 
sulphate (0.02 g L-1) to eliminate non-
desirable sulphur derivatives. copper is 
desirable in wine up to 0.5 mg L-1, be-
cause it regulates numerous reactions 
during the ripening of wine. the maxi-
mum copper concentration permitted in 
the Eu is 1 mg L-1. similar to iron, high 
quantities of copper give wine a met-
al-like taste. Must contains a relative-
ly high amount of copper (up to 5 mg L-

1) but fermentation cuts the copper con-
tent in the young wine by about one or-
der of magnitude (rIbErEAu-GAYon et 
al., 2000; cAstInEIrA et al., 2004). Anal-
ogously, high levels of zinc may affect the 
fermentation process (scoLLArY, 1997). 
Italian regulations have established that 
the maximum acceptable levels of  cop-
per and zinc in wine are 1 mg L-1 and 5 
mg L-1 , respectively (D.M. MInIstEro AG-
rIcoLturA E ForEstE, 1986).

Pesticides, mainly fungicides and in-
secticides, are used on grapes to pre-
vent the attack of numerous parasites 
such as the grape moth (Lobesia botra-
na), downy mildew (Plasmopara viticola), 
powdery mildew (Uncinula necator) and 
gray mold (Botrytis cynerea). If growers 
do not  follow the regulations regarding 
pesticide quantity and preharvest inter-
vals, the grapes  become contaminated 
and the pesticides end up in the wine. 
It has been shown that the vinification 
process decreases pesticide levels (cA-
brAs et al., 1999; cAbrAs and AnGIonI, 

2000; FErnAnDEZ et al., 2005; nAVArro 
et al., 1999; sALA et al., 1996). However, 
since the various pesticides have differ-
ent chemical properties, their behaviour 
should be tested individually.

the aim of this work was to perform 
a simple vinification on a laboratory-
scale and to evaluate the trace elements 
(cu, Pb and Zn), an ultra-trace element 
(cd), fungicides (metalaxyl, penconazole, 
procymidone), and an insecticide (par-
athion) during the fermentation process. 
Paraoxon, which is not present in for-
mulates, but has to be determined and 
summed up with parathion according to 
Italian regulations (D.M. MInIstEro DEL-
LA sALutE, 2004), was also investigated 
in a parallel experiment on the use of bi-
osensors for the determination of organo-
phosphorous pesticides.

Levels of metals were determined em-
ploying two analytical techniques: strip-
ping Voltammetry (sV) with a thick-
Film Modified Graphite-containing Elec-
trode (tFMGE) (bALDo et al., 1997, 
1998; brAInInA et al., 2004; WIEsE and 
scHWEDt, 1997) and Inductively cou-
pled Plasma Mass spectrometry (IcP-
Ms) (ALMEIDA and VAsconcELos, 1999; 
cAstInEIrA et al., 2001; PErEZ-JorDAn 
et al., 1999). Must samples were not pre-
treated in sV,  but a thick-film modified 
graphite-containing electrode (brAInInA 
et al., 2004) was used instead.

several analytical methods with dif-
ferent sample pre-treatments can be 
found in the literature for the analysis 
of pesticide residues in must and wine. 
they often employ rapid extraction pro-
cedures, such as sPE (solid Phase Ex-
traction) (JIMEnEZ et al., 2001; WonG et 
al., 2003) or sPME (solid Phase Micro 
Extraction) (corrEIA et al., 2001; ZAM-
bonIn et al., 2002). other methods rely 
on more traditional techniques such as 
liquid-liquid extraction usually followed 
by some clean-up steps (FErnAnDEZ et 
al., 2005; oLIVA et al., 2000; sALA et al., 
1997). In this paper we adopted a meth-
od based on liquid-liquid partition, fol-
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lowed by silica gel clean-up and Gc-Ms 
detection. the other types of extraction 
(sPE and sPME), though more rapid 
and solvent-saving than the liquid-liq-
uid partition, require careful standard-
ization that is difficult to achieve with 
the must, because the composition of 
the matrix continuously changes dur-
ing the experiment. this results in a con-
tinuous change in the solid/liquid equi-
libria of analytes in the must, which is 
not replicable in the calibration matrix. 
Moreover, this method is also applica-
ble to the residues from the centrifuga-
tion of must.

MAtErIALs AnD MEtHoDs

Wine-making

About 20 kg of grapes (Vitis vinifera, 
var. Cesanese di Affile, supplied by the 
Experimental Institute of Enology of Vel-
letri, rome) were pressed and the stems 
removed. the crushed fruit was divided 
into two parts, with and without skins 
(for red and white wine production, re-
spectively). Each sample was further di-
vided into two parts to obtain two repli-
cates for each kind of vinification. the 
four vessels were conventionally labeled 
A and b for “white” must and c and D 
for “red” must. For fermentation pur-
poses, 250 mg L-1 of yeast, 300 mg L-1 
of an activating medium, 40 mg L-1 of 
so2 for A and b, and 30 mg L-1 for c and 
D were added, according to the oenol-
ogist’s recommendation. the must was 
then fortified with 0.5 mL of a meth-
anolic solution of pesticides to obtain a 
concentration of each analyte of about 
1 mg L-1: parathion, metalaxyl, penco-
nazole and procymidone were added to 
replicates A and c, while only paraox-
on was added to replicates b and D. All 
of the pesticides studied were stable to 
hydrolysis at the pH of the must (pH 
3.0-3.3). the experiment was carried 
out at room temperature for six days, 

until the end of the fermentation phase 
(young wine).

Each day a sample of must was col-
lected from each vessel and centrifuged 
for 5 min at 3,000 rpm. concentrations 
of trace metals and pesticides were de-
termined in triplicate with each tech-
nique as described below. centrifuga-
tion was performed because the aim 
was to follow the soluble fraction of 
metals and not the fraction complexed 
to insoluble compounds and suspend-
ed matter.

chemicals

concentrated Hno3 Aristar (bDH, 
Poole, England), 30% H2o2 Aristar (bDH, 
Poole, England) and ultrapure water ob-
tained by a MilliQ Elment system (Mil-
lipore, billerica MA, usA) were used for 
sample preparation and dilution for IcP-
Ms analysis. single-element IcP-Ms 
standard solutions, 1,000 mg L-1 (bDH, 
Poole, England), were used for the prep-
aration of calibration solutions for trace 
element analyses. A rhodium IcP-Ms 
standard solution, 1,000 mg L-1, (bDH, 
Poole, England) was used as internal 
standard to correct for residual matrix 
interferences and compensate for plasma 
variations during IcP-Ms analysis. re-
agents of the extra pure and chemically 
pure grades (Hcl and Hno3 acids; cH-

3coona, nacl and Ga(no3)3⋅8H2o salts; 
30% H2o2) were used for sV analysis. 
standard solutions of cu, Pb, cd and Zn 
(Aldrich, st. Louis Mu, usA) containing 
1,000 mg L-1 of metal ions and tri-dis-
tilled water were used for the prepara-
tion of the calibration solutions.

All organic solvents were of pesti-
cide analysis grade (J.t. baker, Devent-
er, the netherlands). silica gel 60 extra 
pure, 60-230 mesh (Merck, Darmstadt, 
Germany), was activated at 250°c for 
four hours before use. Anhydrous sodi-
um sulphate was analytical grade (car-
lo Erba, Milan, Italy). Parathion, meta-
laxyl, paraoxon, penconazole, procymi-
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done and p-terphenyl (used as injection 
standard) were purchased from Dr. Eh-
renstorfer GmbH (Augsburg, Germany). 
stock solutions were prepared in meth-
anol from the individual standards at 
an approximate concentration of 6 g L-

1. Working solutions were prepared by 
diluting the stock solutions in ethyl ac-
etate.

stripping voltammetry (sV) analysis

sV measurements were made using 
an IVA-5 voltammetric analyzer (IVA 
co. Ltd., Ekaterinburg, russian Feder-
ation) and a three-electrode system con-
sisting of tFMGE as the working elec-
trode, an Ag/Agcl (saturated Kcl) refer-
ence electrode and a glassy carbon rod 
as the auxiliary electrode. Prior to anal-
ysis, the tFMGE working surface was 
electrochemically pretreated by keeping 
the electrode at potentials -0.8 V and -
1.5 V sequentially applied for 60 s and 
180 s in an agitated solution containing 
0.5 M Hcl. this procedure decreased 
the competitive hydrogen emission on 
the graphite surface and provided a po-
tential sufficient for overcoming the ov-
ervoltage of calomel reduction and mer-
cury evolution. the electrode surface was 
regenerated between measurements by 
sweeping the potential between the ac-
cumulation potential and -0.05 V. be-

fore tFMGE is discarded, it is necessary 
to convert the mercury film to non-toxic 
calomel by polarization of the electrode 
at a potential of 0.3 V applied for 3-5 min 
in an agitated solution containing 0.5 M 
Hcl. the maximum current of the met-
al oxidation, which was observed in the 
I-u dependence (the integral curve), or 
the amplitude of the current derivative 
with respect to the potential (the differ-
ential curve) was taken as the metal re-
sponse.

An aliquot of a must sample and de-
sired reagents were poured into the cell. 
tFMGE, the reference electrode and the 
auxiliary electrode were immersed into 
the cell, the stirrer was switched on, and 
accumulation potentials were applied. 
Anodic voltammograms were recorded 
at a scan rate of 0.5 Vs-1 after the rest 
period. optimal conditions for determi-
nation of each metal in the wine sam-
ples are shown in table 1. the concen-
tration of metal ions in the wine sam-
ples was determined using the method 
of standard additions.

IcP-Ms analysis

IcP-Ms measurements were made us-
ing a Perkin-Elmer ELAn 6100 IcP-Ms 
spectrometer (PerkinElmer Inc., Welles-
ley, MA, usA) equipped with a cross-flow 
nebulizer. A microwave system (Mile-

table 1 - Instrumental operating conditions for sV measurements of heavy metals in wine.

Element	 Vwine,	mL	 Reagents	added	to	the	cell	 Eacc,	V	 tacc,	s	 Sweep	range,	V	 Eresponse,	V

Cu	 	 	 -0.8	 30	 -0.6	–	0.05	 -0.15±0.05
Pb	 9.0	 1	mL	of	5	M	HCl	 -1.2	 120	 -0.8	–	-0.1	 -0.35±0.05
Cd	 	 	 -1.2	 120	 -0.8	–	-0.1	 -0.65±0.05

	 	 1	mL	of	3.5	M	NaCl	(pH=	2)
Zn	 0.2	 1	mL	of	1	M	CH3COONa	 -1.4	 10	 -1.2	–	-0.6	 -0.90±0.10
	 	 7.8	mL	H2O
	 	 Ga(NO3)3	

*

*A	solution	of	Ga(NO3)3	(1	g	L
-1)	was	added	to	the	cell	in	order	to	ensure	that	the	gallium	response	was	not	smaller	

than	the	zinc	response	in	the	recorded	voltammogram.
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stone 1200 Mega, Italy) was used for di-
gestion of samples.

two mL aliquots of samples were put 
in tFM vessels and digested with a mix-
ture of 2 mL of Hno3 and 2 mL of H2o2. 
After two hours at room temperature, the 
vessels were closed and kept in a micro-
wave system according to the following 
heating programme:

step time (min) Power (W)

1 2 250
2 2 0
3 5 250
4 2 0
5 2 400
6 2 0
7 2 500

the resulting solution was cooled, 
transferred to a 25 mL volumetric flask, 
and brought to the final volume with ul-
trapure water. the final solutions were 
analyzed for Pb, cd, cu and Zn by IcP-
Ms. the best instrumental operating 
conditions for determining trace met-
als in must and wine samples are giv-
en in table 2.

calibration curves from standard 
acidified water solutions, covering a 
concentration range of 100-1 µg L-

1 for Pb, cu, Zn and 10-0.1 µg L-1 for 
cd, were performed. rh was added to 
blanks, calibration solutions and sam-
ples up to the rh concentration of 10 
µg L-1.

Gc-Ms analysis

the pesticides were determined by 
Gc-Ms using a thermo trace Gc 2000 
gas chromatograph coupled to a trace 
Ms mass selective detector, split-split-
less injector and As 2000 auto sampler 
(all from thermo Electron corporation, 
Waltham, MA, usA). A fused silica cap-
illary column Db-5 Ms (Agilent technol-
ogies, santa clara, cA, usA), 60 m by 
0.25 mm i.d., and film thickness 0.25 
μm was used. the injector and interface 
temperatures were 250° and 280°c, re-
spectively. the carrier gas was helium at 
a flow of 1 mL min-1. one μL of sample 
was injected in splitless mode (60 s) and 
the oven temperature was programmed 
as follows: 80°c for 1 min, 80°-205°c 
at 25°c min-1, 205°c for 6 min, 205°-
225°c at 2°c min-1 and 225°-280°c at 
15°c min-1. the mass spectrometer was 
operated in the selected ion monitoring 
(sIM) mode.

Five mL of centrifuged must were ex-
tracted with 4 mL of a mixture of hexane 
and ethyl acetate 1:1. the organic phase 
was filtered through a funnel containing 
anhydrous sodium sulphate. the extrac-
tion procedure was repeated twice with 3 
mL + 3 mL of the extracting mixture and 
the organic phases were collected togeth-
er and concentrated with rotary vacuum 
evaporator to about 0.5 mL. the extract 
was cleaned-up on a glass column (i.d. 
1 cm) containing 1 g of silica gel, eluted 
with 15 mL of ethyl acetate and concen-
trated to 0.5 mL. p-terphenyl was add-
ed as injection internal standard to all 
the samples and standard solutions, at 
a concentration of 1 mg L-1.

Gc/Ms instrumental parameters and 
method performance details are given 
in table 3.

table 2 - Instrumental operating conditions for 
IcP-Ms measurements of heavy metals in acid di-
gested wine.

Operating	parameters

RF	power	 1,250	watts
Nebulyzer	gas-flow	 0.85	L	min-1

Auxiliary	gas-flow	 1.2	L	min-1

Plasma	gas-flow	 15	L	min-1

Lens	setting	 9.25	volts
Nebulizer	type	 Cross-flow
Interface	cones	 Platinum
Dwell	time	 100	ms
Number	of	sweeps	 60
Number	of	replicates	 3
Scan	mode	 Peak	hopping
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rEsuLts AnD DIscussIon

Method optimisation – IcP-Ms

Different procedures were studied 
and optimised for the analysis of must 
samples in IcP-Ms, considering both 
sample pre-treatment and analytical 
technique. Wine is a quite complex ma-
trix which can produce severe spectral 
interferences. the huge amounts of or-
ganic compounds introduced into IcP-
Ms affects the plasma stability and 
worsens detection limits with respect 
to aqueous solutions. the high carbon 
load can lead to carbon deposition on 
the metallic cones of the interface and 
in the injector tube of the torch. some-
times interferences cannot be overcome 
by simple dilution of the sample. More-
over, aged wines or high sugar-content 
wines generally present difficulties in 
subsampling the aliquots to be ana-
lyzed due to their lack of homogeneity. 
A significant percentage of the element 
to be measured could also be strongly 
bound to organic compounds or partic-
ulate matter.

considering that the chemical com-
position of the organic matrix chang-
es continuously during the vinification 
process and for the reasons described 
above, the procedure that includes acid 
digestion in a microwave oven was cho-
sen for IcP-Ms. In this way the organ-
ic matrix is destroyed and the differ-
ent samples throughout the fermenta-

table 3 - Gc/Ms method parameters: pesticide name, molecular weight (MW), target ion (t) and quali-
fier ions (Q1 and Q2), percentage of qualifier to target ratios (Q1/t and Q2/t), limit of detection (LoD), 
regression coefficient (r2), linearity range (range) and limit of quantification (LoQ).

Compound	 MW	 Ret	times	 T	 Q1	 Q1/T	 Q2	 Q2/T	 LOD	 r2	 range	 LOQ
	 	 min	 target	ion	 qualifier	ion	 %	 qualifier	ion	 %	 pg	 	 pg	 (μg	L-1)

metalaxyl	 279.3	 16.29	 206	 192	 57	 160	 96	 4	 0.995	 10-5,000	 0.5
paraoxon	 275.2	 16.50	 149	 109	 249	 275	 37	 8	 0.998	 25-5,000	 1.0
parathion	 291.3	 18.58	 291	 139	 83	 155	 62	 7	 0.999	 25-5,000	 1.0
penconazole	 284.2	 20.48	 248	 250	 33	 159	 124	 5	 0.997	 15-5,000	 0.5
procymidone	 284.1	 21.34	 283	 285	 65	 267	 288	 4	 0.998	 10-5,000	 0.5

tion process can be compared because 
any possible matrix interference on any 
of the isotopes due to organic species is 
eliminated.

Accuracy and precision of IcP-Ms
and sV methods

Precision was evaluated by analyzing 
five different aliquots of a wine sample. 
since reference materials for wine are 
not available, method accuracy was test-
ed by adding known amounts of the ele-
ment to five different aliquots of the wine 
sample. Precision and accuracy data (ex-
pressed as % recovery) are shown in ta-
ble 4 for IcP-Ms and sV.

Pesticide recovery test

to evaluate the recovery, samples of 
red must and red wine were spiked with 
pesticides at two different levels: 0.5 
and 0.05 mg L-1. the samples were an-
alysed according to the procedure de-
scribed above. Four replicates of each 
level were analysed. the recovery values 
in the must and wine were greater than 
86% for both levels with a standard de-
viation of 9%, in the most unfavourable 
case, as reported in table 5.

trace and ultra-trace metals

the results of the monitoring of 
trace metals during a 6-day fermenta-
tion process are given in tables 6 and 
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table 4 - recovery (%) and precision of concentration measurements (rsD, %) of copper, lead, cadmi-
um and zinc in spiked samples of a red wine by IcP-Ms and sV analysis methods (n = 5, P = 0.95).

	 ICP-MS	 SV

Elements	 Precision	 Fortification	 Recovery	 Precision	 Fortification	 Recovery
	 	 level	-	spiking	 	 	 level	-	spiking
	 (%)	 (up	to	µg	L-1)	 (%)	 (%)	 (up	to	µg	L-1)	 (%)

Cu*	 4.4	 0.6	 98	 6.7	 31	 101
Pb	 3.3	 72.5	 95	 4.7	 16	 101
Cd	 4.7	 5.5	 93	 2.9	 0.9	 95
Zn*	 0.6	 2.6	 99	 1.3	 506	 103

*	results	are	given	in	µg	mL-1.

table 5 - recovery (%) and precision of concentration measurements of pesticides in spiked samples 
of red must and red wine (n=5, P=0.95).

Pesticide	 Fortification	 Mean	recovery	 Precision	%	 Mean	recovery	 Precision	%
	 level	(mg	L-1)	 %	(red	must)	 (red	must)	 %	(red	wine)	 (red	wine)

Parathion	 0.5	 92.5	 8.1	 94.2	 2.8
	 0.05	 87.0	 4.8	 91.7	 3.1
Penconazole	 0.5	 94.0	 7.8	 94.7	 3.8
	 0.05	 88.5	 6.0	 90.5	 3.2
Procymidone	 0.5	 97.0	 9.0	 98.0	 3.0
	 0.05	 93.5	 7.7	 91.6	 3.3
Metalaxyl	 0.5	 88.0	 6.9	 88.5	 4.0
	 0.05	 86.5	 9.2	 87.6	 4.6
Paraoxon	 0.5	 93.6	 7.4	 96.8	 3.2
	 0.05	 94.1	 8.3	 96.3	 3.8

7. Data shown in parentheses in ta-
ble 7 were excluded from all the sub-
sequent calculations because there 
was simultaneous disagreement be-
tween the results from the two analyt-
ical techniques and between the two 
independent experiments. some dis-
crepancies in the results obtained by 
the IcP-Ms and sV methods are prob-
ably attributable to relative inhomoge-
neity of the aliquots.

It is known that zinc, lead and cop-
per are used by yeast enzyme during 
the fermentation process and precip-
itate out of solution as the yeast die 
and decay (sALA et al., 1996). Moreo-
ver, fermentation can be accompanied 
by the formation of heavy metal insol-

uble compounds (e.g. zinc sulphides) 
(GonZALEZ HErnAnDEZ et al., 1996). 
the copper and zinc concentrations 
decreased continuously during the fer-
mentation of the white must (table 6). 
At the end of the process the cu and 
Zn concentrations had been reduced 
by 95 and 80%, respectively (Figs. 1 
and 2). In the white must the cadmi-
um concentration dropped sharply af-
ter the first day of fermentation, while 
the lead concentration decreased in the 
first two days and then stabilised after-
wards (Figs. 3 and 4).

Major problems were experienced 
trying to obtain representative samples 
from the red must so it is very difficult 
to interpret the results in this case. 
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table 6 - trace metal concentrations (mean ± sd from triplicate analyses) in the white must measured 
by two analytical techniques (IcP-Ms and sV).

	 	 EtOH	 Pb	 Pb	 Zn	 Zn	 Cu	 Cu	 Cd	 Cd
	 	 %	 µg	L-1	 µg	L-1	 mg	L-1	 mg	L-1	 mg	L-1	 mg	L-1	 µg	L-1	 µg	L-1

	 	 	 ICP	 SV	 ICP	 SV	 ICP	 SV	 ICP	 SV

Day	0	 Sample	A	 0.23	 49.0±1.3	 52.4±1.3	 0.59±0.04	 0.62±0.02	 1.59±0.07	 1.52±0.10	 1.44±0.05	 1.60±0.05
	 Sample	B	 0.38	 35.8±1.2	 59.1±1.3	 0.64±0.04	 0.59±0.01	 1.63±0.08	 1.47±0.09	 2.00±0.04	 1.40±0.03
Day	1	 Sample	A	 0.78	 43.9±2.0	 39.4±1.4	 0.64±0.05	 0.47±0.02	 1.04±0.04	 0.65±0.03	 0.63±0.05	 0.49±0.03
	 Sample	B	 0.80	 32.1±1.2	 28.7±1.1	 0.42±0.03	 0.32±0.02	 1.07±0.07	 0.74±0.04	 0.44±0.02	 0.36±0.03
Day	2	 Sample	A	 3.25	 19.1±0.9	 24.0±1.1	 0.26±0.03	 0.43±0.02	 0.63±0.05	 0.45±0.03	 0.23±0.03	 0.44±0.02
	 Sample	B	 3.43	 25.4±1.2	 26.1±1.2	 0.25±0.02	 0.25±0.02	 0.59±0.04	 0.46±0.03	 0.49±0.02	 0.39±0.02
Day	3	 Sample	A	 4.38	 14.5±1.0	 13.4±0.9	 0.18±0.02	 0.27±0.02	 0.17±0.02	 0.15±0.01	 0.36±0.02	 0.29±0.02
	 Sample	B	 4.50	 25.6±1.3	 21.0±1.1	 0.18±0.02	 0.19±0.01	 0.17±0.01	 0.19±0.01	 0.43±0.01	 0.36±0.03
Day	4	 Sample	A	 8.08	 18.9±1.3	 17.8±0.9	 0.25±0.02	 0.25±0.02	 0.19±0.01	 0.15±0.01	 0.44±0.03	 0.40±0.04
	 Sample	B	 7.89	 17.4±1.2	 20.1±1.2	 0.22±0.02	 0.24±0.02	 0.28±0.02	 0.11±0.01	 0.38±0.02	 0.32±0.03
Day	6	 Sample	A	 9.77	 18.6±1.0	 17.4±1.0	 0.17±0.01	 0.14±0.01	 0.07±0.01	 0.07±0.01	 0.51±0.03	 0.40±0.03
	 Sample	B	 10.19	 15.8±0.9	 15.6±0.9	 0.10±0.01	 0.08±0.01	 0.07±0.01	 0.07±0.01	 0.18±0.03	 0.20±0.03

However, the concentrations of copper 
and zinc decreased (Figs. 1 and 2, re-
spectively). the trend was very similar 
to that in the white must, despite the 
unstable effect of the solid/liquid phase 
equilibria of the dissolved ions. Fluc-

tuations of lead and cadmium concen-
trations during fermentation were less 
significant; this could have been due 
to the effect of solubilisation, absorp-
tion and/or precipitation. the different 
trends observed in the two fermenta-

table 7 - trace metal concentrations (mean ± sd from triplicate analyses) in the red must measured by  
two analytical techniques (IcP-Ms and sV).

	 EtOH	 Pb	 Pb	 Zn	 Zn	 Cu	 Cu	 Cd	 Cd
	 %	 µg	L-1	 µg	L-1	 mg	L-1	 mg	L-1	 mg	L-1	 mg	L-1	 µg	L-1	 µg	L-1

	 	 ICP	 SV	 ICP	 SV	 ICP	 SV	 ICP	 SV

Day	0	 Sample	C	 0.56	 23.0±1.1	 26.3±1.1	 1.20±0.08	 1.16±0.05	 3.14±0.12	 2.47±0.19	 0.54±0.03	 0.51±0.04
	 Sample	D	 0.76	 22.5±1.2	 24.9±1.1	 0.87±0.05	 0.75±0.03	 3.06±0.14	 2.40±0.21	 0.55±0.04	 0.80±0.06
Day	1	 Sample	C	 1.00	 22.5±1.2	 27.4±1.0	 0.78±0.06	 0.42±0.02	 1.64±0.09	 1.53±0.09	 0.40±0.04	 0.32±0.03
	 Sample	D	 1.04	 26.6±1.0	 26.2±1.1	 0.66±0.04	 0.60±0.03	 1.45±0.08	 1.38±0.08	 *(1.56±0.78)	 *(0.41±0.19)
Day	2	 Sample	C	 4.66	 29.4±0.9	 28.2±1.0	 0.53±0.04	 0.51±0.02	 1.07±0.10	 1.10±0.09	 0.46±0.03	 0.35±0.03
	 Sample	D	 4.62	 26.9±0.9	 31.0±0.9	 0.34±0.02	 0.38±0.01	 0.74±0.06	 0.90±0.08	 0.41±0.02	 0.40±0.02
Day	3	 Sample	C	 6.27	 25.1±1.2	 18.3±1.0	 0.71±0.03	 0.62±0.03	 1.25±0.09	 1.19±0.09	 0.47±0.04	 0.38±0.03
	 Sample	D	 6.46	 *(99.8±33.5)	 *(9.0±1.2)	 0.50±0.03	 0.42±0.02	 0.76±0.05	 0.65±0.06	 0.77±0.04	 0.60±0.03
Day	4	 Sample	C	 10.42	 21.3±1.0	 18.4±0.9	 0.24±0.02	 0.48±0.02	 0.37±0.03	 0.33±0.02	 0.41±0.03	 0.40±0.02
	 Sample	D	 11.25	 34.0±1.2	 26.4±1.0	 0.23±0.02	 0.35±0.02	 0.41±0.03	 0.44±0.03	 0.33±0.02	 0.48±0.03
Day	6	 Sample	C	 12.73	 21.8±0.8	 17.0±0.9	 *(0.84±0.25)	 *(0.50±0.15)	 0.17±0.01	 0.18±0.01	 *(1.38±0.55)	 *(0.42±0.14)
	 Sample	D	 12.49	 22.1±0.9	 24.1±1.1	 0.29±0.01	 0.31±0.02	 0.10±0.01	 0.10±0.01	 0.39±0.02	 0.43±0.03

*Data	shown	in	parentheses	were	excluded	from	all	the	subsequent	calculations	because	there	was	simultaneous	
disagreement		between	the	two	analytical	techniques	and	between	the	two	independent	experiments.



