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Abstract

The inhibition of twenty yeast strains 
isolated from food sources by six com-
mercial phosphates (polyphosphates A 
and B; sodium tripolyphosphate – high 
solubility, TAS; sodium tripolyphos-
phate, TRI; sodium neutral pyrophos-
phate, N; sodium acid pyrophosphate, 
PAS) was investigated. The assays were 
performed at neutral (all phosphates), 
acid (2.5, 3.5 and 4.5) (polyphosphates 
A and B) and natural (without adjust-
ment) (phosphates TAS, TRI, N and 
PAS) pH values, inoculating the yeasts 

Riassunto

È stata studiata l’inibizione di venti 
ceppi di lievito isolati da fonti alimen-
tari da parte di sei fosfati commercializ-
zati (polifosfati A e B; sodio tripolifosfa-
to, ad alta solubilità, TAS; sodio tripo-
lifosfato, TRI; sodio pirofosfato neutro, 
N; sodio pirofosfato acido, PAS). I sag-
gi sono stati eseguiti inoculando i lievi-
ti nel brodo di conta su piastra con fo-
sfati a concentrazioni di 0,1, 0,3, 0,5, 
1,0 e 1,5% (p/v), a valori di pH neutro 
(tutti i fosfati), acido (2,5, 3,5 e 4,5) (po-
lifosfati A e B) e naturale (senza modifi-



256  Ital. J. Food Sci. n. 3, vol. 19 - 2007

in plate count broth with phosphates 
at concentrations of 0.1, 0.3, 0.5, 1.0 
and 1.5% (w/v). The minimal inhibito-
ry concentration (MIC) was determined. 
The phosphates with chain lengths 
greater than 15 phosphate units were 
more inhibitory and had the highest se-
questering power. At neutral pH values, 
these polyphosphates showed MIC val-
ues of 0.3% for some yeasts and all the 
strains were inhibited completely with 
1.5% phosphates. At natural pH val-
ues (pH obtained after phosphate ad-
dition), alkaline phosphates (TAS, TRI 
and N) were more inhibitory than at a 
neutral pH. Phosphate TAS (0.5%) in-
creased its inhibitory capacity (percent-
age of strains inhibited) from 5% (pH= 
7.0) to 70% (pH= 8.15). When phos-
phates A and B (chain lengths between 
15 and 20 phosphate units) were as-
sayed at acidic pH values, there was a 
clear inhibitory action that was exclu-
sively due to the addition of these phos-
phates. These results demonstrate that 
some phosphates could be used in the 
food industry to inhibit yeasts associ-
ated with food spoilage.

che) (fosfati TAS, TRI, N e PAS). È sta-
ta determinata la Concentrazione Ini-
bitoria Minima (CIM). I fosfati con ca-
pacità inibitoria più elevata erano quel-
li con catene più lunghe di 15 unità di 
fosfato e presentavano il più alto pote-
re sequestrante. A valori di pH neutro, 
questi polifosfati mostravano valori di 
MIC dello 0,3% per alcuni lieviti e tut-
ti i ceppi venivano completamente ini-
biti con l’1,5% di fosfati. A valori di pH 
naturali (pH ottenuto dopo aggiunta di 
fosfato), i fosfati alcalini (TAS, TRI ed 
N) risultavano con capacità inibitoria 
più elevata che a pH neutro. Il fosfato 
TAS (0,5%) aumentava la sua capacità 
inibitoria (percentuale di ceppi inibiti) 
dal 5% (pH = 7,0) al 70% (pH = 8,15). 
Quando i fosfati A e B (lunghezze di ca-
tena tra 15 e 20 unità di fosfato) veni-
vano saggiati a pH acido, si osservava 
una chiara azione inibitoria esclusiva-
mente dovuta all’aggiunta degli stessi. 
I risultati ottenuti dimostrano che al-
cuni fosfati potrebbero essere utilizza-
ti nelle industrie alimentari per inibire 
i lieviti associati al deterioramento de-
gli alimenti.

INTRODUCTION

Phosphates are considered GRAS 
(Generally Recognized As Safe) com-
pounds. They are widely used in the food 
industry (mainly in the meat and dairy 
industries) because of their functional 
properties. In meat processing, for ex-
ample, they are used to increase water 
binding, enhance emulsification, retard 
oxidative rancidity and color deteriora-
tion, and enhance cured-color develop-
ment (MOLINS, 1991). Although the an-
timicrobial effect of some (poly) phos-
phates is well known, these compounds 
have not yet been added to food as an-
timicrobial agents. Many studies have 
demonstrated that the inhibitory activ-

ity of phosphates on bacteria is linked 
to the chelation of essential metal ions 
(JEN and SHELEF, 1986; KNABEL et al., 
1991; LEE et al., 1994a, 1994b, 1994c). 
In general, Gram-positive bacteria ap-
pear to be more sensitive than Gram 
negative bacteria (MOLINS et al., 1984; 
SHELEF and SEITER 1993; RAJKOWSKI et 
al., 1994; LOESSNER et al., 1997; SUÁ-
REZ et al., 2005a). However, some stud-
ies have demonstrated that Trisodium 
Phosphate (TSP) has an important anti-
microbial effect on Gram-negative bac-
teria, which are natural contaminants 
of poultry meat (SLAVIK et al., 1994; DEL 
RIO et al., 2005; KANELLOS and BURRI-
EL, 2005; MEHYAR et al., 2005). Further-
more, several studies have reported the 
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antibotulinal activities of phosphates 
(SOFOS and BUSTA, 1980; NELSON et 
al., 1983; SOFOS, 1986; ECKNER et al., 
1994; LOESSNER et al., 1997).

Yeasts are normally present in raw 
food material and processed foods and 
are a main cause of product spoilage 
in food with a high sugar concentra-
tion, low pH and low water activity (RAY, 
2001a). Spoilage due to these microor-
ganisms depends exclusively on the in-
itial concentration and the characteris-
tics of the food process. To date, there 
have been no systematic studies on the 
effect of phosphate addition against 
yeasts. The aim of this work was to ob-
tain data on the inhibitory capacity of 
phosphates commonly used in foods 
on different yeasts isolated from food 
sources.

MATERIALS AND METHODS

Microorganisms
and culture conditions

A total of 20 yeasts were used (Table 
1). They were isolated from fruit juices, 
cheese, artisanal cultures for cheeses 
and the cheese plant environment. YGCB 
(Merck, Darmstadt, Germany) plates in-
cubated for 4 d at 25°C were used for iso-
lation. Purification was made using YM 
agar (0.3 g yeast extract (Merck), 0.3 g 
malt extract (Biokar, Beauvois, France), 
0.5 g casein peptone (Merck), 1 g glucose 
(Anedra, Buenos Aires, Argentina), 1.5 g 
agar (Britania, Buenos Aires, Argentina), 
in 100 mL distilled water). Yeasts were 
stored in YM broth with 15% glycerol 
(-20°C) (CARRASCO et al., 2006).

Table 1 - Phosphate inhibitory activity on yeasts isolated from food sources (pH = 7.0±0.3).

	 	 Minimal Inhibitory Concentration (MIC, % w/v)*
Organism/	 Origin
Strain	 	 A	 B	 TAS	 TRI	 N	 PAS

Candida humicola 108	 hard cheese	 1.5	 1.5	 >1.5	 >1.5	 >1.5	 >1.5
Geotrichum penicillatum 105	 citric fruit juice	 1.5	 1.5	 >1.5	 >1.5	 >1.5	 >1.5
Cryptococcus laurentii 67	 soft cheese	 1.5	 1.5	 >1.5	 >1.5	 >1.5	 >1.5
Brettanomyces claussenii 15	 citric fruit juice	 1.5	 1.5	 >1.5	 >1.5	 >1.5	 >1.5
Candida famata 19	 citric fruit juice	 1.5	 1.0	 >1.5	 >1.5	 >1.5	 >1.5
Cryptococcus heveanensis 17	 soft cheese	 1.5	 1.0	 >1.5	 >1.5	 >1.5	 >1.5
Cryptococcus albidus 14	 soft cheese	 1.5	 1.0	 >1.5	 >1.5	 >1.5	 >1.5
Candida parapsilosis 36	 soft cheese	 1.5	 1.0	 >1.5	 >1.5	 >1.5	 >1.5
Candida famata 11	 soft cheese	 1.0	 1.0	 >1.5	 >1.5	 >1.5	 >1.5
Cryptococcus laurentii 65	 natural milk starter	 0.5	 1.0	 >1.5	 >1.5	 >1.5	 >1.5
Trichosporon sp. 44	 natural milk starter	 1.0	 0.5	 >1.5	 >1.5	 >1.5	 >1.5
Candida famata 24	 soft cheese	 1.0	 0.5	 >1.5	 >1.5	 >1.5	 >1.5
Candida famata 22	 soft cheese	 1.0	 0.5	 >1.5	 >1.5	 >1.5	 >1.5
Candida famata 16	 citric fruit juice	 1.0	 0.5	 >1.5	 >1.5	 >1.5	 >1.5
Geotrichum sp. 57	 citric fruit juice	 0.5	 0.5	 1.5	 1.0	 1.5	 >1.5
Brettanomyces custersii 13	 citric fruit juice	 0.5	 0.5	 >1.5	 >1.5	 >1.5	 >1.5
Candida famata 32	 soft cheese	 0.5	 0.3	 1.5	 1.5	 >1.5	 >1.5
Brettanomyces intermedius 12	 soft cheese	 0.5	 0.3	 >1.5	 >1.5	 >1.5	 >1.5
Cryptococcus albidus 8	 citric fruit juice	 0.5	 0.3	 >1.5	 >1.5	 >1.5	 >1.5
Trichosporon cutaneum 10	 dairy environment	 0.3	 0.3	 0.5	 0.5	 1.0	 0.5

A and B: polyphosphates (15 to 20 phosphate units); TAS: sodium tripolyphosphate - high solubility; TRI: sodium 
tripolyphosphate; N: sodium neutral pyrophosphate; PAS: sodium acid pyrophosphate.
* Values obtained from three determinations.
Phosphate concentrations assayed: 0.1, 0.3, 0.5, 1.0 and 1.5% (w/v).
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Phosphates

Six available food-grade phosphates 
(SUDAMFOS S.A., Buenos Aires, Argen-
tina) with different chain lengths were 
used: polyphosphates A and B (15 to 20 
phosphate units), sodium tripolyphos-
phate-high solubility (TAS), sodium 
tripolyphosphate (TRI) (Na5P3O10), sodi-
um acid pyrophosphate (PAS) (Na2H2P2O7) 
and sodium neutral pyrophosphate (N) 
(Na4P2O7).

The sequestering power values of 
phosphates were provided by the sup-
plier (SUDAMFOS S.A.) and determined 
by titration with a calcium chloride solu-
tion until turbidity in a solution of 1.2% 
phosphate was observed.

Inhibition assays

Plate count broth (PC) was used as the 
basal medium (LOESSNER et al., 1997) to 
which different concentrations (0.1, 0.3, 
0.5, 1.0 and 1.5% w/v) of phosphates 
were added. For this purpose, 5% (w/
v) phosphate stock solutions were pre-
pared in distilled water and subsequent-
ly sterilized by filtration (Millipore mem-
branes, 0.45 μm pore diameter) (LEE et 
al., 1994b). PC-phosphate media were 
prepared using distilled water and the 
necessary volumes of stock solutions to 
reach the final phosphate concentrations 
cited. Media were used at two pH condi-
tions: neutral (pH = 7.0±0.3) and natu-
ral (without pH adjustment) pH values. 
Neutral pH values were obtained by add-

ing 6N solutions of NaOH or HCl, accord-
ing to the phosphate used. Natural pH 
values obtained are shown in Table 2. 
Yeasts were inoculated in tubes with 5 
mL of medium and incubated for 24 h at 
30°C. The assays were performed three 
times and the minimal inhibitory con-
centration (MIC) values were calculat-
ed. This parameter (MIC) was defined as 
the lowest phosphate concentration that 
gives an absorbance (600 nm) value (as 
yeast growth measurement) lower than 
0.2 units (LOESSNER et al., 1997).

Inhibition assays at acid pH

The ability of yeasts to grow at acid-
ic pH values (2.5, 3.5 and 4.5), with 
and without phosphates, was deter-
mined. The results are expressed as 
growth rates (% of growth, measured as 
A600nm) with respect to a control (growth 
at pH 7.0 in broth without phosphate). 
A growth rate value lower than 25% was 
considered as inhibition. For these as-
says, polyphosphates A and B were used 
(at concentrations of 0.5 and 1.0%) since 
they showed the highest inhibitory ac-
tivity at neutral pH.

RESULTS

At neutral pH, the more inhibitory 
phosphates for all strains studied were 
those with chain lengths greater than 15 
phosphate units (phosphates A and B) 
(Table 1). The resistance of yeasts to phos-
phates was strain-dependent. A group of 
strains (strains 11, 14, 15, 17, 19, 36, 
67, 105 and 108) was inhibited by con-
centrations ≥1.0%, while another group 
(strains 8, 10, 12, 13, 32 and 57) was in-
hibited by ≤0.5% phosphates. The other 
phosphates (TAS, TRI, N and PAS) showed 
a remarkably lower inhibitory capacity 
since MIC values ≤1.5% were only found 
for strains 10, 32 and 57 (phosphates TAS 
and TRI), strains 10 and 57 (phosphate 
N) and strain 10 (phosphate PAS).

Table 2 - pH values of plate count broth with phos-
phates added (% w/v).

Phosphate	 0.1	 0.3	 0.5	 1.0	 1.5

A	 6.95	 6.91	 6.87	 6.82	 6.75
B	 6.92	 6.88	 6.84	 6.79	 6.72
TAS	 7.89	 8.05	 8.15	 8.39	 8.44
TRI	 8.04	 8.13	 8.23	 8.47	 8.55
N	 7.92	 8.41	 8.53	 8.76	 8.80
PAS	 5.85	 5.70	 5.55	 5.17	 5.04
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At natural pH, phosphates that had al-
kaline pH values when they were added 
to the medium (TAS, TRI and N) dramat-
ically increased their inhibitory capaci-
ty (Table 3). For 0.5% TAS, the percent-
age of strains inhibited increased from 
5% (pH = 7.0) to 70% (pH = 8.15). On 
the other hand, 0.5% of the other phos-
phates increased their inhibitory activity 
from 5% (pH = 7.0) to 60% (pH = 8.23) of 
the phosphate TRI strains and from 0% 
(pH = 7.0) to 55% (pH = 8.53) of the phos-
phate N strains. All yeasts were capable 
of growing in PC broth adjusted to pH 
values from 5.0 to 8.5, corresponding to 
the addition of the different phosphates 
at the concentrations assayed (data not 
shown). Phosphate PAS was acidic in so-
lution and lost its scarce inhibitory activ-

Table 3 - Phosphate inhibitory activity on yeasts isolated from food sources (natural pH - See Table 1).

	 	 Minimal Inhibitory Concentration (MIC, % w/v)*
Organism/	 Origin
Strain	 	 TAS	 TRI	 N	 PAS

Candida humicola 108	 hard cheese	 0.5	 0.5	 0.5	 >1.5
Geotrichum penicillatum 105	 citric fruit juice	 >1.5	 1.0	 >1.5	 >1.5
Cryptococcus laurentii 67	 soft cheese	 0.5	 1.0	 1.0	 >1.5
Brettanomyces claussenii 15	 citric fruit juice	 0.5	 0.5	 0.5	 >1.5
Candida famata 19	 citric fruit juice	 0.5	 0.5	 1.0	 >1.5
Cryptococcus heveanensis 17	 soft cheese	 1.0	 0.5	 1.0	 >1.5
Cryptococcus albidus 14	 soft cheese	 0.5	 1.5	 0.5	 >1.5
Candida parapsilosis 36	 soft cheese	 0.5	 0.5	 0.5	 >1.5
Candida famata 11	 soft cheese	 0.5	 1.0	 0.5	 >1.5
Cryptococcus laurentii 65	 natural milk starter	 0.5	 0.5	 0.5	 >1.5
Trichosporon sp. 44	 natural milk starter	 0.5	 1.0	 1.0	 >1.5
Candida famata 24	 soft cheese	 1.0	 0.5	 1.0	 >1.5
Candida famata 22	 soft cheese	 0.5	 0.5	 0.5	 >1.5
Candida famata 16	 citric fruit juice	 1.0	 0.5	 1.0	 >1.5
Geotrichum sp. 57	 citric fruit juice	 0.5	 0.5	 0.5	 >1.5
Brettanomyces custersii 13	 citric fruit juice	 1.0	 1.5	 1.5	 >1.5
Candida famata 32	 soft cheese	 0.5	 0.5	 0.5	 >1.5
Brettanomyces intermedius 12	 soft cheese	 0.5	 1.0	 0.5	 >1.5
Cryptococcus albidus 8	 citric fruit juice	 1.5	 1.0	 1.5	 >1.5
Trichosporon cutaneum 10	 dairy environment	 0.5	 0.5	 0.5	 >1.5

A and B: polyphosphates (15 to 20 phosphate units); TAS: sodium tripolyphosphate - high solubility; TRI: sodium 
tripolyphosphate; N: sodium neutral pyrophosphate; PAS: sodium acid pyrophosphate.
* Values obtained from three determinations.
Phosphate concentrations assayed: 0.1, 0.3, 0.5, 1.0 and 1.5% (w/v).

ity shown at pH 7.0 on only one (Trichos-
poron cutaneum 10) (MIC = 0.5%) when 
it was tested at natural pH.

The sequestering powers of phos-
phates TAS, TRI and N at natural pH 
(13, 13 and 8 g Ca/100 g phosphate, 
respectively) were higher than at neu-
tral pH (12, 12 and 5 g Ca/100 g phos-
phate, respectively). Phosphate TAS 
showed a poor sequestering power (3 g 
Ca/100 g phosphate), while phosphates 
A and B had similar sequestering pow-
er (15 g Ca/100 g phosphate) at pH val-
ues near 7.0.

Table 4 shows the growth rates (% 
of growth) of yeasts at acidic pH val-
ues (without phosphates added) using 
the growth at neutral pH as a control 
(100% of growth). As can be observed, 
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80% of the total strains were inhibited 
(rate growth < 25%) in broth acidified to 
pH = 2.5 and this percentage reached 55 
and 10% at pH 3.5 and 4.5, respective-
ly. The highest resistance (rate growth 

Table 5 - Percentage of inhibited* strains (n=20) at different pH values, with and without addition of 
phosphates (%w/v).

	 Without	 Phosphate A	 Phosphate B
pH	 phosphate
	 addition	 0.5	 1.0	 0.5	 1.0

7.0 (control)	 0	 35	 60	 50	 80
4.5	 10	 85	 100	 100	 100
3.5	 55	 100	 100	 100	 100
2.5	 80	 100	 100	 100	 100

* Cell growth was measured at A600nm in plate count broth after 24 h at 30°C using growth at pH 7.0 as control. A rate 
(%) value of cell growth <25% was considered as inhibition.

Table 4 - Yeast growth* in PC broth at different 
pH values.

Organism / Strain	 pH

	 2.5	 3.5	 4.5

Cryptococcus albidus 8	 89.9	 100	 100
Trichosporon cutaneum 10	 88.5	 100	 100
Brettanomyces intermedius 12	 76.9	 100	 100
Geotrichum penicillatum 105	 100	 100	 100
Candida parapsilosis 36	 11.8	 100	 100
Geotrichum sp. 57	 7.6	 96.6	 100
Candida humicola 108	 13.0	 78.3	 100
Candida famata 16	 11.1	 27.0	 87.3
Candida famata 11	 13.0	 25.5	 98.0
Brettanomyces custersii 13	 8.2	 15.4	 100
Brettanomyces claussenii 15	 10.0	 13.0	 100
Cryptococcus laurentii 65	 10.0	 10.9	 100
Candida famata 19	 7.4	 13.9	 100
Candida famata 32	 14.7	 13.3	 96.0
Candida famata 22	 10.0	 13.7	 90.0
Candida famata 24	 15.4	 12.3	 41.5
Cryptococcus heveanensis 17	 12.9	 16.5	 48.2
Trichosporon sp. 44	 16.3	 16.3	 25.0
Cryptococcus laurentii 67	 11.7	 11.7	 20.2
Cryptococcus albidus 14	 15.0	 13.3	 13.3

* Rate (%) values of cell growth (measured at A600nm, af-
ter 24 h at 30°C), using growth at pH 7.0 as control. The 
values are the means of three determinations.

from 76.9 to 100%, at pH 2.5) was ex-
hibited by strains Cryptococcus albidus 
8, Trichosporon cutaneum 10, Brettano-
myces intermedius 12 and Geotrichum 
penicillatum 105. At this pH value, the 
other strains showed rate growth val-
ues ≤16.3%.

The inhibitory activity of phosphates 
at acidic pH values was determined by 
using phosphates A and B since these 
had shown the lowest MIC values at a 
neutral pH. A clear inhibitory effect due 
exclusively to phosphate addition was 
observed (Table 5). The percentage of 
inhibited strains increased up to 100% 
(pH 2.5 and 3.5) and 85% (pH 4.5) with 
0.5% phosphate A. At this pH value, 
100% of the tested strains were inhibit-
ed with phosphate A at 1.0%. For phos-
phate B, 0.5% inhibited all the strains 
at the three pH values assayed.

DISCUSSION

Yeasts are responsible for spoilage 
mainly of dairy products, fresh fruit, 
fruit juices and fruit products, honey, 
sugar syrups, molasses and fermented 
vegetables (RAY, 2001a). The yeast gen-
era used in this study (Candida, Geotri-
chum, Trichosporon, Brettanomyces and 
Cryptococcus) are frequently linked to 
spoilage of these foods (ICMSF, 1980). 
In this study, yeast inhibition, at neutral 
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pH, was mainly observed when polyphos-
phates A and B (with the longest chain 
lengths) at concentrations from 0.3 to 
1.5%, depending on the strain, were 
used. MAIER et al. (1999) have demon-
strated that some yeasts such as Can-
dida albicans and Saccharomyces cere-
visiae were inhibited with 0.3% of the 
commercial polyphosphate JOHA HBS 
(sodium polyphosphate glassy, 69±1% 
P2O5). These results could be related 
to the sequestering capacity of divalent 
cations by polyphosphates, and are in 
agreement with those obtained in a pre-
vious study on food spoilage molds (SUÁ-
REZ et al., 2005b). This theory is essen-
tially supported by the report of revers-
al of phosphate-induced inhibition on 
bacteria when an excess of these ions is 
added back to the growth medium (JEN 
and SHELEF, 1986; KNABEL et al., 1991; 
LEE et al., 1994b; ZAIKA et al., 1997). 
Long-chain phosphates show a greater 
inhibitory effect on bacteria than short-
er chains phosphates (LEE et al., 1994a; 
SUÁREZ et al., 2005a); this could be due 
to the fact that the sequestering activity 
of divalent cations increases with chain 
length (MOLINS, 1991).

On the other hand, our results showed 
that the pH had a notable influence on 
the inhibitory capacity of phosphates. 
For phosphates that showed an alka-
line reaction in the culture medium 
(phosphates TAS, TRI and N), this ac-
tivity was higher at natural pH val-
ues. This fact can be linked to the in-
creased sequestering capacity of met-
al cations for alkaline phosphates (MO-
LINS, 1991). These results were similar 
to those obtained for molds when the 
same phosphates were used (SUÁREZ 
et al., 2005b). JEN and SHELEF (1986) 
studied the effect of pH on Staphyloco-
ccus aureus 196E, by using 0.5% sodi-
um tripolyphosphate (STPP) and sodi-
um hexametaphosphate (SHMP). They 
also observed an increased inhibition 
by phosphates at pH values higher than 
7.0 (from 7.4 to 9) and hypothesized that 

chelators became increasingly dissoci-
ated and the quantity of complexed cat-
ions increased. As a consequence, es-
sential divalent cations were not availa-
ble for cellular growth and, therefore in-
hibition was enhanced.