��  Ital. J. Food Sci. n. 1, vol. 19 - 2007

tions for lead and cadmium (Figs. 3 and 
4), can be explained by the fact that the 
absolute concentrations of cadmium 
and lead at the beginning of fermenta-
tion were lower in the red must than 
in the white one (tables 6 and 7) due 
to the drastic initial decrease related to 
co-precipitation with the skins. In the 

Fig. 1 - comparison of copper concentration trend in the two fermentation processes.

Fig. 2 - comparison of zinc concentration trend in the two fermentation processes.

fermentation without skins the precip-
itation of the residual aliquots of these 
elements requires more time, which is 
probably due to the small quantity of 
solid material. Moreover, lead and cad-
mium form very stable complexes with 
organic and inorganic materials (GAr-
rIDo et al., 1997).
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Pesticides

two hours after spiking the fermenta-
tion vessel with pesticides, the first sam-
ples were collected. At the time of spik-
ing the concentration of pesticides was 
considered to be 100%, and this value 
was used to evaluate the trend of the 

Fig. 3 - comparison of cadmium concentration trend in the two fermentation processes.

Fig. 4 - comparison of lead concentration trend in the two fermentation processes.

analytes during fermentation. All the 
samples were centrifuged and the liq-
uid phase was extracted immediately af-
ter sampling.

Figs. 5 and 6 show the percentage of 
residual pesticides in the must for the 
two types of vinification. the dissipa-
tion rate for all the analytes was high-
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er in the vinification with skins than in 
that without skins. the affinity of the an-
alytes for the suspended and solid mat-
ter can be noted in the sharp decrease 
in their concentration, which took place 
almost immediately after spiking. After 
4 days the pesticide concentrations were 
less than 42% of the initial levels in the 

Fig. 5 - residual pesticide concentration trends throughout the fermentation process in white must.

Fig. 6 - residual pesticide concentration trends throughout the fermentation process in red must.

red wine vinification. In contrast, in the 
white wine vinification the pesticide resi-
dues were still over 60% of the initial lev-
el at the end of the fermentation, with 
the exception of parathion which disap-
peared at a faster rate. After seven days 
33 and 5% remained in the white and 
red must, respectively. these values are 
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consistent with other studies (cAbrAs et 
al., 1995; sALA et al., 1996). In samples 
taken from the vessel spiked with par-
athion, paraoxon was detected  at 0.1 
to 0.5% of the initial value of the parent 
compound, suggesting that the “degra-
dation” of parathion to paraoxon was not  
evident during fermentation.

the remaining percentages of the fun-
gicides penconazole and metalaxyl were 
70 and 10% and 77 and 43% in the white 
and red wines, respectively, while the 
remaining percentages of procymidone 
were 77 and 23% in the white and the 
red wines, respectively. these data are 
substantially in agreement with the data 
of nAVArro et al. (1999) and scArPonI 
and MArtInEttI (1992).

concLusIons

the data obtained in this study give 
specific information about the fate of the 
selected trace and ultra-trace elements 
and pesticides during the fermentation 
process.

obviously the interpretation of these 
data must take into account that the 
fermentation processes were per -
formed under ideal laboratory condi-
tions and the differences induced by 
the drastic reduction in scale, in com-
parison with the commercial process-
es, can hardly be estimated (cAstInEI-
rA et al., 2004).

In conclusion there is a limited de-
crease in the lead concentration dur-
ing the first two days of the fermenta-
tion process, and then it becomes quite 
stable in the must. Lead can therefore 
be used to determine the origin of wines 
(cAstInEIrA et al., 2004), if contamina-
tion during vinification can be excluded. 
the zinc concentration decreases more 
than lead. cadmium is found at very 
low levels and the concentration of cop-
per, which is largely used in agronom-
ical treatments, is reduced by approxi-
mately one order of magnitude. therefore 

zinc, cadmium, and copper can only be 
used to check for contamination in the 
final product.

Moreover, from a strictly analytical 
point of view, the sV method is an inter-
esting and original approach and dem-
onstrates its suitability even for complex 
matrices such as musts, in addition to 
its former application on wine samples 
(brAInInA et al., 2004).

Data obtained in this work showed that 
the fermentation step in the wine-mak-
ing process contributes to a significant re-
duction in pesticide concentrations, due 
to absorption by suspended matter. Dis-
sipation  was evident in the vinification 
with skins (red wine). However, pesticide 
concentrations  still present at the end of 
fermentation ranged from 33 to 77% and 
5 to 43% in the white and red must, re-
spectively. After fermentation, wine un-
dergoes several other “clarification” pro-
cedures, including racking and filtration 
and, as a general rule, the concentration 
of pesticides continues to drastically re-
duce. In some cases, pesticide residues 
are completely eliminated.
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AbstrAct

the physico-chemical characteris-
tics of protein fining agents are im-
portant for optimizing the fining treat-
ment which affects wine quality. the 
aim of this study was to characterize 
nineteen commercial fining products. 
Furthermore, a fining trial was done to 
evaluate the influence of different fin-
ing proteins on some phenolic charac-
teristics of red wine. the results show 
that the molecular weight (MW) distri-
bution of caseins and potassium ca-
seinate products are characterized by 

rIAssunto

Le caratteristiche chimico-fisiche de-
gli agenti chiarificanti proteici sono im-
portanti per l’ottimizzazione del tratta-
mento di chiarificazione che influenza 
la qualità del vino. Lo scopo di questo 
studio era la caratterizzazione di dician-
nove chiarificanti commerciali. È stata 
inoltre effettuata una prova di chiarifi-
cazione allo scopo di valutare l’influen-
za di differenti proteine chiarificanti su 
alcuni composti fenolici caratterizzanti 
il vino rosso. I risultati hanno mostrato 
che la distribuzione del peso molecolare 
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a band at 30.0 kDa and egg albumins 
by a band close to 43.0 kDa. Isinglass 
(swim bladder) has bands at 20.1, be-
tween 94.0-43.0 and above 94.0 kDa. 
In addition, two of the gelatins studied 
do not have any band in the MW range 
studied. the other fining agents dis-
played polydispersion. the isoelectric 
point (IEP) of the proteins ranged from 
4.20 to 6.48. the effects of egg albumin 
(As1), isinglass (IL1 and Is4), potassium 
caseinate (cKs1), casein (cs4) and gela-
tin (Gs2, Gs4 and GL1) on red wine phe-
nolic compounds are discussed.

(PM) della caseina e del caseinato di po-
tassio è caratterizzata da una banda di 
30,0 kDa e quella di albumina di uovo 
da una banda di 43,0 kDa. La colla di 
pesce (vescica natatoria) presenta ban-
de a 20,1, comprese tra 94,0-43,0 e so-
pra i 94,0 kDa. Inoltre, due delle gela-
tine esaminate non presentano alcuna 
banda nell’intervallo di PM considerato. 
Gli altri agenti di chiarificazione hanno 
rivelato polidispersione. Il punto isoelet-
trico delle proteine studiate variava tra 
4,20 a 6,48. sono stati discussi gli effet-
ti dell’albumina d’uovo (As1), della colla 
di pesce (IL1 e Is4), del caseinato di po-
tassio (cKs1), della caseina (cs4) e del-
la gelatina (Gs2, Gs4, e GL1) sui compo-
sti fenolici del vino rosso.

IntroDuctIon

the oenological fining agents are very 
diverse and complex. they are usually 
made from non-modified animal proteins 
or from protein extracts obtained after ad-
equate treatment of animal tissue (AMA-
tI and MInGuZZI, 1976). recently, other 
protein sources, such as cereals and leg-
umes, have been studied as wine fining 
agents (MArcHAL et al., 2000a; b; 2002; 
PAnEro et al., 2001; MAurY et al., 2003). 
Gelatin, isinglass, casein, potassium ca-
seinate and egg albumin are the most 
commonly used proteins in wine fining. 
they can be used separately or with min-
eral fining agents (MAcHADo-nunEs et al., 
1998), such as bentonite or silica gel.

Proteins used as wine fining agents 
have different physico-chemical charac-
teristics mainly molecular weight (MW) 
distribution, isoelectric point (IEP) and 
surface charge density. several authors 
have shown that these characteristics 
influence the properties of fining agents 
(HrAZDInA et al., 1969; PAEtZoLD and 
GLorIEs, 1990; LAGunE and GLorIEs, 

1996a; b; VErsArI et al., 1998). It has 
been pointed out that the molecular 
weight of gelatin influences the amount 
and type of phenolic compounds re-
moved from red wine (HrAZDInA et al., 
1969; YoKotsuKA and sInGLEton, 1987; 
rIcArDo-DA-sILVA et al., 1991; LAGunE 
and GLorIEs, 1996b; scottI and PoIn-
sAut, 1997; VErsArI et al., 1998; LEFEb-
VrE et al., 1999; sArnI-MAncHADo et al., 
1999; MAurY et al., 2001). For example, 
MAurY et al. (2001) showed that more hy-
drolysed gelatins eliminate more polymer-
ized tannins than less hydrolysed ones.

Gelatins have been the most studied 
fining agents (PAEtZoLD and GLorIEs, 
1990; MArcHAL et al., 1993; 2002; LA-
GunE and GLorIEs, 1996a; b; VErsArI 
et al., 1998; 1999). these products, ob-
tained by enzymatic hydrolysis, showed 
that most of the protein fractions had 
MWs lower than 13.7 kDa (PAEtZoLD 
and GLorIEs, 1990); several authors 
have also verified that liquid and hot 
soluble gelatins show polydispersion 
in the MW distribution (PAEtZoLD and 
GLorIEs, 1990; MArcHAL et al., 1993; 
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2000a, b; 2002; VErsArI et al., 1998; 
1999). the IEP of gelatin depends on the 
technological processes. When the insol-
uble collagen is transformed into soluble 
gelatin by either an acid or basic process, 
a gelatin of type A or b, respectively, is 
obtained (KAuFMAnn, 1988; LAGunE and 
GLorIEs, 1996c): the IEP of type A gela-
tin ranges from 7.5 to 9.5 and of type b 
from 4.7 to 5.0 (PAEtZoLD and GLorIEs, 
1990). MArcHAL et al. (2000a) reported 
that the electrophoretic pattern of solid 
isinglass presented individualized bands 
with a MW between 17 and 80 kDa, and 
another isinglass revealed bands with 
MWs between 110 and 220 kDa. the ca-
sein fining agent showed a band close to 
30 kDa (MArcHAL et al., 2000a; b), with 
some other bands with lower MWs (10-23 
kDa), as well as some with higher MWs 
(50-80 kDa). Milk casein is a heteroge-
neous group of four principal phospho-
proteins and phosphoglycoproteins (αs1-
casein, αs2-casein, κ-casein and b-casein) 
whose MW ranges from 11.6 to 24.1 kDa 
with an average isoelectric point of 4.6 
(EVAns, 1982; FoX et al., 1982). similar-
ly, egg white is a mixture of different pro-
teins, where ovalbumin (phosphoglyco-
protein) makes up about 54% of the to-
tal proteins, with a MW of 45 kDa and 
an isoelectric point of 4.6 (cHEFtEL et 
al., 1985; FronInG, 1988). other pro-
teins in egg white showed antimicrobi-
al factors such as conalbumin (MW 76 
kDa; pI 6.1), lysozyme (MW 14.3 kDa; pI 
10.7) and avidin (MW 68.3 kDa; pI 10.0) 
or enzyme inhibitors including ovomu-
coid (MW 28 kDa; pI 4.1), ovoinhibitor 
(MW 49 kDa; pI 5.1) and ficin (MW 12.7 
kDa; pI 5.1) (FronInG, 1988). the elec-
trophoretic pattern of solid egg albumin 
fining agent had a band close to 43-45 
kDa, along with two other bands at 15 
and 90 kDa, as well as several minor 
bands between 25 and 100 kDa (MAr-
cHAL et al., 2002). 

Protein fining agents exhibit differ-
ent surface charge densities when eval-
uated in a model solution like wine. De-

pending on the type of gelatin and the 
pH of the medium, the surface charge 
density ranged from 0.02 to 1.2 meq/g 
(PAEtZoLD and GLorIEs, 1990; LAGunE 
and GLorIEs, 1996a; b; LAMADon et al., 
1997). surface charge density for differ-
ent isinglasses, evaluated at a pH be-
tween 2.8 and 3.8 ranged from 0.32 to 
0.83 meq/g, and for egg albumin (solid 
and fresh) at a pH between 3.0 and 4.0 
ranged from 0.22 to 0.96 meq/g. the 
surface charge density of potassium ca-
seinates estimated at pH 7 was close to 
0.5 meq/g (LAMADon et al., 1997).

Wine fining agents are added exoge-
nous products that should not contrib-
ute compounds such as lead (Pb) and 
cadmium (cd) to the wine (oIV, 2006a; 
b). the technology of making high-qual-
ity wines includes an accurate quantita-
tive knowledge of the presence of these 
elements and their continuous moni-
toring (brAInInA et al., 2004). these el-
ements need to be quantified due to 
their high toxicity and potentially by ad-
verse health effects. In order to protect 
consumer health, Pb and cd levels are 
limited by regulations (for fining agents 
and wine) (MEnA et al., 1996; LEMos et 
al., 2002). 

Given the important role that pro-
tein fining agents play in wine quali-
ty and safety, it is important to char-
acterize them. to our knowledge, there 
are no data in the literature concern-
ing the electrophoretic patterns for MW 
distribution of potassium caseinate, liq-
uid isinglass and liquid egg albumin. to 
our knowledge, the surface charge den-
sities of casein, liquid isinglass and liq-
uid egg albumin have not been pub-
lished, nor have the isoelectric points of 
solid and liquid isinglass or of solid and 
liquid egg albumin. consequently, the 
main objectives of this study were: 1) to 
describe and compare the characteris-
tics such as molecular weight distribu-
tion, surface charge density, isoelectric 
point, and protein, Pb and cd contents 
of several protein fining agents present 
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on the market and 2) to increase the un-
derstanding of the action of these pro-
teins on wine limpidity, monomeric an-
thocyanins and flavonoid and non-fla-
vonoid compounds during the wine fin-
ing process.

MAtErIALs AnD MEtHoDs

Fining agent characterization

Protein fining agents: two potassium 
caseinates, two caseins, four egg albu-
mins, four isinglasses and seven gelat-
ins from different companies were char-
acterized (table 1).

Protein quantification: total nitrogen 
was determined by the Kjeldahl meth-
od based on mineralization, distillation 
and titration with 0.1 n Hcl (MAnFrEDI-
nI, 1989; oIV, 2006b). total protein con-

tent was estimated as Kjeldahl nitrogen 
multiplied by the following factors: 6.38 
(oIV, 2006b), for casein and potassium 
caseinate, 5.55 (LEEs, 1971) for gelatin, 
6.68 (LEEs, 1971) for egg albumin and 
6.25 (MAcKIE, 1983) for isinglass.

Protein concentration was also deter-
mined by the bradford method modi-
fied by rEAD and nortHcotE (1981) to 
reduce the variation in the response of 
different proteins. the assay was per-
formed by adding different proteins [pro-
tein fining agents and standard protein 
(bovine serum albumin)] to a dye reagent 
[coomassie brilliant blue G-250 (Acros 
organics, new Jersey, nJ, usA), etha-
nol, phosphoric acid and deionized wa-
ter], which resulted in an increased ab-
sorbance at 595 nm, due to the forma-
tion of a protein-dye complex (rEAD and 
nortHcotE, 1981).

Protein molecular weight distribution 

table 1 - Protein fining agents characterized and used in this study.

Product	 Code	 Concentrationa	 Producer	information
	 	 (g	of	commercial	fining
	 	 agent	[wet	weight])

Egg	albumin	solid	 AS1	 12.5	g/hL	 -
Egg	albumin	solid	 AS’1	 -	 With	lysozyme
Egg	albumin	solid	 AS4	 -	 -
Egg	albumin	liquid	 AL4	 -	 -
Isinglass	solid	 IS1	 -	 Collagen	hydrolysis	contained	in	fish	skin
Isinglass	solid	 IS4	 2.25	g/hL	 Obtained	from	swim	bladder
Isinglass	liquid	 IL1	 50	mL/hL	 Collagen	hydrolysis	contained	in	fish	skin
Isinglass	liquid	 IL4	 -	 Collagen	hydrolysis	contained	in	fish	skin
Potassium	caseinate	solid	 CKS3	 -	 -
Potassium	caseinate	solid	 CKS1	 40	g/hL	 -
Casein	solid	 CS2	 -	 -
Casein	solid	 CS4	 40	g/hL	 -
Gelatin	solid	 GS3	 -	 Cold	soluble
Gelatin	solid	 GS2	 8	g/hL	 Hot	soluble
Gelatin	solid	 GS4	 8	g/hL	 Cold	soluble
Gelatin	liquid	 GL1	 50	mL/hL	 High	concentrated
Gelatin	liquid	 GL2	 -	 -
Gelatin	liquid	 GL5	 -	 -
Gelatin	liquid	 GL4	 -	 Pig	source

A-Egg	albumin,	C-Casein,	CK-Potassium	caseinate,	I-Isinglass,	G-Gelatin,	S-Solid,	L-Liquid.
1,	2,	3,	4	and	5	different	fining	agent	suppliers.	a-used	in	the	wine	fining	trials.
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characterized by sDs-PAGE: Molecular 
weight distributions of oenological pro-
tein fining agents were studied by the 
sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (sDs-PAGE) meth-
od as suggested by LAEMMLI (1970) 
and adapted for protein fining agents 
by MArcHAL et al. (2000a; b; 2002). 
standard proteins covering a 14.4 to 
94.0 kDa range were used to evalu-
ate the molecular weight [Low Molecu-
lar Weight (LMW) Amersham biotech, 
London, u.K.]. samples and stand-
ard proteins were treated with buffer 
[(0.125 M tris-cl, 4% sDs, 20% glyc-
erol, 2% 2-mercaptoetanol, pH 6.8)] 
(v/v) and denatured at 100°c for 5 
minutes. A 5 µL sample was loaded in 
each electrophoresis well, which cor-
responds to a protein content (deter-
mined by the modified bradford meth-
od) of 2.7-2.8 µg for potassium casein-
ates, 1.5-3.0 µg for caseins, 1.3-6.0 µg 
for isinglasses and 1.0-5.8 µg for gelat-
ins. the gel with 0.75 mm thickness 
was run in a mini-vertical gel electro-
phoresis unit (Mighty-small II sE 250, 
Hoefer, san Francisco, cA, usA) at a 
constant voltage (75 V) at 20ºc un-
til the bromophenol blue reached the 
bottom of the gel. After migration, pro-
teins were stained in a solution made 
up of one part coomassie blue r-350 
(Amersham bioscience, uppsala, swe-
den) and nine parts of a solution with 
methanol: acetic acid: water (3:1:6) and 
destained in a mixture of acetic acid: 
methanol: water (1:2:7) (MArcHAL et 
al., 2000a; b; 2002).

pH: the pH was measured on a 1% 
solution of initial product (w/v) of solid 
gelatin, solid isinglass and solid egg al-
bumin. the pH was measured on a 5% 
solution of initial product (w/v), of solid 
potassium caseinate and on a 10% so-
lution of initial product (w/v) of solid ca-
sein. the pH determination was based 
on the International codex of oenology 
(oIV, 2006b). the pH was measured di-
rectly in the colloidal solution of the liq-

uid fining agents (gelatin, isinglass and 
egg albumin).

Weight loss on drying: the weight loss 
was determined according to the Inter-
national codex of oenology (oIV, 2006b) 
at 100°-105°c on a 2 g sample of the fol-
lowing proteins: casein, potassium ca-
seinate, egg albumin, solid gelatin and 
solid isinglass. In the case of a colloidal 
solution of gelatin, egg albumin or isin-
glass, a 10 g sample was used, which 
was dried over water at 100°c for four 
hours, and then dried in an oven at 100°-
105°c for three hours.

Ash: Ash was evaluated by progres-
sive incineration at 500°-550°c of the 
residue that remained after the deter-
mination of loss during drying, accord-
ing to the International codex of oenol-
ogy (oIV, 2006b).

Lead and cadmium: Lead and cad-
mium were determined by graphite 
furnace atomic absorption spectrome-
try using Zeeman background correc-
tion according to cAtArIno and cur-
VELo-GArcIA (1999). these analyses 
were performed at the “Estação Viti-
vinicola nacional” laboratory, Dois Por-
tos, Portugal. 

surface charge density: surface 
charge density of protein fining agents 
was measured with a particle charge de-
tector – produced by MÜtEK (Herrsching, 
Germany) model PcD 03 pH – by titra-
tion with a charge compensating poly-
electrolyte 0.001 n electropositive-poly-
diallyldimethylammonium [polyDAD-
MAc (Herrsching, Germany)] or 0.001 
n electronegative-sodium polyethylen-
sulfate [PEs-na (Herrsching, Germa-
ny)] (PAEtZoLD and GLorIEs, 1990; DI-
EtrIcH and scHÄFEr, 1991) until the 
streaming potential was 0 mV, which 
corresponds to the point where all 
charges are neutralized. the volume of 
polyelectrolyte needed for the neutrali-
sation allowed the surface charge den-
sity of the product, to be evaluated; it 
is expressed in milliequivalents of pol-
yelectrolyte per gram of fining agent 
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(meq/g). All determinations were done 
at 20ºc.

the fining agents – gelatin, isinglass 
and egg albumin – were dispersed in a 
model solution similar to wine but lack-
ing ethanol (VErnHEt et al., 1996).

caseins and potassium caseinates 
were first dissolved in 0.1 n KoH and 
then dispersed in the model solution. 
the surface charge density of these fin-
ing agents was measured at the pH of 
dissolution and at pH 3.4 (adjusted with 
50% Hcl and centrifuged at 4.000 rpm 
for 15 min).

Isoelectric point: the isoelectric point 
from the protein fining agents dispersed 
in distilled water was evaluated with a 
model PcD 03 pH particle charge detec-
tor (MÜtEK, Herrsching, Germany) by 
titration with an acid or basic solution 
until the streaming potential was 0 mV. 
the pH measured corresponds to the iso-
electric point.

Wine fining trials

Protein fining agents: one egg albu-
min (As1), two isinglasses (IL1, Is4), one 
potassium caseinate (cKs1), one casein 
(cs4) and three gelatins (GL1, Gs2 and 
Gs4) were added to a young red wine. 
All these protein fining agents were pre-
viously characterized.

red wine: the young red wine (vin-
tage 2003) used in this study was pro-
duced from different grapevine varieties 
from the Estremadura region (north of 
Lisbon) and had the following chemical 
characteristics: alcohol content 8.7% 
(v/v), density 0.9972, titratable acidi-
ty 7.6 g/L expressed as tartaric acid, 
volatile acidity 0.76 g/L expressed as 
acetic acid, pH 3.31, free sulphur di-
oxide 10 mg/L and total sulphur diox-
ide 46 mg/L.

Fining trials: Fining experiments were 
carried out by adding protein fining 
agents (isinglass, egg albumin, casein, 
potassium caseinate and gelatin) at the 
average levels and prepared as recom-

mended by the producers (table 1) to 
250 mL of wine. An untreated sample 
was used as a control. the fining agents 
were thoroughly mixed and allowed to 
remain in contact with the wine for 7 
days at 20°c. All experiments were done 
in duplicate.

Limpidity: Limpidity was evaluated 
by measuring the optical density at 650 
nm of the centrifuged and non-centri-
fuged wine as described by FEuILLAt and 
bErGErEt (1966).

Monomeric anthocyanins: Monomer-
ic anthocyanin analysis was performed 
by High Performance Liquid chroma-
tograph (HPLc) according to DALLAs 
and LAurEAno (1994). the equipment 
used for the HPLc analysis was a Per-
kin-Elmer (norwalk, ct, usA) system, 
equipped with a model L-7100 Lachrom 
Merck Hitachi-High-technologies pump 
(tokyo, Japan), a model Lc-95 uV-Vis 
detector set at 520 nm coupled to a ver-
sion 6.2 Konikrom data chromatogra-
phy treatment system (Konik Instru-
ments, Konik-tech, barcelona, spain). 
the column was a reversed-phase 
c18 Lichrosphere 100 (5 µm packing, 
250x4.6 mm i.d.) (Merck, Darmstadt, 
Germany) protected with a guard col-
umn of the same material. the separa-
tion was performed at room tempera-
ture. the elution conditions for mon-
omeric anthocyanins was as followed: 
0.7 mL/min, flow rate, solvent A was 
40% formic acid, solvent b was cH3cn 
and solvent c was double distilled wa-
ter. the initial conditions were 25% of 
A, 6% of b and 69% of c for 15 min fol-
lowed by a linear gradient to 25% of A, 
25.5% of b 49.5% of c during 70 min, 
and 20 min of 25% A, 25.5% of b and 
49.5% of c. Wine samples were ana-
lysed in duplicate after filtration.

Quantification of monomeric anthocy-
anins in wine was carried out by means 
of standard curves prepared by using dif-
ferent concentrations of malvidin 3-glu-
coside chloride in methanol 0.1% Hcl. 
the peak area was converted to mg/L of 
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malvidin 3-glucoside equivalent. twen-
ty μL of each concentration were inject-
ed in triplicate.

chromatic characterization: the ab-
sorption spectra of the wine samples 
were recorded with a unicam uV-vis 
uV4 spectrophotometer (unicam, cam-
bridge, u.K.), scanned over the range 
380 to 770 nm using quartz cells of 1-
mm path length. Data were collected 
at 10 nm intervals, and referred to a 1-
cm path length, in order to calculate L* 
(lightness), a* (measure of redness) and 
b* (measure of yellowness) coordinates 
using the cIELab method (oIV, 1990). 
the spectrophotometer has the required 
software to calculate the cIELab param-
eters directly (chroma version 2.0 uni-
cam, cambridge, u.K.). to differentiate 
the colour more precisely, the colour 
difference was obtained using the fol-
lowing expression: ∆E* = [(∆L*)2 + (∆a*)2 

+ (∆b*)2 ]1/2, in cIELab units. It quan-
tifies the overall colour difference of a 
given sample when compared to a refer-
ence sample (non-treated sample). the 
mean visual perception of colour differ-
ence between two solutions will be as-
sumed as a value of ∆E* = 1 (GonnEt, 
1998). All samples had been clarified 
by centrifugation and were analysed in 
duplicate.