However, there is no data about the 
inhibitory action of polyphosphates at 
acid pH values. Results obtained in our 
study demonstrated that polyphosphates 
A and B increased their inhibitory ac-
tivity against yeasts under acidic condi-
tions. Yeast strains capable of growing 
in acidified broth were inhibited when 
phosphates A and B were added at con-
centrations from 0.5 to 1.0%. These con-
centrations were similar to or lower than 
those used when phosphates are used 
as additives (MOLINS, 1991). These re-
sults should be evaluated to determine 
their possible use for the preservation of 
acidic foods such as acid fruits or fruit 
juices since, for example, the pH values 
of citric fruit juices range from 2.5 (con-
centrated juices) to 4.5 (fresh juices) (SO-
BRERO, 2002).
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Abstract

Caciocavallo is a hard pasta filata 
cheese produced by artisanal meth-
ods in southern Italy. This study fo-
cused on Caciocavallo cheese made 
in the Campania region (Caciocavallo 
Campano). Ten 8-month-old and three 
4-month-old cheeses were obtained 
over a two-year period from five dair-
ies and subjected to compositional and 
biochemical analysis. Large differenc-
es between and within dairies were re-
corded. Six of these cheeses were se-
lected for descriptive sensory and con-

Riassunto

Il caciocavallo è un formaggio duro a 
pasta filata prodotto in Italia meridiona-
le. Il presente lavoro è stato condotto su 
caciocavalli prodotti in Campania (Ca-
ciocavallo Campano). Dieci formaggi a 
8 mesi di maturazione e tre a 4 mesi di 
maturazione, acquistati da cinque ca-
seifici, sono stati caratterizzati dal pun-
to di vista chimico-biochimico, eviden-
ziando grandi differenze inter- e intra- 
caseificio. Tra i suddetti formaggi, sei 
sono stati sottoposti ad analisi descrit-
tive sensoriali e di preferenza che han-
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sumer preference analysis that high-
lighted a preference for cheese with 
piccante, mouldy and rancid flavour. 
More production control is needed in 
order to improve product quality and 
meet consumer demands.

no mostrato un gradimento per i cacio-
cavalli caratterizzati da un “flavour” pic-
cante, rancido e di muffa. Per risponde-
re alle richieste del consumatore sareb-
be opportuno introdurre un maggiore 
controllo nella produzione per miglio-
rare la qualità del prodotto. 

Introduction

Pasta filata cheeses, characteristical-
ly produced in Mediterranean countries, 
are characterised by a unique stretch-
ing process in which the acidified curd 
is kneaded in hot water, drawn into long 
strands and formed into various shapes 
(Corsetti et al., 2001). They include soft 
or semi-soft varieties, usually consumed 
fresh or after a brief period of ripening, 
e.g., Mozzarella and semi-hard or hard 
varieties which are consumed after con-
siderable ageing, e.g., Provolone and Ca-
ciocavallo (Kindstedt, 1995; Gobbetti 
et al., 2002). Caciocavallo is very popu-
lar in southern Italy, but to date is pro-
duced only by artisanal methods in sev-
eral small dairies. Many types of Cacio-
cavallo cheese are produced in all re-
gions of southern Italy (e.g., Caciocavallo 
Campano, Caciocavallo Silano and Caci-
ocavallo Pugliese) and the cheese is gen-
erally defined as a hard pasta filata va-
riety made from whole cows’ milk (De-
creto del Presidente della Repub-
blica, 1955).

Studies on the microbial and biochem-
ical characteristics of 2-month-old Ca-
ciocavallo Pugliese and Caciocavallo Si-
lano have been published (Gobbetti et 
al., 2002; Corsetti et al., 2001), howev-
er to our knowledge no studies have been 
reported on the compositional and bio-
chemical characteristics of Caciocaval-
lo Campano cheese. Moreover, no com-
parative studies have been published on 
the biochemical characteristics of Cacio-
cavallo cheese at different stages of rip-

ening and produced by different dairies. 
In view of the increasing market popu-
larity of Caciocavallo Campano cheese, 
chemical-biochemical and sensory data 
and consumer preference for a selection 
of cheeses were analysed to identify the 
distinctive characteristics of this type 
of cheese. It is hoped that information 
obtained may lead to more established 
production practices, greater consisten-
cy and better quality cheese than pres-
ently available.

Materials and Methods

Samples

Cheeses were purchased from five 
dairies in the Campania region of Italy, 
all located in the province of Avellino. 
The characteristic manufacturing pro-
tocol followed is shown in Fig. 1. Cacio-
cavallo Campano may be sold after 2-4 
months, as a “sweet” variety, or after ap-
proximately 8 months when the flavour 
is more piquant. In the present study, all 
manufacturers used kid rennet paste. In 
order to respect the confidentiality of the 
suppliers and their products, each prod-
uct was assigned a code.

Five 8-month-old cheeses were ob-
tained in 2003 (3A8, 3B8, 3C8, 3D8 
and 3E8) and five 8-month-old chees-
es in 2004 (4A8, 4B8, 4C8, 4D8 and 
4E8) from five dairies (A, B, C, D and 
E). Three 4-month-old cheeses were ob-
tained in 2004 from dairies A, C and D 
(4A4, 4C4, 4D4). Each of these chees-
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Fig. 1 - Manufacturing protocol for Caciocavallo cheese in the Campania region (adapted from CNR, 
1996).

Cows’ milk
↓

Heating of milk at 65°C for 2-4 min or at 72°C for 20 sec
↓

Inoculating milk with a natural unselected whey culture (4-8% v/v) 
↓

Addition of liquid calf rennet (40 mL 100 kg-1) or kid rennet paste (20-40 g 100 kg-1)
↓

Coagulation of milk after 15-18 min
↓

1st cutting (size: ca. 2.5-3 cm)
↓

2nd cutting (size: ca. 0.5-1 cm)
↓

Cooking at 45°-52°C for 10 min, using whey heated to 90°-95°C
↓

*Curd separation
↓

*Curd held at ambient temperature for 10-12 h until pH 5.2
↓

Stretching of the curd in warm water (90°-95°C) and manual moulding
↓

Hardening in cold water for 1 h
↓

1st salting in brine (12-14% NaCl) for 5-6 h at 20°C
↓

2nd salting in brine (16-18% NaCl) for 2-3 h at 15°C
↓

Ripening at 12°C for at least 60 days (humidity, ca. 80%)

*These 2 steps may be reversed: maturation of curd under whey at 30°C for 10-12 h until pH 5.2 followed by curd 
separation.

es was analysed for compositional and 
biochemical properties. Based on the 
compositional and biochemical proper-
ties, ripening time and dairy source, six 
of the cheeses purchased in 2004 were 
selected for descriptive sensory analysis 
and consumer preference analysis (4A4, 
4C4, 4D4, 4C8, 4D8 and 4E8) in order 
to determine the most preferred senso-
ry characteristics of Caciocavallo Cam-
pano cheese.

Each cheese was cut in half. One-
half was used for compositional and bio-
chemical analyses. After the rind (3 mm) 
was removed, the piece was cut into two 
roughly 3-4 cm thick sections, an outer 

section (OS) and the core or inner section 
(IS). Samples were grated and stored at 
-20°C prior to analysis. The second half, 
to be used for sensory evaluation and 
consumer preference studies, was vac-
uum-packed and stored at 4°C.

Compositional analysis

Cheese samples were analysed in trip-
licate for moisture (IDF, 1982), salt (Fox, 
1963), protein (IDF, 1986) and fat (Ger-
ber method: IIRS, 1955). pH was meas-
ured in triplicate as described by the 
International Dairy Federation (IDF, 
1989).
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Biochemical analysis

Proteolysis
Proteolysis was monitored by meas-

uring the percentage of total N soluble 
in water at pH 4.6 (pH 4.6-WSN) by the 
method of Kuchroo and Fox (1982). 
Nitrogen was determined by the mac-
ro-Kjeldahl method (IDF, 1986). Chees-
es were analysed in triplicate.

The insoluble fraction of the cheeses 
was analysed by urea polyacrylamide gel 
electrophoresis (Urea-PAGE) using a Pro-
tean II vertical slab gel unit (Bio-Rad) and 
the stacking gel system described by An-
drews (1983). The gels were stained di-
rectly with Comassie Brilliant blue G250 
by the method of Blakesley and Boe-
zi (1977).

The peptide profile of the 70% eth-
anol-soluble fraction (ESF) of the IS of 
the cheeses, prepared according to RE-
VILLE and FOX (1978), was determined 
by reverse-phase HPLC (RP-HPLC) using 
a Nucleocil C8 column according to the 
method of Rohm et al. (1996), with the 
following modifications: samples were di-
luted with mobile phase A (0.1% TFA in 
water) to a peptide concentration of 10 
mg mL-1. A Varian ProStar 230 solvent 
delivery system was used with a Varian 
ProStar 410 autosampler (Varian Asso-
ciates Inc., Walnut Creek, CA, USA). Col-
umn eluates were monitored at 214 nm 
using a Varian ProStar 310 UV-Vis de-
tector, interfaced with a PC running on 
Varian Star Chromatography Worksta-
tion Software, version 5.51.

Lipolysis
Free fatty acids (FFA; C4:0, C6:0, C8:0 

C10:0, C12:0, C14:0, C16:0, C18:0, C18:1, C18:2, C18:3) 
in the inner sections of the cheese were 
quantified by GC-FID (gas chromatogra-
phy-flame ionisation detection), accord-
ing to the method of de Jong and Bad-
ings (1990), with the following modifica-
tions: solid-phase extraction was carried 
out using NH2 cartridges (Waters Cor-
poration Milford, MA 01757, USA) with 

a capacity of 500 mg and neutral lip-
ids were extracted with hexane/2-pro-
panol (3:2).

Cheeses were analysed on a Varian 
CP-3800 gas chromatograph with a Vari-
an 8410 CX Autosampler, a Varian 1079 
injector, a flame ionisation detector and 
associated Star Workstation software 
(JVA Analytical Ltd, Dublin, Ireland). 
An internal standard solution contain-
ing C5:0, C9:0 and C17:0 was used to deter-
mine the recovery of each FFA. Separa-
tion of FFAs was achieved using a Vari-
an/Chromopack WCOT fused silica col-
umn, 25 m x 0.32 mm ID, coated with 
FFAP-CB (DF 0.3). The column was at-
tached to a fused silica guard column 
(2.5 m x 0.53 mm) with a quick-seal con-
nector. The sample (3 μL) was injected di-
rectly into the column at 65°C which was 
ramped to 250° at 200°C min-1, held for 
1 min, then cooled to 65°C and held for 
20 min. The oven temperature was 65°C, 
ramped to 240° at 10°C min-1 and held 
for 20 min. The detector temperature was 
240°C. Flow pressure was maintained at 
55 kPa over 44 min. 

Analyses were performed in triplicate 
and results are expressed as mg kg-1 of 
cheese.

Sensory analysis

Descriptive Sensory Analysis
Three 4-month-old and three 8-

month-old Caciocavallo Campano 
cheeses (4A4, 4C4, 4D4, 4C8, 4D8 and 
4E8) were assessed by seven trained as-
sessors, in duplicate. All assessments 
were conducted in individual booths, 
under red light, at the sensory labo-
ratory at University College, Cork, Ire-
land, which complies with international 
standards for the design of test rooms 
(ISO, 1988). Prior to analysis, asses-
sors participated in a number of group 
discussions of 2 h duration, during 
which, using a previously-agreed vocab-
ulary (Lawlor and Delahunty, 2000), 
all attributes of Caciocavallo Campano 
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cheese were discussed and the vocab-
ulary revised. The final vocabulary in-
cluded nine odour and fifteen flavour 
attributes (Table 1). Prior to assess-
ment, the rind (3 mm) of each cheese 
was removed and the samples were cut 
into slices (5 g) from the outer edge to 
the centre and served at room temper-
ature (21°C) on coded plates. The order 
of tasting was balanced to account for 
order and carry-over effects (MacFie et 
al., 1989). Descriptive sensory analysis 

Table 1 - Vocabulary and definitions developed for descriptive analysis of Caciocavallo Campano 
cheese.

ATTRIBUTE	 DEFINITION

ODOUR
Pungent	 Physically penetrating sensation in the nasal cavity; sharp-smelling irritant.
Sweaty	 The aromatics reminiscent of perspiration-generated foot odour, i.e., sour and stale.
Rancid	 The aroma associated with sour milk.
Fruity	 The aromatic blend of different fruity characteristics.
Caramel	 The aromatics associated with butter and sugar that has been cooked (condensed
	  milk, burnt sugar or syrup; toffee made with sugar that has been melted further).
Buttery	 Fatty, buttery taste, of the nature of, or containing, butter.
Mouldy	 The aromatics associated with moulds; usually earthy, dirty, stale, cardboard, musty.
Nutty	 The non-specific nut-like aromatics characteristic of several different nuts, e.g., 
	 peanuts, hazelnuts, pecans, almonds.
Cowy-phenolic	 Aroma associated with barns and stock trailers, indicative of abnomal sweat and waste.

FLAVOUR
Pungent	 Physically penetrating sensation in the nasal cavity; sharp-smelling irritant.
Rancid	 The taste associated with sour milk.
Mouldy	 The taste associated with moulds; usually earthy, dirty, stale, cardboard,
	 musty and slightly sour.
Caramel	 The taste associated with butter and sugar that has been cooked (condensed milk, 
	 burnt sugar or syrup; toffee made with sugar that has been melted further).
Fruity	 The taste of a blend of different fruity characteristics.
Buttery	 Fatty, buttery tasting, of the nature of, or containing, butter.
Nutty	 The non-specific nut-like taste characteristic of several different nuts, e.g., peanuts, 
	 hazelnuts, pecans, almonds.
Soapy	 A detergent-like taste; similar to that of a food tainted with a cleansing agent.
Sweet	 Fundamental taste sensation, of which sucrose is typical.
Salty	 Fundamental taste sensation, of which sodium chloride is typical.
Acidic	 A sour tangy, citrus-like taste; a fundamental taste sensation,
	 of which lactic and citric acids are typical.
Bitter	 A chemical-like taste; a fundamental taste sensation,
	 of which caffeine and quinine are typical.
Astringent	 A mouth-drying and harsh sensation; the complex of drying, puckering and shrinking 
	 sensations in the oral cavity causing contractions of the body tissue.
Alcohol	 Flavour associated with alcohol, particularly Sherry.
Piccante	 A slightly burning, prickling and/or numbness of the tongue and/or mouth surface.

was carried out following the method 
of Lawlor et al. (2002). Data were re-
corded using the Compusense five ver-
sion 4.0 sensory data acquisition pro-
gramme (Compusense Inc., Guelph, ON, 
Canada).

Consumer preference testing
A consumer preference test on the 

same cheeses used for Descriptive Sen-
sory Analysis was conducted in Avellino, 
Italy. All participants (107) were famil-
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iar with Caciocavallo Campano cheese 
and expressed their preference for each 
of the six cheeses sampled on a nine-
point hedonic scale (Peryam and Pyl-
grim, 1957). Cheese samples were pre-
pared as described for Descriptive Sen-
sory Analysis and randomly coded. The 
order of tasting was balanced to account 
for order and carry-over effects (MacFie 
et al., 1989). Consumers were provided 
with water and unsalted crackers and 
encouraged to cleanse their palate be-
tween cheeses.

Statistical analysis

Data treatment of compositional
and biochemical properties
A randomised complete block design, 

with incorporated treatments, was used 
to analyse the response variables, related 
to moisture, pH, NaCl and pH 4.6 WSN. 
ANOVA was carried out using GLM pro-
cedure of SAS (2003) where the effects of 
treatment and replicates were estimat-
ed for all response variables. Duncan’s 
multiple-comparison test was used as a 
guide for pair comparison of the treat-
ment means. The level of significance 
was determined at P<0.05.

Data treatment of sensory analysis
The mean panel scores of the quan-

titative descriptive data were subject-
ed to one-way ANOVA using SPSS ver-
sion 10.0 (SPSS Inc. Chicago, IL 60611, 
USA) to determine which terms effective-
ly discriminated amongst the cheeses. 
Descriptive terms which did not signifi-
cantly discriminate (P<0.05) between the 
cheeses were removed from subsequent 
analyses. The data were then standard-
ised (1/Standard Deviation) and Princi-
pal Component Analysis (PCA) was per-
formed using The Unscrambler® version 
8.0 (CAMO PROCESS AS, Nedre Voll-
gate 8, N-0158 Oslo, Norway). PCA was 
used to identify the factors responsible 
for the similarities and differences be-
tween the sensory characteristics of the 

cheeses. How each PC discriminated be-
tween the sensory characteristics of the 
cheeses was tested using one-way ANO-
VA (SPSS version 10.0).

The consumer preference ratings 
were subjected to PCA (Internal Prefer-
ence Mapping (Schlich, 1995; McEwan, 
1996), using the Unscrambler® version 
8.0 (CAMO AS). This identified the direc-
tion and intensity of preferences of the 
individual consumers.

Results

Compositional analysis

The composition of the OS and IS of 
all the cheeses is shown in Tables 2a 
and 2b, respectively. Significant differ-
ences were found between all chees-
es for moisture, pH, NaCl and fat con-
tent (P<0.0001). In addition, significant 
differences were also evident between 
cheeses from the same dairy in 2003 
and 2004, and for the 4- and 8-month-
old cheeses from the same dairy.

The moisture content was highest 
in the IS of all 8-month-old cheeses, in 
agreement with the data reported for 
Caciocavallo Pugliese cheese (Gobbet-
ti et al., 2002). Very large differences in 
moisture and NaCl content were found. 
The NaCl content was highest in the IS, 
in agreement with 60-day-old Caciocav-
allo Pugliese cheese (Gobbetti et al., 
2002). pH values were usually higher 
than those reported for Caciocavallo Si-
lano (Corsetti et al., 2001) and Cacio-
cavallo Pugliese (Gobbetti et al., 2002) 
cheeses, but this was not unexpected 
because the cheeses in this study were 
ripened for a longer time and the pH is 
known to increase with ripening time. 
Large variations in fat content were also 
evident, ranging from 25.5 to 36.5% in 
the OS and 21.3 to 32.0% in the IS. Most 
cheeses in this study had higher levels of 
fat than those reported for Caciocavallo 
Pugliese cheese (Gobbetti et al., 2002), 



Ital. J. Food Sci. n. 3, vol. 19 - 2007  269

but lower than those reported for Cacio-
cavallo Silano cheese (Corsetti et al., 
2001). The protein content varied ex-
tensively for the OS, 28.5 to 36.9%, but 
less for the IS, 24.4 to 29.6%. The pro-
tein level was generally higher than that 
found in Caciocavallo Silano cheese by 
Corsetti et al. (2001). In general, dif-
ferences in composition between chees-
es may have been due to the quality of 
the raw milk, the breed and feeding re-
gime of the cows and period of lactation. 

Table 2 - Compositional and proteolytic parameters of the outer section (OS) (a) and of the inner sec-
tion (IS) (b) of Caciocavallo Campano cheese.

SAMPLE	 Moisture (%)	 Fat (%)	 Protein (%)	 NaCl (%)	 pH	 % pH 4.6 SN/TN 

(a)
3A8	 33.6cd (2.1)	 31.5cde(0.5)	 29.9g(0.1)	 1.88g(0.01)	 5.39e(0.05)	 10.5g(0.0)
3B8	 26.8gh(0.1)	 28.5g(0.6)	 35.7b(0.1)	 3.14a(0.06)	 5.22h(0.03)	 13.8e(0.1)
3C8	 36.5ab(0.6)	 25.5h(0.6)	 30.8f(0.2)	 1.76h(0.05)	 5.44d(0.02)	 14.0d(0.2)
3D8	 31.8de(1.3)	 32.0cd(0.6)	 29.5g(1.0)	 2.07e(0.01)	 5.29fg(0.03)	 16.2c(0.2)
3E8	 25.9h(0.1)	 31.0de(0.6)	 35.8b(0.1)	 2.18d(0.01)	 5.63b(0.04)	 16.0c(0.1)
4A8	 29.8ef(1.2)	 32.5c(0.6)	 33.7c(0.1)	 2.73b(0.06)	 5.59bc(0.03)	 13.7e(0.1)
4B8	 33.0cd(1.7)	 30.5ef(0.6)	 32.1e(0.4)	 2.45c(0.02)	 5.57bc(0.01)	 10.5g(0.1)
4C8	 28.3fg(1.8)	 30.0f(0.3)	 36.9a(0.7)	 1.90fg(0.08)	 5.69a(0.02)	 16.8b(0.7)
4D8	 29.9ef(1.4)	 36.5a(0.6)	 28.6h(0.2)	 1.89g(0.11)	 5.28g(0.04)	 12.8f(0.0)
4E8	 28.2fg(0.6)	 34.5b(0.5)	 32.6de(0.1)	 2.40c(0.02)	 5.56c(0.02)	 24.6a(0.0)
4A4	 37.5a(0.7)	 28.5g(0.5)	 29.5g(0.5)	 3.10a(0.0)	 5.45d(0.03)	 8.43h(0.2)
4C4	 34.8bc(0.9)	 28.5g(0.5)	 33.0d(0.6)	 1.99ef(0.08)	 5.55c(0.05)	 16.4c(0.3)
4D4	 30.2ef(0.0)	 34.0b(0.0)	 28.5h(0.5)	 1.99ef(0.05)	 5.34ef(0.03)	 13.8e(0.1)

(b)
3A8	 38.4c(0.2)	 27.0e(0.0)	 24.4abcde(0.1)	 1.94j(0.06)	 5.32gh(0.03)	 14.6i(0.2)
3B8	 35.6e(0.5)	 24.7fg(0.6)	 29.6a(0.2)	 3.92a(0.08)	 5.31h(0.01)	 18.7g(0.1)
3C8	 43.3a(0.2)	 21.3i(0.6)	 28.3abcd(0.4)	 1.96j(0.03)	 5.51de(0.03)	 20.2f(0.2)
3D8	 39.3c(0.3)	 28.0d(0.0)	 27.1bcde(3.6)	 2.44fg(0.03)	 5.25i(0.02)	 21.8e(0.6)
3E8	 38.7c(0.2)	 25.3f(0.6)	 28.9ab(0.2)	 3.02d(0.05)	 5.71b(0.01)	 24.8c(0.3)
4A8	 37.3d(1.7)	 29.0c(0.0)	 26.6cde(0.2)	 3.48b(0.01)	 5.86a(0.05)	 23.6d(0.1)
4B8	 42.2b(0.7)	 23.5h(0.5)	 26.1de(0.2)	 3.15c(0.04)	 5.50e(0.01)	 13.5i(0.0)
4C8	 37.1d(0.3)	 25.0f(0.0)	 29.3ab(2.3)	 2.50f(0.01)	 5.71b(0.04)	 29.1b(2.4)
4D8	 39.3c(0.6)	 26.5e(0.5)	 28.8abc(0.5)	 2.28h(0.04)	 5.36gf(0.03)	 17.6gh(0.4)
4E8	 34.0f(0.1)	 32.0a(1.0)	 28.4abc(0.1)	 2.89e(0.02)	 5.55cd(0.01)	 32.4a(0.1)
4A4	 42.4ab(0.2)	 24.5fg(0.5)	 25.9e(0.2)	 3.14c(0.05)	 5.28hi(0.04)	 11.7j(0.0)
4C4	 41.9b(0.4)	 24.0gh(0.0)	 28.6abc(0.1)	 2.14i(0.01)	 5.56c(0.02)	 20.5f(0.2)
4D4	 39.3c(0.3)	 30.0b(0.0)	 25.5e(0.1)	 2.38g(0.05)	 5.40f(0.02)	 17.4h(0.1)

Data presented are the means of triplicate analysis.
a-h Values in columns not sharing a common superscript differ significantly (P<0.05).
Values in brackets are standard deviations.
a-j Values in columns not sharing a common superscript differ significantly (P<0.05).
Values in brackets are standard deviations.

This information could not be obtained 
from the manufacturers.

Proteolysis

The level of pH 4.6-WSN, expressed as 
a percentage of total nitrogen, is shown 
in Table 2a and 2b for OS and IS, respec-
tively. The data showed that the level of 
pH 4.6-WSN was greater in the IS than in 
the OS of all cheeses, in agreement with 
the results of Gobbetti et al. (2002) for 
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Caciocavallo Pugliese cheese. Significant 
differences (P<0.05) were found between 
cheeses for the level of pH 4.6-WSN. The 
level of pH 4.6-WSN ranged from 10.5 to 
24.6% for the OS of 8 month-old cheese 
and 13.5 to 32.4% for the IS of 8-month 
old cheese. In general, 4-month-old 
cheeses had lower levels of pH 4.6-WSN 
than the 8-month-old cheeses, as expect-

ed. Very little difference was noted in the 
cheeses from dairy D at 4 and 8 months, 
probably due to comparable moisture 
and pH values which influence enzymat-
ic activity and microbial growth. Fig. 2 
shows urea-PAGE electrophoretograms 
of the pH 4.6-insoluble fraction of the IS 
of all cheeses studied. Urea-PAGE elec-
trophoretograms of the pH 4.6-insoluble 

Fig. 2 - Urea-PAGE of pH 4.6-insoluble fraction of the inner section (IS) of 4- and 8-month-old Cacio-
cavallo Campano cheeses obtained in 2004 (a) and of 8-month-old Caciocavallo Campano cheeses ob-
tained in 2003 and 2004 (b). Sodium caseinate (STD) was used as a control.

a

b
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fraction of the OS were similar to those 
of the IS (data not shown). All cheeses 
showed greater degradation of αs1-casein 
(CN) than β-CN, which is in agreement 
with previous studies (MILANOVI Ć et al., 
1998; GOBBETTI et al., 2002). In the 4-
month-old cheeses the main degradation 
product of αs1-CN was αs1-CN f24-199. In 
the 8-month-old cheeses, the degrada-
tion of αs1-CN increased, e.g., in cheese 
4A8, peptides of high electrophoretic 
mobility were present (Fig. 2a). In the 8-
month-old cheeses, αs1-CN was hydro-
lysed mainly to αs1-CN f24-199 and to a 
lesser extent to αs1-CN f102-199, with the 
exception of cheese 3B8, where the inten-

sity of αs1-CN f102-199 was the greatest 
(Fig. 2b). The limited hydrolysis of β-CN 
may have been due to a fairly high NaCl 
concentration which inhibits the hydroly-
sis of β-CN by chymosin, as shown by the 
absence of the peptide β-CN f1-189/92, 
and stimulates the hydrolysis of αs1-CN 
(Mulvihill and Fox, 1978; Carles and 
Ribadeau-Dumas, 1985). The limited 
hydrolysis of β-CN to γ-CNs was proba-
bly due to plasmin activity (Eigel et al., 
1984; Fox et al., 1994). 

RP-HPLC profiles of the ESF of all 
cheeses showed a large number of peaks, 
indicating a heterogeneous mixture of 
peptides (Fig. 3). The profiles of the ESF 

Fig. 3 - RP-HPLC profiles of the ethanol-soluble fraction of the inner section (IS) of all Caciocavallo 
Campano cheeses.
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of the 8-month-old cheeses obtained 
in 2003 and 2004 were similar to each 
other and were characterised by small 
peptides and amino acids (peaks with 
a short elution time), the only excep-
tion being the cheese 4D8 which con-
tained hydrophobic peptides. The pro-
files of cheeses 4A4 and 4C4 showed 
a high level of hydrophobic peptides, 
which were not present in cheeses 4A8 
and 4C8. This difference in peptide pro-
file may have been due to the hydrolysis 
of larger peptides to smaller peptides, as 
ripening progressed. The profile of 4D8 
showed hydrophobic peptides, which 
were not evident in cheese 4D4, which 
contained mainly hydrophilic and small 
peptides and amino acids. These unusu-
al profiles of samples 4D4 and 4D8 were 
probably due to an uncontrolled manu-
facturing process or possibly to high lev-
els of non-starter lactic acid bacteria or 
different contaminating advantageous 
microflora.

Lipolysis

The concentration of total FFAs and 
the percentage of individual FFAs in the 
IS of all cheeses is shown in Table 3. The 
percentages of individual FFAs in the 
OS were similar to those of the IS of the 
same cheeses (data not shown). Signifi-
cant differences were found for FFA lev-
els in cheeses from the same and differ-
ent dairies in both years. Age appeared 
to have no influence on FFA content. The 
extent of lipolysis in all cheeses in this 
study was higher than that found in Ca-
ciocavallo Pugliese cheese (Gobbetti et 
al., 2002), but lower than that for Caci-
ocavallo Silano cheese (Corsetti et al., 
2001). Caciocavallo cheeses appear to 
be characterised by a high level of C4:0 
as noted in the results of Gobbetti et al. 
(2002) and Corsetti et al. (2001) and in 
many of the cheeses in this study (3A8, 
3B8, 3D8, 4A8, 4C8, 4D8, 4E8 & 4D4). 
However, a low level of C4:0 was found in 
some of the cheeses (3C8, 3E8, 4B8, 4A4 

& 4C4), despite having quite a high level 
of lipolysis. A high concentration of C4:0 
reflects the use of kid rennet paste, as 
claimed by manufacturers, which con-
tains pregastric esterase which is spe-
cific for the FA at the Sn 3 position, and 
which is predominantly a short chain 
FA, such as C4:0 (Fox et al., 1993; Col-
lins et al., 2004). High concentrations 
of C16:0, C18:1 and C14:0 predominated, re-
flecting their abundance in milk fat (de 
Jong and Badings, 1990; IDF, 1991). A 
contribution by lipases secreted by the 
cheese microflora may also be supposed. 
It was postulated that the activity of li-
pases from several lactobacilli was stim-
ulated by concentrations of NaCl similar 
to those observed in the present study 
(c. 2%) (COLLINS et al., 2004).

Descriptive Sensory Analysis

Descriptive sensory analysis was car-
ried out using a final vocabulary of nine 
odour and fifteen flavour terms (Table 
1). The attributes “pungent”, “sweaty”, 
“fruity”, “caramel”, “mouldy” and “nutty” 
odour and “pungent”, “caramel”, “acid-
ic” and “astringent” flavour did not sig-
nificantly (P<0.05) distinguish between 
cheeses and were consequently not in-
cluded in subsequent analysis (Elmore 
et al., 1999). The data matrix of the dis-
criminating attributes was analysed by 
PCA which showed that the first four PCs 
indicated significant differences between 
the samples (P<0.05) and accounted for 
98% of the explained variance (Figs. 4a 
and 4b). PC 1 and 2 described 67% of the 
variation in the data. PC1 distinguished 
the sensory character of cheeses 4C8 
and 4E8 from 4A4. Cheese 4C8 scored 
the highest for the intensity of “pic-
cante” and “mouldy” flavours and had a 
“cowey/phenolic” odour. This cheese had 
a reasonably high level of lipolysis and a 
level of C4:0 which would have contribut-
ed to the “piccante” flavour. Cheese 4E8 
had the most “rancid” odour and intense 
“soapy” and “rancid” flavour, in addition 
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Table 3 - Free fatty acids as a percentage (%) on total free fatty acids and total free fatty acid concen-
tration in the inner section (IS) of Caciocavallo Campano cheese.

SAMPLE	 C4:0	 C6:0	 C8:0	 C10:0	 C12:0	 C14:0	 C16:0	 C18:0 	 C18:1 	 C18:2 	 C18:3 	 Total
	 	 	 	 	 	 	 	 	 	 	 	 (mg kg-1)

3A8	 21	 9	 2	 5	 5	 9	 18	 8	 20	 3	 0 	 4,605e(463)
3B8	 27	 6	 3	 4	 4	 9	 18	 11	 18	 0	 0	 6,777c(452)
3C8	 9	 3	 1	 5	 5	 12	 28	 11	 23	 3	 0	 7,923b(237)
3D8	 39	 13	 3	 6	 5	 6	 10	 3	 12	 3	 0	 7,216c(495)
3E8	 7	 3	 2	 5	 5	 14	 28	 10	 24	 1	 1	 11,869a(34)
4A8	 21	 3	 2	 4	 4	 10	 30	 7	 15	 4	 0	 5,502d(251)
4B8	 11	 4	 3	 4	 4	 10	 24	 16	 24	 0	 0	 1,062h(109)
4C8	 20	 4	 2	 4	 4	 10	 28	 8	 17	 3	 0	 4,605e(274)
4D8	 27	 6	 2	 4	 3	 7	 21	 8	 16	 6	 0	 1,895g(127)
4E8	 15	 4	 3	 4	 4	 9	 26	 7	 22	 4	 2	 7,860b(440)
4A4	 10	 3	 2	 4	 5	 11	 35	 7	 17	 4	 2	 3,302f(79)
4C4	 8	 2	 2	 4	 4	 11	 35	 9	 20	 5	 0	 3,195f(138)
4D4	 50	 12	 3	 6	 4	 5	 10	 4	 5	 1	 0	 3,671f(25)

Data presented are the means of triplicate analysis.
a-h Values in columns not sharing a common superscript differ significantly (P<0.05).
Values in brackets are standard deviations.

to a “piccante” and “mouldy” flavour. 
This cheese had the highest level of lipol-
ysis of the six cheeses which would have 
explained its rancid, soapy character. In 
addition, C4:0 was one of the most abun-
dant FFAs in cheese 4E8 which would 
have contributed to its piccante flavour. 
In comparison, 4A4 was found to have 
the most “buttery” odour and the most 
“buttery” and “salty” flavour. This cheese 
had the highest level of NaCl of the six 
cheeses studied and had a relatively low 
level of lipolysis, which would explain 
its buttery, salty characteristics. PC2 
showed the differences between the sen-
sory character of 4C4 from 4E8 and 4A4. 
Cheese 4C4 had the most “fruity” and 
“alcohol” flavour and intense “sweet” fla-
vour. PC3 described the differences be-
tween 4D8 and 4C8, 4E8, 4C4 and 4A4. 
Cheese 4D8 scored highest for “bitter” 
flavour amongst all the cheese samples, 
which may have been due to a relative-
ly low level of primary proteolysis. This 
cheese was also characterised by an in-
tense “nutty” and “mouldy” flavour. PC4 
distinguished the sensory characteris-

tics of cheese 4D4 from those of chees-
es 4D8, 4C8, 4E8 and 4C4. Cheese 4D4 
was described as having the most “ran-
cid” and “cowey/phenolic” odour and the 
most “nutty” and “sweet” flavour. This 
cheese was very unusual in that 50% of 
the total FFA was C4:0 which would have 
contributed strongly to its flavour char-
acteristics. There appears to be some 
correlation between the descriptive sen-
sory results and the biochemical data; 
however more detailed analysis of vola-
tile compounds is required to better dis-
cern such differences.

Consumer preference testing

The consumer preference map (Fig. 5) 
shows the preference of individual con-
sumers for the six cheeses (4A4, 4C4, 
4D4, 4C8, 4D8 and 4E8) sampled. The 
position of the cheeses was determined 
by the strength and direction of the con-
sumers’ preference and illustrated the 
most important differences between the 
cheeses. Cheeses 4C8, 4E8 and 4D4 
were grouped on the right side of the map 
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a

b

Fig. 4 - Descriptive sensory analysis of the 6 cheeses tested. Principal Component Analysis (PCA): 
biplot of scores and loadings for PC1 and PC2 (a) and biplot of scores and loadings for PC3 and 
PC4 (b).
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and were the most preferred cheeses as 
most consumers were positioned in this 
area of the sensory map. These cheeses 
had the highest level of lipolysis of the 
six cheeses tested. It also appears that 
consumers prefer Caciocavallo Cam-
pano cheese to have a mouldy, rancid 
flavour with a cowey/phenolic odour as 
each of these cheeses was characterised 
by these attributes. In addition, chees-
es 4C8 and 4E8 had a piccante flavour. 
Cheeses 4D8, 4C4 and 4A4 were situat-
ed on the left side of the map and were 
differentiated from each other and from 
the other cheeses. Cheeses 4D8, charac-
terised by bitter flavour, and 4C4, char-
acterised by alcohol flavour, were the 
least preferred cheeses as very few con-
sumers were positioned in these areas 
of the sensory space. These results may 
indicate that consumers disliked chees-
es that had a bitter or alcohol flavour. 
Cheese 4A4 was positioned near the 
centre of the map, suggesting that con-
sumers neither strongly liked nor dis-
liked this cheese. It was characterised 
as having a buttery odour and a but-

Fig. 5 - The Internal Preference Map obtained from Principal Component Analysis of consumer prefer-
ence data, showing the individual preference of 107 consumers for the 6 cheeses tested.

tery and salty flavour and therefore ap-
pears to have no desirable or disagreea-
ble characteristics.

Conclusions

The aim of the present study was to es-
tablish chemical-biochemical and senso-
ry characteristics and consumer prefer-
ence for a selection of Caciocavallo Cam-
pano cheeses to identify the best repre-
sentative attributes of this cheese. Be-
cause of its increasing market popular-
ity, it is important to introduce greater 
production controls in order to improve 
product quality.

Although artisanal production did not 
allow compilation of detailed data about 
the manufacturing protocol followed by 
each dairy and limited production did 
not allow for a wider and more complete 
sampling protocol, the present study has 
provided useful information on the chem-
ical-biochemical and sensory characteris-
tics of Caciocavallo Campano cheese. In 
general, the large differences in compo-
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sitional, proteolytic and lipolytic indices 
between and within dairies indicate poor 
manufacturing methods, which are often 
associated with such artisanal produc-
tion. Such differences may have been due 
to the quality of the milk, the standard of 
hygiene and/or poorly controlled meth-
ods of production, such as milk stand-
ardisation, salt concentration, pH, cook-
ing and stretching temperatures, rennet 
concentration and microflora composi-
tion. However, some common characteris-
tics were observed such as, a) high levels 
of hydrophobic peptides in the 4-month-
old cheeses which were absent in the 8-
month-old cheeses which were character-
ised by small peptides and amino acids, 
b) a high level of lipolysis and in particu-
lar a high concentration of C4:0 which re-
flects the use of kid rennet paste and c) 
a consumer preference for Caciocavallo 
Campano cheese with piccante, rancid, 
mouldy flavours, which correlate with 
high level of lipolysis. The manufacture 
of Caciocavallo Campano cheese needs to 
be improved in order to produce cheese 
with a desirable piccante, rancid, mouldy 
flavour which would best meet consum-
er preference.
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Abstract

The effect of rosemary extract on two 
traditional Greek foods (Tarama salad 
and Deples) was evaluated using the 
Rancimat method and sensory evalua-
tion. The rosemary extract at 400 ppm 
gave the highest protection against li-
pid oxidation of Tarama salad during 
40 days of storage. It was superior to 
BHA (200 ppm). The extract at a con-
centration of 150 ppm protected De-
ples from oxidation during 35 days 
of storage. Panelists clearly preferred 
products with the rosemary extract. 

Riassunto

È stato valutato l’effetto di un estrat-
to di rosmarino su due tradizionali ali-
menti greci (l’insalata Tarama e il De-
ples) utilizzando il metodo Rancimat e 
la valutazione sensoriale. L’estratto di 
rosmarino a 400 ppm esplicava la mi-
gliore protezione contro l’ossidazione li-
pidica dell’insalata Tarama durante 40 
giorni di conservazione e risultava su-
periore al BHA (200 ppm). L’estratto ad 
una concentrazione di 150 ppm proteg-
geva il Deples dall’ossidazione duran-
te 35 giorni conservazione. Gli assag-
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The shelf-life of products was calculat-
ed using the linear adjustment equa-
tion. Foods with rosemary had 17-102% 
longer shelf-life.

giatori preferivano chiaramente pro-
dotti contenenti l’estratto di rosmari-
no. La shelf life dei prodotti veniva cal-
colata utilizzando un’equazione linea-
re. Gli alimenti con estratto di rosmari-
no presentavano una shelf life più lun-
ga del 17-102%.

INTRODUCTION

Traditional foods contribute signifi-
cantly to the human diet in many coun-
tries around the world since they are 
closely related to the local culture. Some 
of them are produced by simply combin-
ing the ingredients and then mixing them 
(e.g. Tzatziki salad), while others, after 
mixing, undergo further processing such 
as frying (e.g. pan cakes) or baking (e.g. 
baklava). Tarama salad and deples are 
traditional Greek foods. Tarama salad is a 
traditional delicacy that looks like a pink 
or red paste; it is consumed mainly dur-
ing the forty-day period of fasting before 
Easter. It is made of oil, fish roe, bread 
crumbs or bread and water, and is stored 
at 6°-8°C. It is a traditional home-made 
food, but it can also be purchased in su-
permarkets. The lipid phase accounts for 
more than 50% of the salad mass. Within 
two weeks, oxidation makes the product 
unacceptable, especially when the salad 
is stored unsealed in the fridge.

Deples is another traditional Greek 
delicacy (which comes in the form of a 
swirled or twisted crispy pastry); it is 
mainly consumed during the Christmas 
holidays. It is made of flour, orange juice 
and whole egg to produce a dough which 
is then fried in vegetable oil and stored at 
room temperature for up to two weeks. 
It contains a high amount of absorbed 
oil, which oxidises easily making it com-
mercially unacceptable. The use of high-
ly unsaturated vegetable oil (e.g. soybean 
oil) increases the susceptibility to oxida-
tion (RUDNIK et al., 2001).

Lipid peroxidation, which involves a 
series of free radical-mediated chain re-
action processes, is also associated with 
several types of biological damage. The 
role that free radicals and active oxygen 
plays in causing atherogenesis in hu-
mans is becoming clearer (KISHK and 
EL-SAYED, 2007). Antioxidants are used 
to reduce or retard deterioration of the 
lipid phase. In addition, the use of anti-
oxidants minimises discoloration, and 
off-flavours and contributes to emulsion 
stability which can be negatively affect-
ed by the degradation of lipids in foods 
(MITSUMOTO et al., 2005; KISHK and EL-
SAYED, 2007). ESTEVEZ et al. (2007) re-
ported that artificial antioxidants (usu-
ally butylated hydroxyanisole-BHA) are 
added to food to inhibit lipid oxidation 
and obtain a longer shelf-life. Synthet-
ic antioxidants are not popular among 
consumers, since it has been shown 
that they act in promoting carcinogene-
sis and mutagenesis (FARAG et al., 1989). 
On the other hand, plant extracts espe-
cially rosemary (Rosemarinus officinallis 
L.) and sage (Salvia officinallis L.) pro-
vide varying levels of antioxidant activi-
ty, depending on the method of assess-
ment in different fats and oils (CHE MAN 
and TAN, 1999; KIM et al., 1994; ZHANG 
et al., 1990). In an earlier study the ef-
fect of the natural extract from rose-
mary, dissolved in frying oil, was evalu-
ated against the oxidation of oil, during 
intermittent frying of potato chips (LALAS 
and DOURTOGLOU, 2003). In the present 
work, rosemary extract was used to pro-
tect the lipid phase of the two tradition-
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al Greek foods mentioned, prepared un-
der different temperature conditions and 
storage. This time, the antioxidant was 
added to the food ingredients and not to 
the frying oil.

The main objectives of this study were: 
first, to assess the oxidative susceptibil-
ity of two traditional foods (Tarama sal-
ad and Deples) prepared under differ-
ent conditions (high and low tempera-
ture) and second to evaluate the possibil-
ity of slowing this oxidation by addition 
of a natural extract obtained from rose-
mary. Extension of the shelf-life was also 
predicted. The potential substitution of 
the synthetic antioxidant BHA (normally 
used in commercial preparations) in Ta-
rama salad was also examined.

MATERIALS AND METHODS

Materials

Rosemary extract (Rosemax®) is a com-
mercial product (Vioryl Chemical and 
Agricultural Industry Research S.A., 
Afidnes, Greece) with the following com-
position: 43% caffeic acid, 7% ferulic 
acid, 10% carnosic acid, 20% rosmarinic 
acid, 5% vanillic acid, 5% carnosol, 3% 
p-hydroxy benzoic acid and 7% ursolic 
acid (LALAS and DOURTOGLOU, 2003). 
Butylated hydroxyanisole (BHA) was ob-
tained from Sigma Chemicals Company 
Co. (St. Louis, USA). Soybean oil (Kope, 
Athens, Greece), bread flour (Jotis S.A., 
Athens, Greece), fresh oranges and eggs 
were purchased from the local market. 
Salted roe of Gadidae spp. was provid-
ed by Olympus Foods S.A. (Nea Efessos, 
Pieria, Greece).

Tarama salad recipe

The salad recipe used was: 65% soy-
bean oil, 8% salted roe, 26% water, 1% 
breadcrumbs and a selected amount of 
antioxidant (extract or BHA). The in-
gredients were mixed using a Vorwerk 

Thermomix 3300 (Vorwerk France s.a., 
Paris). The salad was poured into plas-
tic containers (200 g per container) and 
stored unsealed at 5°C for 40 days. In to-
tal, 10.0 kilograms of salad were divided 
into five different batches (produced by 
adding: 0, 100, 200, 400 ppm rosemary 
extract, and 200 ppm BHA, respectively) 
and stored at 6°C in the dark. Two con-
tainers of each batch were removed from 
cold storage each day. The first contain-
er was subjected to sensory evaluation 
(day 0 and 40). The lipid phase from the 
salad of the other container was extract-
ed with n-hexane (to determine the oxi-
dative condition) and centrifuged for 10 
min at 6,500 rpm using a Sorvall Gen-
eral-Purpose RC-3 Automatic Refriger-
ated Centrifuge (Ivan Sorvall Inc., New-
town, CT, USA). Its oxidative condition 
was then determined using the Rancimat 
method. Induction period was evaluated 
at day 0, 10, 20, 30 and 40.

In total three replicate experiments 
were carried out (using the same recipe 
and experimental conditions for all de-
terminations).

Deples recipe

Deples were prepared using the fol-
lowing recipe: 63% bread flour, 17% or-
ange juice and 20% whole egg (about 9 
eggs). The ingredients were mixed with 
mixer (Vorwerk Thermomix 3300) and 
the dough was divided into four batches. 
Rosemary extract at concentration levels 
of 0, 50, 100 and 150 ppm were added. 
Each batch was then passed through a 
pasta machine (Roma/Weston Pasta Ma-
chine 6in - Model 150P, Pragotrade USA, 
Inc. Strongsville, Ohio) and cut into par-
allelogram pieces of uniform thickness 
(15x5 cm). Each piece was then proper-
ly swirled to form a helical shaped piece 
before frying.

In total three replicate experiments 
were carried (using the same recipe and 
experimental conditions for all determi-
nations).
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Frying method of Deples

Frying was performed in four differ-
ent 22 cm diameter pans using soybean 
oil. Temperature was monitored with 
an IKA Labortechnik ETS-D4 fuzzy (IKA 
Labortechnik, Germany) digital thermom-
eter. Each batch of Deples was deep-fried 
independently in 1 L of soybean oil. The 
batches of Deples were put in the oil when 
the temperature reached 170°C and fried 
for 2 min. After frying they were placed 
on absorbent paper to remove the excess 
oil. Sample batches were packed in un-
sealed plastic bags and kept in the dark 
at 4oC for 35 days.

Deples were subjected to sensory eval-
uation (day 0 and 35) and determina-
tion of the oxidative condition of the lip-
id phase was determined over a six-week 
period (day 0, 7, 14, 21, 28 and 35). The 
lipid phase was extracted from ground 
Deples (using a Krups GVA2 Mini-chop-
per, Zentralkundendienst Krups GmbH, 
Solingen, Germany) with 250 mL of n-
hexane in conical flasks for 30 min, in 
the dark. The oil was collected after the 
solvent was evaporated, under vacu-
um using a rotary evaporator (Büchi 
Rotavapor R-215 and B-160 Vacobox 
pump-BÜCHI Labortechnik AG, Flawil, 
Switzerland). The efficiency of oil extrac-
tion was 98-100%. Induction period was 
measured after extraction.