Quantitative estimation of flavonoid 
phenols and non-flavonoid phenols: De-
termination of the phenol content before 
and after precipitation of the flavonoids 
through reaction with formaldehyde was 
done according to KrAMLInG and sIn-
GLEton (1969). All samples were ana-
lysed in duplicate.

statistical analysis 

the data are presented as the 
mean±sD. Analysis of variance and 
comparison of treatment means (LsD, 
5% level) were performed using AnoVA 
statistica 5.1 software (statsoft, tulsa, 
oK, usA) in that it compared the effect 
of the protein fining agents.

rEsuLts AnD concLusIons

characterization of fining agents

Protein content
total nitrogen values of the protein 

fining agents ranged from 11.1 to 22.8% 
(w/w) expressed in dry weight (table 2). 
regarding the protein content estimat-
ed by the total nitrogen, the liquid fin-
ing agents in general had the highest 
values when expressed in dry weight. 
In the case of solid gelatins, the val-
ues [88-98% (w/w)] agree with previ-
ously published data (VErsArI et al., 
1998). the protein content obtained by 
a modified bradford method (rEAD and 
nortHcotE, 1981) were lower than 
those estimated by converting total ni-
trogen to protein. this can probably 
be explained by the fact that coomas-
sie blue G Dye reacts poorly with pro-
teins whose MW ranges from 3 to 10 
kDa (bouLton et al., 1995; MArcHAL 
et al., 1997). the fining agents that are 
intensely hydrolyzed during production 
include many low MW protein fractions, 
which have a reduced response to this 
method, as can be seen for gelatin. Due 
to the large range in protein concentra-
tions observed, different quantities of 
fining agent should be added in order 
to obtain the same final concentration 
in the wine.

Protein molecular
weight distribution
the MW distributions of potassium 

caseinate (cKs1 and cKs3) and casein 
(cs2 and cs4) observed in the sDs-PAGE 
electrophoretic patterns (Fig. 1), differed 
among these fining agents, but were sim-
ilar within each group (potassium ca-
seinate or casein). the potassium casein-
ates (cKs1 and cKs3) and caseins (cs2 
and cs4) both presented a major band at 
30.0 kDa with other bands at lower and 
higher MWs. the potassium caseinates 
however had more bands with MWs less 
than 30.0 kDa, particularly cKs3.
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no relevant differences were detected 
in the MW distribution among the egg al-
bumins (As1, As’1, As4 and AL4) (Fig. 2). 
they were characterized by bands at 43.0 

Fig. 1 - Electrophoretic patterns of potassium caseinates – cKs1, cKs3 and caseins – cs2, cs4.

kDa and at 14.4 kDa, with other bands 
between 67.0 and 94.0 kDa and between 
20.1 and 43.0 kDa, as reported by MAr-
cHAL et al. (2002) for solid egg albumin.

Fig. 2 - Electrophoretic patterns of egg albumins – As1, As’1, As4 and AL4. MW standard – P, are giv-
en on the left and right side.
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However, in the case of several isin-
glasses (Is1, IL1, Is4 and IL4) the electro-
phoretic patterns were not similar (Fig. 
3). IL1 and Is1 showed a polydispersion 
in the low MW range (20.1-14.4 kDa), 
as did, IL4 (94.0-14.4 kDa). In contrast, 
Is4 presented several individual bands, 
namely: one at 20.1, several above 94.0 
and some between 94.0 and 43.0 kDa. 
to our knowledge, the literature has 
only reported electrophoretic patterns 
of isinglasses with individualized bands 
(MArcHAL et al., 2000a; bonErZ et al., 
2004).

the electrophoretic patterns of ge-
latins (Gs3, Gs4, Gs2, GL1, GL2, GL4 
and GL5) are illustrated in Figs. 4 and 
5. no bands were detected in the MW 
range (94.0-14.4 kDa) for gelatins Gs3 
and Gs4 (Fig. 4). these results are in 
accordance with PAEtZoLD and GLo-
rIEs (1990) who indicated that gelat-
ins obtained by enzymatic hydrolysis 
present several polypeptides with MWs 
lower than 13.7 kDa. the gelatins Gs2, 
GL1, GL2, GL4 and GL5 showed polydis-
persion in the MW distribution, which 

Fig. 3 - Electrophoretic patterns of isinglasses – IL1, IL4, Is1 and Is4. MW standard – P, are given on the 
left and right side.

has also been confirmed by other au-
thors (MArcHAL et al., 1993; 2000a; b; 
2002). the polydispersion with respect 
to molecular weight is a result of the 
breakdown of intact collagen to produce 
commercial gelatins (sIMs et al., 1997). 
While, Gs2 showed more protein frac-
tion with high MW (>43.0 kDa) (Fig. 4), 
GL1, GL2, GL4 and GL5 presented very 
similar electrophoretic profiles, with 
MWs lower than 43.0 kDa (Fig. 5). Ac-
cording to the literature (LAGunE and 
GLorIEs, 1996a; VErsArI et al., 1999), 
the electrophoretic profiles are direct-
ly related to the particular elaboration 
processes.

surface charge density

the highest surface charge densities 
were found in solid egg albumin (As1, 
As’1 and As4) and gelatin Gs2, which 
had the highest value within the solid 
gelatins studied (table 2). these results 
can be associated with the lower degree 
of hydrolysis of these proteins (scottI 
and PoInsAut, 1997; LAMADon et al., 
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Fig. 4 - Electrophoretic patterns of gelatins – Gs4, Gs3 and Gs2. MW standard – P, are given on the left 
and right side.

Fig. 5 - Electrophoretic patterns of gelatins – GL1, GL2, GL4 and GL5. MW standard – P, are given on 
the left and right side.

1997) as shown by the electrophoret-
ic profiles. 

As previously described, casein and 
potassium caseinate were first dissolved 

in KoH and then dispersed in a model 
solution without ethanol. the surface 
charge densities of these fining agents 
were measured at the pH of dissolution 
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(cs2 – pH 5.30, cs4 – pH 6.80, cKs1 – 
pH 5.48 and cKs3 – pH 5.30) and after-
wards, at pH adjusted to 3.4. the sur-
face charge density of cKs1, cKs3 and 
cs4 decreased after the pH adjustment 
(from 0.32 to 0.04; 0.33 to 0.09 and 
0.61 to 0.09 meq/g of product, respec-
tively), but the surface charge density 
of cs2 remained constant (0.25 meq/g 
of product).

It was also observed that the shape 
of the titration curve was related to the 
electrophoretic pattern. If the fining 
agent showed an electrophoretic pat-
tern with individualized bands, the titra-
tion curve was constant during a certain 
volume of titration and then presented 
a sudden decrease. In contrast, for the 
fining agents that had an electrophoret-
ic pattern that was a polydispersion, the 
titration curve showed a continuous de-
crease. DIEtrIcH and scHÄFEr (1991) 
suggested that the sample conductivi-
ty may influence the shape of the titra-
tion curve.

Isoelectric point
the IEP of the studied fining agents 

ranged from 4.20 to 6.48 (table 2). Po-
tassium caseinate (cKs3 and cKs1) and 
casein (cs2 and cs4) had very similar IEP 
values that are in accord with the data re-
ported by MAnFrEDInI (1989) and stocKÉ 
and ortMAnn (1999) for potassium ca-
seinate. the egg albumin IEP values (As1, 
As’1, As4 and AL4) were 4.96-5.14 and the 
isinglass IEP values varied from 4.21-6.48 
in solid or liquid state. the gelatins had 
IEP values ranging from 4.20 (GL1) to 5.46 
(GL5), which suggests that the gelatins 
studied are of type b - basic hydrolysis 
(PAEtZoLD and GLorIEs, 1990).

Lead and cadmium
the level of Pb was below 0.5 mg/

kg in 68% of the fining agents studied. 
the average Pb content was about 0.43 
mg/kg, ranging from 0.16 to 1.10 mg/
kg (table 2).

In thirteen samples the cd levels were 

below the quantification and detection 
limits (QL = 0.15 µg/L, DL = 0.05 µg/
L). In the other six samples the cd con-
tent was less than 0.01 mg/kg, except 
gelatin GL2, which had 0.09 mg/kg (ta-
ble 2).

All of the Pb and cd values measured 
in the protein fining agents were below 
the limits recommended by the Inter-
national organization of Vine and Wine 
[(fining agents: Pb < 5 mg/kg for casein, 
potassium caseinate, gelatin, isinglass 
and egg albumin, cd < 1 mg/kg and < 0, 
mg/kg for casein and gelatin, respective-
ly); (wine: Pb < 200 µg/L; cd < 10 µg/L)] 
(oIV, 2006a; b) which guarantees wine 
production without metal enrichment.

Loss during drying, ash and pH
the loss of solid fining agents during 

drying was 6.6 to 12.0% (w/w); as ex-
pected the values were lower than those 
for the liquid agents in which water loss 
was 52.1 to 89.5% (w/w) (table 3). the 
lowest ash content was observed for gel-
atin Gs4 and isinglass Is1, respectively, 
0.3 and 0.8% (w/w) (table 3). An unex-
pected value of 22.1% (w/w) was found 
for casein cs4. According to MAnFrEDI-
nI (1989) the ash content of casein could 
indicate the manner of production in that 
the low values indicated that casein was 
coagulated by mineral acid 

All of the fining agents studied had 
acidic or almost neutral pH (table 3). 
Potassium caseinate with higher pH 
values had a better solubilization but a 
lower flocculation capacity (MAnFrEDI-
nI, 1989).

Wine fining trials

Limpidity
With respect to limpidity, it was shown 

that proteins with higher surface charge 
density increased wine limpidity. A linear 
correlation was found between total sur-
face charge density and decrease of tur-
bidity (Fig. 6). so, among the fining pro-
teins assayed, the best results were ob-
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table 3 - Weight loss on drying, ash and pH of fining agents.

Product	 Weight	loss	a	(%w/w)	 Ash	a	(%	w/w,	dry	weight)	 pH	a

AS1	 7.3±0.0	 3.6±0.3	 6.15±0.01
AS’1	 8.2±0.1	 2.6±0.3	 5.94±0.01
AS4	 8.4±0.1	 4.1±0.2	 6.23±0.02
AL4	 88.0±0.0	 6.3±0.1	 6.64±0.04
IS1	 6.8±0.2	 0.8±0.1	 5.06±0.03
IS4	 9.9±0.1	 2.0±0.3	 3.58±0.09
IL1	 71.6±0.1	 1.7±0.0	 5.32±0.01
IL4	 83.7±0.1	 1.9±0.1	 4.47±0.02
CKS3	 7.7±0.0	 3.3±1.1	 6.04±0.02
CKS1	 6.6±0.0	 5.1±0.2	 7.83±0.03
CS2	 8.7±0.2	 3.3±0.0	 5.72±0.03
CS4	 9.7±0.0	 22.1±0.0	 5.86±0.01
GS3	 8.2±0.1	 1.1±0.1	 5.47±0.03
GS2	 12.0±0.9	 2.3±0.1	 4.68±0.03
GS4	 10.1±0.0	 0.3±0.0	 5.51±0.02
GL1	 52.1±1.4	 2.3±0.6-	 6.08±0.01
GL2	 53.5±-0.7	 2.1±0.1	 5.66±0.02
GL5	 89.5±0.0	 2.9±0.7	 3.87±0.01
GL4	 85.1±0.2	 4.6±0.8	 4.22±0.01

A-Egg	albumin,	C-Casein,	CK-Potassium	caseinate,	I-Isinglass,	G-Gelatin,	S-Solid,	L-Liquid.
1,	2,	3,	4	and	5	different	fining	agent	suppliers.
a	-	mean	values	of	triplicate	determinations	±	Standard	Deviation	(SD).

Fig. 6 - total surface charge density of protein fining agents versus turbidity decrease. Isinglass (IL1), 
isinglass (Is4), casein (cs4), potassium caseinate (cKs1), egg albumin (As1), gelatin (GL1), gelatin (Gs2), 
gelatin(Gs4). the turbidity of the unfined wine (t) was 0.421.

tained with gelatin Gs2 (MW > 43.0 kDa) 
and egg albumin As1 (band close to 43.0 
kDa) and the worst with isinglass IL1 (MW 
< 20.1 kDa). these results are in accord 
with scottI and PoInsAut (1997) and 

VErsArI et al. (1998; 1999), in which as-
says made with gelatin, showed an in-
crease in precipitation due to the increase 
of the surface charge density and there-
fore greater limpidity in the wine.
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Influence of the fining protein
on chromatic characteristics
and monomeric anthocyanins 

the results obtained with the cIELab 
method for determining the chromatic 
characteristics of the unfined and fined 
wine with different proteins showed that 
there were significant changes after fin-
ing (table 4). In all fined wines, the light-
ness (L*) increased significantly, there-
fore the unfined wines were darker. the 
increase in lightness (L*) of the fined wine 
seemed to be correlated with less redness 
a* (nEGuEruELA et al., 1995), due to the 
removal of pigments as previously ob-
served by GIL-MuÑoZ et al. (1997). these 
data are in agreement with the results ob-
tained for monomeric anthocyanins (table 
5) and for total and polymeric pigments 
(molecules that result from the condensa-
tion of anthocyanins with tannins) (cos-
ME et al., 2006). this confirms that the 
different protein fining agents promote a 
decrease of these compounds. With regard 
to the values obtained for the colour dif-
ference (∆E), between each wine and the 
unfined wine (table 4), with exception of 
wine fined with IL1 all the others had val-
ues higher than one cielab unit, indicat-
ing that the colour differences can be de-
tected visually (GonnEt, 1998). 

the isinglasses had the least effect on 
the total monomeric anthocyanin con-
tent (<5% decrease); similar results were 
reported by bonErZ et al. (2004). Howev-
er, isinglass Is4 obtained from swim blad-
der (with bands at MW > 94.0, 94.0-43.0 
and at 20.1 kDa) had a different effect 
when compared with isinglass IL1 (MW 
< 20.1 kDa). this fining agent induced a 
minor decrease in peonidin-3-glucoside, 
peonidin-3-p-coumarylglucoside, malvi-
din-3-glucoside, malvidin-3-acetylglu-
coside and malvidin-3-p-coumarylglu-
coside. Gelatin Gs4, casein and potas-
sium caseinate removed the total mon-
omeric anthocyanins to the greatest ex-
tent (28.2, 20.2 and 11.9%, respective-
ly). these findings agree with LoVIno et t
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al. (1999) who found that fining red wine 
with casein decreased the monomeric 
anthocyanin levels and with rIcArDo-
DA-sILVA et al. (1991) who observed low-
er concentrations of total anthocyanins 
in the treated wine. our results show 
that the more hydrolysed gelatin Gs4 
(MW < 14.4 kDa) always decreased the 
monomeric anthocyanins more than GL1 
(MW < 43.0 kDa) and Gs2 (MW > 43.0 
kDa). those effects were not statistically 
different. While potassium caseinate de-
creased the concentration of total mon-
omeric anthocyanins (66 mg/L) and ca-
sein (116 mg/L), these two fining agents 
had identical electrophoretic profiles and 
isoelectric points. It should be noted that 
the reduction observed for casein was 
mainly due to a decrease in peonidin-3-
glucoside and malvidin-3-glucoside.

Influence of the fining protein on
flavonoid and non-flavonoid phenols

regarding the total phenolic content, 
fining agents induced a reduction from 
1.1 to 7.8%; the greatest decrease was ob-
served on gelatin Gs4 (7.8%) followed by 
casein (6.6%). Fining with higher molecu-
lar weight proteins and agents with higher 
surface charge density such as gelatin Gs2 
(MW > 43.0 kDa) and egg albumin (MW 
close to 45.0 kDa) resulted in a decrease in 
total phenolic compounds (1.1 and 1.6%, 
respectively) (table 4). these results were 
not statistically significant.

In contrast, significantly different re-
sults were observed among the three 
gelatins (GL1, Gs2 and Gs4). the gela-
tin with the lowest MW [Gs4 (MW < 14.4 
kDa)] removed significantly more total 
phenolic compounds than the gelatin 
with the highest MW [Gs2 (MW > 43.0 
kDa)]. With respect to the non-flavo-
noid and flavonoid compounds, gelatin 
GL1 (MW < 43.0 kDa) mainly reduced the 
non-flavonoid compounds, while gelatin 
Gs4 (MW < 14.4 kDa) mainly reduced the 
flavonoids which was probably due to the 
decrease in anthocyanins (table 5).



��  Ital. J. Food Sci. n. 1, vol. 19 - 2007

the results for isinglass were similar 
to those for gelatin. Isinglass Is4 (with 
bands at MW > 94.0, 94.0-43.0 and at 
20.1 kDa) exerted a greater effect on the 
total phenolic compounds than IL (MW 
< 20.1 kDa), by removing a significant 
amount of non-flavonoid compounds.

While casein and potassium caseinate 
have analogous protein MW distributions 
and isoelectric points, the results regard-
ing the reduction of flavonoids and non-
flavonoids differed. the casein mainly 
removed non-flavonoid compounds (de-
crease of 17.8%), while the potassium 
caseinate only induced a 3.6% decrease 
of these compounds.
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AbstrAct

crude peroxidase was extracted from 
sorghum seeds four days after germi-
nation. It was purified 86.30-fold by 
DEAE-cellulose ion exchange chroma-
tography. the kinetics of thermal inac-
tivation was first order in the temper-
ature range of 50°-80°c. At 80°c, the 
activation energy (ΔEa) for inactivation 
determined from the Arhrenius plot 
was -2.983 kcal/mole. the free energy 
change (ΔG) was 64,416.69 kcal/mol; 
enthalpy (ΔH) and entropy (Δs) chang-
es for inactivation were -2,937.83 kcal/

rIAssunto

La perossidasi grezza è stata estrat-
ta da semi di sorgo quattro giorni dopo 
la loro germinazione. È stata purificata 
86,30 volte con cromatografia a scam-
bio ionico in DEAE-cellulosa. La cine-
tica di inattivazione termica era di pri-
mo ordine nell’intervallo di temperatu-
re compreso fra 50° ed 80°c. Ad 80°c, 
l’energia di attivazione (∆Ea) per l’inat-
tivazione dell’enzima, determinata dal 
diagramma di Arhrenius, era di -2,983 
kcal/mole. La variazione di energia li-
bera (∆G) era 64.416,69 kcal/mol; le va-
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mol and -190.81 kcal/mol, respective-
ly. regeneration of activity after inacti-
vation was observed, with the regener-
ated enzyme molecule being less stable 
than the native enzyme.

riazione di entalpia (∆H) ed entropia (∆s) 
per l’inattivazione erano, ripettivamen-
te, -2.937,83 kcal/mol e -190,81 kcal/
mol. È stata studiata la rigenerazione 
dell’attività enzimatica dopo l’inattiva-
zione; in tale studio la molecola di en-
zima rigenerata risultava meno stabile 
dell’enzima nativo.

IntroDuctIon

Peroxidase (Ec 1.11.1.7) contains fer-
riprotoporphrin IX as a prosthetic group 

(conroY et al., 1982) and is one of the 
most heat-stable enzymes. regenera-
tion of activity has been widely reported 
in peroxidases and many other enzymes 
(McLELLAn and robInson, 1981), which 
regain their native structure and biolog-
ical activity upon removal of the inac-
tivating conditions (Lu and WHItAKEr, 
1974). regeneration of peroxidase activ-
ity after heat inactivation has been as-
sociated with enhanced lipid oxidation 
that can, in turn, lead to deterioration 
of processed food products during stor-
age (cAno et al., 1995; cHILAKA et al., 
2002a). this is a cause for concern in 
the food processing industry.

sorghum, a raw material for beer 
brewing has been shown to contain 
high amounts of tannins (JAMbunAtH-
An et al., 1986) and lipids especially li-
noleic acid (PALMEr et al., 1989). the ox-
idation of malt lipids and tannins dur-
ing brewing is undesirable because the 
products, especially the aldehydes and 
quinines, are responsible for the devel-
opment of off flavour and off colours dur-
ing storage.

nWAnGuMA and EZE (1995) have dem-
onstrated the presence of peroxidase in 
sorghum and noted that the activity of 
peroxidase increased about 14-fold dur-
ing malting of sorghum. Although the 

thermal inactivation and regeneration of 
peroxidase from many plants has been 
investigated, there is limited literature on 
the thermodynamics of thermoinactiva-
tion and the mechanism of the regener-
ation process.

this study was carried out to inves-
tigate the thermal inactivation of a par-
tially purified peroxidase preparation 
and to suggest an explanation for re-
generation.

MAtErIALs AnD MEtHoDs

Materials

Improved nigerian sorghum variety 
(KsV 8) was obtained through the seed 
service of Pioneer seeds, Kano state, ni-
geria. o-Dianisidine was obtained from 
bDH (Poole) England. All other reagents 
were of analytical grade.

Enzyme extraction and purification

the method used here was adapted 
from that of EZE and cHILAKA (2002) 
with the following modifications. sor-
ghum seeds were steeped in water for 
24h at 28°c.the end of steeping was re-
garded as day zero of germination. the 
seeds were germinated at 28°c for 4 days 
in a dark cupboard. the plumules and 
radicles of the germinated seeds were re-
moved, and the seeds were then washed 
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and ground to paste with a pestle and 
mortar. the paste was extracted at 4°c 
with 0.025M tris Hcl buffer pH 8.0. After 
1h, the suspension was filtered through 
three layers of cheesecloth. the filtrate 
was centrifuged at 10,000 g for 10 min 
at 4°c. the supernatant was stored in 
the refrigerator as the crude enzyme ex-
tract.

the crude enzyme extract was made 
to 70% (nH4)2so4 saturation by dissolv-
ing solid (nH4)2so4 in the crude enzyme 
solution. the solid (nH4)2so4 was added 
gradually at 4°c and stirred gently us-
ing a magnetic stirrer. the solution was 
kept at 2°c for 12h. After centrifugation 
at 10,000 g for 10 min at 4°c, the pre-
cipitate was dissolved in 0.025M tris-
Hcl buffer pH 8.0 and dialyzed over-
night against the same buffer. the di-
alyzed enzyme was redisolved in tris-
Hcl buffer pH 8.0 and introduced onto 
a DEAE-cellulose (DE 52 Whatman) col-
umn (2.5x17 cm) pre-equilibrated with 
buffer. After washing off unbound pro-
tein with buffer, the column was then 
eluted with a linear gradient of 250 mL 
of 0-0.5M of sodium chloride dissolved in 
the same buffer. the linear gradient was 
generated with a gradient mixer (Phar-
macia gradient mixer, GMI, Pharmacia, 
IL, usA). Active fractions (140 mL) were 
pooled and dialyzed in 0.05M acetate 
buffer pH 5.4.

Enzyme assay

Peroxidase activity was assayed by 
the method of McLELLAn and robIn-
son (1981). the change in absorbance at 
460nm due to the oxidation of o-dianisi-
dine in the presence of H2o2 and enzyme 
at 30°c was monitored using a Pye uni-
cam 5P 460 spectrophotometer (Pye uni-
cam Ltd, cambridge, uK) the standard 
assay solution contains 0.3 mL of o-di-
anisidine, 2.6 mL of 0.1M sodium phos-
phate buffer pH 6.0, 0.1 mL of enzyme 
extract, in a total volume of 3.0 mL. one 
unit of enzyme activity was defined as the 

amount of enzyme that gives an absorb-
ance change of 0.1/min at 30°c.

Protein determination

Protein content of the enzyme was de-
termined by the method of LoWrY et 
al. (1951). Protein concentration during 
chromatography was followed by read-
ing the absorbance at 280 nm on the Pye 
unicam 5P 460 spectrophotometer used 
for the enzyme assay. both the enzyme 
assay and the protein assay were per-
formed on both the crude and the par-
tially purified enzyme.

Kinetic studies

Km and Vmax of the enzyme were de-
termined from Lineweaver-burk plots of 
initial velocity data at different concen-
trations of H2o2 (0-13.7 mM) and at fixed 
concentrations of thiourea (0-2.0 mM).

Inactivation and regeneration
studies

Heat inactivation and regeneration 
were carried out as in McLELLAn and 
robInson (1981), with some modifica-
tions as in cHILAKA et. al. (2002a). so-
lutions of the peroxidase were subject-
ed to heat treatment at various temper-
atures (30°-80°c) for periods of time up 
to 15 min, in a temperature controlled 
water bath. to minimize lag phase, 4 mL 
of acetate buffer pH 4.5 were preincu-
bated to the required temperature and 
1 mL of the enzyme was added and rap-
idly mixed (cHILAKA et al., 2002b). sam-
ples (0.1 mL) were removed after suita-
ble time intervals and the residual per-
oxidase activity was determined immedi-
ately. samples were also heat inactivat-
ed at 60°c in the presence of 8M urea. 
thermodynamic analysis was based on 
the method of MAInEr et al. (1997), VItA 
and FontAnA (1982) and ZALE and KLI-
bAnoV (1986). Values reported are the 
means of triplicate experiments.
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For regeneration studies, samples of 
peroxidase heat-inactivated at various 
temperatures, as stated above, were used. 
After inactivation, the samples were then 
incubated at 30°c for different periods of 
time and the activity was monitored.

rEsuLts AnD DIscussIon

crude peroxidase extract from a four-
day germinated sorghum seeds when sat-
urated to 70% with (nH4)2 so4 resulted in 
the precipitation of most of the enzyme 
with 3.54-fold purification. the elution 

Fig. 1 - DEAE – cellulose ion-exchange chromatography of sor-
phum peroxidase. Linear gradient of 0-0.5M nacl was used for 
elution. ten mL fractions were collected.

profile of the partially pu-
rified sorghum peroxidase 
on DEAE-cellulose ion-ex-
change chromatography (Fig. 
1) showed two enzyme activi-
ty peaks, which in each case 
did not coincide with the pro-
tein peak. this suggests the 
existence of a peroxidase 
isoenzyme because the assay 
showed that the enzyme ac-
tivity was that of peroxidase. 
It is possible that there could 
have been contaminants in 
the preparation because the 
enzyme was partially puri-
fied. the purification profile 
of sorghum peroxidase by 
ion-exchange chromatogra-
phy of the enzyme resulted 
in a 86.30-fold purification 
(table 1), which is by far less 

than the 10,490-fold purification of per-
oxidase from Narcisses pseudonarcissus 
(ALFrED et al., 1981). sEssA and AnDEr-
son (1981) showed a 384-fold purifica-
tion of soybean peroxidase. In this exper-
iment, the sorghum peroxidase may have 
bound poorly to the DEAE-cellulose dur-
ing ion-exchange chromatography.

Analysis of the initial velocity data using 
a Lineweaver-burk plot (Fig. 2a) showed 
that the enzyme had a Vmax of 1.54 units 
and a Km of 3.13 mM for H2o2. thiourea 
was a competitive inhibitor. the slope re-
plot (Fig. 2b) of the data in Fig. 2a, shows 
that the Ki for thiourea was 1.1 mM.

table 1 - Purification profile for sorghum peroxidase.

Procedure	 Total	 Total	 Specific	 Activity	 Purification
	 Protein	 enzyme	 *activity	 yield	 fold
	 (mg)	 (units)	 (unit/mg	prog)	 (%)

Crude	Enzyme	 27,120	 190,800	 7.0	 100	 1.00
(NH	4)2SO4	fractionation	 27,120	 148,800	 24,80	 78	 3.54
ion-exchange	chromatography	 5,300	 31,800	 600	 17	 86.30

*	One	unit	of	activity	is	defined	as	the	amount	of	enzyme	that	gives	an	absorbance	change	of	0.1/min	at	30°C	at	
460	nm.
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A B

Fig. 2 - (A) Lineweaver-burk plot of initial velocity data for the inhibition of sorghum peroxidase by 
thiourea and (b) the slope replot.

the denaturation curves for the inacti-
vation of sorghum peroxidase are shown 
in Fig. 3a. the t½ values were 23, 56 
and 106 min at 80°, 70° and 60°c, re-
spectively. these results showed that in-
activation of the enzyme increased with 
temperature. 

the rate constants, k = 2.3/D for the 
thermal inactivation of peroxidase are 
shown in table 2. the D-value, which re-
flects the time needed for a 90% reduc-
tion of enzyme activity at a given temper-
ature, was derived from the equation, 1/

table 2 - rate constants (k) and corresponding 
half-lives for thermal inactivation of sorghum per-
oxidase at different temperatures.