Determination of the
oxidative state of foods

The determination of the induction 
period was determined by the Rancimat 
method (100°C and 20 L/h) adapted from 
LALAS and DOURTOGLOU (2003).

Sensory evaluation of products

Deples and Tarama salad were placed 
in plastic dishes to evaluate their sen-
sory quality using the method described 
by TSAKNIS and LALAS (2002). Twenty 
panellists were selected from laborato-

ry staff. Each sample was coded with a 
three-digit code number. Panellists eval-
uated the overall acceptability of each 
sample (taking into account any flavour 
of rancidity and undesirable taste) using 
a numerical scale of 1 to 9 (with 1 = not 
acceptable, 9 = extremely good) as well as 
the colour by using a numerical scale of 
1 to 4 (with 4 = white-yellow, 1 = brown 
for Deples and 4 = red, 1 = light pink for 
Tarama salad). In addition, panellists 
had to state their overall preference tak-
ing into account any flavour of rancidity 
and unpleasant taste or colour.

Statistical analysis

The results are the mean values of 
triplicate analyses of three different ex-
periments (triplicate analysis per exper-
iment). The statistical significance of the 
differences between the mean values was 
assessed by ANOVA. Changes in the in-
duction period of the lipid phase of Ta-
rama salad and Deples were correlated 
with the time past since the production 
date by a linear regression equation (Y = 
a + bX), where Y = induction period and 
X = number of days since the produc-
tion date. By applying the developed lin-
ear equations in which shelf-life corre-
sponded to a value for an induction peri-
od of 10 hours (Tarama Salad) or 1 hour 
(Deples), the effective shelf-life of each 
product was expressed in days before the 
product became unacceptable.

RESULTS AND CONCLUSIONS

Tarama salad

Oxidation of the lipid phase of the 
Tarama salad was inhibited by both 
rosemary extract and BHA. The results 
showed that, the longer the salads were 
kept in storage, the shorter was the in-
duction period (Table 1). The reduction of 
induction period for all batches was sig-
nificant (P<0.05) in all cases. The rose-
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mary extract at a concentration of 400 
ppm was the most effective antioxidant 
followed by the extract at 200 ppm af-
ter 40 days of storage. BHA (200 ppm) 
showed antioxidant activity equal to the 
extract at 100 ppm (no significant differ-
ence at P<0.05).

These results were also reflected in 
the sensory evaluation of Tarama sal-
ad after 40 days of storage (Table 2). On 
the day of preparation (day 0), the over-
all acceptability was good for all samples 
(no significant difference at P<0.05). Af-
ter 40 days of storage the batches con-
taining 200 and 400 ppm of extract had 

Table 1 - Changes in induction period* of the lipid phase Tarama salad samples (0, 100, 200, 400 ppm 
of rosemary extract and 200 ppm BHA) during 40 days of storage.

Day	 No	 Extract	 Extract	 Extract	 BHA
	 antioxidant	 100 ppm	 200 ppm	 400 ppm	 200 ppm

0	 37.4 (1.2)aa	 38.0 (1.7)ba	 41.9 (1.7)ca	 42.0 (1.2)ca	 39.0 (1.2)da
10	 33.2 (1.5)ab	 34.6 (1.2)bb	 37.0 (1.0)cb	 37.9 (1.3)cb	 35.6 (1.4)bb
20	 30.5 (1.2)ac	 33.3 (1.0)bc	 35.1 (1.3)cc	 36.7 (0.6)dc	 34.0 (1.6)bc
30	 25.3 (1.2)ad	 31.0 (1.9)bd	 33.8 (1.0)cd	 35.4 (0.7)dd	 31.9 (1.5)bd
40	 17.5 (1.3)ae	 25.2 (1.0)be	 31.9 (0.9)ce	 33.0 (1.3)de	 26.4 (0.7)be

* Values are the mean and standard deviation (in parentheses) of triplicate determinations of three replicate experiments 
carried out simultaneously (nine determinations in total). Means within each row with different superscripts are signifi-
cantly (P<0.05) different. Means within each column with different subscripts are significantly (P<0.05) different.

the highest (significant at P<0.05) over-
all acceptability among all batches and 
no significant change (P<0.05) in col-
our. The other batches showed a signif-
icant (P<0.05) reduction in their overall 
acceptability. In addition, no discolour-
ation was observed in the Tarama sal-
ad with rosemary extract at 200 or 400 
ppm. At day 40, the colour of the batch-
es of salad with rosemary extract at 100 
ppm, BHA or with no antioxidant showed 
significant (P<0.05) changes from red to 
pink. As determined by the overall pref-
erence, on the last day of the experi-
ment the panellists showed a clear pref-

Table 2 - Sensory scores of Tarama salad after 40 day of storage.

Sensory	 Day	 No	 Extract	 Extract	 Extract	 BHA
attributes	 	 antioxidant	 100 ppm	 200 ppm	 400 ppm	 200 ppm

Overall acceptability*	 0	 9 (0.0)aa	 9 (0.0)aa	 9 (0.0)aa	 9 (0.0)aa	 9 (0.0)aa
	 40	 3 (1.0)ab	 5 (1.0)ab	 8 (1.0)bb	 8 (0.9)bb	 7 (0.9)cb
Colour**	 0	 4 (0.0)aa	 4 (0.0)aa	 4 (0.0)aa	 4 (0.0)aa	 4 (0.0)aa
	 40	 1 (0.1)ab	 2 (0.8)bb	 4 (1.0)ca	 4 (1.0)ca	 2 (0.9)db
Overall preference***	 0	 1	 0	 1	 1	 1	 16****

	 40	 1	 3	 4	 9	 3	 0****

* Values represent the scale of overall acceptability (9 to 1) and the mean and standard deviation (in parentheses) 
of 20 observations. Means within each row with different superscripts are significantly (P<0.05) different. Means 
within each column with different subscripts are significantly (P<0.05) different.
** Values represent the scale of colour (4 to 1). Values are the mean and standard deviation (in parentheses) of 20 
observations. Means within each row with different superscripts are significantly (P<0.05) different. Means within 
each column with different subscripts are significantly (P<0.05) different.
*** Number of panellists out of 20 who expressed their preference for the particular sample.
**** Number of panellists out of 20 who did not distinguish any differences.



284  Ital. J. Food Sci. n. 3, vol. 19 - 2007

erence for salad with rosemary at a con-
centration of 400 ppm. The salad with-
out antioxidant had developed a ran-
cid off-flavour. Caffeic acid, carnosol, 
carnosic and rosmarinic acid and oth-
er polyphenols present in extract have 
been reported to have good antioxidant 
action (alone or synergistically) (SHAHI-
DI, 2000; CUVELIER et al., 1996) and, ob-
viously, protected the product from oxi-
dative deterioration.

Setting 10 hours as the end limit of the 
induction period, after which the product 
had unacceptable sensory properties, an 
estimation of the shelf-life of Tarama sal-
ad could be made using the linear equa-
tion. The theoretical decrease in the in-
duction period after the 40th day until the 
induction period became 10 hours was 
calculated using the linear equation Y = a 
+ bX (where Y = induction period and X = 
number of days) taking into account the 
intercepts and slopes of each batch. The 
calculated values were Y=38.797-0.477X 
(salad without antioxidant), Y=37.73-
0.218X (salad with 100 ppm of rose-
mary extract), Y=40.402-0.222X (sal-
ad with 200 ppm of extract), Y=41.325-
0.205X (salad with 400 ppm of extract) 
and Y=38.679-0.219X (salad with 200 
ppm BHA). According to the above equa-
tions, the number of days before the in-
duction period of each batch of salad 
reached the value of 10 hours (Y=10) was 
calculated to be 102.3 (without antioxi-
dant), 127.2 (100 ppm of extract), 139.9 
(200 ppm of extract), 152.8 (400 ppm of 
extract) and 131.1 (200 ppm of BHA). 
All antioxidants increased the shelf-life 
of the product. The rosemary extract at 
400 ppm (increase 49%) was the most 
effective followed by the same extract at 
200 ppm (34%) and BHA (28%), while the 
rosemary extract at 100 ppm increased 
the shelf-life the least (24%).

The rosemary extract at 400 ppm gave 
the highest protection against oxidation 
during the 40 days of storage and the 
longest shelf-life to the salad (as calcu-
lated by the linear equation) followed by 

the 200 ppm concentration. However, 
the same extract at 100 ppm showed the 
least protection (significant at P<0.05) 
during the 40 days of storage. The arti-
ficial antioxidant (BHA) showed moder-
ate protection and extended the shelf-life 
of the product less than the rosemary 
extracts at 200 and 400 ppm but more 
than the extract at 100 ppm. Therefore, 
the natural antioxidant appears to be 
a good substitute for the synthetic one 
(BHA) at concentrations of 400 and 200 
ppm. The results reported by ESTEVEZ 
et al. (2007) and SEBRANEK et al. (2005), 
regarding use of rosemary essential oils 
or extract to protect against the oxida-
tive deterioration of liver paté and pork 
sausage, are in agreement with our re-
sults. In most cases, the natural anti-
oxidant activity was proved superior to 
that of the artificial ones (BHT and BHA). 
However, these authors used substan-
tially higher concentrations (1,000 to 
2,500 ppm) of rosemary extract or es-
sential oil. Other authors (CHE MAN and 
TAN, 1999) have also reported that rose-
mary extract had a higher antioxidant 
activity than BHA and BHT. Since Tara-
ma salad is kept in the fridge, the addi-
tion of an antioxidant delays the oxida-
tion of the lipid phase and prolongs the 
shelf-life of the product.

Deples

Table 3 illustrates the changes in the 
induction period of the oil extracted from 
Deples. The antioxidant improved the re-
sistance to oxidative rancidity. The de-
crease in the induction period was sig-
nificant (P<0.05) in all cases. The rose-
mary extract at a concentration of 150 
ppm gave the highest protection (signif-
icant at P<0.05) to the product followed 
by the extract at a concentration of 100 
ppm. The polyphenolic composition is 
responsible for the higher protection of 
the extract.

Setting 1 hour as the end limit of the 
induction period after which the product 
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Table 3 - Changes in induction period* of the lipid phase extracted from Deples samples with rosemary 
extract during 35 days of storage.

Day	 No antioxidant	 Extract	 Extract	 Extract
	 	 50 ppm	 100 ppm	 150 ppm

  0	 26.1 (1.1)aa	 31.9 (1.8)ba	 34.3 (1.7)ca	 37.3 (1.3)da
  7	 22.2 (0.8)ab	 27.0 (1.1)bb	 30.2 (1.2)cb	 35.2 (1.5)db
14	 15.2 (0.7)ac	 20.7 (1.3)bc	 25.1 (0.8)cc	 30.4 (0.9)dc
21	 10.1 (0.9)ad	 15.2 (0.8)bd	 20.8 (1.1)cd	 25.6 (1.1)dd
28	 4.5 (0.7)ae	 10.3 (0.9)be	 15.8 (1.0)ce	 22.5 (1.1)de
35	 1.5 (0.7)af	 5.1 (0.6)bf	 10.9 (1.3)cf	 20.2 (0.7)df

* Values are the mean and standard deviation (in parentheses) of triplicate determinations of three replicate experiments 
carried out simultaneously (nine determinations in total). Means within each row with different superscripts are signifi-
cantly (P<0.05) different. Means within each column with different subscripts are significantly (P<0.05) different.

has unacceptable sensory properties, an 
estimation of the shelf-life of Deples can 
be made using the linear equation. The 
equations were Y=26.949-0.7396X (no 
antioxidant), Y=32.683-0.7739X (50 ppm 
of extract), Y=35.271-0.6714X (100 ppm 
of extract) and Y=38.229-0.5241X (150 
ppm of extract). According to the above 
equations, the number of days before the 
induction period of each batch reached 
the value of 1 hour (Y=1) were calculated 
as 35.1 (no antioxidant), 40.9 (50 ppm), 
51.0 (100 ppm) and 71.0 (150 ppm). The 
greatest increase was achieved with the 
rosemary extract at 150 ppm (102.3% 

increase) followed by 100 ppm (45.3%) 
and 50 ppm (16.5%).

The inhibition of oxidation of the fry-
ing oil absorbed by Deples is very impor-
tant. The oil continues to oxidize dur-
ing storage which results in an unac-
ceptable and unhealthy product. These 
results are in accordance with those of 
the sensory evaluation after 35 days of 
storage (Table 4). The overall accepta-
bility as expressed by the score 9 to 1 
was equal in all cases (not significant at 
P<0.05) at Day 0. According to Table 4 
Deples were generally acceptable with or 
without antioxidant since there was no 

Table 4 - Sensory scores of Deples.

Sensory	 Day	 No	 Extract	 Extract	 Extract
attributes	 	 antioxidant	 50 ppm	 100 ppm	 150 ppm

Overall acceptability*	 0	 9 (0.0)aa	 9 (0.0)aa	 9 (0.0)aa	 9 (0.0)aa
	 35	 4 (1.0)ab	 6 (2.0)bb	 8 (1.1)cb	 8 (1.0)cb
Colour**	 0	 1 (0.0)aa	 4 (0.0)ba	 4 (0.0)ba	 4 (0.0)ba
	 35	 1 (0.0)ab	 4 (0.1)ba	 4 (0.2)ba	 4 (0.1)ba
Overall preference***	 0	 2	 2	 1	 1	 14****

	 35	 0	 2	 5	 12	 1****

* Values represent the scale of overall acceptability (9 to 1) and are the mean and standard deviation (in parenthe-
ses) of 20 observations. Means within each row with different superscripts are significantly (P<0.05) different. Means 
within each column with different subscripts are significantly (P<0.05) different.
** Values represent scale of colour (4 to 1) and the mean and standard deviation (in parentheses) of 20 observa-
tions. Means within each row with different superscripts are significantly (P<0.05) different. Means within each col-
umn with different subscripts are significantly (P<0.05) different.
*** Number of panellists out of 20 who expressed their preference on the particular sample.
**** Number of panellists out of 20 who did not distinguish any differences.
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statistically significant difference in to-
tal acceptability at Day 0. However, af-
ter 35 days of storage Deples contain-
ing 100 and 150 ppm of rosemary ex-
tract were the most acceptable (signifi-
cant at P<0.05) among the whole lot of 
products. In evaluating the overall pref-
erence, the panellists showed a prefer-
ence for Deples containing antioxidant 
after 35 days of storage compared to De-
ples without antioxidant. Rosemary ex-
tract, at all concentrations, significant-
ly (P<0.05) reduced the darkening of De-
ples while the product without antioxi-
dant turned brown. According to LALAS 
and DOURTOGLOU (2003), the colour of 
fried products (potato chips) is produced 
mainly by Maillard reactions. Antioxi-
dants not only reduce oxidation but also, 
indirectly block the Maillard reaction by 
inhibiting of the final pyrazine forma-
tion phase (PORTER et al., 2006). This 
reduces the formation of the dark colour 
that occurs as a result of reactions be-
tween free sugars and amino acids dur-
ing frying, especially in the present case 
where orange juice (high sugar content) 
was used in the recipe. Finally, a pun-
gent taste (due to the oxidation of the ab-
sorbed oil in Deples), made the product 
unacceptable by the panellists, especial-
ly after 35 days of storage (0 in overall 
preference) (Table 4).

In conclusion, rosemary extract pro-
tected Tarama Salad and Deples against 
oxidation and extended their shelf-life. 
The use of rosemary extract has a pos-
itive effect on consumer acceptance (as 
indicated by the sensory evaluation) of 
all the products that contain a consider-
able amount of oil (absorbed during fry-
ing or added during preparation).
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Abstract

The antioxidant activities of ethanol 
extracts of eleven edible plants grown in 
Jordan (eminium, Judean sage, Span-
ish thistle (stem), pepperwort, corian-
der, golden thistle, cyclamen, Roman 
nettle, silver nailroot, santolina mil-
foil, and musky archangel) were in-
vestigated using reducing power and 
DPPH radical tests. Santolina milfoil, 
Judean sage and silver nailroot showed 
the highest antioxidant activities, while 
pepperwort and Roman nettle showed 
the lowest activities. A significant, pos-

Riassunto

Utilizzando i saggi del potere ridu-
cente e del radicale DPPH, sono state 
determinate, le attività antiossidanti di 
estratti etanolici di 11 piante commesti-
bili cresciute in Giordania: l’Eminium, 
la salvia di Giudea, il cardo spagnolo 
(gambo), il Lepidio latifoglio, il corian-
dolo, il cardo dorato, il ciclamino, l’or-
tica romana, la Paronichia argentea, la 
Santolina e l’arcangelo muschiato. La 
Santolina, la salvia di Giudea e la Pa-
ronichia argentea mostravano le miglio-
ri attività antiossidanti, mentre il Lepi-



288  Ital. J. Food Sci. n. 3, vol. 19 - 2007

itive correlation was found between the 
antioxidant activity measured by reduc-
ing power or DPPH scavenging activi-
ty and the total phenolic content of the 
extracts. The antioxidant activity of the 
extracts (at 2,000 µg g-1) of santolina 
milfoil, eminium and pepperwort that 
showed high, moderate and low antioxi-
dant activity, respectively, were evalu-
ated in corn oil and corn oil-water emul-
sion. The results were compared with 
the standard antioxidants Trolox (the 
carboxyl analog of α-tocopherol) and α-
tocopherol (at 100 ppm). The antioxi-
dant activity of these extracts was eval-
uated by determining the percentage of 
conjugated dienes. Trolox was more ef-
fective than α-tocopherol in corn oil and 
the opposite was found in the emulsi-
fied oil. Similarly, the plant ethanol ex-
tracts were more effective as antioxi-
dants in corn oil than in the oil-water 
emulsion. The order of the antioxidant 
activity of these antioxidants in corn 
oil was santolina = Trolox > eminium 
> pepperwort = α-tocopherol, while the 
order in corn oil-water emulsions was 
α-tocopherol > santolina > eminium > 
pepperwort = trolox.

dio latifoglio e l’ortica romana mostra-
vano le più basse attività antiossidan-
ti. È stata rilevata una correlazione si-
gnificativa e positiva fra l’attività an-
tiossidante misurata attraverso il po-
tere riducente o l’attività di scavenging 
del DPPH e il contenuto in polifeno-
li totali degli estratti. I valori delle atti-
vità antiossidanti degli estratti (2.000 
µg g-1) di Santolina, Eminium e Lepi-
dio latifoglio (che mostravano, rispetti-
vamente, alta, moderata e bassa atti-
vità antiossidante) sono stati determi-
nati nell’olio di mais e in un’emulsio-
ne di olio di mais ed acqua. I risultati 
sono stati confrontati con gli standar-
ds antiossidanti Trolox (l’analogo car-
bossilico dell’α-tocoferolo) e l’α-tocofe-
rolo (100 ppm). L’attività antiossidante 
di questi estratti era stata valutata de-
terminando la percentuale di dieni co-
niugati. Il Trolox risultava più efficace 
dell’α-tocoferolo nell’olio di mais mentre 
il comportamento opposto veniva rile-
vato nell’emulsione dell’olio di mais con 
acqua. Analogamente, gli estratti eta-
nolici delle piante risultavano più effi-
caci come antiossidanti nell’olio di mais 
rispetto all’emulsione olio-acqua. L’or-
dine del potere antiossidante di questi 
antiossidanti nell’olio di mais era: san-
tolina = Trolox > eminium > Lepidio la-
tifoglio = α-tocoferolo, mentre l’ordine 
nelle emulsioni olio-acqua era α-toco-
ferolo > santolina > eminium > Lepidio 
latifoglio = trolox.

INTRODUCTION

Lipid oxidation during food process-
ing and storage significantly decreases 
the nutritional value and overall quali-
ty of food. It is also associated with ag-
ing, membrane damage, heart disease, 
stroke, and cancer in living organisms 
(ADDIS and WARNER, 1991). The addi-
tion of antioxidants to food is an effec-

tive way to limit the degree of oxida-
tion of fat. While some of these anti-
oxidants occur as natural dietary con-
stituents (DUH and YEN, 1997), others 
are synthetic and some of these such 
as BHA (butylated hydroxyanisole) and 
BHT (butylated hydroxytoluene) are be-
lieved to be carcinogenic (IMADIA et al., 
1983). This finding together with con-
sumer preference for natural products 
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has resulted in an increased effort to 
find natural antioxidants. It has been 
demonstrated that the extracts of many 
plants have potent antioxidant activity 
(AMR, 1991; ECONOMOU et al., 1991; KA-
RIN et al., 1992; AL-ISMAIL and ABURJA, 
2003; VEKIARI et al., 1993; MARIE-ELIS-
ABITH et al., 1996).

It has been reported that Trolox (a 
carboxylic acid analog of α-tocopherol) 
plus ascorbic acid, and rosemary ex-
tract, which are hydrophilic, are more 
active as antioxidants in bulk oil than 
their lipophilic analogues (α-tocophe-
rol and ascorbyl palmitate), but they 
are less active in oil/water emulsions 
(FRANKEL et al., 1994; 1996). These 
results indicated that the differences 
in antioxidant efficiency could be re-
lated to their affinities toward the air-
oil interfaces in oils and to the oil-wa-
ter interfaces in emulsions (HUANG et 
al., 1994).

Many natural antioxidants have been 
found in plant leaves, seeds and nuts 
and various solvents have been used 
to extract these antioxidants. They will 
therefore have different polarities and 
complex interfacial affinities between 
air-oil and oil-water interfaces. The in-
formation related to the behavior of 
these antioxidants in pure oils or in oil-
water emulsions becomes very impor-

tant when these antioxidants are used 
in food products.

The aims of this study were to screen 
the antioxidant activities of ethanol ex-
tracts of ten edible plants grown in Jor-
dan and compare the antioxidant activ-
ities of some of these extracts in corn oil 
and oil-water emulsion.

MATERIALS AND METHODS

Plant samples

The plants used in this study were 
collected in the spring of 2003 from dif-
ferent locations in northern Jordan (Ta-
ble 1).

The edible parts of the plants were 
removed by hand, dried at 50°C in a 
circulated air oven. They were then 
milled using a Brown domestic coffee 
mill (Brown GmbH, Germany) for 3-
5 min and then passed through a 0.5 
mm sieve. The particles that did not 
pass through the sieve were remilled to 
pass through the sieve. Fifty grams of 
the milled plant material were used to 
obtain the extract under reflux condi-
tions with 95% ethanol for 2 h each ac-
cording to VEKIARI (1993). The extracts 
were filtered and the solvents were com-
pletely evaporated by rotary evaporator 

Table 1 - Ethnobotanical data of the plants studied 1.

Family name	 Scientific name	 English name

Araceae	 Eminium spiculatum	 Eminium
Labiatae (Lamiaceae)	 Salvia juduica	 Judean sage
Compositae (Asteraceae)	 Centaurea iberica	 Spanish thistle
Cruciferae	 Lepidium latifolium	 Pepperwort
Umbelliferae (Apiaceae)	 Coriandrum sativum	 Coriander
Compositae (Asteraceae)	 Scolymus maculatus	 Golden thistle
Primulaceae	 Cyclamen persicum	 Cyclamen
Urticaceae	 Urtica pilulifera	 Roman nettle
Caryophyllaceae	 Paronychia argentea	 Silver nailroot
Compositae (Asteraceae)	 Achillea santolina	 Santolina milfoil

1Adopted from: AL-EISAWI (1998).
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Table 2 - The yield and total phenolic compounds 
(TPC) expressed as gallic acid equivalent of the eth-
anol extracts of the plants.

Plant extract	 Yield	 TPC
	 (mg g-1 dried plant) 1, 2	 (mg g-1 extract)

Judean sage (leaves)	 33.2±1.7e	 380.5±10.5a

Santolina milfoil (whole)	 54.0±1.1c	 328.2±12.4 b

Golden thistle (stem)	 13.7±1.7f	 300.1±13.4c

Eminium (leaves)	 67.0±2.9b	 272.2±6.5d

Silvery nailroot (whole)	 58.8±4.6c	 221.1±6.4e

Coriander (whole)	 73.3±5.4a	 170.4±10.3f

Cyclamen (leaves)	 67.4±2.1b	 166.9±8.5f

Spanish thistle (stem)	 65.3±2.4b	 135.4±5.1g

Roman nettle (stem)	 75.0±4.5a	 127.0±5.2h

Pepperwort (whole)	 40.0±1.9d	 111.6±4.2i

1values are means of three replicates ± standard de-
viation.
2Means with different letters within a column are sig-
nificantly different (P≤0.05) according to Duncan mul-
tiple range test.

at 35°C. The extract yields are report-
ed in Table 2.

Determination
of total phenolic compounds

The phenolic compounds present 
in the ethanol extracts of the selected 
plants were determined by using the 
Folin-Denis reagent (PIN-DER and GOW-
CHIN, 1997). Twenty-five µL of ethanol 
extract solutions (1 mg/mL) were di-
luted with 20 mL of ethanol in a volu-
metric flask (50 mL). Folin-Denis rea-
gent (2.5 mL) was added and the solu-
tion was mixed thoroughly. After 3 min, 
2.5 mL of sodium carbonate solution 
(10% w/v) was added and the solution 
was made up to the mark with ethanol. 
The solution was left to stand for 30 
min and the absorbance of the sample 
was then measured at 760 nm using a 
spectrophotometer (Biotech Engineer-
ing Management Co. Ltd, Cambridge 
UK). The results are expressed as mil-
ligrams gallic acid per gram of dried ex-
tract (mg g-1).

Antioxidant activity

Determination of reducing power
The reducing power of the extracts 

was determined according to the meth-
od of OYAIZU (1986). One mL of plant 
extract solution (100 g L-1) was placed in 
a capped test tube and the solvent was 
evaporated under a flow of nitrogen. The 
residue was mixed with 5 mL of phos-
phate buffer (2 M, pH 6.6) and 5 mL of 
potassium ferricyanide solution (10 g L-

1) and the mixture was heated at 50°C 
for 20 min. Five mL of trichloroacetic 
acid solution (100 g L-1) was added and 
then centrifuged at 5,000 rpm for 10 
min. Five mL of the upper layer of the 
solution was mixed with 5 mL distilled 
water and 1 mL of ferric chloride solu-
tion (1 g L-1). The absorbance of this so-
lution was measured at 700 nm using a 
spectrophotometer (Biotech Engineering 

Management Co. Ltd, Cambridge, UK). 
Increased absorbance of the reaction 
mixture indicated increased reducing 
power. Ascorbic acid at three concen-
trations was used as standard.

2,2-Diphenyl-1-picrylhydazyl (DPPH)
free radical scavenging activity
of the extracts

The DPPH radical scavenging effect 
was determined according to the meth-
od of MATTHAUS (2002). A 0.2 mL eth-
anol solution of DPPH (0.5 g L-1) was 
mixed with different amounts of etha-
nol and the mixture was brought to a 
total volume of 4.0 mL with the corre-
sponding extracting solvent. The mix-
ture was mixed thoroughly and allowed 
to stand for 45 min in a dark place. The 
absorbance was then measured at 515 
nm using a spectrophotometer (Biotech 
Engineering Management Co. Ltd, Cam-
bridge, UK). A control sample of etha-
nol extract was also run. The scaveng-
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ing activity of the extracts was calcu-
lated as:

	 Abs control - Abs sample
Inhibition (%) = 	
	 Abs control

IC50 (the concentration of the extracts in 
mg/mL required to scavenge 50% of the 
added DPPH radical) was calculated from 
the dose-response curves.

Evaluation of the antioxidant
activity of three ethanol extracts
in corn oil and corn oil-water
emulsions

The ethanol extracts of santolina 
milfoil, eminium and pepperwort that 
showed strong, moderate and weak anti-
oxidant activity as measured by the re-
ducing power and DPPH radical tests 
were used to determine their antioxi-
dant activities in corn oil and corn oil-
water emulsion. Samples of oil and oil-
water emulsions were prepared accord-
ing to FRANKEL et al. (1994) as follows: 
refined corn oil sample with no antioxi-
dant and samples that contained α-to-
copherol, Trolox, santolin milfoil, emin-
ium and pepperwort. The concentration 
of the two standard antioxidants was 
100 µg g-1 and the concentration of the 
3 plant extracts was 2,000 µg g-1. Ten 
percent (w/v) corn oil/water emulsions 
were prepared with no antioxidants. The 
oils containing the antioxidants and ex-
tracts were prepared using 1 g of Tween 
20 as emulsifier. The emulsification was 
carried out in an ice bath using a soni-
cator (Elma Transonic T310m, Singen, 
Germany) at high power for 8 min. These 
emulsions were physically stable during 
oxidation at 60°C.

Oxidation

Twenty-five g of the prepared corn oil 
samples were put into a screw-capped 
100 mL bottle and 100 g of the 10% 

emulsion samples (75 mL) were put into 
200 mL flasks and oxidized at 60°C in 
an electric oven. Samples were removed 
after 0. 1, 2, 4, 6 and 8 days of heating 
and the conjugated dienes were deter-
mined.

The percentage of conjugated dienes 
in the samples was determined accord-
ing to the A.O.C.S methods (1973). One-
hundred mg of the oil samples were dis-
solved in 100 mL of isooctane. For the oil-
water emulsion samples, 10 mL was ex-
tracted twice with 5 mL of a methanol/
hexane mixture (1:1). The methanol layer 
was washed three times with 3 mL of hex-
ane. The hexane extracts were then com-
bined and evaporated to dryness under 
nitrogen. One-hundred µL of each pre-
pared solution was diluted with 5 mL of 
isooctane and the absorbance was meas-
ured at 232 nm using a spectrophotome-
ter (Biotech Engineering Management Co. 
Ltd, Cambridge, UK). The percentage of 
conjugated dienes was calculated accord-
ing to the following formula:

% conjugated dienes =
= 0.91 ((A/bc)-k)

where:
A = absorbance at 232 nm;
b = cell length in cm;
c = concentration of the sample (g L-1);
k = ester absorptivity = 0.07.
The percentage inhibition of diene for-

mation was calculated according to the 
following formula:

% Inhibition =
= [(control-sample/control)] x 100

Statistical analysis

Statistical analysis was carried out 
using the Statistical Analysis Systems 
(SAS, 1985) software package. Analysis 
of variance was performed by ANOVA 
procedures. Significant differences be-
tween means were determined by Dun-
can’s multiple range tests.
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RESULTS AND DISCUSSION

Total phenolic compounds

Most natural plant antioxidants are 
believed to be phenolic compounds (KIM 
et al., 1997). YEN et al. (1993) reported 
that peanut hulls showed antioxidative 
activity in oil which was attributed to 
their phenolic compound content. YEN 
and CHEN (1995) found that polyphenols 
were the most abundant compounds in 
plant leaves which showed antioxidant 
activity. These findings indicate that 
phenolic compounds are responsible for 
antioxidant activity. The total phenol-
ic compounds (TPC) expressed as gal-
lic acid equivalent of the ethanol used 
are reported in Table 2. The data show 
that the total phenolic compound con-
tent of the ethanol extracts was in the 
range of 111-380 mg g-1. The ethanol 
extract of Judean sage had the highest 
total phenolic compounds, while pep-
perwort had the lowest.

Antioxidant activity

While many methods can be used to 
measure the antioxidant activity of natu-
ral extracts, in this study, the scavenging 
of the DPPH radical and reducing power 
methods were used.

Reducing power

Table 3 shows the reducing power 
of the ethanol extracts of the selected 
plants. The ethanol extract of santolina 
milfoil had the strongest reducing pow-
er with an absorbance value of 1.614, 
while pepperwort had the weakest reduc-
ing power with an absorbance value of 
0.148. The ethanol extracts were divided 
into three groups according to whether 
they showed strong, moderate or weak 
reducing power. The strong group includ-
ed santolina milfoil, Judean sage, silvery 
nailroot and cyclamen with absorbance 
value ranging from 0.9 to 1.6. Eminium, 
golden thistle, coriander, Spanish this-

Table 3 - Reducing power and DPPH radical scavenging activity expressed as IC50 of the ethanol ex-
tract of the selected plants.

Plant extract	 Reducing power1,2	 Plant extract	 DPPH (IC50)

Santolina milfoil	 1.614 a	 Santolina milfoil	 0.17
Silver nailroot	 1.113c	 Silver nailroot	 0.48
Judean sage	 1.392b	 Judean sage	 0.23
Cyclamen	 0.960d	 Eminium	 0.64
Eminium	 0.525h	 Cyclamen	 1.33
Golden thistle	 0.515hi	 Spanish thistle (stem)	 2.25
Coriander	 0.449ji	 Coriander	 2.6
Spanish thistle (stem)	 0.390jk	 Golden thistle	 2.67
Roman nettle	 0.383jk	 Pepperwort	 3.1
Pepperwort	 0.148L	 Roman nettle	 5.09
Ascorbic acid (0.05 mg)	 0.323k

Ascorbic acid (0.1 mg)	 0.594g

Ascorbic acid (0.15 mg)	 0.885e

1Values are means of three replicates.
2Means with different letters within a column are significantly different (P≤0.05) according to Duncan multiple range 
test.
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tle and Roman nettle had moderate re-
ducing power with absorbance values in 
the range of 0.38 to 0.5 and pepperwort 
has weak reducing power.

Ascorbic acid, which is a reducing 
agent as well as a reductone (SHIMADA 
et al., 1992), was used at three different 
concentrations as a reference to com-
pare its antioxidant activity, measured 
by the reducing power test, with that of 
the extracts used in this study at 2,000 
mg kg-1. It is evident that the ethanol ex-
tracts of santolina milfoil, Judean sage, 
silvery nailroot and cyclamen were sig-
nificantly more effective as antioxidants 
than 0.10 mg ascorbic acid. Eminium, 
golden thistle, coriander, Spanish this-
tle and Roman nettle were more effective 
than 0.05 mg of ascorbic acid, while pep-
perwort was the least effective (Table 3).

The results indicate that these ex-
tracts could react with free radicals (as 
electron donors) to convert them into sta-
ble products and terminate the radical 
chain reaction (PIN-DER and GOW-CHIN, 
1997). TANAKA et al. (1988) reported that 
the antioxidant activity exponentially 
increases as a function of the reducing 
power, indicating that antioxidant prop-
erties are concomitant with the develop-
ment of reducing power.

2, 2-Diphenyl-1-picrylhydazyl (DPPH)
free radical scavenging effect

It is well known that lipids containing 
polyunsaturated fatty acids and their 
esters are readily oxidized by molecular 
oxygen. Such oxidation, called autoxi-
dation, proceeds by a free radical chain 
reaction mechanism (FRANKEL et al., 
1987). On the other hand, antioxidants 
are believed to scavenge free radicals and 
suppress free radical chain oxidation by 
molecular oxygen (MAGDALENA et al., 
2001). DPPH is a stable free radical that 
accepts an electron or hydrogen radical 
to become a stable molecule (GOUPY et 
al., 1999). It has been used to evaluate 
the antioxidant action of various natu-

ral materials (ALEJANDRO et al., 2000). 
Table 3 shows the DPPH radical scav-
enging activity of the extracts expressed 
as IC50 (the concentration mg/mL of the 
extract required to scavenge 50% of the 
added radical). The IC50 of the extracts 
varied from 0.17 mg/mL for santolina 
milfoil to 5.09 mg/mL for Roman net-
tle. The extracts were then grouped ac-
cording to their strong, moderate or low 
radical scavenging activity. Three out of 
the 11 extracts, santolina milfoil, Judean 
sage and silver nailroot showed strong 
radical scavenging capacity (IC50 < 1 mg/
mL). The group that showed moderate 
activity (IC50 ≥1 and ≤2 mg/mL) includ-
ed the eminium and cyclamen extracts. 
The Spanish thistle, coriander, golden 
thistle, pepperwort and Roman nettle 
extracts showed weak radical-scaveng-
ing capacity (IC50 > 2 mg/mL).

The statistical analysis showed a high-
ly significant relationship between the 
total phenolic compounds (TPC) con-
tent and the reducing power (r = 0.799) 
and between the TPC content and radi-
cal-scavenging activity (expressed as the 
reciprocal of IC50 (r = 0.927). This finding 
agrees with the results of other workers 
who found a linear relationship between 
the antioxidant activity of plant extracts 
and the TPC content (TSUSHIDA et al., 
1994; VELIOGLU et al., 1998; KAUR and 
KAPOOR, 2002). In contrast, some other 
workers did not find any correlation be-
tween phenolic compounds and antioxi-
dant activity (CUVELIER et al., 1992; HEI-
NONEN et al., 1998; STATUE-GRACIA et al. 
1997). They reported that their finding 
could be attributed to the different phe-
nolics which had different response for 
Folin-Ciocalteu, to molecular antioxidant 
response of phenolics, which depends on 
their chemical structure or to the differ-
ent systems used to evaluate the antioxi-
dant activity. On the other hand, a posi-
tive and highly significant relationship (r 
= 0.886) was found between the reduc-
ing power and radical-scavenging activ-
ity (expressed as the reciprocal of IC50), 
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indicating that these two tests could be 
used to evaluate the antioxidant activi-
ty of the phenolic compounds.

Antioxidant activity of the extracts
of santolina milfoil, eminium and
pepperwort in corn oil
and corn oil-water emulsion

PORTER (1993) postulated that po-
lar antioxidants such as trolox and pro-
pyl gallate are more effective in bulk oils 
than in emulsified oils, while non-polar 
antioxidants such as BHA and BHT are 
more effective in emulsified oil than in 
bulk oils. To determine if this hypothe-
sis can be applied to natural extracts of 
plants, the antioxidant 
activities of the etha-
nol extracts (as lyopho-
bic antioxidants) of san-
tolina milfoil, eminium 
and pepperwort (strong, 
medium or low antioxi-
dant activities, respec-
tively) were evaluated in 
bulk oil or corn oil-water 
emulsion incubated at 
60°C for different times. 
The results were then 
compared with those ob-
served for Trolox (hydro-
phobic) and α-tocophe-
rol (lyophilic) standard 
antioxidants. The re-
sults are reported in Fig. 
1 and Table 4. Trolox 
was more effective in de-
pressing the formation 
of conjugated dienes 
in corn oil than in the 
emulsified oil, while the 
opposite was found for 
α-tocopherol (Fig. 1 & 
Table 4). In corn oil, 
Trolox showed an anti-
oxidant activity com-
parable to that of san-
tolina; it had an activi-
ty that was significant-

ly (P<0.05) higher than those of the oth-
er two extracts. In corn oil-water emul-
sion, α-tocopherol was the most effective 
antioxidant followed by santlolina, while 
Trolox and pepperwort showed the low-
est activities. The order of the antioxi-
dant activities of the three extracts in the 
oil and emulsified oil systems was san-
tolina > eminium > pepperwort. These 
results might be attributed to their TPC 
content (Table 2). Similar to the lyopho-
bic antioxidant (Trolox), the antioxidant 
activity of the three ethanol extracts in 
corn oil was significantly higher than 
that observed in corn oil-water emulsion. 
These results support the hypothesis of 
PORTER (1993) and are also in agree-

Fig. 1 - The antioxidative activity of trolox, tocopherol and three select-
ed extracts in (A) corn oil and (B) corn oil-water emulsion.
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ment with the results of other workers 
(FRANKEL et al., 1994; 1996) who report-
ed that lipophilic antioxidants such as 
α-tocopherol and ascorbyl acetate were 
more effective in emulsified oil systems 
than in bulk oil, while the hydrophilic 
antioxidants such as Tolox, ascorbic 
acid, rosmerinic acid, and the water ex-
tract of rosemary were more effective in 
bulk oil than in the emulsified oil system. 
They explained these findings on the ba-
sis of their interfacial properties. In the 
emulsified oil system, the molecules of 
the lipophilic antioxidants which orient 
themselves on the oil-water surface, pro-
vide more protection against oil oxidation 
than the hydrophilic antioxidants. In the 
bulk oil, the molecules of the hydrophilic 
antioxidants, which orient themselves 
on the air-oil surface, provide more pro-
tection against oil oxidation than the li-
pophilic antioxidants.

CONCLUSION

The results indicate that the reduc-
ing power and DPPH radical test can be 
used to evaluate the antioxidant activi-
ty of plant extracts. The results demon-
strate that the lipophobic antioxidant 
Trolox and the three selected ethanol ex-
tracts showed greater antioxidant activ-

Table 4 - Inhibition of conjugated diene formation by two standard antioxidants and 3 plant extracts.

Sample	 Corn oil 1	 Corn oil-water emulsion
	 Oxidation Time (days)	 Oxidation Time (days)

	 6	 8	 4	 6

Trolox	 73.0 2a	 64.0b	 24.4d	 20.0d

α-tocopherol	 47.8c	 44.3d	 75.6a	 66.2a

Santolina milfoil	 72.6a	 67.9a	 41.5b	 38.2b

Eminium	 57.8b	 52.6c	 36.6c	 30.0c

Pepperwort	 47.8c	 42.6d	 26.8d	 21.5d

1Values are means of three replicates.
2Means with different letters within a column are significantly different (P≤0.05) according to Duncan multiple range 
test.

ities in corn oil than in the corn oil-wa-
ter emulsion. In contrast, the lipophilic 
antioxidant α-tocopherol was more ef-
fective in the corn oil-water emulsion 
than in corn oil. A linear, positive corre-
lation was found between the TPC con-
tent and the antioxidant activity meas-
ured by the DPPH radical and reducing 
power tests.
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Abstract

An investigation on the microflo-
ra of home-made Sardinian sausage 
was carried out. Two batches of sau-
sages produced according to tradition-
al methods by two artisanal producers 
were analysed during ripening. A total 
of 91 lactic acid bacteria (LAB) and 60 
coagulase-negative staphylococci (CNS) 
were isolated and identified by species–
specific PCR or 16S rDNA sequencing. 
The lactic microflora was mainly con-
stituted by Lactobacillus sakei (80% 
of isolates) and Lactobacillus curvatus 

Riassunto

Allo scopo di condurre uno studio 
sulla composizione della microflora 
della salsiccia sarda artigianale, sono 
stati analizzati campioni di carne con-
dita prima dell’insacco e di salsiccia 
a diversi stadi di maturazione, prove-
nienti da due lavorazioni tradizionali. 
Sono stati isolati e identificati trami-
te PCR specie-specifica o sequenzia-
mento del 16S rDNA, 91 batteri lat-
tici (LAB) e 60 stafilococchi coagula-
si negativi (CNS). Fra i LAB l’80% ap-
parteneva alla specie Lactobacillus 
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(15% of isolates), Leuconostoc mesenter-
oides and Lactobacillus reuteri were also 
found. Among CNS, Staphylococcus xy-
losus was the main species isolated. 
The incidence of Enterobacteriaceae can 
be considered safe. The pH values were 
relatively high in both batches. This in-
vestigation indicates that home-made 
Sardinian sausages can be classified 
as a typical Mediterranean-type of dry, 
naturally-fermented sausages, charac-
terised by a low acidification rate and 
high final pH.

sakei, il 15% alla specie Lactobacil-
lus curvatus. Altre specie meno rap-
presentate erano Lactobacillus reute-
ri e Leuconostoc mesenteroides. Fra i 
CNS, lo Staphylococcus xylosus era la 
specie più frequente. Questo studio 
indica che le salsicce sarde artigia-
nali analizzate possono essere ricon-
dotte al tipo mediterraneo di salumi 
insaccati stagionati fermentati natu-
ralmente, caratterizzato da una bas-
sa acidificazione.

INTRODUCTION

Dry sausages are cured fermented 
meat. Two types of cured meat have been 
characterised in Europe: the Northern 
European products and the Mediterra-
nean ones. Traditional manufacturing 
processes and association with a given 
geographical region of production confer 
cured fermented meats specific proper-
ties (BLAIOTTA et al., 2004). Therefore, 
the nature of the meat, production tech-
nology, specific composition and meta-
bolic activity of the indigenous microflo-
ra are critical factors in the characteri-
sation of a typical product in terms of its 
microbiological quality and organoleptic 
properties (AMATO et al., 1999; SAMELIS 
et al., 1998; AYMERICH et al., 2003).

In the Mediterranean regions cured 
meat products are submitted to long-
term ripening during which biochem-
ical, lipolytic and proteolytic transfor-
mations take place; these modifications 
give distinctive aromas and flavours to 
the cured meats (FLORES, 1997).

Compared to the Northern Europe-
an sausages the Mediterranean-type is 
characterised by a lower acidification 
rate, with higher pH values that are of-
ten not lower than 5.2, and by a great va-

riety within the different regions (SAME-
LIS et al., 1998; PARENTE et al., 2001b; 
AYMERICH et al., 2003; BLAIOTTA et al., 
2004). These products are ripened at 
10°-16°C and their pH values increase 
at the end of the ripening period when 
proteolysis produces compounds that 
give them a less acidic flavour (FLORES, 
1997). Different authors have reported 
final pH values varying from 5.4 (COCO-
LIN et al., 2001a) to 6.0 (COPPOLA et al., 
1995a; FLORES, 1997).

Lactic acid bacteria and coagulase-
negative staphylococci are the main bac-
terial groups involved in the fermen-
tation and ripening of cured sausages 
(NYCHAS and ARKOUDELOS, 1990; AY-
MERICH et al., 2003). The indigenous 
microbiota which characterises Mediter-
ranean dry sausages is also constituted 
by some species of halotolerant moulds 
and yeasts. Lactic acid bacteria come 
from raw meat and environmental con-
tamination and are responsible for the 
production of lactic acid. The decrease in 
pH causes the coagulation of the muscle 
protein that is important for sliceability, 
firmness and cohesiveness of the prod-
uct (HUGAS and MONFORT, 1997). LAB 
also produce small amounts of acetic 
acid, ethanol, acetoin, pyruvic acid and 
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carbon dioxide, some of which contribute 
to the dry sausage aroma (BEDARGUÉ et 
al., 1993). In additon, the production of 
bacteriocins inhibits the growth of path-
ogenic and spoilage bacteria (HUGAS and 
MONFORT, 1997; HUGAS, 1998). The re-
lease of intracellular enzymes after cell-
lysis also contributes to the development 
of flavour in the sausage (ZAMBONELLI 
et al., 2002).

Coagulase-negative staphylococci play 
a major role in the development of sen-
sory characteristics of fermented Med-
iterranean sausages (BLAIOTTA et al., 
2004). They reduce nitrates to nitrites 
which contribute to colour stability, and 
decompose peroxides preventing rancid 
taints from the fat. Their proteolytic and 
lypolytic activities produce compounds 
that are important for the aroma and 
flavour of the products (SAMELIS et al., 
1993; MIRALLES et al., 1996; HUGAS and 
MONFORT, 1997; TALON and MONTEL, 
1997; OLESEN et al., 2004). The catabo-
lism of branched-chain amino acids pro-
duces important compounds for the aro-
ma such as methyl-branched aldehydes 
and their corresponding alcohols and ac-
ids (MONTEL et al., 1998). The content of 
esters in dry sausage is affected by the 
capacity of Staphylococcus to synthesize 
or hydrolyze esters (TALON and MONTEL, 
1997; MONTEL et al., 1998).

The species of LAB mainly found in 
dry sausages are Lactobacillus sakei, 
Lb. curvatus, Lb. plantarum (HUGAS et 
al., 1993, SAMELIS et al., 1998). Other 
lactobacilli found in naturally-ferment-
ed sausages include Lb. alimentarius, Lb. 
casei, Lb. paracasei, Lb. paraplantarum, 
Lb. pentosus, Lb. buchneri, Lb. rhamno-
sus, Lb. sanfranciscensis and Lb. mal-
taromicus (COPPOLA et al., 1995b; 2000; 
PAPAMANOLI et al., 2003; RANTSIOU et 
al., 2005).