Heating		 Slopes		 1/slope		 K	=	2.3/D	 (t½)(min)
temp.	(°C)	 	 =	D

50	 1.908	 0.524	 4.38	 nd
60	 1.818	 0.550	 4.182	 106
70	 1.592	 0.628	 3.662	 56
80	 1.273	 0.786	 2.926	 23

nd	=	not	detected.
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Fig. 3 - (A) time curves for the 
thermal inactivation of sorghum 
peroxidase. Enzyme samples 
were incubated at the times in-
dicated and residual enzyme 
activity was monitored. (b) Ef-
fect of heat on the inactiva-
tion of sorghum peroxidase. ct 
is the native enzyme activity at 
each holding time. the equili-
brum constant (Keq) for the na-
tive – denatured equilibrum 
transition was obtained from 
the slope. (c) Effect of temper-
ature on D-values for the inac-
tivation of sorghum peroxidase. 
the slope of the graph gives the 
z-value which is an indication of 
the temperature increase neces-
sary to obtain a ten-fold decrease in D-value. (D) Kinetics of the thermal inactivation of sorghum peroxi-
dase. Aliquots were withdrawn at the times shown and residual activity ct measured. co is the initial ac-
tivity of the enzyme. (E) Arrhenius plots of rates of thermal inactivation of soghum peroxidase.

A C

D

E

B
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slope=D. It could also be derived from a 
plot of 1/slope vs time, t. the slope (k) 
was calculated from the plot of log ct vs 
time, where ct is the activity of the enzyme 
at each holding time at a given temper-
ature [1/slope=D] (Fig. 3b). A plot of log 
D at various temperatures vs temp (°c), 
gave a straight line graph with a slope 
of 0.238. this is the thermal destruc-
tion time, known as the Z-value (Fig. 3c). 
this is an indication of the temperature 
increase needed to obtain a ten-fold de-
crease in the D-value.

A plot of ln co/ct vs time, where co 
is the original activity of the enzyme (at 
time t = o) and ct the activity of enzyme 
at each holding time, showed a straight 
line graph passing through the origin 
(Fig. 3d). this further demonstrated that 
the inactivation process was first-order. 
When log k was plotted against the re-
ciprocal of the actual temperature, 1/t 
(in Kelvin) (Fig. 3e), a linear function was 
obtained. the slope of the regression line 
was used to calculate the experimental 
inactivation energy, (Ea), of 0.165 kcal/
mole. the changes in enthalpy (∆H), en-
tropy (∆s) and free energy (∆G) (table 
3) were determined using the following 
equations,

∆H = Ea – rt
∆s = r (In A – ln (Kb/hp) -ln t)

∆G = ∆H – t∆s

where Kb = boltzman constant, hp = 
planck’s constant, r = the gas constant, 

t is temperature in Kelvin and A is the 
Arrhenius constant.

A high negative value of the entropy 
change (-190.81 kcal/mol) at 80°c is in-
dicative of an increased rate of inactiva-
tion at higher temperatures. Low values 
of ∆H showed decreased intramolecular 
stabilizing interactions during inactiva-
tion process (table 3). sorghum peroxi-
dase is a globular protein since a plot of 
ln K vs the reciprocal of actual temper-
atures (1/t) (in Kelvin) gave a slight cur-
vature (Fig. 4A) (cArL and KIn-PonG, 
1980). this indicates that the ∆H of the 
unfolding reaction varies with temper-
ature. A small change in heat capaci-
ty (∆cp), 3.0 kcal/mol/deg was also ob-
tained from a plot of ∆H vs temperature 
(t°c) (Fig. 4b). similar results were ob-
tained by MAInEr et al. (1997) for glob-
ular proteins.

concLusIons

About 80% activity was regenerated by 
sorghum peroxidase after complete inac-
tivation by heat (Fig. 5), showing that re-
versible inactivation occurred. the ina-
bility of the enzyme to regenerate 100% 
activity suggests that this inactivation 
involves a reversible unfolding process 
followed by an irreversible modification, 
which may be of a chemical or confor-
mational nature. conformational inacti-
vation arises from the disruption of non-
covalent interactions while maintain-
ing the 3-dimensional structure of the 
enzyme (cArL et al., 1980; HonG et al., 
2005). Denaturants, such as urea and 
guanidine hydrochloride, allow for fast 
renaturation by disrupting the imper-
fectly formed non-covalent interactions 
in the reconfigured structures, and thus 
protect the enzymes against irreversible 
conformational inactivation (HonG et al., 
2005; tAVAKoLI et al., 2005). the inabili-
ty of urea to offer 100% protection to the 
enzyme (Fig. 6) showed that irreversible 
non-conformational (covalent) change 

table 3 - thermodynamic parameters for thermal 
inactivation of sorghum peroxidase at different 
temperatures. Free energy change (∆G), enthalpy 
change (∆H), entropy change (∆s) and the inacti-
vation energy.

	 Temp	(°C)	 Ea	 ∆H	 ∆S	 ∆G
	 	 kca/mol	 kcal/mol	 kcal/mol	 kcal/mol

	 50	 -2.983	 -2,688.41	 -190.08	 58,705.82
	 60	 -2.983	 -2,771.55	 -190.32	 60,606.35
	 70	 -2.983	 -2,854.69	 -190.57	 62,512.20
	 80	 -2.983	 -2,937.83	 -190.81	 64,416.69
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Fig. 6 - Effect of urea on heat inactivation of sor-
ghum peroxidase.

Fig. 4 (A) - Arrhenius plots for the thermal inacti-
vation of sorghum peroxidase.

Fig 4 (b) - Dependence of the enthalpy of heat de-
naturation (∆H) of sorghum peroxidase on tem-
perature. ∆H values were obtained from ∆H = Ea 
– rt. the slope of the line indicates the change 
in heat capacity (∆cp) associated with heat de-
naturation.

Fig. 5 - regeneration of sorghum peroxidase.

was also involved in the inactivation 
process. However, reversible inactivation 
was the major pathway during heat inac-
tivation. regeneration of activity after in-

activation was observed; with the regen-
erated enzyme molecule was less stable 
than the native enzyme (Fig. 6).

A thermal destruction time, or Z-val-
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ue, of 0.238 seconds showed that com-
plete inactivation may be achieved within 
a short period of time, and thus the pres-
ervation of processed sorghum products 
may be based on specific enzyme inacti-
vation. In this study, peroxidase dena-
tured by rapid heating for 0.238 seconds 
was reactivated after 86h. During stor-
age of food products, it is recommended 
that, this being a complex matrix where 
conditions for reactivation may well per-
tain, enatioselectivity of this peroxidase 
at different temperatures, as well as be-
fore and after inactivation, be studied is 
further. Also, further understanding of 
the inactivation process would require 
use of some physical techniques such 
as cD-spectroscopy to follow the inacti-
vation process, which is the focus of our 
next paper.
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AbstrAct

Hazard Analysis and critical con-
trol Point (HAccP) is a system which 
attempts to guarantee food safety and 
harmlessness. It ensures the protec-
tion of products and the correction of 
failures which decrease the costs for 
quality defects and practically elimi-
nates the need for a final super control. 
In this study, the possible hazards in 

rIAssunto

L’Hazard Analysis and critical con-
trol Point (HAccP) è un sistema che 
permette di garantire la sicurezza ali-
mentare. Questo sistema assicura la tu-
tela dei prodotti e la correzione degli er-
rori che svalutano i prodotti per man-
canza di qualità ed elimina praticamen-
te la necessità di un controllo finale. In 
questo studio si descrivono i possibili 
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a processing line of slaughterhouse by-
products destined for animal feed (ma-
terial in category 3) are described as 
well as the preventive measures that are 
applied, the monitoring systems used, 
the corrective actions that need to be 
taken, and records that are kept in the 
plant. the implementation of the HAc-
cP system will make it possible for any 
slaughterhouse to monitor the produc-
tion of a by-products line for the prep-
aration of animal feed.

rischi in una linea di processo di sotto-
prodotti di mattatoio destinati alla man-
gimistica (materiale di categoria 3) ed 
anche le misure preventive applicate, 
il sistema di monitoraggio utilizzato, le 
azioni correttive che devono essere in-
traprese ed i documenti conservati nel-
l’impianto. L’implementazione di un si-
stema HAccP renderà possibile, a qua-
lunque mattatoio, il monitoraggio della 
produzione di una linea di sottoprodot-
ti destinati alla mangimistica.

IntroDuctIon

the guiding principle of any White 
book is that food safety policies must be 
based on a global and integrated scheme 
comprising the entire food chain (from 
farm to table), in any food sector with-
in the Member states of the European 
union (Eu) and beyond their borders. 
this includes those involved in decision-
making in the international forum, as 
well as those responsible for establish-
ing policies at each stage of the process 
(ccE, 2000).

this global and integrated approach 
throughout the food chain includes an-
imal feed which will eventually become 
food for the final consumer. Feed pro-
cessing plants and companies produc-
ing raw materials for feed are both in-
volved in the business of producing an-
imal feed.

In 2002, the European Parliament 
and council passed regulation (Ec) 
n. 1774/2002, which established the 
health and safety rules regarding an-
imal by-products not destined for hu-
man consumption. these animal by-
products are raw materials for use in 
animal feed production (category 3 
materials). Article 17 of this regula-
tion emphasizes the need to establish 
and apply monitoring methods and 

critical control points in order to ob-
tain authorization for these processing 
plants. the Hazard Analysis and criti-
cal control Point (HAccP) system is the 
method of choice since it allows spe-
cific known hazards and actions to be 
identified which should, in turn, help 
to guarantee consumer safety.

the HAccP system should be applied 
throughout the food chain, from the pri-
mary producer to the final consumer, 
and its application must be based on 
scientific evidence of human health haz-
ards (FAo, 2003).

In addition to improving food safety, 
the HAccP system offers other signifi-
cant advantages, e.g. inspection by the 
regulatory officers.

this system was first presented in the 
usA during the national conference on 
Food Protection, in 1971 (APHA, 1972). 
subsequently, guidelines were drawn 
up by the Food Hygiene committee of 
the codex Alimentarius commission 
(coDEX, 1995). Afterwards, the system 
has been successfully employed and has 
been implemented in different sectors of 
the meat industry (MorEno, 1988; AD-
AMs, 1990; PArDo et al., 1998, 1999, 
2001; ALVArruIZ et al., 1999; roncEro 
et al., 2002). In the near future it will be 
implemented for animal by-products to 
be used for feed production. the lack of 
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information on this subject in the liter-
ature justifies the present study.

the HAccP system is based on the fol-
lowing seven steps: (i) conduct a hazard 
analysis, (ii) determine the critical con-
trol points (ccPs), (iii) establish the crit-
ical limits, (iv) establish monitoring pro-
cedures, (v) establish corrective actions, 
(vi) establish verification procedures and 
(vii) establish record-keeping and docu-
mentation procedures.

the purpose of this paper is to show the 
implementation of the HAccP system in 
the processing line of by-products for the 
preparation of animal feed in a slaughter-
house, with the aim of improving the hy-
gienic quality of the final product.

MAtErIALs AnD MEtHoDs

the implementation of the HAccP sys-
tem was carried out in the Montes de 
toledo Meat Processing co-op, located 
in Pulgar, toledo Province (spain). the 
main activity of this co-op is the slaugh-
tering of cattle, and to a lesser extent pigs 
and sheep. From the different final by-
products obtained, the fat is used in the 
production of feed for livestock, while the 
flour is used for pet food.

In this company, the processing line of 
meat by-products for the preparation of 
raw materials for feed production, also 
known as a processing plant for catego-
ry 3 material, attempts to complete the 
slaughtering process within the slaugh-
terhouse and thus improve the manage-
ment of animal by-products unsuitable 
for human consumption.

the company facilities were visited 
several times during the course of the 
study. During the first stage, informa-
tion was gathered about the process and 
the physical-chemical and microbiologi-
cal characteristics of the by-products 
and the raw materials produced. Infor-
mation concerning management instruc-
tions, transportation and storage condi-
tions was also collected.

A decisive step in the methodology 
was the preparation of a flow chart for 
the complete process. once this chart 
was defined, revised and verified, each 
stage was then reviewed for possible 
hazards (biological, physical or chem-
ical) that could pose a threat to food 
safety.

once the hazards were identified, the 
preventive measures which could be im-
plemented to decrease or eliminate the 
hazard had to be defined. subsequent-
ly, the critical control points (ccP) were 
determined by using a decision tree (co-
DEX, 1995), where a logical reasoning 
approach was used, as recommended by 
several International Agencies (IcMsF, 
1991; FAo, 2003).

When a stage was considered a ccP, 
critical limits for some parameters were 
established, and the value limits for 
these parameters were established. If 
these limits were exceeded, the proc-
ess was considered unacceptable. A 
monitoring or surveillance system, 
which measures the parameter val-
ues and compares the values with the 
ccP, was established in order to de-
tect possible deviations. specific cor-
rective actions for each ccP were then 
formulated in order to cope with pos-
sible deviations.

A wide procedure for the verification 
of the process was established in order 
to confirm that the HAccP system is op-
erating efficiently. the quality manager 
will checks the daily values for temper-
ature, pressure and time recorded dur-
ing the loading of the digester. the re-
sults of the fat and flour analyses are 
also checked in order to ensure that they 
comply with the quality parameters re-
quired for the products. the analyses are 
carried out in a laboratory with a certi-
fication by the spanish national Acred-
itation Institution (EnAc). the cleaning 
and disinfection program as well as the 
maintenance program are also checked 
regularly.

Finally, a system for documenting 
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and recording every procedure 
included in the HAccP system 
was established, and all re-
cords were kept for the correct 
implementation of the HAccP 
system.

rEsuLts AnD DIscussIon

In this section the process 
flow chart (Fig. 1) is explained, 
from the input of raw material to 
the storage of the fat and flour, 
based on the actual process car-
ried out at the Montes de tole-
do co-op.

As shown in table 1, a sum-
mary table of hazard analysis 
is established. the foreseeable 
main hazards (microbiological, 
chemical and physical) are de-
scribed for each stage, as well 
as the preventive measures to 
be taken in order to minimize 
or eliminate such hazards. the 
table also indicates the stages 
that were considered ccPs, af-
ter the decision tree was imple-
mented. the answers to the dif-
ferent questions raised on the 
decision tree for each stage, as 
well as the comments explaining the rea-
sons for not being included as a ccP, 
are shown in table 2. the critical lev-
els, monitoring system, including the fre-
quency of surveillance, corrective actions 
and records taken for each stage are also 
described in the summary table.

DEtAILED DEscrIPtIon
oF tHE suMMArY tAbLE

stage 1. Admission of raw material

regulation (Ec) n. 1774/2002 de-
scribes the animal by-products that are 
unsuitable for human consumption (cat-
egory 3 materials) but can be used as 

raw material for producing animal feed. 
Materials for category 1 and category 2 
are also produced in the slaughterhouse, 
but require a different process and are 
described in the regulation:

- Materials in category 1 comprise 
any piece of a slaughtered animal sus-
pected of being infected by transmis-
sible spongiform Encephalopathies 
(tsEs), according to regulation (Ec) n. 
999/2001.

- Materials in category 1 (or 2) include 
any part of a dead animal not slaugh-
tered for human consumption, including 
animals sacrificed to eradicate an epi-
zootic illness and animal products with 
residues of veterinary medications.

the materials in category 3, the ob-

Fig. 1 - Flow chart of the processing line of by-products from 
a slaughterhouse used for the production of feed (category 
3 material).
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ject of this study, include the following 
by-products:

- Pieces of slaughtered animals, con-
sidered suitable for human consump-
tion, but not destined for this aim due 
to commercial reasons.

- Pieces of slaughtered animals, 
turned down for human consumption, 
but without any sign of illness which 
could be transmitted to humans, or piec-
es from dressed carcasses suitable for 
human consumption, according to Ec 
regulations.

- skins, hoofs, horns, bristles and 
feathers from animals slaughtered in a 
slaughterhouse after being subjected to 
ante-mortem inspection and being de-
clared suitable for slaughtering for hu-
man consumption, according to Ec reg-
ulations.

- blood from non-ruminant animals, 
slaughtered in a slaughterhouse, which 
has been declared suitable, according to 
the Ec regulations and after being sub-
jected to ante-mortem inspection.

- Animal by-products from the pro-
cessing of products destined for human 
consumption, including defatted bones 
and pork scraps.

All of the category 3 materials pro-
duced in the slaughterhouse are trans-
ported to the processing plant, either di-
rectly to the feeding hopper or in metal-
lic tins carried by the workers.

the feeding hopper is situated in an 
unclean area of the processing plant 
that is physically isolated from the clean 
area. the steel hopper is equipped with 
two worm gears at its base to carry the 
material towards the hammer mill, while 
slightly reducing the volume.

Hazards: the main hazard at this 
stage could be the contamination of cat-
egory 3 material with category 1 or 2 ma-
terials. this contamination could occur 
in the slaughterhouse as a result of de-
fective separation. In that case, all the 
material must be considered and treated 
as category 1 and cannot be treated in 
the plant for category 3 materials.

Preventive measures: the main pre-
ventive measure would be the prop-
er handling of the materials, by put-
ting each material into a different con-
tainer and dyeing the category 1 mate-
rials blue.

critical control point (ccP): this was 
not considered as a ccP, since each of 
the by-products had their own indepen-
dent container and, the category 1 ma-
terials were dyed blue.

stage 2. Milling

before thermal treatment in the di-
gester, the by-products pass through a 
hammer mill where their particles size 
is reduced to less than 50 mm in order 
to increase the performance of the sys-
tem. the hammer mill is situated next 
to the admission hopper, in the unclean 
area of the plant.

Hazards: A physical hazard at this 
stage would be the presence of particles 
larger than 50 mm after milling, which 
would decrease the efficacy of the treat-
ment. It would also be a violation of reg-
ulation (Ec) n. 1774/2002, which speci-
fies that the particles size of any raw ma-
terials in this treatment process must be 
less than 50 mm.

Preventive measures: the main pre-
ventive measure requires the proper 
maintenance of the hammer mill. At the 
end of the process, there is another mill-
ing operation to ensure that the particles 
size is suitable for shipping.

critical control Point (ccP): this was 
not considered a ccP, since there was 
adequate maintenance of the milling fa-
cilities. In addition there was another 
milling operation at the end of the proc-
ess with a hammer mill to ensure that all 
the particles were the right size.

stage 3. Loading of digester

From the hammer mill, the product is 
transported by a worm gear toward the 
upper entrance of the digester, where it 
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table 1 - summary of the hazard analysis for a processing line of by-products from a slaughterhouse for feed prod uction (category 3 material).

STAGE	 TYPE	OF	HAZARD	 HAZARDS	 PREVENTIVE	 CCP	 CRITICAL	LEVELS	 MONITORING/	 CORRECTIVE	 RECORDS
	

Physical	 Biological	 Chemical	
	 MEASURES	 	 	 FREQUENCY	 ACTIONS

1.	Admission	of	raw	 	 X	 	 *Mixing	with	material	from	 *Different	colored	e	 NO
material	 	 	 	 category	1	 containers	for	each
	 	 	 	 	 material	type

2.	Milling	 X	 	 	 *Physical:	faulty	milling	 *Proper	maintenance	plan	 NO
	 	 	 	 	 for	equipment
	 	 	 	 	 A	second	milling	after	the
	 	 	 	 	 treatment	is	performed

3.	Loading	of	digester	 	 	 	 *None

4.	Thermal	process	 X	 	 	 *	Physical:	unachieved	 *	Proper	maintenance	plan	 YES	 *Temperature	>	133ºC	 *Visual	 *Reprocessing	of	material	 *All	corrective	actions.
	 	 	 	 process	conditions	 *Proper	calibration	of	 	 *Pressure	>	3	bar	 *In	each	digester	batch	 *	Direct	shipment	of	material	 *	Temperature,	pressure	and
	 	 	 	 	 measurement	equipment	 	 *Time	>	20	minutes	 	 to	incinerating	plant	 time	conditions	in	each	batch

5.	Pre-straining	 X	 	 	 *Physical:	soiled	sieve	or	faulty	filtration	 *Proper	maintenance	plan	 NO

6.	Flour	pressing	 X	 X	 	 *Microbiological:	Flour	recontamination	 *To	ensure	air	tightness	of	 NO	
	 	 	 	 *Physical:	Fat	with	impurities	 the	pressing	machinery	and
	 	 	 	 	 equipment
	 	 	 	 	 *	Separation	of	soiled	and
	 	 	 	 	 clean	areas
	 	 	 	 	 *Proper	maintenance	plan

7.	Flour	grinding	 	 X	 	 *	Microbiological:	Flour	recontamination	 *	To	ensure	air	tightness	of	 NO
	 	 	 	 	 the	grinding	machinery	and
	 	 	 	 	 equipment
	 	 	 	 	 *	Separation	of	soiled	and
	 	 	 	 	 clean	areas

8.	Flour	storage	 	 X	 	 *Microbiological:	microbial	contamination	 *Storage	in	hygienic	conditions.	 YES	 *Low	microbial	 *Analytical	 *Reprocessing	of	material.	 *Corrective	actions	and	flour
	 	 	 	 and	recontamination	of	flour	 *	To	ensure	air	tightness	of	the	 	 contamination,	absence	 *Twice	a	month	 	 analyses
	 	 	 	 	 storage	equipment.	 	 of	Salmonella	and
	 	 	 	 	 *	Separation	of	soiled	and	clean	 	 Clostridium perfringens
	 	 	 	 	 areas

9.	Fat	depuration	 X	 	 	 *Chemical:	impurity	content	>	15%	 *Maintenance	plan	and	proper	 YES	 *Impurity	content	<	0.15%	 *Analytical	 *Use	this	fat	as	fuel	for	the	 *Corrective	actions	and
	 	 	 	 	 hygienic	conditions	 	 	 *Twice	a	month	 boiler	 fat	analyses

10.	Fat	storage	 X	 X	 	 *	Microbiological:	microbial	contamination	 *Storage	hygienic	conditions	 YES	 *Comply	with	microbiological	 *	Analytical	 *Reprocessing	of	material	 *	Corrective	actions	and
	 	 	 	 *Physical:	impurities	by	contamination	or	 *Ensure	air	tightness	 	 criteria,	absence	of	 *Daily	for	microbiological	 in	the	processing	plant	 fat	analyses
	 	 	 	 by	sedimentation	 *Proper	maintenance	of	tanks	 	 Salmonella	and	C. perfringens analysis
	 	 	 	 	 	 	 *Impurity	content	<	15%	 *Weekly	for	impurity	analysis	
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table 1 - summary of the hazard analysis for a processing line of by-products from a slaughterhouse for feed prod uction (category 3 material).
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table 2 - Determination of the processing stages as critical control Points (ccP), according to the answers given in the decision tree.

STAGE	 HAZARD	 Q1*	 Q2*	 Q3*	 Q4*	 CCP	 COMMENTS

1.	Admission	of	raw	material	 Microbiological:
	 Contamination	with	materials	from	categories	1	or	2.	 YES	 NO	 NO	 -	 NO	 The	by-products	have	their	own	independent	containers	and
	 	 	 	 	 	 	 the	materials	from	category	1	are	painted	in	blue

2.	Milling	 Physical:	 	 	 	 	 	 A	proper	maintenance	of	the	milling	equipment	is	carried	out.
	 Insufficient	size	reduction	of	particles	 YES	 NO	 NO	 -	 NO	 In	the	end,	another	milling	process	with	a	hammer	mill	is
	 	 	 	 	 	 	 performed	to	ensure	a	uniform	particle	size

3.	Loading	of	digester.

4.	Thermal	process	 Physical:
	 Defective	process	conditions	 YES	 YES	 -	 -	 YES

5.	Pre-straining	 Physical:	 	 	 	 	 	 This	fat	passes	through	the	centrifugal	decanter	where	the
	 Impurity	pass	through	sieve	 YES	 NO	 YES	 YES	 NO	 impurities	are	eliminated	to	a	lower	limit	of	15%

6.	Flour	pressing	 Microbiological:
	 Material	recontamination	 YES	 NO	 NO	 -	 NO	 The	soiled	and	clean	areas	of	the	plant	are	separated.
	 	 	 	 	 	 	 A	rigorous	cleaning	and	disinfection	plan	is	carried	out	and
	 	 	 	 	 	 	 the	storage	elements	have	a	proper	air	tightness

	 Physical:
	 Contamination	of	fat	with	impurities	 YES	 NO	 YES	 YES	 NO	 This	fat	passes	through	the	centrifugal	decanter	where	the
	 	 	 	 	 	 	 impurity	content	is	reduced	to	a	lower	level	of	15%

7.	Flour	grinding	 Microbiological:	 	 	 	 	 	 The	soiled	and	clean	areas	of	the	plant	are	separated.
	 Recontamination	of	material	 YES	 NO	 NO	 -	 NO	 A	rigorous	cleaning	and	disinfection	plan	is	carried	out

8.	Flour	storage	 Microbiological:	 	 	 	 	 	 The	soiled	and	clean	areas	of	the	plant	are	separated.
	 Recontamination	of	material	 YES	 NO	 NO	 -	 NO	 A	rigorous	cleaning	and	disinfection	plan	is	carried	out	and
	 	 	 	 	 	 	 the	storage	elements	have	a	proper	air	tightness

	 Bacterial	contamination	 YES	 NO	 YES	 NO	 YES

9.	Fat	depuration	 Physical:
	 Fat	with	high	impurity	content	due	to	 YES	 YES	 YES	 NO	 YES
	 faulty	operation	of	decanter

10.	Fat	storage	 Microbiological:
	 Bacterial	contamination	 YES	 NO	 YES	 NO	 YES

	 Physical:
	 Fat	with	high	impurity	content	due	to	faulty	operation	of	decanter
	 Contamination	of	fat	with	soil	of	tanks	 YES	 NO	 YES	 NO	 YES
	 Sedimentation	of	fat	in	tanks

*Q1:	Are	there	preventive	measures	for	the	identified	hazard?;	*Q2:	Is	this	stage	specifically	designed	to	eliminate	or	reduce	app	earance	of	the	hazard	to	an	acceptable	level?;	*Q3:	Could	the	contamination	appear	or	increase	to	reach	unacceptable	levels?;	
*Q4:	Will	a	later	stage	eliminate	or	reduce	the	hazard	to	an	acceptable	level?
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is thermally processed. the loading oper-
ation is discontinuous and is carried out 
when the reception hopper is full. At this 
stage there is no hazard which could al-
ter the processing of the by-products.

stage 4. thermal process

the digester in the Montes de toledo 
slaughterhouse is a dry fusion type. It is 
made up of a steam jacketed tank, where 
the by-products are subjected to high 
temperature and pressure for a certain 
period of time. Inside the digester there 
are a number of blades that rotate dur-
ing the process to homogenize the ma-
terial and improve heat transfer. the 
digester works according to the condi-
tions described in Method 1 of regula-
tion 1774/2002:

- temperature > 133ºc.
- Pressure > 3 bar.
- time: 20 uninterrupted min.
When the process is finished, a flour-

like product with a high fat content is 
obtained.

Hazards: the main physical hazard is 
the non-compliance with the conditions 
required for the process, e.g. tempera-
ture, pressure and/or time are not as 
specified in regulation 1774/2002.

Preventive measures: the main pre-
ventive measure involves the proper 
maintenance and calibration of the di-
gester and ancillaries.

critical control Point (ccP): this stage 
was considered as a ccP, and therefore 
the critical levels, monitoring systems, 
corrective actions and necessary records 
were determined.

critical levels: the temperature inside 
the digester must be above 133ºc and 
the pressure above 3 bar; both condi-
tions must prevail for at least 20 min.

Monitoring: Visual surveillance of the 
graphical records after each digester 
batch is required, to ascertain that the 
processing conditions were correct. the 
measuring equipment is calibrated year-
ly by a company certified by EnAc. the 

thermostat, barometer and timer preci-
sions are ±2ºc, ±0,1 bar and ±4 s, re-
spectively.

corrective actions: If there is any de-
ficiency in the treatment of the materi-
al, one of the following corrective actions 
must be taken:

- reprocessing;
- Direct shipment to an incinerating 

plant.
the application of corrective actions 

implies that the material and facilities 
that have been in contact with the de-
fectively processed material must be 
sanitized.

records: All corrective actions that are 
taken must be recorded, as well as the 
conditions for each digester batch.

stage 5. Pre-straining

once the digestion and sterilization 
of the product is completed, it is load-
ed into a pre-strainer (stainless steel 
tank equipped with a sieve at the bot-
tom), where the liquid fat is separated 
(by passing through sieve holes) from the 
solid particles which are retained by the 
sieve and sent to a screw press, to ob-
tain the maximum quantity of fat. the 
fat which passes through the pre-strain-
er goes to the collecting compartment sit-
uated below it and is subsequently sent 
to an intermediate tank.

Hazards: the main hazard (physical) 
is the possible contamination of the fat 
by impurities caught in the sieve, or by 
faulty filtration which allows debris to 
pass.

Preventive measures: these will be 
based on a preventive maintenance plan, 
where the sieve is checked weekly, and 
on a proper cleaning and disinfection 
plan for the plant.

the following stages can be estab-
lished for the cleaning and disinfection 
process:

- Preliminary removal of coarse dirt 
without applying any product, to facili-
tate the detergent action.
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- rinsing with warm or hot water to 
help remove grease.

- Application of a detergent or degreas-
ing product. regardless of the applica-
tion method, the application time and 
concentration must be taken into ac-
count. these two aspects are usually de-
scribed in the technical specifications or 
labels of the detergent products.

- rinsing to remove the remaining de-
tergents and dirt. An effective rinsing is 
of the utmost importance to prevent the 
detergent or dirt from contaminating the 
product. the pH should be measured to 
confirm this.

- Application of a disinfectant. once 
again, the application time and concen-
tration is of utmost importance.

- rinsing is needed for some products, 
such as chlorinated disinfectants. some 
other disinfectants do not require sub-
sequent rinsing, although enough time 
must be allowed to ensure that no resi-
dues remain on the surfaces that could 
contaminate the food.

- Drying is required for some surfac-
es in order to limit the quantity of water 
available to microorganisms which could 
eventually contaminate the product.

critical control Point (ccP): this was 
not considered a ccP, since the fat goes 
to a centrifugal decanter, where impuri-
ties are separated and the values remain 
below the 0.15% level.

stage 6. Flour pressing

solid products, comprised of flour 
and fat residues which are captured in 
the pre-sieving net, are transported by a 
worm gear to a screw press where most 
of the remaining fat is recovered. there 
are two outlets on the press, one for the 
defatted flour which is transferred to 
the mill and the other for the fat, which 
is then transferred to the intermediate 
tank where the fat from the pre-strain-
ing step is also stored.

Hazards: In this stage there is a micro-
biological hazard due to the possibility of 

the flour or fat coming into contact with 
unprocessed category 3 materials. there 
is also a physical hazard that could be 
caused by any defect in the press, which 
could produce a high percentage of im-
purity in the fat.

Preventive measures: to avoid possi-
ble recontamination of flour or fat dur-
ing the pressing operation, the following 
preventive measures must be taken:

- Good manipulation practices will be 
followed during the pressing operation;

- Air tightness of pressing machinery 
and equipment will be ensured;

- A perfect separation between the un-
clean and clean areas will be ensured.

to avoid the contamination of fat with 
impurities, an adequate preventive main-
tenance plan for the press must be fol-
lowed.

critical control Point (ccP): From a 
microbiological point of view, this was 
not considered a ccP, since the unclean 
and clean areas are already separated in 
the plant and a rigorous cleaning and 
disinfection program is being carried out. 
Also, from a physical point of view, this 
stage was not considered a ccP, since 
the fat goes through the centrifugal de-
canter, where the impurities are reduced 
to a level below 0.15%.

stage 7. Flour grinding

two products are obtained from the 
flour press: the fat which was included 
in category 3 materials and the defat-
ted flour. the latter exits from the press 
in a compact form and with a grain size 
distribution which makes manipula-
tion difficult. to alleviate this, the flour 
is ground with a mill situated under a 
regulation silo, which, in turn, is fed by 
a worm gear from the flour press. With 
this process, the flour acquires its final 
properties and aspect before shipment. 
the grinding operation ensures a particle 
size under 50 mm, measured by a sieve 
situated at the exit of the mill.

Hazards: During this stage, as in the 
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previous one, a recontamination of the 
flour can occur if it comes into contact 
with the unprocessed category 3 materi-
als. to avoid such recontamination, the 
following measures will be followed:

- A proper preventive maintenance 
plan for the mill;

- Air tightness of milling machinery 
and equipment;

- Perfect separation between the un-
clean and clean areas.

critical control Point (ccP): this was 
not considered a ccP, since the unclean 
and clean areas are already separated 
and a rigorous cleaning and disinfection 
program is being carried out.

stage 8. Flour storage

the defatted and ground flour is 
stored in a silo, situated inside the bay, 
until it is shipped to a pet food process-
ing plant.

Hazards: In this operation the flour 
could undergo recontamination if it 
comes into contact with unprocessed 
category 3 materials. An undesirable 
microbial contamination could also oc-
cur.

Preventive measures: to avoid possi-
ble recontamination of the flour or an 
undesirable microbial contamination, 
the following preventive measures will 
be taken:

- storage under adequate hygienic 
conditions;

- Air tightness of the storage machin-
ery and equipment;

- Perfect separation between the un-
clean and clean areas.

critical control Point (ccP): this stage 
was considered a ccP, with regard to un-
desirable microbial contamination, and 
therefore the critical levels, monitoring 
systems corrective actions and records 
must be determined. note that the flour 
recontamination does not determine the 
ccP property of this stage, since, as in 
previous stages, the unclean and clean 
areas are separated, a rigorous clean-

ing and disinfection program is carried 
out and the storage elements have per-
fect air tightness.

critical levels: the microbial contam-
ination will be low, with a total absence 
of Salmonella and Clostridium perfrin-
gens.

Monitoring: An analytical control of 
the flour will be carried out by taking a 
sample for analysis twice a month.

corrective measures: In case of bac-
terial contamination, the product will be 
reprocessed in the processing plant for 
category 3 materials.

records: the corrective actions ap-
plied and all the analyses performed on 
the flour will be recorded.

stage 9. Fat depuration

All the fat from the pre-strainer and 
from the flour press passes from the in-
termediate tank to a horizontal centrif-
ugal decanter, where the solids are sep-
arated from the fat. the fat obtained, 
with an impurity content below 0.15%, 
is sent to the storage tanks.

Hazards: the main (physical) hazard 
in this stage is the presence of impuri-
ties in the fat higher than 0.15%, due to 
faulty operation of the decanter.

Preventive measures: A proper main-
tenance plan for the centrifugal decanter 
is the primary preventive measure.

critical control Point (ccP): this stage 
was considered a ccP, and therefore the 
critical levels, monitoring systems, cor-
rective actions and necessary records 
must be determined.

critical level: the critical level of an 
impurity content in the fat is less than 
or equal to 0.15%.

Monitoring system: the state of the 
centrifugal decanter will be surveyed, 
and a fat sample will be taken monthly 
at the exit, to analyze the impurity con-
tent in order to corroborate the correct 
operation.

corrective actions: When the fat pro-
duced shows an impurity content above 
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0.15%, it will be used as fuel for the 
steam boiler.

records: the preventive maintenance 
plan for the centrifugal decanter and 
the results of the fat analysis will be re-
corded.

stage 10. Fat storage

the fat obtained in the centrifugal de-
canter is stored in two 50,000 L stain-
less steel tanks until it is shipped to a 
feed processing plant.

Hazards: the main hazard is the mi-
crobial contamination of the fat due to 
incorrect hygiene in the tank or in the 
inlet to the tank. there is also a physi-
cal problem of fat contamination due to 
a variety of factors: lack of hygiene in the 
tanks, the possible entry of fat from the 
centrifuge with a high impurity content, 
or sedimentation of the fat in the tanks, 
which in turn, may alter the impurity 
content along the height gradient.

Preventive measures: the main pre-
ventive measures will be to have an ef-
fective cleaning and disinfection pro-
gram, an adequate preventive mainte-
nance program for the tanks and the 
guarantee of air tightness of the stor-
age elements.

critical control Point (ccP): this stage 
was considered a ccP, and therefore the 
critical levels, monitoring systems, cor-
rective actions and records must be de-
termined.

critical levels: the microbiological cri-
teria established for this product must 
be met: i.e., the absence of Salmonel-
la and Clostridium perfringens. Another 
critical level to consider is the impuri-
ty content, which should always be be-
low 0.15%.

Monitoring: Fat samples are taken dai-
ly for microbiological analysis. A week-
ly sample is taken for a physical-chem-
ical analysis.

corrective actions: In the case of a 
bacterial contamination or an impuri-
ty content above the allowed level, the 

fat will be reprocessed in the processing 
plant for category 3 material.

records: the corrective actions ap-
plied and the results of the fat analysis 
will be recorded.

traceability system

the HAccP system works well for 
known hazards, but when the haz-
ards are unknown, a study of the prod-
uct traceability must be carried out, 
as recommended by regulation (cE) 
178/2002. this regulation sets the ba-
sis for assuring a high level of protection 
for human health and consumer well be-
ing. It also establishes the common prin-
ciples and responsibilities, as well as 
the means for providing a solid scientif-
ic base and efficient organizational pro-
cedure upon which decision-making for 
food and feed safety is based.

the traceability system carried out 
by this company is described below, in 
complement to the implementation of the 
HAccP system.

the traceability of the processing line 
begins with the admission of the ani-
mals to the slaughterhouse where the in-
dividual traceability of the dressed car-
casses is carried out and is linked to the 
traceability of the by-products process-
ing plant. this traceability is managed 
in daily lots, so the traceability of the by-
products is known each day, from the 
stockbreeder to the final use of the car-
cass by-products. After each daily lot of 
by-products has been processed, it is di-
rected to the storage tanks or silos. the 
quantity of fat and flour produced in the 
plant is estimated from the daily slaugh-
ter through pricing. this information is 
linked to the sales of fat and flour and a 
record is kept of all the customers and 
the quantities sold. since the perform-
ance of the digester is precisely known, 
the amount of fat and flour produced in 
each batch of the digester can be deter-
mined quite accurately. Each lot that is 
ready for sale is assigned a code which 
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appears on the shipping document that 
shows the daily lot information and the 
amount stored. In the case of a health 
crisis that requires the withdrawal of the 
lot, the lots from the previous and sub-
sequent day will also be withdrawn or di-
rected to a treatment plant for category 
1 material, as a safety margin.

therefore, all the fat and flour sales 
are identified with a lot code, which is 
the date when the by-products went to 
the treatment plant, i.e. the day when the 
animals were slaughtered. this coincides 
with the lot code which appears on the 
delivery note of the by-products.

As regards tsEs, traceability in the 
slaughterhouse is carried out individ-
ually for each dressed carcass, so it is 
impossible that by-products originating 
from tsE-contaminated animals could 
be admitted into the plant. neverthe-
less, analyses are carried out daily by 
the health authorities and are received 
before the sale of any lot; the informa-
tion can be used in case of any problem 
or doubt.

In conclusion, the carcasses are indi-
vidually identified when the animals are 
slaughtered. the category 3 by-products 
go to the processing plant and generate 
a batch of fat and flour. the traceabili-
ty of that batch is kept until shipping, 
by using the data from the fat and flour 
yields and the stored quantities. A lot 
code with the slaughter date is given at 
the time of shipping and printed on the 
delivery note. the slaughterhouse keeps 
a daily record of the quantities produced, 
stored and shipped.
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AbstrAct

Microbiological quality and safety at-
tributes of Galotyri, a traditional Greek 
soft acid-curd cheese of Protected De-
nomination of origin, were evaluated. 
Fresh retail cheese (12 batches) man-
ufactured at either an industrial or ar-
tisan scale contained lactic acid bacte-
ria at levels of 8 log cfu/g, while pseu-
domonads, enterobacteria and coagu-
lase-positive staphylococci were <2 log 
cfu/g and Salmonella spp. were ab-
sent in 25 g of cheese. However, one in-
dustrial and two artisan batches har-

rIAssunto

sono state studiate la qualità e la si-
curezza microbiologica del Galotyri, un 
formaggio DoP Greco molle a coagula-
zione acida. I formaggi freschi vendu-
ti al dettaglio (12 lotti), prodotti sia su 
scala industriale sia artigianale, con-
tenevano, su 25 g di campione, batte-
ri lattici a livelli di 8 log cfu/g, mentre i 
livelli di Pseudomonas, enterobacteri e 
stafilococci positivi alla coagulasi era-
no <2 log cfu/g, mentre i ceppi di Sal-
monella spp. erano assenti in 25 g di 
formaggio. tuttavia un lotto industria-
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boured Listeria monocytogenes. Arti-
san cheese had higher (P<0.05) ente-
rococci, enterobacteria and yeast pop-
ulations than the respective industrial 
cheese. When stored aerobically at 4°c, 
none of the Galotyri cheese was sta-
ble for more than two weeks; surface-
growing yeasts were the main spoilage 
agents under simulated retail distribu-
tion and storage conditions. Although 
natural Listeria contaminants at the 
time of purchase (<10 cfu/g) were un-
detectable by culture enrichment after 
7 days of cheese storage at 4°c, this 
survey indicated that commercially 
marketed Galotyri may contain low vi-
able counts of L. monocytogenes. this 
should be a concern to cheese manu-
facturers and consumers; the hygienic 
measures along the processing line and 
the current practice in most Greek dair-
ies to minimize or reduce ripening and/
or in-plant chill-holding times of fresh-
ly prepared Galotyri should be careful-
ly reconsidered.

le e due artigianali ospitavano Listeria 
monocytogenes. I formaggi artigiana-
li presentavano livelli maggiori di en-
terococci, enterobatteri e lieviti rispet-
to ai formaggi prodotti su scala indu-
striale. Quando conservati a 4°c in pre-
senza di ossigeno nessuno dei formag-
gi Galotyri risultava stabile per più di 
due settimane; i lieviti cresciuti sulla 
superficie dei formaggi rappresentava-
no il principale deterioramento in una 
simulata vendita al dettaglio ed in con-
dizioni di stoccaggio. sebbene il conta-
minante naturale Listeria al momento 
dell’acquisto (<10 cfu/g) risultava non 
rilevabile dalla coltura di arricchimento, 
dopo 7 giorni di stoccaggio del formag-
gio a 4°c questa scoperta indicava che 
il Galotyri commercializzato può conte-
nere conte poco vitali di L. monocytoge-
nes. Questa osservazione dovrebbe es-
sere una preoccupazione dei produtto-
ri e dei consumatori; nella maggior par-
te dei caseifici Greci dovrebbero essere 
riconsiderate le misure igieniche lungo 
la linea di processo e le procedure cor-
renti per minimizzare o ridurre la ma-
turazione e/o i tempi di conservazione 
a freddo di Galotyri appena preparato 
nell’impianto.

IntroDuctIon

cheeses of Protected Denomination 
of origin (PDo) or registered Designa-
tion of origin (rDo) are authentic tra-
ditional dairy products characterised 
by desirable microecological complexi-
ty and biodiversity. they generally have 
a high sensorial quality, and proba-
bly have greater probiotic potential in 
the human gut compared to industrial 
cheeses. In addition, PDo/rDo chees-
es are economically, socially and cul-
turally important foods in Europe, par-
ticularly in Italy, Greece, France, spain 

and the other Mediterranean countries. 
For this reason there is increasing inter-
est in microbiological research of these 
cheeses (tsAKALIDou et al. 1998; HAtZ-
IKAMArI et al., 1999; bIZZArro et al., 
2000; bouton et al., 2002; DI cAGno et 
al., 2004; DutHoIt et al., 2005; PIrAIno 
et al., 2005).

Galotyri is one of the 20 Greek chees-
es that currently have PDo recognition 
(Anon., 2004); it is traditionally pro-
duced in the regions of Epirus and thes-
saly. It is a clean-white, typically acid-
curd, spreading cheese that has no sur-
face skin, eyes or cracks. Its maximum 
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permitted water content is 75% and its 
minimum permitted fat content in dry 
matter is 40% (Anon., 1994). It has a 
pleasant, slightly acidic, refreshing taste 
and aroma, and is made from ewes’ or 
goats’ milk, or their mixtures. the milk 
should be collected from breeds raised 
in the above-mentioned regions, at least 
10 days after giving birth, and should be 
of good quality, full fat, raw or pasteur-
ised. Addition of rennin, enzymes, edible 
sea salt, and lactic acid bacteria (LAb) 
starters is allowed; however, addition of 
condensed milk, milk powder, milk pro-
teins, casein salts, colourings, and pre-
servatives is prohibited (Anon., 1994). 
the traditional manufacturing method of 
Galotyri and its current modifications to 
adopt modern processing practices and 
satisfy economic needs in Greek dairy 
plants have been reported (roGGA et al., 
2005). briefly, the commercial Galotyri 
currently found in the Greek market is 
a fresh (non-ripened) acidic (pH ca. 4.0), 
moist (ca. 75% water), and low salt (<2% 
nacl) soft cheese (roGGA et al., 2005), 
while the traditional artisan cheese is re-
ported aged, drier (ca. 70%) and saltier 
(ca. 3%); it used to be ripened in leather 
sacks or barrels for up to 3 months be-
fore consumption (ZYGourIs, 1952; An-
IFAntAKIs, 1991; Anon., 1994).

Although Galotyri is one of the old-
est Greek cheeses (AnIFAntAKIs, 1991), 
there has been little research on its 
microbiology in relation to its shelf life, 
safety, probiotic potential and sensory 
quality. there are no data in the liter-
ature regarding the microbial and safe-
ty qualities of Galotyri. recent stud-
ies in our laboratory have shown that 
important pathogens, such as Liste-
ria monocytogenes and Escherichia coli 
o157:H7, which are frequently carried 
on small ruminants and transmitted to 
milk processing plants, may tolerate Ga-
lotyri acidity and survive during retail 
storage under refrigeration (4°c) or abu-
sive temperature (12°c) conditions (roG-
GA et al., 2005; LEKKAs et al., 2006). be-

cause the raw milk for Galotyri produc-
tion was traditionally boiled, and now-
adays it is pasteurized in most dair-
ies, cross contamination with the above 
pathogens is more likely to occur after 
heating. For instance, the heated milk 
may be cross-contaminated from natu-
ral starters that may contain pathogen 
survivors, or the curdled milk may be 
cross-contaminated from dirty utensils, 
cheese clothes, drainers and/or contain-
ers, or from various other contamination 
sources. therefore, the aim of this study 
was to evaluate the microbial and safe-
ty qualities of commercial PDo Galotyri 
cheeses marketed in Epirus, Greece, and 
their shelf-life and safety during aerobic 
storage at 4°c.

MAtErIALs AnD MEtHoDs

Galotyri cheese samples

samples of commercially manufac-
tured Galotyri were purchased from the 
retail outlets of two local dairy plants, A 
and b, and were from cheese lots ready 
for distribution in the market after a 
short (4-5 days) holding period at 4°c. 
retail samples represented twelve com-
mercial batches, six of which were man-
ufactured in plant A, which is an in-
dustrial plant, while the other six were 
manufactured in plant b, a small tradi-
tional dairy producing artisan cheeses. 
both types of Galotyri, hereafter named 
industrial or artisan, were produced 
from ewes’ milk. standard manufactur-
ing practices were used in both plants; 
commercial (plant A) or natural (plant b) 
starters were added to the milk after pas-
teurization at 72°c for 15 sec or heating 
to 85°-90°c according to the traditional 
method, and cooled to 30°-35°c. sam-
ples were received in insulated polysty-
rene boxes, divided into 500 g portions 
in 1 kg flex plastic containers with a lid 
used for retail distribution of Galotyri, 
and stored at 4oc. samples were tak-
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en to the laboratory for microbiological 
analyses and pH determination on the 
day of transport (day 0 of storage) and at 
days 3, 7, 14, 21 and 28 of storage. the 
pH was measured with a crison digital 
pH meter (model Micro-pH 2001, Alella, 
spain) equipped with a glass electrode, 
which was immersed in the soft cheese 
mass after sampling for microbiological 
analyses, as described below.

Microbiological analyses

cheese samples (25 g) were trans-
ferred aseptically to stomacher bags, 
225 mL of 0.1% w/v buffered peptone 
water (bPW; Merck, Darmstadt, Germa-
ny) were added and the mixture was ho-
mogenised in a stomacher (Lab blend-
er, seward, London, uK) for 60 sec at 
room temperature. serial decimal dilu-
tions in 0.1% bPW were prepared and 
duplicate 1 or 0.1 mL samples of appro-
priate dilutions were poured or spread 
on agar plates. unless otherwise stated, 
all media and supplements were pur-
chased from Merck. total viable counts 
(tVc) were determined on casein-pep-
tone, soymeal-peptone (cAso) agar with 
0.6% yeast extract, incubated at 30°c 
for 72 h; lactic acid bacteria (LAb) on de 
Man, rogosa, sharpe (Mrs) agar, incu-
bated at 30°c for 72 h under anaerobic 
conditions (GasPack system, bbL, bec-
ton Dickinson, sparks, MD, usA); pre-
sumptive lactococci on M-17 agar, incu-
bated at 37°c for 48 h; enterococci on 
kanamycin aesculin azide agar, incubat-
ed at 37°c for 48 h; pseudomonads on 
Pseudomonas agar base (LAb M, bury, 
Lancashire, uK) supplemented with ce-
phalothin-fucidin-cetrimide (cFc; sup-
plement X108, LAb M), incubated at 
25°c for 48 h; total enterobacteria on vi-
olet red bile glucose agar, overlayed with 
5 mL of the same medium and incubat-
ed at 37°c for 24 h; coagulase-positive 
staphylococci on baird-Parker agar base 
with egg yolk tellurite, incubated at 37°c 
for 48 h, followed by rapid confirmato-

ry testing for agglutination (staph Mi-
croscreen, Microgen bioproducts, cam-
berley, uK) of the colonies showing lec-
ithinase activity; yeasts on rose bengal 
chloramphenicol agar, incubated at 25°c 
for 5 d. the lowest detection limit of the 
above analyses was 1 and 2 log cfu/g for 
the poured (LAb and enterobacteria) and 
spread (all other microbial types) agar 
media, respectively.

the electivity of the above microbio-
logical media was checked with appro-
priate rapid tests according to sAMELIs et 
al. (1998). specifically, the types of pre-
dominant LAb grown on cAso, Mrs and 
M-17 agar plates were tentatively char-
acterized by checking for gram-positive 
and catalase-negative reactions of the 
colonies. Five LAb colonies were then 
randomly isolated from each of count-
able Mrs and M-17 plates per batch; 
this resulted in a total of 120 isolates, 
60 from the six industrial batches and 
another 60 from the six artisan batch-
es. All isolates were checked for cell mor-
phology by phase contrast microscopy, 
growth at 15° and 45°c, growth in 2, 4 
or 6.5% nacl, and gas production from 
glucose and arginine hydrolysis (sAME-
LIs et al., 1998).

the presence of Salmonella and Lis-
teria spp. was determined by culture 
enrichment of 25 g cheese samples in 
appropriate broth media followed by 
streaking on selective agar media and 
confirmation of 3 to 5 typical colonies by 
the API 20E or the API Listeria identifi-
cation kits (bioMerieux, Marcy l’Etoile, 
France), respectively (sAMELIs et al., 
1998; roGGA et al., 2005). culture en-
richment for the detection of natural-
ly occurring salmonellae and listeriae 
was done in all cheese batches at day 0 
of storage. cheeses were also analyzed 
in parallel by direct plating, particu-
larly for Listeria: 1 mL of the first dilu-
tion in 0.1% bPW of each cheese sam-
ple was plated on tetraplicate PALcAM 
agar plates, by spreading 0.25 mL/
plate, to achieve a detection limit of 10 
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cfu/g (roGGA et al., 2005); when after 
incubation at 30°c for 48h no typical 
Listeria colonies were detected on those 
tetraplicate plates, Listeria counts were 
<10 cfu/g and their survival was mon-
itored by culture enrichment. only Lis-
teria- or Salmonella-positive batches at 
day 0 were further evaluated for surviv-
al/growth of the pathogens during stor-
age at 4°c.

statistical analysis

A total of 12 commercial (6 industri-
al and 6 artisan) Galotyri batches were 
analyzed. For each cheese type, storage 
trial experiments were replicated at least 
twice by analyzing duplicate samples per 
replicate. Microbiological counts were 
converted to log cfu/g and subjected to 
analysis of variance along with the pH 
values (statistical Graphics corp., rock-
ville, IL, usA). Means and standard devi-
ations were calculated, and when F-val-
ues were significant at the P<0.05 lev-
el, mean differences were separated by 
the Least significant Difference (LsD) 
procedure.

rEsuLts AnD DIscussIon

Microbiological attributes
of commercial Galotyri cheeses
and their shelf-life at 4°c

Populations of LAb in commercial Ga-
lotyri cheeses at purchase ranged from 
7.5 to 8.1 log cfu/g on M-17 and Mrs 
agar plates, while the total viable counts 
(tVc) enumerated on cAso agar plates 
were at similar levels (table 1). there were 
no significant differences (P>0.05) be-
tween the industrial and artisan chees-
es with regard to the populations of LAb 
grown on each of the above media. How-
ever, there were major differences in the 
predominant LAb groups in each cheese 
type, which were probably due to the dif-
ferent type of starters used in each plant. 
specifically, the vast majority (96.7%) of 
the 60 isolates from either Mrs or M-
17 agar plates of the industrial Galo-
tyri cheeses were homofermentative, ar-
ginine-negative, thermophilic (growth at 
45°c; not at 15°c) cocci in chains, which 
showed weak or no growth in Mrs broth 
with 2% salt; thus, they were thermophil-

table 1 - Microbial populations (log cfu/g) present in commercial PDo Galotyri cheeses at the time of 
purchase from retail outlets of plant A (industrial) and plant b (artisan).