Among CNS, Staphylococcus xylosus 
is the species most frequently isolated 
from dry fermented sausages (MIRALLES 
et al., 1996; COPPOLA et al., 1997; 
GARCÍA-VARONA et al., 2000; AYMERICH 

et al., 2003). Staph. saprophyticus is 
also frequently isolated from Greek sau-
sages (SAMELIS et al., 1998; PAPAMANO-
LI et al., 2002; DROSINOS et al., 2005). 
Other species reported in the literature 
are Staph. carnosus, Staph. haemolit-
ycus, Staph. warneri, Staph. equorum, 
Staph. cohnii, Staph. epidermidis, Staph. 
hominis, Staph. capitis, Staph. interme-
dius, Staph. chromogenes, Staph. pul-
vereri/vitulus, Staph. succinus, Staph. 
lentus and Staph. pasteuri (BLAIOTTA 
et al., 2004; SAMELIS et al., 1998; PA-
PAMANOLI et al., 2002; COPPOLA et al., 
2000; MAURIELLO et al., 2004).

Species of Micrococcus and Koku-
ria genera constitute a minority of the 
microbiota of fermented sausages.

Although numerous studies con-
cerning typical Mediterranean sau-
sage technology and microbiota are re-
ported in the literature (SAMELIS et al., 
1994; 1998; COPPOLA et al., 1997; 1998; 
2000; PARENTE et al., 2001a; 2001b; 
PAPAMANOLI et al., 2002; BLAIOTTA et 
al., 2004; DROSINOS et al., 2005; RANT-
SIOU et al., 2005), to date, few studies 
are available regarding Sardinian home-
made sausages. Despite the extent of pig 
farming and a thousand-year-old tradi-
tion of pork processing in Sardinia, in-
depth studies have never highlighted the 
quality and tradition of the island’s cured 
meat products.

The artisanal production and con-
sumption of traditional, dry, fermented 
sausages is widespread on the island. 
Most rural families produce sausages 
only for their own consumption. Meat 
is processed during the coldest period 
of the year from November to March-
April.

Pork meat, pork fat, salt, spices (black 
pepper, garlic, fennel seeds) and wine are 
used as ingredients; sometimes potassi-
um nitrate is added. Some of the above-
mentioned components may be absent. 
The proportion of ingredients varies de-
pending on the production region and 
family tradition.
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Coarse minced meat is manually 
mixed with fat and the other ingredients. 
The mixture is left to stand, for a varia-
ble period, usually a few hours or over-
night, after which it is stuffed in natural 
pork or calf casings. Then the sausages 
are hung and allowed to drip for 2-3 days 
without any control of the environmen-
tal conditions. After this, the sausages 
may be smoked using wood of the Medi-
terranean flora (e.g. oak, lentisk, myrtle, 
cistus). The smoking usually takes place 
for 2-3 h per day for 3 days without con-
trolled temperature conditions.

The sausages are ripened for about 30 
days in a cellar or ‘farmhouse kitchen’ 
where temperature and relative humid-
ity are not controlled. The fermentation 
occurs through the natural growth of 
the microbiota present in the meat and 
in the environment, without the addition 
of any starter culture.

The aim of this work was to investi-
gate the microflora of home-made Sar-
dinian sausage in order to obtain more 
information about this traditional prod-
uct. The study of the natural microbial 
population present in traditional Sar-
dinian meat products is an important 
step for preserving the sensory charac-
teristics of these products, improving 
their organoleptic quality and assuring 
their safety.

MATERIAL AND METHODS

Sausage manufacture and sampling

Two batches of sausages were pro-
duced according to traditional methods 
without the use of starter cultures by 
two different artisan producers (here-
inafter called producers A and B, re-
spectively) located in different areas 
of Sardinia.

Producer A used a formulation com-
posed of pork meat (haunch and lean 
meat) and pork fat at a ratio of 70:30, 
NaCl (26 g/kg), ground black pepper (1 

g/kg), garlic (2 g/kg) and KNO3 (0.5 g/
kg). No carbohydrates were added.

The meat and fat were minced with 
an electric mincer with holes of 22 mm 
diameter, then mixed with NaCl and left 
to stand overnight at about 5°-8°C. The 
following morning the meat was mixed 
again after the addition of garlic, pepper 
and potassium nitrate and left to stand 
for about 90 min at about 10°-12°C be-
fore stuffing. Natural beef casings (4 cm 
diameter, 50-60 cm in length) were filled 
with the mixture using a manual sau-
sage stuffer. The stuffed casings (50-60 
cm) were tied with string by hand.

The sausages were smoked for 2-3 h 
per day for 3 d without controlling the 
temperature using wood of Mediterrane-
an flora (e.g. oak, lentisk, myrtle, cistus). 
Then they were ripened for 42 days in a 
room without any environmental condi-
tioning (average temperature 9.7°C; av-
erage relative humidity 68%).

Producer B used the following formula-
tion: pork meat (all meat cuts except ba-
con) and pork fat (65:35), NaCl (30.7 g/
kg), ground black pepper (3.8 g/kg), gar-
lic (1 g/kg) and fennel seeds (2.5 g/kg). No 
carbohydrates were added. The meat and 
fat were minced in an electric mincer with 
18 mm diameter holes, then the minced 
meat was left on the table to drip for 3 h. 
The meat was mixed manually with the 
other ingredients. The mixture was stuffed 
into natural beef casings (4 cm diameter) 
that were tied with string and perforated 
with a needle to remove any airpockets. 
The sausages were smoked for 2 days af-
ter dripping (3 days) and ripened up to 
42 days (average temperature 9°C; aver-
age relative humidity 76%).

Two samples of the meat mixture (300 
g) before stuffing, and three sausage 
samples for each batch at 3, 7, 14, 28, 
42 days of ripening were analysed.

pH and aw measurements

The pH was determined potentiomet-
rically by mixing 10 g of sample with 90 
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mL of distilled water. A digital pH meter 
was used (Crison Instruments, S.A., Bar-
celona, Spain).

Water activity was determined at 25°C 
using Novasina AW Sprint (Axair Ltd., 
Pfäffikon, Switzerland). Two independ-
ent measurements were made on each 
sample.

Microbiological analysis

The sampling of the sausages was 
performed starting with the aseptic re-
moval of the casings. An aliquot of 20 
g of each sample was taken aseptically 
and homogenised with 180 mL of ster-
ile diluent containing peptone (1 g/L), 
NaCl (0.85 g/L) and Tween 80 (1 mL/L) 
in a Stomacher blender (Seward Medi-
cal, London, UK).

Ten-fold dilutions of the homoge-
nates were made in sterile peptone wa-
ter (1 g/L). Aliquots of dilutions were 
then plated in duplicate on: Plate Count 
Agar (PCA, Oxoid, Unipath Ltd. Bas-
ingstoke, UK) incubated at 30°C for 72 
h, for mesophilic aerobic total count; 
FH agar (ISOLINI et al., 1990) for mes-
ophilic facultative heterofermentative 
lactobacilli and OH agar (ISOLINI et 
al., 1990) for mesophilic obligate het-
erofermentative lactobacilli, incubat-
ed anaerobically (Gas Generating Kit, 
Oxoid, Unipath Ltd., Basingstoke, UK) 
at 37°C for 72 h; Mannitol Salt Agar 
(MSA, Oxoid, Unipath Ltd., Basing-
stoke, UK) incubated at 30°C for 72 h, 
for Micrococcaceae; Slanetz and Bartley 
agar (SBA, Oxoid, Unipath Ltd., Bas-
ingstoke, UK) incubated at 42°C for 48 
h, for enterococci; Violet Red Bile Glu-
cose agar (VRBG Oxoid, Unipath Ltd., 
Basingstoke, UK) incubated at 37°C for 
24 h, for Enterobacteriaceae; Oxytetra-
cycline-glucose-yeast extract (OGYE, 
Oxoid, Unipath Ltd., Basingstoke, UK) 
agar incubated at 25°C for 5 days, for 
yeasts and moulds.

Results are expressed as number of 
colony forming units/gram (CFU g-1).

Isolation of LAB and CNS

Ninety-one colonies (about 5 at each 
sampling time for each batch) were iso-
lated from FH (25 from batch A and 26 
from batch B) and OH (17 from batch A 
and 23 from batch B) agar plates. Six-
ty colonies (5 at each sampling time for 
each batch) were isolated from MSA. The 
colonies were randomly picked up from 
plates with the lowest countable number. 
The isolates coming from FH agar and 
OH agar were purified to pure culture 
by streaking a drop of the broth culture 
three times on MRS agar. The MSA iso-
lates were purified in the same way on 
MSA. The isolates were stored at -80°C 
in MRS broth (Oxoid, Unipath Ltd. Bas-
ingstoke, UK) (FH and OH isolates) or BHI 
broth (Oxoid, Unipath Ltd. Basingstoke, 
UK) (MSA isolates) containing 50% ster-
ile glycerol, before being subjected to mo-
lecular identification.

Molecular identification of isolates

After checking for morphology, Gram 
staining, and catalase reaction, the pure 
isolates were submitted to species-spe-
cific PCR for identification. The PCR-
species-specific primers (BERTHIER and 
EHRLICH, 1998; AYMERICH et al., 2003) 
used in this study are indicated in Table 
1. The oligonucleotide primers were syn-
thesized by Invitrogen (Milan, Italy).

About 1 mL of log-phase cells in MRS 
broth or BHI broth was centrifuged (Cen-
trifuge 5402, Eppendorf, Hamburg, Ger-
many) at 5,000 rpm for 5 min at 4°C and 
the pellet was washed twice with sterile 
distilled water. Finally, it was re-suspend-
ed in ca. 0.5 mL of sterile distilled water. 
Cell lysis was performed by microwave 
oven treatment of the suspension for 15 
min at 700W (in order to avoid evapora-
tion and dryness problems, a beaker con-
taining 200 mL of distilled water was put 
into the microwave oven). An aliquot of 5 
µL of lysed cell suspension was used to 
perform PCR (MANNU et al., 2000).
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PCRs were perfomed in a total vol-
ume of 25 µL using the protocols report-
ed by BERTHIER and EHRLICH (1998) 
and AYMERICH et al. (2003) in a mod-
el 2400 GeneAmp PCR System ther-
mal cycler (Perkin-Elmer Corp., Welle-
sley, USA). The PCR products were re-
solved by electrophoresis on 2% agar-
ose gel in Tris-acetate buffer at 100V 
and then stained in ethidium bromide 
solution (0.5 µg mL-1).

The isolates which were not identi-
fied by species-specific PCR were sub-
mitted to 16S rDNA amplification and 
sequencing.

Colonies from a pure culture of each 
isolate were picked up from agar plates, 
suspended in 5 µL of sterile distilled wa-
ter and treated in the microwave oven as 
described above.

The synthetic oligonucleotide primers 
P0 (5’-GAGAGTTTGATCCTGGCTCAG) 
and P6 (5’-CTACGGCTACCTTGTTACGA), 
Escherichia coli position 27f and 1495r, 

respectively, (GRIFONI et al., 1995), were 
used to amplify the 16S rDNA.

After purification (Microcone, Milli-
pore, Billerica, USA) PCR products were 
sent to a commercial service for sequenc-
ing (BMR-sequencing service, Padova, 
Italy). The primer P0 was used for se-
quencing.

The partial 16S rDNA sequences ob-
tained were aligned with those of Gen-
Bank with the BLAST (ALTSCHUL et al., 
1997) search program.

RESULTS AND DISCUSSION

The pH evolution during ripening of 
the sausages from the two producers 
(A and B) is shown in Fig. 1. The pH of 
batch A did not vary greatly during ripen-
ing. Its value was 5.85 at the beginning 
and 5.93 at the end and never reached 
a value below 5.82. Batch B had a great-
er variation in pH values. It varied from 
5.95 at the start of ripening to the min-
imum value of 5.62 on the 14th day of 
ripening and then reached a maximum 
of 6.02 on the 28th day. However, the pH 
of the samples from batch B was high-
er than that of batch A, except for the 
pH values measured on the 7th and 14th 
days of ripening.

The relatively high pH values detect-
ed in the products of the two batches in-
dicate a weak acidification as found in 
other typical naturally-fermented Med-
iterranean dry sausages, like Spanish 
chorizo and fuet (GONZÁLEZ-FANDOS et 
al., 1999; AYMERICH et al., 2003) and 
Southern Italian sausages (salsiccia sot-
to sugna salami, soppressata salami, sal-

Fig. 1 - Evolution of pH in sausages from two dif-
ferent producers during ripening.

Table 1 - Primers used in this study.

Species or gene	 Primer pair	 Product size (bp)	 Reference

Lactobacillus curvatus	 Lc/16S	 222	 Berthier and Ehrlich (1998)
Lactobacillus sakei	 Ls/16S	 226	 Berthier and Ehrlich (1998)
Staphylococcus xylosus	 Fb/Rb	 417/317/217	 Aymerich et al. (2003)
16S rDNA	 P0/P6	 1468	 Grifoni et al. (1995)
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siccia salami) (COPPOLA et al., 1995a; 
FORASTIERO et al., 1999; AMATO et al., 
1999; PARENTE et al., 2001b; BLAIOTTA 
et al., 2004; RANTSIOU et al., 2005). The 
high pH values may be due either to the 
fact that no fermentable sugars were 
added to the meat or to a limited acidi-
fying activity of the indigenous microbi-
ota. A high pH may positively affect the 
activity of lipolytic enzymes produced by 
some Staphylococcus spp. (MONTEL et 
al., 1998) with the consequent release of 
free fatty acids that may affect the aro-
ma and taste of the product.

The high pH value at the end of the rip-
ening process in the samples from batch 
B could be due to the release of amino ac-
ids and ammonia caused by the proteo-
lytic activity of yeasts and moulds (DURÁ 
et al., 2004; HERRANZ et al., 2004).

The aw during ripening is shown in Fig. 
2. The aw decreased from 0.95 to 0.82 in 
the samples from batch A and to 0.81 in 
those from batch B at the end of ripening. 
The values determined during ripening 
are similar to those found in other typi-
cal, naturally-fermented dry sausages of 
the Mediterranean regions (AYMERICH et 
al., 2003; BLAIOTTA et al., 2004).

Table 2 reports the evolution of the vi-
able counts in the different media of the 
sausages of the two producers through-
out ripening.

The aerobic mesophilic count in PCA 
increased by about 2 log from a value of 
6x105 to 5x107 CFU g-1 in the samples 
from batch A. Although the aerobic mes-
ophilic count was very high at the begin-
ning of ripening in samples from batch 
B, 107 CFU g-1, it did not increase a lot 
during ripening (1.2 log). These counts 
are comparable with those determined 
in other home-made Italian dry sausag-
es like ‘soppressata’ and ‘salsiccia’ sala-
mi produced in Southern Italy (FORAST-
IERO et al., 1999).

The selectivity of FH and OH media 
was very low. In fact, bacterial counts in 
these media were almost the same after 
the 3rd day of ripening for batch A and 

after the 7th day for batch B. The trend 
of the presumptive mesophilic lactoba-
cilli (FH counts) (Table 2) was almost the 
same for the two batches, even though 
batch B had a higher number of these 
organisms (1 log) than batch A through-
out the whole ripening period. As report-
ed in other home-made Mediterranean 
dry sausages (COPPOLA et al., 1995a; 
FORASTIERO et al., 1999; AMATO et al., 
1999; PARENTE et al., 2001b), the lack 
of added fermentable carbohydrates to 
the meat did not prevent the growth of 
LAB. After three days a rapid increase of 
mesophilic lactobacilli, from 103 to 3x106

 
CFU g-1 for batch A, and from 2x104 to 
108 CFU g-1 for batch B, was observed. 
After a small increase between the 7th 
and 28th days, the number of mesophilic 
lactobacilli remained almost constant.

The number of presumptive Micrococ-
caceae was high from the first stage of 
ripening: 104 CFU g-1 and 5x105 for batch 
A and B, respectively. The growth of Mi-
crococcaceae was not inhibited by the in-
digenous lactobacilli. This was probably 
due to the low acidification, and there-
fore the development of the two microbi-
al groups was independent in both prod-
ucts. The number of colonies observed 
in the meat from batch B was about 2 
log units higher than in the sample from 
batch A, with a value of 2x108 CFU g-1 

Fig. 2 - Evolution of aw in sausages from two dif-
ferent producers during ripening.
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on the 28th day of ripening (Table 2). The 
number of Micrococcaceae in these two 
products was similar to that described 
for other fermented Italian dry sausages 
(MAURIELLO et al., 2004; PARENTE et al., 
2001b; AMATO et al., 1999; FORASTIERO 
et al., 1999; COCOLIN et al., 2001a).

The sausages of batch B had more 
moulds and yeasts counted in OGYE (Ta-
ble 2). The values reached about 107 CFU 
g-1 vs 105 CFU g-1. This microbial group 
was stable after the 7th day of ripening.

The number of presumptive enterococ-
ci during the first 14 days of ripening was 
almost the same in the two batches. It 
reached the maximum of 3x103 CFU g-1 (A)
and 5x103 CFU g-1 (B) on the 14th day 
and then decreased during ripening. The 
decrease was greater in the sample from 
batch A than for that from batch B: en-
terococci were absent in 1 g of product 
after 42 days of ripening in batch A. This 
microbial group is always present in fer-
mented sausages (HUGAS et al., 2003) and 
some authors consider enterococci impor-
tant for ripening and for the development 
of aroma in traditional sausages (FRANZ 
et al., 2003). Although they could be op-

portunistic pathogens and not considered 
“generally recognised as safe” (GRAS) (GI-
RAFFA et al., 1997), recent studies indi-
cate that enterocci isolated in food have 
a lower pathogenicity potential than clini-
cal strains (HUGAS et al., 2003; MANNU et 
al., 2003). Their ability to produce bacte-
riocins could have an antimicrobial effect 
against pathogens and microorganisms 
responsible for meat spoilage (HUGAS et 
al., 2003). The number of enterococci 
in the products analysed in the present 
study was slightly lower than that detect-
ed in different Italian dry sausages by oth-
er authors (COCOLIN et al., 2001a; LUON-
GO et al., 2001) and was much lower than 
in traditional Greek sausages (SAMELIS et 
al., 1998; DROSINOS et al., 2005).

We estimated the number of Entero-
bacteriaceae in order to evaluate the hy-
gienic quality of the sausages analyzed, 
although the EU regulation on microbio-
logical criteria for foodstuffs, Reg. EC N. 
2073/2005, (EUROPEAN COMMISSION, 
2005), does not provide for this microbial 
group as regards this meat product.

Enterobacteriaceae counts were differ-
ent in the two batches. The initial number 

Table 2 - Microbial counts: CFU g-1 during ripening in sausages from two different producers.

	 Time of ripening

Microbial group	 Meat	 3 days	 7 days	 14 days	 28 days	 42 days

	 Producer A
Total aerobic count	 6x105	 2x104	 4x106	 6x107	 -a	 5x107

Mesophilic FHLb	 3x10	 1x103	 3x106	 5x107	 7x107	 2x107

Mesophilic OHLc	 - a	 4x103	 3x106	 5x107	 1x108	 3x107

Micrococcaceae	 1x104	 1x104	 1x106	 4x106	 3x106	 5x106

Enterococci	 1x102	 3x102	 4x102	 3x103	 1x102	 n.d.d
Moulds and Yeasts	 3x102	 6x102	 6x104	 1x105	 5x104	 6x104

Enterobacteriaceae	 2x10	 9x10	 n.d.d	 n.d.d	 n.d.d	 n.d.d
	 Producer B
Total aerobic count	 1x107	 1x107	 4x108	 2x108	 - a	 1x108

Mesophilic FHLb	 3x102	 2x104	 1x108	 4x108	 5x108	 5x107

Mesophilic OHLc	 7x10	 3x10	 9x107	 3x107	 6x108	 5x107

Micrococcaceae	 5x105	 2x107	 3x108	 2x108	 2x108	 7x107

Enterococci	 7x102	 2x102	 2x102	 5x103	 1x103	 8x10
Moulds and Yeasts	 -a	 -a	 2x107	 5x106	 1x107	 3x106

Enterobacteriaceae	 2x103	 3x103	 6x103	 3x103	 8x102	 4x10

-a: no data available; b: facultative heterofermentative lactobacilli; c: obligate heterofermentative lactobacilli; d: no 
bacteria detected in 1 g.
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of Enterobacteria was very low in batch 
A and they were absent in 1 g of product 
after the 7th day of ripening. In batch B 
the initial count was 2x103 CFU g-1 and 
remained relatively constant during the 
first 14 days of ripening, after which it de-
creased to 4x10 CFU g-1 after 42 days of 
ripening. This is probably due to the de-
crease of aw that had a value of 0.90 on 
the 28th day. VILAR et al. (2000) reported 
that Enterobacteriaceae are sensitive to 
salt and normally grow at aw values higher 
than 0.93. The number of Enterobacteria 
detected in batch A and at the first stages 
of ripening did not differ greatly compared 
to those detected in other traditional dry 
sausages (SAMELIS et al., 1998; LUON-
GO et al., 2001; COCOLIN et al., 2001b; 
PARENTE et al., 2001b). The Enterobacte-
riaceae counts at the time of consump-
tion (28-42 day) (Table 2) can be consid-
ered “acceptable” for the microbial quality 
and safety of fermented meat as report-
ed by the “Guidelines for the interpreta-
tion of results of microbiological analy-
sis of some ready-to-eat foods sampled at 
point of sale” (http://www.fsai.ie/publi-
cations/guidance_notes/gn3.pdf).

A total of 91 colonies of LAB isolated 
from FH and OH agar and 60 colonies of 
CNS isolated from MSA were identified by 
molecular methods. The number of iso-
lates identified by species-specific PCR 
and 16S rDNA sequencing is reported 
in Table 3. All the isolates identified by 
sequencing had an identity of 99-100% 
with sequences in GenBank.

As regards LAB, 80% of the isolates 
were identified as Lb. sakei; the second 
main species isolated was Lb. curvatus 
(15.4% of the isolates). These results are 
in agreement with the results reported 
by SAMELIS et al. (1998) and PAPAMANO-
LI et al. (2003), who stated that Lb. sakei 
is normally more competitive then other 
LAB species in fermented sausage niches 
and is the dominant species within the 
lactic microflora of these products. The 
above-mentioned species were isolated 
from both FH and OH medium in almost 

the same proportion. Other minor spe-
cies found were Leuc. mesenteroides (1 
isolate from FH, 2 isolates from OH) and 
Lb. reuteri (1 isolate from OH).

As shown in Table 3, in the samples of 
producer A almost all the LAB isolates be-
longed to Lb. sakei (95%); only two were 
identified as Lb. curvatus. A higher pres-
ence of Lb. curvatus (24%) was observed 
in the samples of producer B. These two 
dominant species were found through-
out the ripening of the products, while 
Leuc. mesenteroides was represented by 
only 3 isolates and was only found in the 
mixture of batch B before stuffing. Only 
one strain of Lb. reuteri was isolated and 
it came from product B after 3 days of 
ripening. These results are in agreement 
with the results reported for other sim-
ilar products, where heterofermentative 
mesophilic lactobacilli were rarely iso-
lated and were only found in the earliest 
stages of ripening (PARENTE et al., 2001a). 
The presence of Leuconostoc spp. only 
during the first stages of ripening of dry 
sausages was reported by PAPAMANOLI 
et al. (2003). The prevalence of Lb. sakei 
and Lb. curvatus in naturally-fermented 
sausages is well documented in the liter-
ature (HUGAS et al., 1993; SAMELIS et al., 
1994; 1998; COPPOLA et al., 1998; 2000; 
PARENTE et al., 2001a; PAPAMANOLI et al., 
2003; RANTSIOU et al., 2005).