Microorganism	 Galotyri	cheese	type

	 Industrial	 Artisan

Total	viable	count	 8.03±0.33a	 7.87±0.33a

Lactic	acid	bacteria	(MRS	agar;	30°C)	 7.55±0.88a	 7.58±0.74a

Lactic	acid	bacteria	(M-17	agar;	37°C)	 8.11±0.49a	 8.01±0.56a

Enterococci	 <2.00b	 4.62±1.00a

Enterobacteria	 <1.00b	 1.66±1.19a

Pseudomonads	 <2.00a	 <2.00a

Coagulase-positive	staphylococci	 <2.00a	 <2.00a

Yeasts	 2.93±0.78b	 4.79±0.98a

Salmonella spp.	 0/6	 0/6
Listeria spp./Listeria monocytogenes	 1/6*	 2/6*

Mean	values	±	s.d.	of	6	commercial	batches	per	cheese	type.
Means	in	each	row	with	a	different	superscript	letter	differ	significantly	(P<0.05).
For	Salmonella and Listeria (detection	by	culture	enrichment	per	25	g	of	cheese):	Number	of	positive	batches/number	
of	batches	tested.	The	asterisk	indicates	detection	of	L. monocytogenes	by	the	API	method.
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ic dairy streptococci, probably Streptococ-
cus thermophilus. In contrast, the respec-
tive agar plates of the artisan cheese sam-
ples contained mainly homofermentative, 
arginine-negative mesophilic (growth at 
15°c; not at 45°c) lactobacilli (66.7% of 
the 60 isolates) and lactococci (26.7%), 
which were able to grow in 4 and 6.5% 
salt. Gas-producing LAb groups made-
up a minor part of the technological flo-
ra in both the industrial (3.3%) and the 
artisan (6.6%) Galotyri, and were repre-
sented by few isolates of Leuconostoc-
like bacteria (arginine-negative elongat-
ed cocci which grew at 15° and 45°c and 
in 6.5% salt). Interestingly, thermophilic 
dairy lactobacilli were not isolated from 
either type of Galotyri cheese, suggest-
ing that this group might have been sub-
dominant or absent. In fact, populations 
of thermophilic lactobacilli might have 
been overtaken by mesophilic lactobacil-
li on the Mrs agar plates used for colo-
ny isolation following their incubation at 
30°c, and not at 37°c which is a more 
favourable growth temperature for ther-
mophilic lactobacilli.

Psychrotrophic milk spoilage bacteria, 

such as pseudomonads, were <2 log cfu/
g in all the samples at the time of pur-
chase (day 0), probably because of their 
increased sensitivity to the acid pH of the 
cheese. conversely, yeast populations 
were considerably higher in the artisan 
cheeses (P<0.05) than in the industrial 
cheeses (table 1).

Populations of LAb did not undergo 
major changes (P>0.05) during storage 
at 4°c when enumerated on M-17 (Fig. 1) 
or Mrs agars, or as tVc on cAso agar 
plates (data not shown). Pseudomonads 
and closely-related gram-negative psy-
chrotrophic milk spoilage bacteria re-
mained <2 log cfu/g of cheese through-
out storage (data not shown). Yeasts were 
the only microorganisms that grew sig-
nificantly (P<0.05) in both types of com-
mercial Galotyris, exceeding 7 log cfu/
g after 14 to 21 days of storage at 4°c 
(Fig. 1). Yeast growth was associated 
with an increase in pH of the artisan 
cheese from pH 4.1±0.1 by day 14 to pH 
4.4±0.2 by day 28 of 4°c storage. the pH 
of the industrial cheese remained at 3.8-
4.0 throughout the storage time. Yeast 
growth in both cheeses resulted in slimy 

Fig. 1 - changes in populations of lactic acid bacteria enumerated on M-17 agar (circle) and yeasts 
(square) during storage at 4°c of commercial Galotyri cheeses purchased from the retail outlets of in-
dustrial (opened) and artisan (closed) Greek dairy plants. Values are the means ± s.d. of two replicate 
cheese storage trials with two samples analyzed per replicate (n = 4).
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yellowish yeast colonization spots on the 
cheese surface, which initiated at 14 and 
21 days at 4°c in the artisan and indus-
trial cheeses, respectively. the artisan 
and industrial cheese samples became 
macroscopically unfit for human con-
sumption after 21 and 28 days, respec-
tively. It was concluded that neither type 
of Galotyri was stable for more than two 
weeks when stored aerobically at 4°c.

these results indicate that commer-
cial Galotyris, either industrial or arti-
san products, at the time of purchase 
contained viable LAb populations (ca. 8 
log cfu/g) that were well above the min-
imum levels (6 to 7 log cfu/g) required 
for milk products with an active bene-
ficial flora, such as yoghurt (IDF, 1992; 
MArAGKouDAKIs et al., 2006). Further 
results showed that the greatest differ-
ences in the technological LAb flora be-
tween the industrial and artisan chees-
es were compositional rather than nu-
merical. the fact that thermophilic dairy 
streptococci were contained almost as 
a mono-culture in all of the industrial 
cheese samples suggested that plant A 
always uses a commercial, single-strain 
dairy starter, probably S. thermophilus. 
conversely, the natural starter prepara-
tions used to make artisan Galotyri in 
plant b were mainly mesophilic lacto-
bacilli and lactococci. Mesophilic LAb 
species have been found to be dominant 
in many other artisan cheeses and gen-
erally dominate during ripening (HAtZ-
IKAMArI et al., 1999; DE AnGELIs et al., 
2001; PIrAIno et al., 2005). Additional 
biochemical and molecular studies are 
in progress in our laboratory to identi-
fy the LAb isolates from Galotyri at the 
species level and determine their origin 
(e.g., the milk, the starters used, the 
plant equipment, etc.).

Hygienic quality and safety
of commercial Galotyri cheeses

With regard to the bacteria associated 
with plant hygiene, artisan cheeses gen-

erally contained significantly (P<0.05) 
higher populations of enterococci and 
enterobacteria than the respective in-
dustrial cheeses, while populations of 
coagulase-positive staphylococci were 
<100 cfu/g, and salmonellae were ab-
sent in 25 g of all the batches at day 0 
(table 1). subsequently the number of 
these bacteria remained below or close to 
the above-cited levels throughout storage 
(data not shown). based on these find-
ings, the hygienic quality of commer-
cial Galotyri cheeses was in compliance 
with the microbiological criteria of the 
most current Ec regulation 2073/2005 
for cheese products, with the industrial 
cheese being slightly better than the ar-
tisan cheese. In particular, total entero-
bacterial counts in 83% of the batch-
es tested were <100 cfu/g, which is the 
lowest level permitted for Escherichia 
coli in cheeses made from pasteurized 
milk. the coagulase-positive staphylo-
cocci were always below the highest per-
mitted level (100 cfu/g) in soft non-rip-
ened cheeses made from pasteurized or 
boiled milk. these results, along with the 
absence of Salmonella from all cheeses, 
were positive safety indices. Enterococ-
ci never exceeded 6 logs in the artisan 
Galotyri. similar or higher enterococcal 
populations are often found in tradition-
al Greek cheeses (tZAnEtAKIs and LIto-
PouLou-tZAnEtAKI, 1992; HAtZIKAMArI 
et al., 1999; sArAntInoPouLos et al., 
2001). there are still some safety con-
cerns and scientific controversy with re-
gard to the risks versus the benefits from 
the prevalence of enterococci in cheese 
(FrAnZ et al., 1999; FouLQuIE MorEno 
et al., 2006), and their potential for safe 
use as starter and/or protective anti-lis-
terial cultures in traditional cheeses (GI-
rAFFA, 1995; cEntEno et al., 1999; LAu-
KoVA and cZIKKoVA, 2001; sArAntInoP-
ouLos et al., 2002). Additional studies 
are needed to evaluate the significance, if 
any, of enterococci in artisan Galotyri.

In this survey, the only safety con-
cern was the detection (by culture en-
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richment, not by direct plating) of L. 
monocytogenes in 3 of the 12 commer-
cial cheese batches analysed, including 
one industrial batch (table 1). specifi-
cally, 8 out of 12 total listerial colonies 
picked post-enrichment from PALcAM 
plates of naturally contaminated batch-
es were identified as L. monocytogenes 
by the API method; the remaining colo-
nies were Listeria innocua. Low detecta-
ble levels (<10 cfu/g by direct plating) of 
natural Listeria contaminants in those 
fresh cheeses were undetectable by cul-
ture enrichment after 7 days of storage 
at 4°c (data not shown). this positive 
result, however, should not lessen the 
concern associated with the presence of 
viable L. monocytogenes cells in 25% of 
cheese samples at purchase (table 1). It 
appears that L. monocytogenes frequent-
ly contaminates Galotyri post-process-
ing, which may indicate a poor hygienic 
level even at the industrial plants. Liste-
ria spp., particularly L. monocytogenes, 
should not be present on the cheese 
processing lines in plants that apply 
effective cleaning procedures and use 
sanitation tools implemented in HAccP 
programs. If not, this is the first safe-
ty measure that should be taken. Addi-
tional tools should then be used, such 
as monitoring of moisture and salt con-
tent in cheese, use of effective starter or 
protective cultures or natural antimicro-
bials, ripening of cheeses, etc. based on 
this survey, (i) measures should be tak-
en to minimize L. monocytogenes from 
fresh cheese, and (ii) the common prac-
tice should be reconsidered to mini-
mize or reduce ripening and/or in-plant 
chill-holding times of Galotyri in most 
Greek dairies. survival of L. monocy-
togenes may be enhanced in fresh acid-
curd cheeses that have a higher mois-
ture and lower salt content, regardless 
of their low pH. Indeed, previous chal-
lenge studies have shown survival of L. 
monocytogenes in cottage cheese, the 
best known acid-curd cheese (HIcKs 
and LunD, 1991; PIccInIn and sHELEF, 

1995). More recently, it was shown that 
artificially inoculated (3 log cfu/g) L. 
monocytogenes could survive for up to 
28 d at 4°c in non-ripened industrial 
(pH 3.8) and artisan (pH 4.0) Galotyris, 
which had 76-77% moisture and 1.8% 
salt (roGGA et al., 2005) as compared to 
ca. 70% moisture and 3-4% salt report-
ed for traditionally ripened Galotyri (AnI-
FAntAKIs, 1991; Anon., 1994). It should 
be stressed, however, that L. monocy-
togenes survived the 100-fold artificial 
contamination of Galotyri (roGGA et al., 
2005) compared with the natural con-
tamination (<10 cfu/g) with the path-
ogen in this study. Moreover, accord-
ing to the new 2073/2005 Ec micro-
biological regulatory criteria, 100 cfu/
g of L. monocytogenes is considered the 
safe limit in all ready-to-eat foods with a 
pH≤4.4, such as Galotyri, because these 
foods do not support growth of the path-
ogen during storage. Although the ob-
served death of L. monocytogenes in Ga-
lotyri after one week at 4°c storage con-
firmed the above regulation, we main-
tain that efforts in the cheese plants 
should continue to minimize the pres-
ence of L. monocytogenes in commercial 
Galotyri at the time it is to be sold. If vi-
able cells of the pathogen survive in the 
fresh cheese, there is a potential scenar-
io for the recovery and growth of such 
dormant L. monocytogenes cells as the 
pH increases in spoiling cheese during 
aerobic storage. Indeed, the commer-
cial shelf-life of fresh Galotyris when 
sold unpacked in retail, and then stored 
in domestic refrigerators was shown to 
be limited, with yeasts being the main 
spoilage agents (Fig. 1). Yeasts general-
ly increase the pH of acid foods at spoil-
age and may create micro-environments 
of pH>4.4 underneath their coloniza-
tion spots on Galotyri surface where L. 
monocytogenes survivors may recover 
and increase before the cheese is con-
sidered unfit for consumption. this po-
tential risk needs to be addressed in fu-
ture studies. Further research is also 
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needed to study the microbial dynam-
ics of the main LAb, yeast or other spe-
cies involved in artisan Galotyri, deter-
mine their technological role and poten-
tial probiotic activities, and better mon-
itor industrial manufacturing processes 
in order to preserve traditional sensori-
al characteristics of this popular Greek 
PDo cheese.
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AbstrAct

A new laboratory method is dis-
cussed for monitoring phenolic qual-
ity in grape during maturation in the 
vineyard. spectroscopy on whipped 
grapes was used to determine an index 
of phenolic maturity (Phenolic Maturi-
ty trend - PMt) derived from the elab-
oration of the reflectance signals from 
six light emitting diodes in the spectral 
range 525-880 nm. the PMt index al-
lows the trend of the overall maturity 
of polyphenols in grape berries to be 
qualitatively defined in laboratory and 

rIAssunto

In questo lavoro di laboratorio viene 
studiata una metodica nuova per il mo-
nitoraggio della qualità fenolica dell’uva 
nel corso della maturazione. Attraverso 
una apparecchiatura spettroscopica si 
giunge alla determinazione, direttamen-
te sul frullato di acini, di un indice di 
maturità (Maturity trend) ricavato dal-
l’elaborazione dei segnali di riflettanza 
provenienti da sei leds nel range spet-
trale compreso tra 525 e 880 nm.

L’indice Mt consente di definire qua-
litativamente, in laboratorio, l’anda-



��  Ital. J. Food Sci. n. 1, vol. 19 - 2007

supplies information equivalent to that 
obtained with the traditional methods 
used to identify polyphenols. since the 
method does not require polyphenol ex-
traction, many more analyses can be 
done daily.

mento di maturazione globale delle so-
stanze polifenoliche contenute nelle 
bacche, fornendo informazioni equiva-
lenti a quelle ottenute con le metodiche 
tradizionali in uso per la determinazio-
ne dei polifenoli. La metodica non pre-
vede l’utilizzo di alcun estraente né tem-
pi di preparazione del campione, e con-
sente così di aumentare notevolmente 
il numero di analisi giornaliere.

IntroDuctIon

Methods for defining grape quality and 
determining the harvesting date are of 
fundamental importance for the enolo-
gist. In recent years, methods have been 
proposed and developed to meet these 
needs.

there are two main types of methods 
to evaluate maturity, one refers to the 
sensorial characteristics and the other 
to the analytical characteristics of the 
grapes. Approaches also exist which ex-
ploit plane and satellite imaging of the 
physiological state of the vineyard, with 
special spectrometric systems which an-
alyse the signal coming from the surfac-
es of the leaves (JoHnson et al., 1996; 
PErnEt et al., 2003). this approach gives 
information on the state of leaf nutrition 
and, indirectly, the maturity level of the 
grapes. However, this approach, which 
has not yet been fully developed, requires 
specialised personnel training and cost-
ly instruments. Furthermore, the plane 
and satellite system only provides gen-
eral information on the maturity level, 
without giving significant details about 
the grape composition.

one of the two most widely used cate-
gories of analysis is the sensorial one. It 
involves testing the grapes during matu-
ration and evaluating the principal orga-
noleptic characteristics in order to decide 

the date of harvest and for other tech-
nological purposes (DELtEIL and rous-
sEAu, 2000). the limitations of this ap-
proach are the sample size and the high 
number of judges required. these prob-
lems can be overcome by employing spe-
cialised personnel.

there are many laboratory proce-
dures including some systems that ana-
lyse only a single analyte and those that 
evaluate groups of molecules with over-
all analytical indexes (chromatography, 
electro-analysis, infrared, etc.). the use 
of a light source in Ir has been widely 
used in the food sector (bELton et al., 
1995; PEArson, 1999; bAuGMArtnEr et 
al., 2001; DAMbErGs et al., 2003; 2006) 
and more recently in the enological sec-
tor for the qualitative determination of 
some compounds in musts and wines 
(bErGEr et al., 2003; bouVIEr, 2001; 
coPE, 2000; DubErnEt et al., 2000a, b, 
2001; PAtZ et al., 1999; roussEAu et 
al., 2002). the analyses are always car-
ried out on samples of juice obtained 
from grapes after separation from the 
solid matrix, or after skin and pips have 
been removed by centrifugation (bErG-
Er and HucHEttE, 2003; GrAnDJEAn et 
al., 2004). some experimental applica-
tions use infrared spectroscopy for non-
destructive analyses for the appraisal of 
the polyphenols (DEssEIGnE et al., 2003; 
DEssEIGnE, 2005; roussEAu, 2003). 
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spectrophotometry is also used in uV 
and VIs-transmittance approaches af-
ter extraction of the phenolic fractions 
(DI stEFAno et al., 1991; GLorIEs and 
AuGustIn, 1993; PEYron, 1998; cELot-
tI et al., 1999; cELottI and cArcErErI, 
2000; MAttIVI et al., 2003).

the first analytical approaches were 
aimed at studying the content and type 
of polyphenols present in the grapes (DI 
stEFAno et al., 1991) and their extract-
ability (sInGLEton and DrAPEr, 1964; 
rIbÉrEAu-GAYon, 1971). other meth-
ods have since been developed to clas-
sify the grapes (GLorIEs and AuGustIn, 
1993; GrAY et al., 1997) in an attempt 
to develop the maceration methods dur-
ing vinification.

these methods, some of which are 
very complex and not very practical, ei-
ther economically or for the timely use 
of the information, have been combined 
with faster and more economical ways 
of testing phenol maturity.

Most of these methods evaluate the 
anthocyanin content by decolouration 
(GLorIEs, 1984), after suitable extrac-
tion of the samples. the type of sample, 
solvent and extraction time varies from 
method to method but the evaluation of 
the decolouration by transmittance spec-
trophotometry is the same and is mainly 
limited to anthocyanin content.

Analysis times can be very long and 
depend on: 1) the type of sample e.g. a 
homogeneous sample of whole grapes 
or analysis of skins, pulp and pips sep-
arately; 2) the mode of action of the ex-
tractant: alcoholic, acidic, or enzymat-
ic; 3) the length of time of the extraction, 
which may take several hours.

the information obtained from the 
various indexes is precise enough but 
requires lengthy and laborious proce-
dures. the indexes give quantitative in-
dications, even of the single analytes 
when suitable calibration curves are 
used, and qualitative information about 
the trends of the phenol accumulation 
in the grapes.

the results can be used by the viti-
culturist and enologist to determine the 
time of maximum polyphenol accumula-
tion in order to decide the best date for 
the grape harvest.

the method proposed by GLorIEs 
(1993) is the most widely used method, 
despite some deficiencies in both the 
original procedure and in that modified 
according to the requirements of the lab-
oratories. the type of sample (whipped 
grapes) also allows it to be used in the 
wineries, where the process of skin-pulp 
separation (PEYron, 1998; MAttIVI et 
al., 2003) is impractical. Although the 
analysis is simple, the amount of work 
involved and the extraction times do not 
allow a large number of samples to be 
analysed daily.

In order to rectify these drawbacks, an 
attempt was made to develop a laborato-
ry method that could produce the same 
qualitative information as that obtain-
able with these methods, but with sim-
ple sample preparation and faster times. 
therefore the aim of this study was to 
determine the curves of accumulation 
of total polyphenols in grapes.

From the experience gained during 
the optimisation of colourimetric read-
ing procedures for the on-line determi-
nation of an index of Phenolic Quality 
(PQ) of the grapes at delivery (cELottI 
and cArcErErI, 1999; 2000; cELottI 
et al., 2001), laboratory and field equip-
ment were developed to be used for the 
rapid determination of phenolic maturi-
ty in the vineyard. the aim was to obtain 
quick and precise estimation of the phe-
nolic potential of red grapes to be used 
for agronomic and technological purpos-
es in the winery.

MAtErIALs AnD MEtHoDs

the equipment used consisted of a 
series of leds (light emitting diodes) cov-
ering the reflectance spectrum between 
525 and 880 nm. spectrophotometry, 
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which exploits measurement principles 
in the field of reflectance, can be used 
to carry out measurements on cloudy 
liquids. therefore colourimetric infor-
mation can be obtained from unrefined 
matrixes without any prior treatment of 
the samples.

unlike all the other methods used so 
far, the measurements were carried out, 
directly on the whipped grape berries. 
All the information from each of the leds 
was suitably analysed by a photodiode, 
weighted and calibrated until the same 
information was obtained as that from a 
classical polyphenol extraction curve.

sample preparation

Grape samples were made up of batch-
es of 300 intact berries without stems, 
that were whipped immediately after 
harvesting.

the laboratory preparation procedure 
was standardised as follows: 200 g of 
grape berries were whipped, while the 
rest were centrifuged for the analyses of 
pH, total acidity and sugar content.

A normal kitchen mixer was used and 
the equipment parameters were stand-
ardised (treatment time was two min-
utes, sample loading was always at the 
same level, constant and at standard 
speed for two minutes) in order to guar-
antee the repeatability of the operation 
and to grind the whole grapes homoge-
neously.

Approximately 35 g of the whipped ber-
ries were used for the reflectance analy-
sis, while the remainder, approximately 
25 g, were used for the reference analyses 
that included extraction using solvents 
at pH 1.0 and pH 3.2 (according to GLo-
rIEs and AuGustIn, 1993) and methanol 
acidified to 1% with Hcl (cELottI et al., 
1999). After extraction and separation of 
the solid particles, the anthocyanins were 
analysed by decolouration with so2 and 
total phenols by Abs 280 nm.

the equipment used for the reflectance 
analysis consists of an optical body on 

which six leds are mounted which direct 
their light rays onto a surface upon which 
a glass cuvette (volume 35 mL) is placed. 
the cuvette has a lid to avoid any inter-
ference from external light. the entire ap-
paratus is connected to a computer.

A standard volume of whipped berries 
was placed in the cuvette and a reading 
of the reflectance generated by each led 
was taken using a photodiode. the time 
between sample treatment and reading 
was less than a minute and the reading 
of the reflectance from the sample took 
just a few seconds.

rEsuLts AnD DIscussIon

Light source calibration

the equipment was calibrated by in-
serting two discs, one grey and one 
black, in the cuvette to be used as a 
background scale, in order to obtain a 
standardised and repeatable optimal 
electrical tension for the various leds. 
the calibration process was carried out 
using whipped grape berries of the va-
rieties analysed, diluted with a whipped 
sample of white grapes, so that the nat-
ural evolution of polyphenols was repro-
duced from veraison to maturity (gradi-
ent). the response of each led was then 
compared with the variations in the per-
centage of red grapes maturation and the 
complete spectra of the signal traceable 
to these percentages (Fig. 1).

After correcting the incoming signal for 
the effect of darkening, using the ratio be-
tween each signal and the sum of all the 
signals (Fig. 2), it was possible to study the 
complete spectra for each percentage and 
analyse the signals in their entirety.

Percentages of white grapes were add-
ed to the red grapes being tested, start-
ing with a concentration of 100% of the 
red grapes, until reaching the concentra-
tion of 50%, in six or seven steps.

the red grape concentrations varied 
approximately as follows: 100, 90, 85, 
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table 1 - Main parameters of multiple regression applied to reflectance signals of different leds.

Cultivars	 	Multiple	R2	 R2	 Adjusted	R2	 Beta

Cabernet	Sauvignon	 0.8724		 0.7612		 0.7346		 880	nm:	1.4
	 	 	 	 620	nm:	-0.93
	 	 	 	 565	nm:	-3.0
	 	 	 	 525	nm:	-1.63

Merlot	 0.8275		 0.6847		 0.6560		 880	nm:	2.51
	 	 	 	 660	nm:	0.685
	 	 	 	 525	nm:	1.46

Montepulciano	 0.7886		 0.6218		 0.6002		 880	nm:	-0.30
	 	 	 	 590	nm:	-1.0

Sangiovese	 0.9716		 0.9439		 0.9353		 660	nm:	-1.3
	 	 	 	 590nm:	-0.75
	 	 	 	 565	nm:	2.54
	 	 	 	 525	nm:	-1.7

80, 75, 70, 60 and lastly 50%, 
which represents veraison. In the 
case of Merlot, the lowest per-
centage of red grape was 15%. 
the main international culti-
vars were used: Merlot, caber-
net Franc, cabernet sauvignon 
and Pinot noir as well as some 
native ones: rondinella, corvi-
na, corvinone, Montepulciano 
and sangiovese.

A trend was identified from 
each led, which can be traced 
back to the increases or rath-
er reductions of the signal. this 
finding gave the idea to use the 
chosen light sources because 
they could provide a uniformly 
variable reflectance signal.

Multiple regression analysis 
was applied in order to identify 
the LED variables that were sig-
nificantly correlated to the per-
centage of phenolic maturity. ta-
ble 1 shows a few examples re-
lated to some of the gradients 
obtained. the data recorded for 
each variety used to construct 
the gradients allowed different 
weights to be attributed to each 
LED according to the beta val-
ues. such a study could lead to 

Fig. 1 - reflectance signal from whipped grape berries in 
laboratory gradient.

Fig. 2 - Adjusted reflectance signal from whipped grape ber-
ries in laboratory gradient.



��  Ital. J. Food Sci. n. 1, vol. 19 - 2007

the definition of a maturity index spe-
cific for each variety. the polyphenolic 
composition is undoubtedly due to both 
the genetic make-up of the plant and the 
soil and cropping characteristics. An at-
tempt was therefore made to identify an 
algorithm by taking into account, in a 
weighted measurement, all the signals, 
minimising the sources of error due to 
external light, so that it could be used for 
all varieties without distinction.

thus it was an attempt to identify an 
index that can summarise, in some way, 
all the variability of the signals obtained 
from the six leds, which almost complete-
ly describe the reflectance signal. this 
was done by optimising their contribu-
tions with the aim of drawing up an index 
with an appreciable and significant in-
crease during the course of maturation.

the maturity index was obtained, by 
first weighting the leds until they reached 
the highest values of correlation with the 
gradients reproduced (table 2 and Fig. 
3) and then comparing them with the 
trends of phenol maturity obtained by 
using the traditional analysis systems. 
the trial was carried out on different va-
rieties during their maturation.

Acting in this way, it was possible to 
reach an analytical compromise which 
provided an algorithm that defines the 
index of overall phenol maturity of the 
berry: the phenolic maturity trend (PMt). 

the good relationship between the PMt 
index and the gradient with different per-
centages of red grape (maturation simu-
lation) validates the use of the new index 
of reflectance for estimating a phenolic 
maturation curve that provides a good 
compromise between anthocyanins and 
tannins during maturation. the results 
obtained justified the use of the formu-
la proposed for evaluating the phenolic 
maturity trend.

PMt = r880*5 / (r660*45 + r620*40 + 
+ r590*5 + r565*5 + r525*5)

PMt = phenolic maturity trend index
r = reflectance value

the use of white grapes, prepared in 
the same way as the red, i.e. by stand-

table 2 - correlation parameters between the PMt index calculated from reflectance analysis and % of 
red grapes in the laboratory gradient.

Cultivars	 Determination	coefficients	(R2)	of	gradients
	 between	PMT	index	and	red	berry	percentage	 average	 SD	 RSD

Merlot	 0.9554	 0.9920	 0.9703	 0.8682	 0.9465	 0.0470	 4.97
Cabernet	Franc	 0.7976	 0.9239	 0.8120	 0.7768	 0.8276	 0.0570	 6.89
Cabernet	Sauvignon	 0.9102	 0.8438	 0.9170	 0.8750	 0.8865	 0.0294	 3.31
Pinot	Noir	 0.9852	 0.9791	 0.9775	 0.9878	 0.9824	 0.0042	 0.43
Rondinella	 0.8980	 0.8920	 0.9849	 0.9279	 0.9257	 0.0368	 3.97
Corvina		 0.9485	 0.9186	 0.8694	 0.8791	 0.9039	 0.0317	 3.50
Corvinone	 0.8980	 0.8920	 0.9849	 0.9279	 0.9257	 0.0368	 3.97
Montepulciano	 0.9875	 0.9397	 0.8982	 0.9489	 0.9436	 0.0317	 3.36
Sangiovese	 0.9817	 0.9676	 0.9603	 0.9689	 0.9696	 0.0077	 0.79

Fig. 3 - relationship between % red grape and PMt 
index for Merlot, cabernet sauvignon, Montepul-
ciano and sangiovese.
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ardised sample treatment, provides a 
matrix in which the colourants (an-
thocyanins and tannins) are mainly de-
rived from the contribution made by the 
percentage of red grapes. the supply of 
tannins from the white grapes is irrel-
evant in comparison to that due to the 
markedly higher concentration of the 
red grapes.

taking these observations into ac-
count, the whipped sample of white 
grapes is nothing other than a plant ma-
trix identical to that being studied and, 
as such, useful for constructing the gra-
dients. these latter, being made of grapes 
at a fixed state of phenol maturity to 
which white grape is added, have the 
limitation of not considering any possi-
ble variation in the tannin/anthocyanin 
ratio during maturation.

the phenol maturity trend applied to 
the gradients is only useful for identify-
ing a suitable index to represent the gra-
dient increase regardless of the variety 
on which it was done.

to reduce errors linked to the varia-
bility of the tannin/anthocyanin ratio 
during maturation, gradients were also 
produced using grapes at different stag-
es of maturity.

Analysis of the practical use
of PMt in laboratory

Having proven that PMt is a reliable 
method for reproducing the increase 
in colour, the maturity trend was also 
measured on the whipped grapes on 
which the chemical analyses had been 
done after polyphenol extraction in or-
der to compare the data obtained using 
the maturity index and data from phe-
nolic extractions.

the phenolic maturity curves obtained 
by analysing the data from more than 
40 vineyards were then compared with 
those obtained from the index trends.

the coefficient of determination (r2) 
was also evaluated for each vineyard in 
order to identify how reliable the new in-

dex was in estimating phenol maturity 
(Figs. 4, 5).

the PMt index is significantly corre-
lated with the percentage of polyphe-
nols (see gradients) and is a valid com-
promise between anthocyanins and tan-
nins. therefore it is an ideal marker for 
expressing the evolution of the polyphe-
nols in a maturing red grape.

the existence of the correlation be-
tween the classic maturity indexes (an-
thocyanins and total phenol analysis) and 
the PMt index proposed, means that the 
PMt could be used in laboratory to de-

Fig. 4 - Maturation curve of Merlot using the PMt 
index, anthocyanins and total phenols (Abs 280 
nm) extracted with different solvents (pH 1.0; pH 
3.2; acidified methanol) from whipped berries.



��  Ital. J. Food Sci. n. 1, vol. 19 - 2007

termine the curve of maturity in the vine-
yard. the PMt therefore not only corre-
sponds to gradients produced in the lab-
oratory, in which the phenols are fixed, 
but also to the evolution (change in the 
tannin-anthocyanin ratio) during mat-
uration. the gradients have been pro-
duced from mature grapes as well as from 
grapes at different maturity levels which 
would have different anthocyanin/tan-
nin ratios.

In the case of Merlot (Fig. 4) the an-
thocyanin curves obtained with three 
different extraction systems were very 

Fig. 5 - Maturation curve of cabernet using the 
PMt index, anthocyanins and total phenols (Abs 
280 nm) extracted with different solvents (pH 1.0; 
pH 3.2; acidified methanol) from whipped ber-
ries.

similar, but the best extraction was ob-
tained with acidified methanol, that rep-
resents the real anthocyanin content of 
the skins. the PMt index derived from 
the direct reflectance measurement is 
well correlated to the anthocyanin trends 
(r2 of PMt index vs. anthocyanins are 
0.9167, 0.9404 and 0.9579, respectively 
for pH 1.0, pH 3.2 and acidified metha-
nol extractions). If we consider the total 
phenols evaluated at 280 nm, the trends 
with the different solvents are similar 
but very different from the anthocyanin 
trends (r2 of PMt index vs. total phe-
nols at 280 nm are 0.7990, 0.0016 and 
0.3010, respectively for pH 1.0, pH 3.2 
and acidified methanol extractions).

the results for cabernet (Fig. 5) 
showed a very similar trend between the 
PMt index and the anthocyanin analy-
sis. Again, the total phenol trend at 280 
nm was different from the anthocyanins 
and PMt index. the r2 of PMt index vs. 
anthocyanins were 0.9354, 0.8478 and 
0.8900, respectively for pH 1.0, pH 3.2 
and acidified methanol extractions. re-
garding total phenols at 280 nm, the r2 
with the PMt index were 0.0025, 0.0037 
and 0.0007, respectively for pH 1.0, pH 
3.2 and acidified methanol extractions.

regarding the reference analytical 
methods, the acidified methanol extract-
ant used had more effect than the pH 
1.0 and pH 3.2 proposed by GLorIEs 
and AuGustIn (1993). there was also a 
certain objective difficulty in identifying 
a single reference method for the rapid 
measurement of the total polyphenols. 
currently Abs 280 nm is used most of-
ten, but it provides no information about 
the ratio between total polyphenols and 
anthocyanins.

the very good relationship between 
the PMt applied to the gradients in the 
laboratory allows this parameter to be 
used as an estimate of potential polyphe-
nol accumulation in the berry. the re-
sults obtained by comparing the tra-
ditional maturity curves demonstrate 
that the new PMt is applicable in prac-
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tice, particularly for anthocyanin esti-
mation. one limitation is that PMt pro-
vides a qualitative evaluation (curve of 
maturity) but no quantitative data on 
the polyphenols.

concLusIons

the trend of phenol maturity recon-
structed using the PMt index was sig-
nificantly correlated with the quantita-
tive evaluations of the total polyphenols. 
use of the laboratory gradients permit-
ted a generally good calibration of the 
equipment for defining the PMt in all of 
the cases analysed.

the PMt index is significantly corre-
lated with polyphenol percentage (see 
gradients) and is a valid compromise be-
tween anthocyanins and tannins. It is 
therefore an ideal marker for expressing 
the evolution of potential polyphenols in 
red grape during maturity.

While the proposed PMt index, does 
not provide quantitative information 
about the polyphenolic concentration, it 
does allow the trend of phenol maturity 
to be qualitatively defined very quickly in 
laboratory. After the treatment to obtain 
the whipped grape berries, it only takes 
seconds to memorise and determine the 
index. the method is simple to use, pro-
vides rapid analysis and allows traditional 
analysis techniques to be eliminated.

some possible applications are that it 
can be used to obtain a qualitative def-
inition of the trend of phenol maturity, 
determine the optimal harvesting date, 
compare vineyards of the same variety, 
compile a databank that would be useful 
for optimising vineyard management, im-
prove the management of large consign-
ment deliveries to the winery and last-
ly, given the absence of laborious analy-
sis phases, allow many more samplings 
to be done and therefore increase the 
number of vineyards checked.

the quantification of polyphenols us-
ing traditional laboratory systems could 

therefore be limited to just one sampling 
close to the expected harvest time. the 
data obtained could be used to decide 
the harvest date.

AcKnoWLEDGEMEnts

Maselli Misure sPA, Parma, Italy, dott. Paolo 
Fiorini, cantina di soave, Verona, Italy.

rEFErEncEs

baugmartner D., bill r. and roth I. 2001. Analy-
sis of grape musts by FtIr spectroscopy. obst-
und Weinbau. 137: 2, 46.

belton P.s., Kemsley E.K., Mccann M.c., tto-
fis s., Wilson r.H. and Delgadillo I. 1995. the 
identification of vegetable matter using Fou-
rier transform infrared spectroscopy. J. Food 
chem. 54: 437.

berger P.L. and Huchette J. 2003. Infrarouge: des 
techniques à optimiser. rèussir vigne. 89: 9.

bouvier J.c. 2001. réflexion sur l’analyse œno-
logique par spectrométrie infrarouge. rev. Fr. 
Œnologie. 191: 16.

celotti E., Peterlunger E., battistutta F. and Ziro-
ni r. 1999. Phenolic and aromatic maturity as 
instruments for evaluating the training system: 
the case of sauvignon in Friuli. p. 568, Proceed-
ings of “11th GEsco” sicilia 6-12 June. 

celotti E. and carcereri G. 1999. Procedimento per 
la valutazione della qualità delle uve rosse alla 
consegna in cantina e valutazione del succo in 
diversi momenti fino al caricamento dei serba-
toi, Italian Patent uD 99 A 000086, 28/04/99, 
università di udine, International Patent Pct/
Ib00/00514, Wo/00/66986, 25/04/2000, EP 
1175603 usA Patent.

celotti E. and carcereri G. 2000. La qualità feno-
lica delle uve rosse: valutazione oggettiva me-
diante misura del colore. Industrie delle be-
vande. 29: 378.

celotti E. and carcereri G. 2000. studio della ma-
turità fenolica delle uve rosse per valorizza-
re l’area viticola dei colli berici. L’Enotecnico. 
36: 79.

celotti E., carcereri G. and cantoni s. 2001. rap-
id evaluation of the phenolic potential of red 
grapes at winery delivery: application to me-
chanical harvesting. Aus. Grapegrower & Win-
emaker.  449a: 151.

cope A. 2000. Industry moves closer to rapid col-
our testing. Aus. & new Zeland Wine Ind. Jour-
nal. 15: 78.

Dambergs r.G., cozzolino D., cynkar W.u., Jan-
ik L. and Gishen M. 2006. the determination 



�00  Ital. J. Food Sci. n. 1, vol. 19 - 2007

of red grape quality parameters using the Lo-
cAL algorithm. J. of near Infrared spectrosco-
py 14: 71.

Dambergs r.G., cozzolino D., Esler M.b., cyn-
kar W.u., Kambouris A., Francis I.L., Hoi P.b. 
and Gishen M. 2003. the use of infrared spec-
troscopy for grape quality measurement. Aus. 
& new Zeland Grapegrowers & Winemaker, 
473a, 76: 69.

Delteil D. and rousseau J. 2000. Présentation 
d’une méthode d’analyse sensorielle des raisins. 
Principe, méthode et grille d’interprétation. rev. 
Fr. Œnologie. 183: 10.

Desseigne J.M. 2005. Determinazione della qua-
lità della vendemmia e spettroscopia ad infra-
rossi. Infowine, 6/2.

Desseigne J.M., Payan J.c., crochon M., roger 
J.M., ballester J.F., boulet J.c., Mazollier J. 
and toussaint c. 2003. spectroscopie proche 
infra rouge et appréciation de la qualité de la 
vendange. cahier technique 14éme colloque vi-
ticole et œnologique EuroVItI, ItV France, 26-
27 nov, p. 168.

Di stefano r., cravero M.c. and Gentilini n. 1991. 
Metodi per lo studio dei polifenoli dell’uva. riv. 
Vitic. Enol. 44: 37.

Dubernet M. and Dubernet M. 2000. utilisation 
de l’analyse infrarouge à transformée de Fou-
rier pour l’analyse Œnologique de routine. rev. 
Fr. Œnologie. 181: 10.

Dubernet M., Dubernet M., Dubernet V., coulomb 
s., Lerch M. and traneau I. 2001. Analyse objec-
tive de la qualité des vendages par spectrométrie 
infrarouge à transformée de Fourrier (IrtF) et 
réseaux de neurones. bull. o.I.V. 74: 15.

Dubernet M., Dubernet M., Dubernet V., coulomb 
s., Lerch M. and traneau I. 2000. Analyse ob-
jective de la qualitè des vendages par spectro-
métrie infrarouge à transformée de Fourier, 
(IrtF) et réseaux de neurones, rev. Fr. Œno-
logie. 185: 18.

Glories Y. 1984. La couleur des vins rouges, 1° par-
tie. Les equilibres des antocyanes et des tan-
nins. conn. Vigne Vin. 18, 3: 195.

Glories Y. and Augustin M. 1993. Maturitè pheno-
lique du raisin, conséquences technologiques: 
application aux millésimes 1991 et 1992. Ac-
tes du colloque: Journée techinque du c.I.V.b. 
bordeaux, 21 Janvier 1993. p. 56.

Grandjean E., Monamy c., Masse L. and Girard F. 
2004. Messa a punto di un metodo rapido per 
stimare la maturità fenolica del Pinot noir in 
borgogna, Vinidea.net. 5: 1.

Gray J.D., Gibson r.J., coombe b.G., Iland 
P.G. and Pattison s.J. 1997. Assessment of 
winegrape value in the vineyard - survey of cv. 
shiraz from south Australian vineyards in 1992. 
Aus. J. Grape and Wine res. 3: 109.

Johnson L., Lobintz b., Armstrong r., baldy r., 
Weber E., Debenedictis J. and bosch D. 1996. 
Airborne imaging for vineyard canopy evalua-
tion. california Agriculture. 50.

Mattivi F., Prast A., nicolini G. and Valentini L. 
2003. Il potenziale polifenolico delle uve rosse 
e la sua applicazione in enologia, L’Enologo. 
39(10): 105.

Patz c.D., David A., thente K., Kürbel P. and Diet-
rich H. 1999. Wine analysis with FtIr spectros-
copy. Die Wein Wiessenschaft. 54: 80.

Pearson t.c. 1999. use of near-infrared trans-
mittance to automatically detect almonds with 
concealed damage. Lebensm. - Wiss. u. tech-
nol. 32: 73.

Pernet D., roby J.P., schemel o., Gaudillere J.P., 
Germain c., Lagouarde J.P., betton n. and Van 
Leeuwen c. 2003. Analyse de la variabilité in-
traparcellaire de paramètres physiologiques de 
la vigne par télédétection haute résolution, In-
ternational symposium Actualités Œnologiques 
2003, bordeaux 19-21 june, p. 29.

Peyron D. 1998. Le potentiel polyphénolique du Pi-
not noir. rev. Fr. Œnologie. 98: 42.

ribéreau-Gayon P. 1971. Evolution des compo-
sés phénoliques au cours de la maturation du 
raisin. I. Expèrimentation 1969. conn. Vigne 
Vin. 5: 247.

rousseau J. 2003. utilisation de l’IrtF et du 
proche infrarouge en réception de vendan-
ge. cahier technique 14éme colloque vitico-
le et œnologique EuroVItI, ItV France, 26-
27 nov, p. 140.

rousseau J., samirant M. and Granes D. 2002. 
Evaluation du functionnement d’un interféro-
mètre à transformée de Fourier (IrtF) pendant 
les vendages, rev. Fr. Œnologie. 195: 12.

singleton V.L., and Draper E.D. 1964. the trans-
fer of polyphenolic compounds from grape seeds 
into wine. Am. J. Enol. Vitic. 14: 34.

revised paper received august 18, 2006  accepted october 16, 2006



Ital. J. Food Sci. n. 1, vol. 19 - 2007 �0�

ShORT COMMunICATIOn

- Key words: anthocyanin profile, flavonoids, Galician grapevine, grape skins, HPlC, seeds -

PhEnOLIC ChARACTERIzATIOn
OF GRAPEVInE CuLTIVARS

FROM GALICIA (SPAIn): BRAnCELLAO, 
MEREnzAO AnD MEnCìA (Vitis Vinifera L.)

CARATTERIZZAZIONE FENOLICA DI VITIGNI DELLA GALIZIA (SPAGNA): 
BRANCELLAO, MERENZAO E MENCìA (Vitis Vinifera L.)

h. LETAIEF, L. ROLLE, G. zEPPA, I. ORRIOLS1 and V. GERBI*

dipartimento di valorizzazione e Protezione delle risorse agroforestali,
di.va.P.r.a., Settore Microbiologia e industrie agrarie, università di torino,

via l. da vinci 44, 10095 Grugliasco (to), italy
1Estación de viticultura e Enoloxía de Galicia,

Ponte San Clodio s/n, 32427 leiro (ourense), Spain
*Corresponding author: tel. +39 0116708552, Fax +39 0116708549,

e-mail: vincenzo.gerbi@unito.it

AbstrAct

the polyphenolic composition of 
brancellao, Merenzao and Mencìa 
grapes from Galicia (northwestern 
spain) was studied using spectopho-
tometric and High Performance Liq-
uid chromatographic (HPLc) methods. 
the results showed significant differ-
ences between these cultivars. the to-
tal anthocyanins ranged from 215 mg/
kg berries in brancellao to 422 mg/
kg berries in Mencìa. the three culti-
vars were characterized by an interest-
ing anthocyanin profile for winemaking 

rIAssunto

La composizione polifenolica di tre 
vitigni provenienti dalla Galizia (nord 
ovest, spagna) è stata valutata per la 
prima volta con l’utilizzo di metodi ana-
litici spettrofotometrici e HPLc.

I risultati mostrano differenze tra le 
diverse cultivar. L’indice di antociani to-
tali varia tra i 215 mg/kg uva del bran-
cellao e i 422 mg/kg uva della Men-
cìa. Le cultivar sono caratterizzate da 
un profilo antocianico interessante dal 
punto di vista tecnologico per la preva-
lenza di malvidina-3-glucoside. sia i vi-
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with a prevalence of malvidin-3-gluco-
side. the skins and seeds, both had 
small amounts of flavonoids. In con-
trast to brancellao and Mencìa, Meren-
zao had more flavonoids in the seeds 
(64%) than in the skins. the most im-
portant parameters for differentiating 
between the cultivars were the peonidin 
and malvidin derivative forms, and the 
total amounts of acetyl-glucosides.

naccioli, sia le bucce mostrano un bas-
so contenuto in flavonoidi. contraria-
mente al brancellao e alla Mencìa, il 
Merenzao possiede più flavonoidi nei vi-
naccioli (64%) che nelle bucce. I più im-
portanti componenti di differenziazione 
tra le cultivar studiate risultano le for-
me esterificate della peonidina e malvi-
dina e le forme acetil-glucosilate.

IntroDuctIon

the phenolic composition of wines de-
pends mainly on the phenolic content of 
the grapes and on the numerous reac-
tions that occur during juice extraction, 
winemaking and wine aging. the phenol-
ic content of the berries is of great am-
pelographic and taxonomic importance 
in viticulture for classifying grape culti-
vars (crAVEro et al., 1994; DI stEFAno, 
1996; GuIDonI et al., 2003; MAttIVI et 
al., 1993) because it varies greatly be-
tween species and cultivars (crAVEro et 
al., 1994; GonZALEZ-nEVEs, 2001; 2005; 
MAttIVI et al., 2003).

Moreover, the synthesis and concen-
tration of phenols in red grapes depend 
on a number of environmental factors, 
as well as vineyard management prac-
tices. of particular importance are fruit 
ripeness, climatic conditions, soil fea-
tures and crop load (DI stEFAno et al., 
1994; GuIDonI et al., 2002; JAcKson 
and LoMbArt, 1993; PErEZ-MAGArIno 
and GonZALEZ-sAn JosE, 2006; roson 
and MoutounEt, 1992; roubELAKIs-
AnGELAKIs and KILEWEr, 1986).

Many authors have reported on the 
anthocyanin profile in the grape skins of 
several grape cultivars, on the anthocy-
anin evolution during grape ripening 
(cLIMEnt and PArDo, 1997; HMAMoucHI 
et al., 1995; GErbI et al., 2003; MAZZA et 

al., 1999; tAMborrA et al., 2003; rYAn 
and rEVILLA, 2003; LoVIno et al., 2006) 
and on the tannins in skins and seeds 
(HArbErtson et al., 2002; roson and 
MoutounEt, 1992; tAMborrA and DI 
bEnEDEtto, 1991). such information 
can also be used to evaluate enological 
potential (cHEYnIEr et al., 1997; GErbI 
et al., 2002; ottEnEDEr et al., 2004).

In recent years interest in autoch-
thonous or rare European cultivars and 
in the unique wines that can be pro-
duced from them has increased and 
many heirloom varieties have been res-
cued from potential extinction. Many 
studies on the recovery and qualitative 
evaluation of minor grapevine cultivars 
have been carried out in recent years 
(MArtInEZ and PÉrEZ, 2000; sAntIAGo 
et al., 2005a,b; scHnEIDEr et al., 2001; 
ZEPPA et al., 2001). there has been par-
ticular interest in mountainous viticul-
tural areas. Despite the difficulty of culti-
vating them because of steep slopes and 
pedoclimatic conditions, many moun-
tainous areas have preserved a wealth 
of biodiversity.

A European project, entitled “sustain-
able Enhancement of Autochthonous 
Wine Grapes in Mountain Areas”, is 
aimed at the recovery, conservation and 
exploitation of the viticultural patrimo-
ny of mountain areas. Within the frame-
work of this project, the three indige-
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nous cultivars, Mencìa, brancellao and 
Merenzao, cultivated in Galicia (north-
western spain), have been studied (or-
rIoLs et al., 2006). the aim of this work 
was to analyze the phenolic composi-
tion of these cultivars in order to assess 
the most important parameters that 
characterize and differentiate them.

MAtErIALs AnD MEtHoDs

Grapes of Vitis vinifera cvs. brancel-
lao, Merenzao and Mencía were collect-
ed from nine ribeira sacra valley (Gali-
cia, spain) vineyards located at altitudes 
over 300 m a.s.l. in 2003 and 2004. the 
vines had similar characteristics (age, 
pruning system, amount of buds) and 
were grown under controlled pedocli-
matic conditions.

the samples were harvested at tech-
nological ripeness and picked in a sta-
tistically representative way from differ-
ent parts of the bunch. In each vineyard, 
300 berries were collected, and three 
replicates of 10 berries each were then 
weighed before phenolic extraction.

A total of 18 samples were analyzed 
for each cultivar; three replicates from 
each of the three vineyards, were ana-
lyzed during the two years.

samples for analyzing berry skins and 
seeds were prepared according to the DI 
stEFAno and crAVEro (1991) method 
which reproduces vinification extrac-
tion conditions.

the berry skins were removed man-
ually from the pulp and dried with pa-
per. they were then quickly immersed 
in 25 mL of a buffer solution containing 
12% ethanol, 600 mg/L of sodium met-
abisulfite, 50 mg/L nan3, 5 g of tartar-
ic acid and titrated to pH 3.20 by add-
ing 1n naoH. After homogenization 
with an ultraturrax t25 (IKA Labortech-
nik, staufen, Denmark), the extract was 
centrifuged for 10 min at 3,000 rpm at 
20°c. the supernatant was then used 
for analysis.

the seeds were removed from the mes-
ocarp, placed in 50 mL of the same buff-
er solution used for the skin extraction at 
pH 3.20 and then put in a temperature-
controlled room at 25°c for a week. the 
extract was then used for analysis.

Analysis

the analytical parameters of techno-
logical ripeness (reducing sugars, total 
acidity, pH) were estimated with official 
methodologies Ec (EEc 1990).

spectrophotometric methods were 
used to evaluate the total anthocyanin 
and flavonoid content in the berry skins 
and seeds (DI stEFAno, 1996; DI stE-
FAno and crAVEro, 1991; DI stEFAno 
et al., 1994). Analysis of individual an-
thocyanins was performed after the berry 
skin extract was placed in a 300 mg sEP-
PAK c18 cartridge (Waters corporation, 
Milford, MA, usA) and eluted with meth-
anol. the cartridge was preconditioned 
with methanol (2 mL), water (5 mL) (DI 
stEFAno et al., 1989) and 0.01n H2so4 
(2 mL) before elution. A P100 chromato-
graph was used that was equipped with 
an As3000 auto-sampler (spectra Phys-
ics Analytical, Inc, san Jose, cA, usA) 
and a 20 mL rheodyne sample loop.

A LichrocArt analytical column 
(25x0.4 cm i.d.) from Merck (Darmstad, 
Germany) was used. It was packed with 
Lichrosphere 100 rP-18 5-µm parti-
cles from Alltech (Deerfield, IL, usA) and 
was equipped with a spectra Focus Di-
ode Array Detector (spectra Physics An-
alytical, Inc, san Jose, cA, usA) operat-
ing at 520 nm.

the following conditions were used: 
solvent A = 10% formic acid in water. 
solvent b = 10% formic acid with 50% 
methyl alcohol in water. these solvents 
were filtered through a 0.20 µm filter. 
solvent flow rate was 1 mL/min. the sol-
vent program used was 72% A to 55% 
A over 15 min; to 30% A over 20 min; 
to 10% A over 10 min; to 1% A over 5 
min; to 72% A over 3 min. An equilibri-
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um time of 10 min was used (Guidoni et 
al., 2002). the data treatment was car-
ried out using the chromQuest chro-
matography data system (thermoQuest, 
Inc, san Jose, cA, usA).

the anthocyanins in the berry skin ex-
tract were identified by matching uV-Vis 
spectra, the retention times of each chro-
matographic peak with available data in 
the literature and using authentic stand-
ards purchased from Extrasynthèse (Ge-
nay, France).

the single anthocyanin concentra-
tions were determined by comparing the 
area of the individual peak with the to-
tal peak area; the data are expressed in 
percentages (DI stEFAno and crAVEro, 
1991; HEbrEro et al., 1988).

the statistical differences between 
the quantities of the various phenol-
ic compounds of the three cultivars an-
alyzed were determined by analysis of 

table 1 - technological ripeness of brancellao, Mencìa and Merenzao grapes. Values are the means (± 
standard deviations) of 3 vineyards and 2 years.

	 Brancellao	 Mencìa	 Merenzao

Reducing	sugars	(g/L)	 199±6	 200±31	 219±14
pH	 3.6±0.4	 3.6±0.0	 3.6±0.1
Total	acidity	(g/L	tartaric	acid)	 6.5±0.5	 4.7±0.4	 5.0±0.8

variance (AnoVA) using stAtIstIcA for 
Windows release 6.0 (statsoft Inc., tul-
sa, oK, usA).

rEsuLts AnD DIscussIon

the average technological ripeness 
parameter values for the two years in 
the three vineyards are reported in ta-
ble 1. the pH values for the three culti-
vars were the same. Merenzao had the 
highest sugar content and the lowest to-
tal acidity, while brancellao had the low-
est sugar content and the highest total 
acidity.

the total amounts of anthocyanins 
and flavonoids in berry skins and seeds 
of brancellao, Mencìa and Merenzao are 
reported in table 2.

the results of the analysis of variance 
showed that the three cultivars differed 

table 2 - Polyphenolic parameters of the brancellao, Mencìa and Merenzao berry skins and seeds. the 
values are the means (± standard deviations) of 18 samples representing three replicates picked from 
each of the three vineyards and analyzed in the two years. the average values with the same super-
script letter are not statistically different at the 5% level.