Among CNS, Staph. xylosus was the 
main species isolated (70% of the iso-
lates); in the batch from producer B it 
had a higher frequency (80% of the iso-
lates) than in the batch from producer 
A (60% of the isolates). This species was 
present at all the ripening times analysed 
for both producers (Table 3). The high 
prevalence of Staph. xylosus in the mi-
croflora of naturally-fermented dry sau-
sages (both Spanish and Italian) (COPPO-
LA et al., 1997; 2000; GARCÍA-VARONA et 
al., 2000; BLAIOTTA et al., 2004; COCOLIN 
et al., 2001a) was also found in the sam-
ples analysed in this study. A higher di-
versity of CNS species (6 vs 4) was found 
in the batch from producer A compared 
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to that of producer B. Staph. equorum 
subsp. linens and Staph. succinus were 
present in the sausages of both produc-
ers at different sampling times. Staph. 
epidermidis, Staph. pasteuri and Staph. 
warneri only occurred in the sausage of 
producer A and were limited to the earli-
est stages of ripening. Staph. pulvereri/vi-
tulus was only isolated from the mixture 
of producer B. BLAIOTTA et al. (2004) de-
tected this species almost exclusively in 
artisan products and it was always more 
abundant at the beginning of ripening. 
No isolates of Staph. saprophyticus were 
found in this study, although this species 
was shown to be the dominant one in dry 
Greek sausages (SAMELIS et al., 1998; PA-
PAMANOLI et al., 2002; DROSINOS et al., 
2005) and was highly represented in oth-
er fermented sausages of Southern Ita-
ly (MAURIELLO et al., 2004). Staph. car-
nosus, widely used as micrococcal start-
er culture (HAMMES and HERTEL, 1998), 
was not found in the samples analysed 
in the present study, nor in other natu-
rally-fermented Mediterranean sausag-

es (COPPOLA et al., 1997; SAMELIS et al., 
1998; GARCÍA-VARONA et al., 2000; BLAI-
OTTA et al., 2004; MAURIELLO et al., 2004; 
DROSINOS et al., 2005).

CONCLUSIONS

This preliminary study dealing with 
the characterisation of home-made Sar-
dinian sausages indicates that this prod-
uct is a typical Mediterranean type of 
dry, naturally-fermented sausage, char-
acterised by low acidification rates and 
high final pH. The microflora is mainly 
represented by LAB and CNS that reach 
high counts from the 7th day of ripen-
ing. The main species isolated were Lb. 
sakei, Lb. curvatus and Staph. xylosus. 
The incidence of Enterobacteriaceae was 
similar to that of other analogous home-
made products and can be considered 
safe. Further studies are needed to bet-
ter characterise the microbial population 
of this product. It could also be impor-
tant to investigate the genetic diversity 

Table 3 - Distribution of species of LAB and CNS at different stages of ripening of traditional Sardin-
ian sausages.

	 N. of isolates

Species	 Meat	 3 days	 7 days	 14 days	 28 days	 42 days	 Total

	 Producer A
Lactobacillus sakei	 -	 5	 9	 8	 8	 10	 40
Lactobacillus curvatus	 -	 -	 1	 -	 1	 -	 2
Staphylococcus xylosus	 1	 2	 4	 4	 3	 4	 18
Staphylococcus epidermidis	 1	 1	 -	 -	 -	 -	 2
Staphylococcus equorum subsp.linens	 -	 -	 -	 -	 1	 1	 2
Staphylococcus pasteuri	 2	 1	 -	 -	 -	 -	 3
Staphylococcus succinus	 -	 1	 1	 1	 1	 -	 4
Staphylococcus warneri	 1	 -	 -	 -	 -	 -	 1
	 Producer B
Lactobacillus sakei	 -	 3	 8	 10	 5	 7	 33
Lactobacillus curvatus	 1	 2	 2	 -	 5	 2	 12
Lactobacillus reuteri	 -	 1	 -	 -	 -	 -	 1
Leuconostoc mesenteroides	 3	 -	 -	 -	 -	 -	 3
Staphylococcus xylosus	 3	 3	 5	 5	 4	 4	 24
Staphylococcus equorum subsp.linens	 1	 -	 -	 -	 1	 1	 3
Staphylococcus succinus	 -	 2	 -	 -	 -	 -	 2
Staphylococcus pulvereri/vitulus	 1	 -	 -	 -	 -	 -	 1

-: non detected.
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at the strain level and the technological 
features of the isolates in order to evalu-
ate their role in the ripening process and 
their potential use as starters.
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Abstract

The chemical composition of 15 
spinach (Spinacea oleracea L.) culti-
vars (cvs) grown in different areas of 
Iran was investigated. The ranges of 
the moisture, ash, total fat, crude fib-
er, oxalate, total phenolic and pro-
tein contents were 88.2-91.1 (g/100 
gfw), 1.63-2.46 (g/100 gfw), 0.14-0.36 
(g/100 gfw), 1.80-2.22 (g/100 gfw), 
0.53-1.17 (g/100 gfw), 55.2-103.9 (mg 
TAE/100 gfw) and 1.62-3.19 (g/100 
gfw), respectively. The mineral (K, Ca, 
Mg, Na, Fe, Zn, Cu and P) contents 

Riassunto

È stata analizzata la composizione 
chimica di 15 cultivars di spinaci (Spi-
nacea oleracea L.) cresciute in diverse 
aree dell’Iran. I range di umidità, cene-
ri, grassi totali, fibra grezza, ossalato, 
composti fenolici totali e proteine erano, 
rispettivamente, 88,2-91,1 (g/100 gpf), 
1,63-2,46 (g/100 gpf), 0,14-0,36 (g/100 
gpf), 1,80-2,22 (g/100 gpf), 0,53-1,17 
(g/100 gpf), 55,2-103,9 (mg TAE/100 
gpf) e 1,62-3,19 (g/100gpf). I contenu-
ti in minerali (K, Ca, Mg, Na, Fe, Zn, Cu 
and P) erano rispettivamente (595,8-



310  Ital. J. Food Sci. n. 3, vol. 19 - 2007

were (595.8-1,106.6), (61.6-112.8), 
(67.4-108.3), (34.0-117.7), (2.61-8.01), 
(0.963-2.606), (0.074-0.443) and (40.4-
90.9) mg/100 gfw, respectively. The 
main fatty acids were palmitic (17.27-
24.58%), palmitoleic (0.85-11.00%), 
hexadecatrienoic (1.85-6.10%), stear-
ic (0.81-3.17%), oleic (6.68-16.51%), li-
noleic (13.59-22.50%), linolenic (31.60-
44.04%) and erucic acid (0.55-5.43%). 
The differences in the nutrient com-
position correspond to the high genet-
ic diversity found within the 15 culti-
vars. This variability in nutrients could 
be useful for selecting specific cultivars 
for special purposes.

1.106,6), (61,6-112,8), (67,4-108,3), 
(34,0-117,7), (2,61-8,01), (0,963-2,606), 
(0,074-0,443) e (40,4-90,9) mg/100 gpf. 
I principali acidi grassi erano il pal-
mitico (17,27-24,58%), il palmitoleico 
(0,85-11,00%), l’esadecatrienoico (1,85-
6,10%), lo stearico (0,81-3,17%), l’olei-
co (6,68-16,51%), il linoleico (13,59-
22,50%), il linolenico (31,60-44,04%) 
e l’erucico (0,55-5,43%). Le differenze 
in composizione in nutrienti corrispon-
dono all’alta diversità genetica trovata 
fra le 15 cultivars. Questa variabilità in 
nutrienti potrebbe essere utile per se-
lezionare specifiche cultivars per sco-
pi particolari.

INTRODUCTION

Spinach (Spinacea oleracea L.) was 
first cultivated in southwestern Asia, 
perhaps in Persia. The word itself is de-
rived from the Persian word Esfenaj. The 
Chinese referred to it in 647 as the herb 
of Persia. It is an important leafy vegeta-
ble, now grown throughout the temper-
ate regions of the world. It is most pro-
ductive in cool seasons and climates, 
since heat causes spinach to go to seed 
too early.

Spinach is rich in iron, but the bioavil-
ability of iron is dependent on its absorp-
tion. All of the iron in grains and vegeta-
bles is nonheme iron (WILLIAMS, 1993); 
therefore, its absorption may vary wide-
ly depending on the persence of a bind-
er such as fiber or an enhancer such as 
vitamin C. Spinach contains high lev-
els of oxalate that bind to iron or calci-
um to form insoluble calcium or ferrous 
oxalates, which cannot be absorbed by 
the body (WU et al., 1999). Therefore, 
analysis of oxalate is of great impor-
tance in food. Spinach still has a large 
nutritional value, especially when fresh, 
steamed, or boiled quickly. It is low in 

calories and is a good source of vitamin 
A, C, E, folic acid, β-carotene as well as 
minerals and dietary fiber (USDA, 2006; 
KAWAZU OKIMURA et al., 2003; TOLEDO 
et al., 2003). Spinach has notable fla-
vonoid content (more than 1,000 mg/
kg) comparable to other flavonoid-rich 
vegetables such as broccoli and red on-
ion (HOWARD et al., 2002). The phenol-
ic compounds in spinach exhibit a wide 
range of biological effects including anti-
oxidative, antihypertensive, antiprolifer-
ative, anticarcinogenic and antimutagen-
ic properties (AEHLE et al., 2004; YANG 
et al., 2004; CHU et al., 2002).

Finally, spinach contains about 5% li-
pids on a dry basis, and the lipid con-
tent consists of palmitic (15.04%), hex-
adecatrienoic (7.67%), linoleic (11.84%), 
and linolenic (58.46%) acids (LEE et al., 
2000). Because of the presence of highly 
unsaturated fatty acids and other com-
ponents, such as chlorophyll and β-car-
otene, the addition of spinach as an in-
gredient to foods may affect food process-
ing properties and the quality of the final 
products. Significant variations in the 
chemical composition of different varie-
ties of spinach have been reported over 
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the years by various researchers (JA-
WORSKA, 2005; GÜLSER, 2005; USDA, 
2006). Due to the influence of environ-
mental and cultivar differences on nu-
tritional values of spinach, more work is 
required in this area.

Due to the lack of information about 
the chemical composition of spinach in 
Iran, the present study was conduct-
ed to compare the contents of moisture, 
ash, total fat, crude fiber, oxalate, to-
tal phenolic, protein, some mineral ele-
ments (Na, K, Ca, Mg, Fe, Cu, Zn and P), 
and fatty acid profiles of fifteen potential 
spinach cultivars for fresh consumption 
and further industrial use.

MATERIALS AND METHODS

Plant material and chemicals

Fifteen spinach cultivars (cvs), (Mobar-
akeh (N. 1), Dorood (N. 2), Saleh-abad 
(N. 3), Borougerd (N. 4), Ardestan (N. 5), 
Karaj 2 (N. 6), Yazd (N. 7), Ghoochan (N. 
8), Shiraz (N. 9), Lahijan 1 (N. 10), Ra-
him-abad (N. 11), Qom (N. 12), Saveh (N. 
13), Hamedan (N. 14), and Rahnan (N. 
15)) were planted on 1 November 2005 
at the experimental field of Tarbiat Mo-
dares University. The field plot plan was 
a randomized complete block design with 
three replicates. The plants were grown 
under identical growing conditions and 
received uniform fertilization, irriga-
tion and herbicide treatments. The EC 
and pH of the soil were 1.2 ds/m and 
7.5, respectively. Total nitrogen, avail-
able phosphorus and potassium were 
0.15%, 8.2 and 3.4 ppm, respectively. 
One hundred kg of N (as urea), 50 kg of 
P (as P2O5), and 100 kg of K (as K2O) were 
used. The leaves were collected within 
2h on the same day (3 March 2006) from 
15 randomly selected plants of each cul-
tivar. For each cultivar, 30 leaves were 
collected, placed in polyethylene bags in 
refrigerated coolers, and transported to 
the Food Science Department within 30 

min. After measuring the fresh weight of 
the samples, they were stored at -20°C 
until total phenolic analysis (for a max-
imum of 8h). The leaf samples of each 
cultivar were then placed in an electric 
oven at 70ºC for 3 days (for other experi-
ments, e.g. elemental analysis). All sam-
ples were analyzed in triplicate.

Folin-Ciocalteu reagent and 14% BF3-
methanol were obtained from Fluka 
(Taufkirchen, Germany). Methanol, tan-
nic acid, hexane, and sodium hydroxide 
were purchased from Merck (Darmstadt, 
Germany). Standards of pentadecanoic, 
palmitic, palmitoleic, hexadecatrieno-
ic, stearic, oleic, linoleic, linolenic and 
erucic acids were obtained from Sigma 
(Missouri, USA). All reagents used were 
of analytical grade.

Moisture, ash, protein, crude fiber,
total fat, oxalate and total phenolic
determination

The recommended methods of the As-
sociation of Official Analytical Chemists 
(AOAC, 1984) were adopted to deter-
mine the levels of moisture, ash, crude 
fiber, and total oxalate. Protein con-
tents in the ground leaf samples were 
determined by the Kjeldahl method. Re-
sults were calculated using the general 
factor 6.25 (AOAC, 1984). For total lip-
id determination, three grams of dried 
milled leaves were placed in an extrac-
tion thimble and the extraction was car-
ried out for 8h using 100 mL petroleum 
benzene (b. p. 40°-60°C). The solvent was 
then evaporated by a rotary evaporator 
at 40°C and then cooled for 30 min in a 
desiccator and weighed.

An aliquot of the material from each 
spinach cultivar was freeze-dried, ground 
into a fine powder and stored in a desic-
cator until the extraction of the phenol-
ic compounds was carried out. Samples 
were extracted in triplicate. Each sam-
ple consisting of 2 g of freeze-dried ma-
terial was extracted with 15 mL distilled 
water. The samples were shaken for 10 
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h at 4°C and 150 rpm and then centri-
fuged at 6,500 g at 4°C for 10 min. The 
total soluble phenolics in the water ex-
tracts were determined with Folin-Cio-
calteu reagent according to the method 
of SINGH et al. (2002) (spectrophotomet-
ric method) using tannic acid as a stand-
ard. Results are expressed as mg of tan-
nic acid equivalents per 100 g of fresh 
weight (mg TAE/100 gfw).

Mineral element analysis

The minerals sodium (Na), potassium 
(K), calcium (Ca), magnesium (Mg), iron 
(Fe), zinc (Zn) and copper (Cu) were de-
termined by atomic absorption spectro-
photometry. Ten grams of fresh spinach 
leaf samples were washed with double 
distilled water and oven-dried at 65°C 
for 3 days and then ground. The sam-
ples were then dry-ashed in a muffle fur-
nace at 550°C for 6 h until a white resi-
due of constant weight was obtained. The 
minerals were extracted from the ash by 
adding 5.0 mL of 37% HCl, heated in a 
steam bath and after filtration (Whatman 
N. 42), the liquid was transferred quan-
titatively to a 25 mL volumetric flask. 
It was diluted to volume with deionised 
water, stored in clean polyethylene bot-
tles and the mineral contents were deter-
mined using an atomic absorption spec-
trophotometer (Shimadzu, Kyoto, Japan) 
on a fresh weight (fw) basis.

Phosphorous (P) was determined by 
the phosphovanadomolybdate method. 
The phosphovanadomolybdate complex 
formed between the phosphate, ammo-
nium vanadate and ammonium molyb-
date is bright yellow and its absorbance 
is measured at 460 nm (JEFFERY et al., 
1989). The P was extracted from ash by 
adding 5.0 mL of 37% HCl, heated in a 
steam bath and after filtration (What-
man N. 42), was transferred quantita-
tively to a 25 mL volumetric flask. Four 
mL of dissolved ash, 10 mL of ammoni-
um vanadate (2.5 g NH4VO3 dissolved in 
500 mL hot water, with the addition of 20 

mL conc. HNO3 and diluted with water 
to 1L), and 10 mL of ammonium molyb-
date (50 g (NH4)6Mo7O24, 6H2O dissolved 
in warm water and diluted with water to 
1L), were then transferred to a 100 mL 
graduated flask, respectively, and dilut-
ed to the mark. The absorbance of this 
solution (after 10 min) at 460 nm was 
measured by using a Scinco 2100 spec-
trophotometer (Seoul, South Korea).

Fatty acid analysis

The fatty acid methyl esters (FAMEs) 
were prepared according to the proce-
dure described by METCALF et al., (1966). 
Fifty mg of extracted oil was saponified 
with 5 mL of methanolic NaOH (2%) solu-
tion by refluxing for 10 min at 90°C. Af-
ter addition of 2.2 mL BF3-methanol, the 
sample was boiled for 5 min. The FAMEs 
were extracted from a saturated salt mix-
ture with hexane. The FAMEs were then 
analyzed using a gas chromatograph 
(UNICAM model 4600, Cambridge, UK) 
coupled with a FID detector. The column 
used for fatty acid separation was a fused 
silica BPX70 column, 30 m x 0.22 mm 
i. d. x 25 µm film thickness (from SGE, 
Griesheim, Germany). The oven temper-
ature was held at 180°C during separa-
tion; the injector and detector temper-
atures were 240° and 280°C, respec-
tively. The carrier gas (helium) flow rate 
was 1 mL/min. One µL of methyl esters 
of free fatty acids was injected into the 
split injector. The split ratio was adjusted 
to 1:10. The compounds were identified 
by comparison of their retention times 
with authentic compounds. The internal 
standard C15:0 was used in the quanti-
tative analysis of the separated fatty ac-
ids (data were calculated as percentage 
total fatty acids).

Statistical analysis

The analysis of variance was done us-
ing SPSS software and significant dif-
ferences among means from a triplicate 



Ital. J. Food Sci. n. 3, vol. 19 - 2007  313

analysis at (P≤0.05) were determined by 
Duncan`s multiple range test (DMRT).

RESULTS AND DISCUSSION

The proximate composition of the 15 
spinach cultivars analyzed is presented 
in Table 1. The mean moisture content of 
the cultivars was 90.0 g/100 gfw, which is 
slightly lower than the values reported by 
the USDA (91.4%) (2006), CHAKRABORTI 
et al., (91.5%) (1989) and RUBATZKY and 
YAMAGUCHI (91.5%) (1997) but, in agree-
ment with the mean value reported by 
KAWAZU OKIMURA et al., (90.7%) (2003). 
Cultivars with low moisture content are 
suitable for processing.

The ash content ranged from around 
1.63 g/100 gfw in cv N. 1 to 2.46 g/100 
gfw in cv N. 8. This average was slightly 
higher than the values reported by oth-
er researchers (USDA 2006; RUBATZKY 
and YAMAGUCHI 1997).

The total fat (lipid) content ranged 
from 0.14 to 0.36 g/100 gfw for cvs N. 

12 and N. 14. The mean value of total 
fat was lower than the values reported 
by the USDA (2006) and SALUNKHE and 
KADAM (1998).

There were significant differences in 
crude fiber of the cultivars. Values var-
ied from 1.70 (g/100 gfw, cv N. 1) to 2.22 
(g/100 gfw, cv N. 7). Similar results were 
reported by the USDA (2006), but RU-
BATZKY and YAMAGUCHI (1997) report-
ed higher values.

The crude protein contents of the 15 
cultivars ranged from 1.62 (cv N. 13) to 
3.19 g/100 gfw (cv N. 10) with an aver-
age of about 2.41 g/100 gfw. Some cul-
tivars (N. 3, 5, and 11) had protein con-
tents similar to that reported by the 
USDA (2006).

In the present study the minimum 
and maximum of the total oxalate con-
tents were 0.53±0.05 g/100 gfw (cv N. 
12) and 1.17±0.07 g/100 gfw (cv N. 5). 
Statistically significant differences were 
found among all the samples. The average 
oxalate content of the cvs was 0.77 g/100 
gfw, which is lower than the value of 8.7% 

Table 1 - Some chemical composition parameters of the 15 cultivars (a).

cv N.	 Total phenolic	 Oxalate	 Protein	 Crude fiber	 Total fat	 Ash	 Moisture
	 (mg TAE/100 gfw)	 (g/100 gfw)	 (g/100 gfw)	 (g/100 gfw)	 (g/100 gfw)	 (g/100 gfw)	 (g/100 gfw)

  1	 66.5±0.4e	 0.85±0.08d	 2.46±0.01e	 1.70±0.05g	 0.27±0.01b	 1.63±0.06g	 89.4±0.3ab
  2	 67.4±0.1e	 0.88±0.07d	 2.11±0.02h	 1.80±0.06f	 0.20±0.03d	 1.90±0.03de	 89.4±0.2ab
  3	 103.9±0.3a	 0.80±0.06d	 2.69±0.05c	 2.17±0.09abc	 0.35±0.02a	 1.87±0.27def	 88.2±0.1b
  4	 75.3±0.6d	 0.92±0.08c	 2.39±0.00f	 2.05±0.04de	 0.23±0.02c	 1.88±0.14de	 90.4±0.2ab
  5	 64.0±0.7f	 1.17±0.07a	 2.75±0.01b	 2.10±0.01cd	 0.17±0.05g	 1.93±0.07d	 91.1±0.4a
  6	 80.8±1.9c	 0.56±0.06f	 2.27±0.02g	 2.10±0.04cd	 0.17±0.01g	 2.08±0.04c	 90.9±0.2ab
  7	 87.5±0.5b	 1.08±0.08b	 2.60±0.01d	 2.22±0.08a	 0.16±0.04h	 1.78±0.04f	 89.6±0.1ab
  8	 74.7±0.8d	 0.62±0.07e	 2.39±0.02f	 1.99±0.03e	 0.17±0.01g	 2.46±0.05a	 90.3±0.3ab
  9	 80.2±1.8c	 0.60±0.06e	 2.59±0.03d	 2.21±0.05ab	 0.19±0.03e	 1.80±0.03ef	 89.7±0.2ab
10	 55.2±1.8h	 0.55±0.07f	 3.19±0.01a	 1.99±0.02e	 0.27±0.02b	 2.14±0.07c	 89.7±0.1ab
11	 57.6±0.4g	 0.81±0.09d	 2.78±0.05b	 2.09±0.06cde	 0.19±0.03e	 1.90±0.05de	 90.3±0.1ab
12	 87.1±1.2b	 0.53±0.05f	 2.14±0.02h	 1.84±0.05f	 0.14±0.00i	 1.90±0.04de	 90.5±0.5ab
13	 63.8±0.9f	 0.70±0.06e	 1.62±0.01j	 2.06±0.08de	 0.26±0.01b	 1.78±0.06f	 90.5±0.2ab
14	 68.1±0.6e	 0.67±0.05e	 2.25±0.02g	 1.88±0.01f	 0.36±0.04a	 2.08±0.06c	 89.5±0.3ab
15	 89.0±0.5b	 0.82±0.09d	 1.91±0.02i	 2.12±0.02bcd	 0.18±0.02f	 2.31±0.04b	 90.1±0.2ab
Mean	 74.7	 0.77	 2.41	 2.02	 0.22	 1.96	 90.0

(a) Values are mean ± standard deviation of triplicate determinations. Values in the same column having the same let-
ters are not significantly different (Duncan’s multiple range test, at P≤0.05).
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reported by JAWORSKA (2005), 10.2% dry 
weight reported by KAWAZU OKIMURA et 
al. (2003) and 8.7% dry weight report-
ed by JAWORSKA and KMIECIK (1999). 
An excessive dietary oxalate intake may 
lead to renal insufficiency. A high intake 
of oxalate plays a key role in secondary 
hyperoxaluria, a major risk factor for cal-
cium oxalate stone formation (HODGKIN-
SON, 1978) and also decreases calcium 
absorption (WEAVER et al., 1987). Treat-
ment of diet-dependent hyperoxaluria be-
gins with the restriction of oxalate-rich 
foods. Without adequate knowledge of the 
oxalate content in food, dietary guidelines 
cannot be established.

The total phenolic content of the 15 
spinach cultivars presented in Table 
1 ranged from 55.2±1.8 (cv N. 10) to 
103.9±0.3 (cv N. 3) mg TAE/gfw. These 
results are higher than those reported 
by PANDIAITAN et al. (2005).