	 	 Brancellao	 Mencìa	 Merenzao	 Significance

Berry	skins	 Total	anthocyanins	(mg	malvidin-3-O-glucoside
	 chloride/kg	berries)	 215a±53	 422b±111	 347	a,b±26	 *
	 Total	flavonoids	(mg	(+)	catechin/kg	berries)	 3,296b±511	 2,370a±168	 1,940a±140	 **

Seeds	 Total	flavonoids	(mg	(+)	catechin/kg	berries)	 2,158b±189	 1,803a±188	 3,492c±136	 ***

Berry	skins	 Total	flavonoids	(mg	(+)	catechin/kg	berries)	 5,454b±689	 4,173a±355	 5,432b±5.6	 **
and	seeds	 %	seeds	total	flavonoids	 40	 43	 64
	 %	berry	skin	total	flavonoids	 60	 57	 36

*:	p≤0.05;	**:	p≤0.01;	***:	p≤0.001.
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significantly with respect to the flavonoid 
and anthocyanin contents in both berry 
skins and seeds.

With regards to the total anthocyanin 
concentration, brancellao and Mencìa 
were completely different while Meren-
zao had an intermediate behavior. the 
anthocyanin concentrations in the ber-
ries varied from 215 mg/kg in brancel-
lao to 422 mg/kg in Mencìa. the latter 
value is approaching that of nebbiolo 
(550 mg/kg berries) (GErbI et al., 2003), 
but is low compared to 1,577 mg/kg of 
cabernet sauvignon or 1,541 mg/kg of 
sangiovese (tAMborrA and DI bEnE-
DEtto, 1991).

the total flavonoid concentrations in 
the berry skins of the three cultivars 
were higher in comparison with some 
French and Italian cultivars such as ca-
bernet sauvignon and sangiovese (tAM-
borrA and DI bEnEDEtto, 1991) at 
harvest but approached that of nebbi-
olo (GErbI et al., 2003; GuIDonI et al., 
2002). the total flavonoid concentrations 
in the seeds were also high compared to 
cabernet sauvignon (1,479 mg/kg ber-
ries) and sangiovese (1,388 mg/kg ber-
ries) which were analyzed by tAMborrA 
and DI bEnEDEtto (1991).

based on their flavonoid concentra-
tions, the three cultivars have differ-
ent skin and seed profiles. Indeed, there 
were more flavonoids in brancellao ber-
ry skins (3,296 mg/kg berries) than in 
Mencìa or Merenzao. Whereas Merenzao 
was the cultivar with the highest flavo-
noid content in the seed (3,492 mg/kg 
berries).

the total flavonoid concentrations 
(sum of berry skins and seeds) for bran-
cellao and Merenzao were nearly the 
same as Merenzao (5,454 mg/kg berries 
and 5,432 mg/kg berries respectively), 
but the distribution between the berry 
skins and seeds varied. the flavonoids 
in brancellao and Mencìa were primarily 
located in the skins (60 and 57%, respec-
tively). In contrast, 64% of the flavonoids 
were located in the Merenzao seeds.

the anthocyanin profiles of brancel-
lao, Mencìa and Merenzao grapes are 
shown in Fig. 1. In table 3, the anthocy-
anins are grouped according to the acyla-
tion (acetyl-glucosides, cinnamoyl-glu-
cosides and free-form monoglucosides) 
and anthocyanidin (malvidin, delphini-
din, petunidin, cyanidin and peonidin) 
compounds. the cinnamoyl-glucosides 
included both p-coumaroyl and caffeoyl 
anthocyanin forms.

the monoglucoside group made up 
the highest proportion of the anthocy-
anin forms (72% in brancellao, 71% in 
Merenzao and 50% in Mencìa). the an-
thocyanin distribution in brancellao was 
very similar to that in Merenzao, with 
nearly the same proportions of monoglu-
cosides, acetyl-glucosides (8 and 10% 
respectively) and cinnamoyl-glucosides 
(19.5 and 20%, respectively). In contrast, 
Mencìa was characterized by a small-
er proportion of monoglucosides (50%) 
and higher proportions of acetyl deriv-
atives (21%) and cinnamoyl derivatives 
(29%) (table 3).

Malvidin derivative forms were the 
most abundant anthocyanin group in 
brancellao, Merenzao and Mencìa, as 
in cabernet sauvignon, cabernet franc, 
Merlot and tempranillo (nAGEL and 
WoLF, 1979; MAZZA et al., 1999; HE-
brEro et al., 1988). brancellao had the 
lowest proportion of malvidin derivatives 
(64%), followed by Merenzao (73%) and 
Mencìa (85%). the percentages of del-
phinidin and cyanidin derivative forms 
in the three cultivars were low (not more 
than 2%). Merenzao had a slightly higher 
proportion of petunidin derivative forms 
(5%), followed by both brancellao and 
Mencìa (2.5%). the percentages of pe-
onidin derivative forms, however, were 
distinctly different among the cultivars: 
brancellao (31%), Merenzao (18%) and 
Mencìa (10%).

Monagas et al. (2003) established that 
in wines made from Graciano, tempra-
nillo and cabernet sauvignon grapes, the 
ratios between cinnamoyl and acetyl-glu-
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Fig. 1 - Anthocyanin profiles of brancellao, Mencìa and Merenzao grapes. the amount of each anthocy-
anin is expressed as the mean of the percentages of the total anthocyanins of 18 samples representing 
three replicates picked from each of the three vineyards and analyzed in the two years. Key: Dp delphi-
nidin; cy cyanidin; Pt petunidin; Pn peonidin; Mv malvidin; G glucoside; Ac acetyl-glucoside; p-coum 
p-coumaryl-glucoside; caff o-caffeoyl-glucoside. Vertical bars denote standard deviation computed for 
each mean value, n = 18.



Ital. J. Food Sci. n. 1, vol. 19 - 2007  �0�

cosides (cinn/Ac) and between the mal-
vidin derivative forms and the peonin de-
rivative forms proportions (Mv/Pn) could 
be used as varietal markers. these ra-
tios were calculated for the brancellao, 
Mencìa and Merenzao grapes (table 3); 
the (cinn/Ac) ratios for brancellao and 
Merenzao were very similar but were 
different from Mencìa (1.4). on the oth-
er hand, the (Mv/Pn) ratio was lower in 
brancellao (2.1) than in Merenzao (4.0) 
and Mencìa (8.5). the presence of more 
stable molecules, such as the trisubsti-
tuted anthocyanins such as malvidin 
and its acylated forms, would give more 
stability to the wine color during wine-
making. Malvidin is more resistant to ox-
idation (rIbErEAu-GAYon et al., 2000).

the anthocyanin profile of caber-
net franc was analyzed by MAZZA et al. 
(1999). In Mencìa, delphinidin-3-gluco-
side accounted for only 0.4% of the an-
thocyanins while in cabernet franc it 
constitutes 15% of the anthocyanins. 
the cinnamoyl derivatives accounted 
for 29% of the anthocyanins in Mencìa 
but only 6.7% in cabernet franc. Even if 
malvidin derivative forms were the most 

table 3 - Percentages and ratios of anthocyanins in brancellao, Mencìa and Merenzao grapes. the val-
ues are the means (± standard deviations) of 18 samples representing three replicates picked from each 
of the three vineyards and analyzed in the two years. the percentage values with the same superscript 
letter are not statistically different at the 5% level.

	 Brancellao	 Mencìa	 Merenzao	 Significance

Monoglucosides	 72.4b±	1.8	 50.2a±	2.9	 70.6b±1.2	 ***
Acetyl-glucosides	 8.1a±	0.7	 20.8c±1.0	 9.7b±	0.4	 ***
Cinnamoyl-glucosides	 19.5a±	2.4	 29.0b±	3.4	 19.7a±	1.5	 **

Total	anthocyanidins	(%)
Sum	of	malvidin	derivative	forms	 64.1a±	2.4	 85.0c±	1.7	 73.4b±	0.7	 ***
Sum	of	delphinidin	derivative	forms	 1.1a±0.7	 1.8a±	0.4	 2.1a±	0.5	 ns
Sum	of	petunidin	derivative	forms	 2.5a±	0.3	 2.4a±	0.6	 5.1b±	0.2	 ***
Sum	of	cyanidin	derivative	forms	 1.7a±0.2	 0.9a±	0.5	 1.5a±	0.4	 ns
Sum	of	peonidin	derivative	forms	 30.6c±2.8	 9.9a±	1.3	 17.9b±	0.6	 ***

Cinn/Ac	 2.4±0.5	 1.4±0.2	 2.0±0.2
Mvs/Pns	 2.1±0.3	 8.5±1.3	 4.0±0.1

Cinn:	cinnamoyl-glucosides;	Ac:	acetyl-glucosides;	Mvs:	malvidin	derivative	forms;	Pns:	peonidin	derivative	forms;	
Sign:	significance;	ns:	not	significant;	*:	p≤0.05;	**:	p≤0.01;	***:	p≤0.001.

abundant anthocyanin group in the two 
cultivars, the proportion was higher in 
Mencìa than in cabernet franc (85 and 
35%, respectively). this result is in ac-
cord with MArtInEZ and PÉrEZ (2000) 
who found that Mencìa grapes were com-
pletely different from cabernet franc 
grapes.

the values reported in table 3 and the 
analysis of variance of the correspond-
ing data indicated the decreasing order 
of importance of the acetyl-glucosides, 
monoglucosides and the cinnamoyl-glu-
cosides. these could be used to differen-
tiate the three Galician varieties. but the 
best parameters for differentiating were 
the total derivative forms of anthocyani-
dins, especially of malvidin-3-glucoside 
and peonidin-3-glucoside. these results 
are in accord with cALò et al. (1994) who 
showed that they were more important 
than the petunidin-3-glucoside deriva-
tives in differentiating grapevine culti-
vars. As GonZALEZ-nEVEs et al. (2001) 
reported, the situation in wines differs 
and is based on petunidin and malvi-
din glucosides, with the acetyl esters of 
the petunidin, peonidin and malvidin 
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glucosides. this indicates the impor-
tance of methoxylation in varietal dif-
ferentiation.

concLusIons

It can be confirmed that parame-
ters such as total anthocyanins, to-
tal flavonoids and the anthocyanin 
profile show important significant dif-
ferences between brancellao, Mencìa 
and Merenzao grapes. other indica-
tors such as the cinnamoyl-gluco-
side/acetyl-glucoside and the malvi-
din derivative/peonidin derivative ra-
tios, can also be used to differentiate 
between the three cultivars. However, 
more studies with grapes from differ-
ent production areas should be carried 
out to complete these observations. In 
addition, a detailed study in the future 
on the phenolic composition of wines 
produced from the brancellao, Mencìa 
and Merenzao grapes would be inter-
esting to check the differentiating pa-
rameters in wine.
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AbstrAct

samples (fish, personnel and envi-
ronmental) were collected from retail 
fish markets in thessaloniki (northern 
Greece) and tested for the presence of 
Aeromonas spp. they consisted of 120 
fish samples representing four types of 
fish: mackerel, bogue, horse mackerel 
and whiting. In addition, 20 samples 
each were taken from the personnel 
workers’ hands, workers’ knives, work 
surfaces, wooden boxes and floor sur-
faces. of the fish samples examined 65, 
28, 24 and 12% harboured Aeromonas 

rIAssunto

sono stati raccolti dei campioni (di 
pesce, del personale addetto e nell’am-
biente) in un mercato di pesce al detta-
glio di tessalonicco (Grecia del nord) e 
testati per verificare la presenza di Ae-
romonas spp. I campioni consisteva-
no di 120 pesci di 4 tipologie: il macca-
rello; la boga; il sugarello e il merlan-
go, 20 campioni sono stati raccolti dal-
le mani del personale, 20 dai coltelli, 
20 dai piani di lavoro, 20 dalle scatole 
di legno e 20 dal pavimento. Delle 4 ti-
pologie di pesce esaminate il 65, il 28, 
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spp., Aeromonas hydrophila, Aerom-
onas caviae and Aeromonas sobria, re-
spectively. of the personnel and envi-
ronmental samples examined, 69, 25, 
26, and 13% harboured Aeromonas 
spp., A. hydrophila, A. caviae and A. so-
bria, respectively. A. hydrophila and A. 
caviae were the dominant species de-
tected in the fish, personnel and envi-
ronmental samples.

il 24 e il 12% rispettivamente ospita-
va Aeromonas spp., in particolare Ae-
romonas hydrophila, Aeromonas caviae 
e Aeromonas sobria. Dei campioni del 
personale e quelli ambientali, il 69, il 
25, il 26 e il 13% conteneva rispettiva-
mente Aeromonas spp., A. hydrophila, 
A. caviae e A. sobria. A. hydrophila e 
A. caviae erano le specie dominanti ri-
trovate nel pesce, nel personale e nel-
l’ambiente.

IntroDuctIon

Aeromonas hydrophila and other mo-
tile aeromonads are widely distributed in 
the aquatic environment, in both fresh 
and saline waters (PALuMbo et al., 2000). 
Water is the likely source of these bac-
teria in food, with fish and seafood of-
ten being contaminated (PALuMbo et al., 
2001). Due to the nature of their nor-
mal habitat, Aeromonas spp. are found 
in many other types of food, especially 
food of animal origin such as red meat, 
poultry, etc. (PALuMbo et al., 2000), raw 
milk and dairy products (MELAs et al., 
1999). In addition, motile aeromonads 
can be isolated from a wide range of oth-
er food such as vegetables, spices, and 
fresh and processed food (PALuMbo et 
al., 2000). Aeromonas spp. are also as-
sociated with the spoilage of refrigerated 
food products (bucHAnAn AnD PALuM-
bo, 1985) and it can grow competitive-
ly in food held at 5°c (PALuMbo et al., 
1985). In some food, motile aeromonads 
occur at a level of 105 cells/g or mL (rAY, 
2004). this group of bacteria can be re-
covered from food that has been stored 
at -20°c for many years and successful-
ly stored in culture media at -70°c (KI-
roV, 2001).

some Aeromonas spp. are considered 
to be important pathogens to humans, 
amphibians, reptiles and fish (AustIn 

and ALLEn-AustIn, 1985; GooDWIn et 
al., 1983). these bacteria have been im-
plicated as the cause of gastroenteritis, 
septicemia and meningitis, particular-
ly, in young children, the elderly and 
the immuno-compromised, when con-
sumed in large numbers (AbEYtA et al., 
1986; VArnAM AnD EVAns, 1991). cas-
es of endocarditis, urinary tract infec-
tions, pulmonary infections, arthritis, 
and osteomyelitis involving Aeromonas 
spp. have also been reported (KroVAcEK 
AnD FArIs, 2003).

Aeromonas (principally A. hydrophi-
la) has the status of a food-borne path-
ogen of emerging importance. since fish 
may be a vehicle for this group of bac-
teria it is important to have informa-
tion on the incidence of this pathogen. 
Information on the incidence of Aerom-
onas spp. in Greek fish is rather limited. 
thus, the purpose of the present study 
was to investigate the presence of Aerom-
onas spp. in fresh fish, on the personnel 
and in the environment of fish markets 
in thessaloniki.

MAtErIALs AnD MEtHoDs

one-hundred and twenty fish samples 
(flesh and skin), including 30 from mack-
erel (Scomber scombrus), 30 from bogue 
(Boops boops), 30 from horse mackerel 
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(Trachurus trachurus) and 30 from whit-
ing (Merlangius merlangus), were bought 
at the fish markets in thessaloniki. Fish 
were caught in the north Aegean sea, 
covered with ice and brought to the 
fish markets the same day. Also, one-
hundred environmental and person-
nel (swabbed) samples, including 20 
from workers’ hands, 20 from workers’ 
knives, 20 from work surfaces (wooden 
board), 20 from containers (wooden box-
es) and 20 from the floors, were taken 
from the fish markets. About 100 cm2 of 
plane surfaces and whole workers’ hands 
and knife surfaces were swabbed 2-5 
times by the wet-dry double swab tech-
nique using sterile cotton swabs mois-
tened with 0.1% sterile peptone water 
containing 0.85% sodium chloride. the 
same sampling procedure was repeated 
using a dry swab. the 2-5 swabs were 
pooled as one sample. All samples were 
transported to the laboratory inside cold 
portable insulated boxes and processed 
within 1 h of collection. All samples were 
collected during the nine-month peri-
od from september 2003 to May 2004. 
swab samples were directly inoculated 
in tubes containing 10 mL of sterile tryp-
tone soy broth (tsb, biokar Diagnostics) 
containing 30μg/mL of ampicillin (sigma 
chemical co., st. Louis, Mo.) and incu-
bated at 28°c.

For fish samples, 25 g portions con-
sisting of skin and flesh were taken from 
the anterior-dorsal region and placed in 
sterile stomacher bags containing 225 
mL of tsb; samples were blended for 2 
min in a stomacher (Lab blender 400, 
A.J. seward and co. Ltd., London) and 
incubated at 28°c for 18 h (enrichment). 
one loopful of the enriched culture was 
streaked onto starch Ampicillin (sA) agar 
and incubated at 28°c for 24 h. sA agar 
was prepared according to PALuMbo et 
al., (1985). sA agar plates were flood-
ed with ca. 5 mL Lugol iodine solution 
(PALuMbo and bucHAnAn, 1988). the 
yellow to honey coloured colonies sur-
rounded by a clear zone were scored as 

presumptive Aeromonas spp. Five pre-
sumptive Aeromonas colonies were se-
lected from each plate and transferred to 
nutrient agar (biokar Diagnostics) slants 
and incubated at 28°c for 24 h for fur-
ther studies.

only those isolates that were gram-
negative rods, motile, oxidase positive, 
glucose fermenting, and o/129 resist-
ant were considered aeromonads (cAr-
nAHAn et al. 1991). the classification 
into the species A. hydrophila, A. sorb-
ia (A. veronii biotype sorbia) and A. cavi-
ae was done according to the criteria of 
PoPoFF (1984), using additional bio-
chemical tests. these included gas from 
glucose, aesculin/esculin hydrolysis, 
fermentation of arabinose, salicin and 
arbutin, the production of elastin and 
growth in nutrient broth containing 0 
or 6% sodium chloride. Isolates differing 
in more than one test described above 
were characterized as “nonclassified” (KI-
roV et al., 1986; 1993). the API-20E kit 
(bioMérieux, Marcy-l’Etoil, France) was 
used as well.

rEsuLts AnD DIscussIon

Aeromonas hydrophila and other mo-
tile aeromonads are indigenous to the 
aquatic environment (Huss, 1997) and 
therefore may be expected to occur in 
fish. Aeromonas spp. have been isolat-
ed from such other aquatic animals as 
shellfish, crustaceans, and amphibians. 
both finfish and shellfish are known res-
ervoirs of this bacterium (AbEYtA et al. 
1994). the results of this study clearly 
show a high incidence of Aeromonas spp. 
in all fish samples examined. Aeromonas 
spp. isolated from 78 (65%) of the 120 
fish samples analysed. Aeromonas spp. 
were isolated from 20 (67%) of the 30 
mackerel, from 24 (80%) of the 30 bogue, 
from 18 (60%) of the 30 horse macker-
el and from 16 (53%) of the 30 whiting 
samples. of the fish samples examined, 
33 (28%), 29 (24%) and 14 (12%) har-
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boured A. hydrophila, A. caviae and A. 
sobria, respectively. one sample of bogue 
(3%) and one sample of horse mackerel 
(3%) were contaminated with other un-
classified isolates. A. hydrophila and A. 
caviae were the dominant species in all 
fish samples examined (table 1).

DAVIEs et al. (2001) reported an over-
all incidence of 40% of A. hydrophila in 
European fish; they observed incidenc-
es of A. hydrophila of 65, 77, 25 and 
25% in fish samples from France, Great 
britain, Portugal and Greece, respec-
tively. none of the 4 bogue and 3 out 
of the 7 horse mackerel samples exam-
ined in Greece harboured A. hydrophila 
(DAVIEs et al., 2001). In a study on the 
prevalence of aeromonads in catfish, 
228 channel catfish fillets from three 
processing plants in the Mississippi Del-
ta were examined, and both A. hydrophi-
la and A. sobria were found in 36% of 
the samples, while A. caviae was found 
in 11% (WAnG and sILVA, 1999). rADu et 
al. (2002) reported that 69, 55, 11.5 and 
2.3% of the fish samples examined har-
boured Aeromonas spp., A. veronii bio-
var sobria, A. hydrophila, and A.caviae, 
respectively. As also reported by other 
authors, mesophilic aeromonads have 
been isolated from 37.3% of finfish and 
36.6% of prawn (tHAYuMAnAVAn et al., 
2003), 72% of fish and shrimps (nEYts 
et al., 2000), 93% of fish, 100% of fish-
egg, 16% of shrimp samples and 100% 

of freshwater samples (HÄnnInEn et al., 
1997). A total of 82 strains of Aeromonas 
spp. were also isolated from 250 sam-
ples of frozen fish (cAstro-EscArPuL-
LI et al., 2003).

High incidences of Aeromonas spp. 
were also observed in both the person-
nel and environmental samples taken 
from the fish markets. table 2 shows 
that Aeromonas spp. were isolated from 
69 (69%) of the 100 personnel and en-
vironmental samples analysed. Aerom-
onas spp. were isolated from 7 (35%) out 
of 20 samples taken from the hands of 
workers, from 10 (50%) out of 20 sam-
ples taken from the knives of workers, 
from 13 (65%) of the 20 samples from 
wooden boxes, from 19 (95%) of the 20 
work surfaces (wooden board) and from 
20 (100%) of the 20 floor samples. of 
the personnel and environmental sam-
ples examined, 25 (25%), 26 (26%) and 
13 (13%) harboured A. hydrophila, A. 
caviae and A. sobria, respectively. one 
sample taken from workers knives (5%), 
two samples (10%) of work surfaces and 
two (10%) floor samples were contami-
nated with other unclassified Aeromonas 
spp. As in the case of fish samples, A. 
hydrophila and A. caviae were also the 
dominant species in the personnel and 
environmental samples examined.

the present study highlights a notable 
incidence of A. hydrophila in fish sam-
ples as well as in personnel and envi-

table 1 - Incidence of Aeromonas spp. in fish samples.

Fish	 Number	 Number	and	(%)	of	samples	positive	for
	 of
	 samples	 Aeromonas	spp.	 A. hydrophila A. caviae A. sobria Not	classified

Mackerel	(Scomber scombrus)	 30	 20	(67)	 11	(37)	 6	(20)	 3	(10)	 -
Bogue	(Boops boops)	 30	 24	(80)	 9	(30)	 10	(33)	 4	(13)	 1	(3)
Horse	mackerel	 30	 18	(60)	 6	(20)	 8	(27)	 3	(10)	 1	(3)
(Trachurus trachurus)
Whiting	 30	 16	(53)	 7	(23)	 5	(17)	 4	(13)	 -
(Merlangius merlangus euxinus)

Total	 120	 78	(65)	 33	(28)	 29	(24)	 14	(12)	 2	(2)
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ronmental samples. It appears that the 
high incidence of A. hydrophila represent 
a risk of foodborne disease, under cer-
tain circumstances, since it is considered 
an opportunistic pathogen. the potential 
risk is magnified by the fact that motile 
aeromonads, because of their psychro-
trophic nature, can grow at refrigeration 
temperatures. therefore, certain meas-
ures, such as adequate cooking of the 
fish and preventing post-heat contami-
nation, will completely eliminate the risk, 
because the bacteria and their toxins are 
heat sensitive (FELDHuson, 2000).
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First Announcement
and Call for Papers

5th International Conference
Predictive modeling in Foods

“Fundamentals,
State of the Art and New Horizons”

Athens, Greece
September 15-17, 2007

All information with respect to the 
conference is available at: “Predictive 
Modeling In Foods” web site: http://
pmf2007.chemeng.ntua.gr/

Prof. George-John E. nychas, Agricul-
tural university of Athens, Dept. Food 
science & technology, Lab. of Microbi-
ology and biotechnology, Iera odos 75, 
Athens 11855, Greece, tel./Fax +30 210 
5294693, e-mail: gjn@aua.gr

The IdF World
dairy Situation 2006

A tool for strategy formulation

the International World Dairy Federa-
tion announces the release of its annual 
report on the World Dairy situation. this 
major publication including statistics 
on production, consumption and trade 
assists researchers, policymakers, and 
economists in providing a tool for strat-
egy formulation.

the new authoritative World Dairy sit-
uation survey is based on independent 
dairy sources. this 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 individu-

al countries are also included. Data 
are compiled using the expertise of IDF 
members and other sources.

comments from dairy specialists in 
many countries inside and outside IDF 
reveal the perceptions and preoccupa-
tions of the world dairy business and lift 
the curtain on the growing trend towards 
bilateral agreements affecting interna-
tional trade in dairy products which has 
certainly been given a boost by the Doha 
failure. the 2006 edition includes spe-
cial articles on the International Farm 
comparison network (IFcn), on world-
wide market prospects, on the collapse 
of the Wto Doha round negotiations, 
on the Eu commission’s projections for 
dairy markets from 2006 to 2013, and 
on Eu enlargement: the dairy sector in 
bulgaria and romania.

considered an essential resource by 
the dairy community, this new IDF pub-
lication is available in electronic form. 
More information at www.fil-idf.org

For further information, please con-
tact: Marylene tucci, IDF communi-
cations and Public Affairs, tel. +32 2 
7068644, Fax +32 2 7330413, e-mail: 
Mtucci@fil-idf.org org

IdF
World dairy Summit 2007

dublin, Ireland
29th September to 4th October 2007

symposia will cover areas of global 
trade, marketing, dairy science and 
technology, nutrition and health, fu-
ture farm management and function-
al foods issues. Intense networking 
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opportunities with the experts, fellow 
IDF members and guests will be pro-
vided while enjoying early autumn in 
Ireland.

Already, dairy scientists worldwide 
are rowing in behind the call to support 
a major review symposium that is ear-
marked on the casein micelle and the 
central role it plays in processing and 
product functionality. the increasing 
importance of Food and Health will be 
covered extensively in the nutrition and 
Functional Foods symposia.

For regular programme updates and news 
over the next year, visit www.wds2007.com.

to receive regular news and updates of the 
conference programme, subscribe by email 
at: info@wds2007.com.

Information on main topics are out-
lined in the preliminary brochure for the 
event WDs 2007 available to consult and 
download from the Website.

International Conference
on Traditional dairy Foods

Karnal, India
November 14-17, 2007

the proposed International confer-
ence will focus on the current trends 
in traditional dairy products both from 
technological, chemical, microbiological 
and engineering perspectives, besides 
strategies to promote export potential 
and product diversification. A large par-
ticipation from Dairy and Food Industry 
in India and abroad is expected.

For further information check the website 
at: www.dairysociety.org

organizing secretariat: Dr. Alok Jha, sen-
ior scientist, Dairy technology Division, 
national Dairy research Institute, Karnal 
132 001 (Haryana), India, tel. +91 0184-
2259250(o)/2260881(r), Fax +91 0184-
2250042(o), e-mail: dairysociety@gmail.com
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