Minerals

The mineral concentrations in the 
Iranian spinach cultivars are shown 

Table 2 - Mineral elements of the 15 spinach cultivars (mg 100/gfw) (a).

cv N.	 P	 Cu	 Zn	 Fe	 Na	 Mg	 Ca	 K

  1	 65.1±0.4d	 0.134±0.004c	 1.486±0.000g	 4.03±0.02j	 117.7±1.0a	 108.3±0.5a	 90.4±0.5f	 1027.6±5.0c
  2	 90.3±0.3a	 0.208±0.008b	 1.868±0.004c	 6.60±0.02c	 85.7±0.4e	 91.3±0.8bc	 106.4±0.4c	 1106.6±2.7a
  3	 90.9±0.4a	 0.123±0.001d	 2.208±0.002b	 8.01±0.01a	 74.5±1.6g	 90.7±0.3c	 110.6±0.6b	 958.8±10.0e
  4	 66.1±0.4c	 0.443±0.004a	 1.696±0.004e	 3.57±0.02m	 68.2±1.1i	 77.5±1.0g	 75.0±0.6m	 942.5±12.6f
  5	 63.6±0.4e	 0.104±0.004f	 1.212±0.002m	 4.02±0.02k	 59.9±0.3j	 85.6±0.3e	 61.6±0.8o	 735.8±4.70j
  6	 55.5±0.3h	 0.083±0.002g	 1.376±0.001k	 6.31±0.02d	 70.4±1.5h	 67.9±0.3i	 80.5±0.5i	 663.7±12.2k
  7	 40.4±0.3n	 0.102±0.003f	 1.458±0.001j	 5.93±0.03e	 94.9±0.6d	 81.3±0.4f	 79.9±0.4k	 997.8±8.1d
  8	 45.9±0.3k	 0.102±0.002f	 1.767±0.003d	 7.88±0.04b	 61.4±1.2j	 92.0±0.5b	 112.8±1.5a	 1063.5±4.0b
  9	 41.9±0.4m	 0.104±0.003f	 1.570±0.001f	 3.98±0.02l	 108.7±1.0b	 76.4±0.1h	 105.2±1.7d	 775.7±12.1h
10	 44.2±0.3l	 0.104±0.004f	 0.963±0.002o	 5.09±0.01f	 99.4±0.2c	 88.7±0.1d	 83.7±0.6h	 784.8±1.2h
11	 56.4±0.4g	 0.112±0.003e	 1.473±0.001h	 3.14±0.01n	 79.2±1.5f	 81.6±0.4f	 79.4±0.8l	 806.0±2.2g
12	 48.9±0.5j	 0.074±0.002h	 1.188±0.003n	 4.26±0.00i	 34.0±0.4l	 91.5±0.4bc	 84.4±0.3g	 595.8±3.6l
13	 51.3±0.41i	 0.103±0.001f	 1.307±0.000l	 2.61±0.02o	 41.3±1.7k	 67.4±0.5i	 66.5±0.8n	 738.7±1.3ij
14	 74.1±0.6b	 0.084±0.001g	 2.606±0.003a	 4.27±0.00h	 67.9±0.9i	 87.8±1.0d	 95.9±1.0e	 750.5±5.6i
15	 62.5±0.5f	 0.123±0.003d	 1.465±0.002i	 4.34±0.01g	 72.8±0.7g	 87.9±0.5d	 80.3±2.27j	 1018.9±4.5c
Mean	 59.8	 0.134	 1.576	 4.94	 75.7	 85.1	 87.5	 864.5

(a) Values are mean ± standard deviation of triplicate determinations. Values in the same column having the same 
letters are not significantly different (Duncan’s multiple range test, at P≤0.05).

in Table 2. Significant variations oc-
curred in the mineral concentrations 
among the samples. Spinach contains 
some important minerals. The potas-
sium concentration was the highest, 
followed in descending order by cal-
cium, magnesium, sodium, phospho-
rous, iron, zinc and copper. This order 
was reported earlier by the USDA (K> 
Ca> Mg=Na> P> Fe> Zn> Cu) (USDA 
2006).

The mean value of the K content in 
the 15 spinach cvs was 864.5 mg/100 
gfw. This value can be compared with 
the value of 558 mg/100 gfw given by 
the USDA (2006), 570 mg/100 gfw 
by WILLS et al. (1986), and 870-1,300 
mg/100 g determined by OGUCHI et al. 
(1996). The content of calcium in spin-
ach is high in fresh weight, but unfor-
tunately, a significant part of this el-
ement occurs in the form of oxalates 
that limit its utilization in the diet. In 
general, the calcium content reported 
in this study was near or exceeded the 
values published in the literature. The 
USDA (2006) reported 99.0 mg/100 gfw, 
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OGUCHI et al. (1996) 80-180 mg/100 
gfw and JAWORSKA and KMIECIK (1999) 
109 mg/100 gfw. Magnesium is gen-
erally among the deficient elements in 
the human diet; daily magnesium con-
sumption by adults should amount to 
300-380 mg (JAWORSKA and KMIECIK 
1999). The mean value of Mg deter-
mined in this work was higher than the 
values reported by SALUNKE and KADAM 
(1998), USDA (2006) and JAWORSKA and 
KMIECIK (1999) and but was significant-
ly lower than those found by OGUCHI et 
al. (1996) (110-180 mg/100 gfw).

Currently, no deficiency of sodium 
has been observed in the human diet. 
Our results were similar to the value re-
ported by the USDA (2006), but higher 
than the amount reported by JAWOR-
SKA and KMIECIK (1999) (30 mg/100 
gfw) and lower than the amount pub-
lished by RUBATZKY and YAMAGUCHI 
(1997).

The mean P value of the cvs was sim-
ilar to the value reported by JAWORS-
KA and KMIECIK (1999), RUBATZKY and 
YAMAGUCHI (1997), and CHAKRABORTI et 
al. (1989) and higher than that obtained 
by the USDA (2006) (49.0 mg/100 g). 
Spinach is an excellent source of iron. In 
comparison to red meat, it provides iron 
for fewer calories and is totally fat-free. 
Iron is an integral part of hemoglobin, 
which transports oxygen from the lungs 
to all body cells. Growing children and 
pregnant women need iron. The estimat-
ed daily requirement of iron in adults is 
15-26 mg. In the 15 cvs, the iron con-
tent was high; these results were higher 
than the values obtained by the USDA 
(2006), KIMURA and ITOKAWA (1990), 
WILLS et al. (1986) and RUBATZKY and 
YAMAGUCHI (1997).

Zinc is widespread throughout living 
organisms due to its biological signif-
icance. The minimum and maximum 
values of Zn were found in cvs N. 10 
and 14, respectively. Statistically sig-
nificant differences were observed be-
tween all of the cultivars (P≤0.05). The 

zinc content of spinach samples in 
the literature have been reported to 
be 0.53 mg/100 gfw USDA (2006) and 
0.70 mg/100 gfw CHARKRABORTI et al. 
(1989). The zinc content reported in 
this study is higher than those report-
ed in the literature.

The highest copper content was seen 
in cv N. 4 and the lowest in cv N. 12. 
The average value obtained in this study 
was in agreement with that reported by 
the USDA (2006) and was higher than 
the amount found by CHARKRABORTI et 
al. (1989). These differences are prob-
ably related to the spinach cultivars, 
and the agro-climatic and environmen-
tal conditions.

Fatty acid composition

The fatty acid composition of the 15 
Iranian spinach cultivars was deter-
mined. The results (Table 3) showed 
that the oil contained eight fatty acids: 
palmitic, palmitoleic, hexadecatrieno-
ic, stearic, oleic, linoleic, linolenic, and 
erucic acid. Linolenic acid was the pre-
dominant fatty acid. Significant differ-
ences were observed between the fat-
ty acids of the different cvs. The fatty 
acid composition had the following av-
erage profile: C18:3> C16:0> C18:2> 
C18:1> C16:1> C16:3> C22:1> C18:0. 
The highest amounts of palmitic and 
palmitoleic acids were found in cv N. 14 
(24.58 and 11.00%). These results are 
quite similar to those obtained by oth-
er authors. The USDA (2006) and LEE 
et al. (2000) reported the following pro-
files: C18:3 (52.2%)> C16:0 (18.60%)> 
C18:2 (10.00%)> C18:1=C16:1 (1.9%)> 
C18:0 (1.52%), and C18:3 (58.46%)> 
C16:0 (15.04%)> C18:2 (11.84%)> C16:3 
(7.69%)> C14:0 (3.24%)> C16:1 (2.26%)> 
C18:1 (1.16%), respectively. In anoth-
er study, CHOE et al. (2001) obtained 
the following order: C18:3 (57.11%)> 
C16:0 (17.63%)> C18:2 (9.56%)> C16:3 
(8.01%)> C14:0 (2.57%)> C18:1 (2.48%)> 
C16:1 (1.92%)> C18:0 (0.65%). In con-
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trast to MURCIA et al. (1992), in this 
study C16:2 was not found. It was con-
firmed that the unsaturated fatty acids 
were predominant in all the cultivars and 
linolenic acid was the main fatty acid. 
The unsaturated/saturated fatty acid 
(USFA/SFA) ratio was generally high. 
The highest and lowest ratios were 4.22 
(cv N. 2) and 2.78 (cv N. 14). These ra-
tios were lower than the values report-
ed by LEE et al. (2000) and quite simi-
lar with the value of 4.12 reported by the 
USDA (2006). Because of the presence of 
highly unsaturated fatty acids, the addi-
tion of spinach as an ingredient to foods 
may affect food processing properties as 
well as the quality of the final products 
(LEE et al., 2002).

CONCLUSIONS

Practically no literature data are 
available concerning Iranian spinach 
and the present work reports the chem-

Table 3 - Fatty acid profiles of the 15 cultivars (%, percentage of total fatty acids) (a).

cv N.	 USFA/SFA	 C22:1	 C18:3	 C18:2	 C18:1	 C18:0	 C16:3	 C16:1	 C16:0

  1	 3.14	 4.18±0.11c	 35.03±0.67f	 17.13±0.18g	 15.69±0.19b	 2.84±0.32a	 2.96±0.36e	 0.85±0.24h	 21.30±0.52c
  2	 4.22	 1.98±0.10e	 44.04±0.86a	 19.34±0.32e	 6.68±0.21g	 1.55±0.11cde	 4.36±0.16c	 4.44±0.21f	 17.61±0.28f
  3	 3.87	 0.78±0.14h	 40.47±0.32c	 21.84±0.19ab	 7.41±0.47f	 1.19±0.36ef	 4.35±0.04c	 4.62±0.04f	 19.34±0.24de
  4	 4.40	 1.05±0.04g	 43.54±0.39a	 20.55±0.28cd	 7.71±0.16f	 1.27±0.19def	 4.10±0.27cd	 4.51±0.58f	 17.27±0.79f
  5	 3.65	 1.11±0.08g	 37.65±0.25d	 21.11±0.41bc	 7.45±0.12ef	 1.60±0.17cd	 4.86±0.21b	 6.30±0.40d	 19.92±0.56d
  6	 2.94	 2.14±0.12e	 33.72±0.54g	 17.50±0.76g	 7.97±0.20f	 1.38±0.09def	 3.74±0.21d	 9.58±0.39b	 23.97±0.72a
  7	 3.70	 1.01±0.08g	 41.53±0.17b	 21.42±0.29b	 7.67±0.16e	 1.39±0.35def	 4.27±0.12c	 2.82±0.12g	 19.94±0.36d
  8	 3.08	 1.97±0.07e	 31.67±0.64h	 18.33±0.35f	 16.51±0.72a	 3.17±0.13a	 1.85±0.07f	 5.14±0.18ef	 21.36±0.09c
  9	 3.13	 1.98±0.03e	 33.52±0.61g	 20.18±0.82d	 8.69±0.34d	 2.10±0.14b	 5.16±0.23b	 6.28±0.09d	 22.10±0.31bc
10	 3.87	 0.55±0.14i	 40.08±0.15c	 21.80±0.08ab	 8.67±0.41d	 1.05±0.07fg	 3.71±0.32d	 4.70±0.21f	 19.45±0.39de
11	 3.76	 2.14±0.09e	 39.71±0.28c	 14.23±0.49hi	 8.84±0.15d	 1.46±0.10cde	 6.10±0.33a	 8.01±0.25c	 19.52±0.87de
12	 3.31	 5.43±0.11a	 36.05±0.47e	 14.86±0.63h	 7.31±0.25f	 1.24±0.08def	 4.17±0.09cd	 8.99±0.60b	 21.95±0.16c
13	 4.16	 1.50±0.08f	 39.68±0.08c	 22.50±0.47a	 8.60±0.26de	 0.81±0.04g	 2.85±0.14e	 5.49±0.29e	 18.56±0.46e
14	 2.78	 3.32±0.25d	 31.60±1.52h	 15.01±0.32h	 8.45±0.71de	 1.82±0.35bc	 4.22±0.60c	 11.00±0.78a	 24.58±1.07a
15	 2.88	 4.65±0.30b	 32.22±0.37h	 13.59±0.82i	 14.59±0.27c	 2.81±0.19a	 2.83±0.21e	 6.36±0.51d	 22.95±0.37b
Mean	 3.53	 2.25	 37.37	 18.63	 9.48	 1.71	 3.97	 5.94	 20.65

(a) Values are mean ± standard deviation of triplicate determinations. Values in the same column having the same let-
ters are not significantly different (Duncan’s multiple range test, at P≤0.05).

ical composition of some of them. Spin-
ach, which is cultivated throughout the 
year, provides many nutrients and is 
not expensive. It contains lipids (with 
high amounts of unsaturated fatty ac-
ids) and other components, such as 
chlorophyll and β-carotene. The addi-
tion of spinach as an added ingredient 
to food may affect food processing prop-
erties and the quality of the final prod-
uct. In conclusion, spinach is a good 
source of minerals with K, Ca, Mg, Na 
and P being the major inorganic matrix 
of spinach followed by Fe, Zn, and Cu. 
The spinach cultivars studied showed 
a great variability in the chemical com-
position mainly due to genetic factors. 
Considering the increased interest in 
recent years to have foods with spe-
cific properties that prevent diseases, 
it would be useful to develop a selec-
tion program that would be extended 
to other spinach cvs in an attempt to 
identify cvs with high contents of nu-
trients and phenolic compounds that 
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are known for their numerous biolog-
ical activities.
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Abstract

A high performance liquid chromato-
graphic method with low temperature 
evaporative light scattering detection 
(HPLC-LT ELSD) was developed for the 
direct analysis of some pentoses, hex-
oses and disaccharides in Sicilian Con-
trolled Denomination of Origin (DOC) 
wines. The chromatographic separa-
tion was performed using a Prevail Car-
bohydrate ES column under isocratic 
conditions with a mixture of water-ac-
etonitrile. The detection limits of ELSD 
(S/N=3) were between 7 and 30 mg/L 

Riassunto

Nel presente studio è stata utilizza-
ta una metodica HPLC in fase norma-
le, con un rivelatore Evaporative Light 
Scattering a bassa temperatura (LT-
ELSD) per l’analisi di ramnosio, xilosio, 
fruttosio, glucosio, saccarosio, lattosio 
e maltosio in vini siciliani DOC bian-
chi, rossi e Marsala. La separazione è 
stata effettuata utilizzando una colon-
na di Prevail Carbohydrate applican-
do eluizione isocratica con una misce-
la di acqua e acetonitrile. Ottimizzan-
do le condizioni cromatografiche sono 
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for different carbohydrates, whereas 
precision and accuracy were 4.2 and 
96.5%, respectively. Glucose and fruc-
tose were the most abundant sugars in 
all the wines. Residual levels of xylose, 
rhamnose and lactose were detected 
only in Marsalas; maltose was present 
in all the Sicilian wines.

stati ottenuti limiti di rivelabilità com-
presi tra 7 e 30 mg/L, mentre la preci-
sione e l’accuratezza sono entro 4,2 e 
96%, rispettivamente. Glucosio e frut-
tosio sono gli zuccheri più abbondan-
ti in tutti i campioni, residui di xilosio, 
ramnosio e lattosio sono state rilevate 
solo in alcuni vini Marsala, il maltosio è 
invece presente in tutti i campioni esa-
minati in concentrazioni.

Introduction

Without sugar and yeast there could 
be no wine. Yeast converts sugar into 
CO2 and alcohol, through enzymatic ac-
tion. In the process, there is a little sug-
ar left over that the yeast converts into 
energy for its own metabolic needs.

D-glucose and D-fructose are fer-
mentable and make up about 99% of 
the total sugar content of wine; residual 
sugars including D-glucose isomers (D-
mannose and D-galactose), pentoses (D-
xylose, D-ribose, L-rhamnose) and disac-
charides (lactose, saccharose and mal-
tose) may also be present. Almost all of 
these residual sugars are usually un-
fermentable and are believed to have ei-
ther desirable or undesirable effects on 
the quality of wine during aging. Wine is 
usually fermented to dryness because re-
sidual sugars would make the wine mi-
crobially unstable. Residual sugars in a 
wine which contains less than 16% alco-
hol create a substrate for possible yeast 
growth, making the wine potentially un-
stable or liable to re-ferment in the bot-
tle. Most enologists consider primary 
fermentation as complete when residu-
al sugars are in the range of 0.1-0.2%. 
Using the reducing sugar measurement, 
wines below 0.2% are generally consid-
ered stable with regard to the possibility 
of re-fermentation in the bottle. At this 
point most of the residual sugars present 
are pentoses which are unfermentable by 

Saccharomyces yeast (Ribérau-Gayon et 
al., 2003). Furthermore, sugar analysis 
in wine is of great concern since, unlike 
what is allowed by the European Union 
and by the regulations of other coun-
tries, in Italy the addition of substanc-
es extraneous to the grape (e.g. saccha-
rose) to wine is not permitted.

A considerable amount of data on re-
sidual sugars in wines has been pub-
lished (Ayestarán et al., 2004; Esau 
and Amerine, 1967; Nakashini and 
Yokotsuka, 1989), but no such data 
have been reported for Sicilian Control-
led Denomination of Origin (DOC) wines. 
In the last years the products of Sicily 
have been revalued; Sicily produces at 
least 17% (8.7 million hL) of all the wine 
produced in Italy, and most of these 
wines (about 90%) are now protected 
by the DOC regulation. Four per cent of 
the Sicilian wine and must production is 
exported abroad, particularly to France 
(75%), Spain (12%) and the UK (5%), with 
some overseas consumers such as the 
USA, Canada and Japan.

In recent years, wine has been one of 
the few Sicilian agricultural products 
that have seen a rise in export levels, 
both in quantity and average unit value 
compared to previous years (Cresciman-
no et al., 2002). Among the Sicilian white 
wines, the most distinctive ones are In-
solia, Damaschino or Grillo, sometimes 
blended with Chardonnay. Among the 
red wines, the most diffused native va-
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rieties are Nero d’Avola and Nerello Mas-
calese that are vinified in their purest va-
rietal form or blended with indigenous 
varieties such as Cabernet Sauvignon, 
Merlot and Syrah. Until recently, Sicily 
was best known for fortified aged wines 
such as Marsala. These wines are char-
acterized by a high sugar content that 
is generally added during the vinifica-
tion process through a fortification with 
must and wine. The sweetest Marsalas 
are called “Dolce” (total sugars > 100 g 
L-1), followed by “Semi-secco” (total sug-
ars from 40 to 100 g L-1) and “Secco” (to-
tal sugars < 40 g L-1) which are the dri-
est; further information on Marsala wine 
classification is reported in the Italian 
Official Gazette (Italian Republic, 
DPR 17/11/1986).

Various techniques for sugar anal-
ysis in wine have been developed in-
cluding paper chromatography, capil-
lary electrophoresis, spectrometry and 
high-performance liquid chromatogra-
phy (HPLC) using refractometric detec-
tion (RID) (Araujo et al., 2000; Lima et 
al., 1994; Nakashini and Yokotsuka, 
1989; O’Flaherty et al., 2001). Refrac-
tive index (RI) measurement is the most 
popular detection method for carbohy-
drates (Berthod et al., 1998; Glyad, 
2002). However, RI has many disadvan-
tages in LC analysis, such as a lack of 
sensitivity, dependence on temperature 
and flow-rate, and incompatibility with 
gradient elution. The use of evaporative 
light scattering detection (ELSD) in LC 
has increased during the last decade as 
a universal technique capable of detect-
ing any semi- and non-volatile analyte. 
The ELSD measures the photons scat-
tered from particles after nebulization 
and evaporation of the mobile phase. Be-
cause its response is independent of the 
optical absorption characteristics of the 
target substance and of the solvent, it 
can reveal sample components that are 
transparent to other detectors. Wei and 
DING (2000) developed a HPLC-ELSD 
method with a dynamically modified ami-

no column to detect fructose, glucose, 
sucrose, maltose, lactose and raffinose 
in beverages with detection limits rang-
ing from 10 to 60 mg/L. Nogueira et al. 
(2005) described a HPLC method with 
evaporative light scattering detector op-
timized and validated for quantification 
of carbohydrates in beer; the chroma-
tographic separation was achieved us-
ing a Spherisorb NH2 chromatograph-
ic column and gradient elution with ac-
etonitrile/water.

This paper describes the use of a 
HPLC-ELSD LT method to analyze rham-
nose, xylose, fructose, glucose, sac-
charose, lactose and maltose, in Sicil-
ian DOC wines. Sugar separation was 
achieved with a column packed with a 
rugged hydrophilic polymeric gel which 
provides a performance that is superior 
to traditional amino columns and ion ex-
clusion columns. Because of its rugged 
bonding technology, the column deliv-
ers quiet, stable baselines and excellent 
peak shapes. Detection limits ranging 
from 10 to 30 mg/L were achieved.

Materials and method

Chemicals

All the reagents used were of analytical 
grade. The standard sugars, D-fructose, 
D-glucose, D-(+) lactose, D-maltose, L-
(+)-rhamnose, D-(+) saccharose, and D-
(+) xylose, were purchased from Sigma 
Aldrich (Milan, Italy). Acetonitrile and 
water (HPLC-grade) were obtained from 
Carlo Erba Reagents (Milan, Italy).

Stock solutions of each carbohydrate 
were prepared as an aqueous solution 
at a concentration of 5,000 mg/L. The 
standard mixture of sugars was prepared 
using these stock solutions.

Apparatus

Carbohydrate analysis was performed 
using a liquid chromatographic system 
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equipped with two 10 Avp pumps, a vac-
uum degasser, a 20 µL manual injector 
and an ELSD LT detector (Shimadzu, Mi-
lan, Italy). N2 generated from a Chrom-
gas generator (Parker-Balston Corp., 
Haverhill, MA) was used as the carrier 
gas to transport the analyte substance 
from the drift tube into the detection 
chamber of the ELSD. The overall sys-
tem operated under the control of the 
CLASS VP software package (Shimad-
zu, Milan, Italy).

HPLC-ELSD LT conditions

A separation Prevail Carbohydrate 
ES column (250x4.6 mm, 5 µm particle 
size) (Alltech Italia, Milan, Italy) packed 
with a rugged hydrophilic polymeric gel 
and a guard column of the same ma-
terial was used. The separation was 
achieved at ambient temperature. The 
mobile phase for isocratic elution was 
a mixture of water-acetonitrile (20:80, 
v/v) at the flow-rate of 1.0 mL/min; the 
total run time was 20 min. The temper-
ature of the ELSD drift tube was 40°C, 
the carrier gas pressure was 250 KPa at 
a flow-rate of 2.0 mL/min.

Samples

Fifteen samples of five different types 
of Marsala wines were studied; three 
samples of each wine type produced in 
the DOC zone of Marsala (Trapani, Sic-
ily) were analysed. The vines grew on a 
dry calcareous soil near the coast. In all 
the crop years considered (1999, 2002, 
2003), the grapes were harvested in the 
period between 25 August and 5 Octo-
ber. The newly harvested grapes were 
crushed, destemmed, and subjected to 
soft pressing in contact with the skins 
in order to extract the aromatic com-
pounds. After fermentation by select-
ed yeasts, at a controlled temperature 
(15°C) in stainless-steel containers, all 
the wines, except Marsala Vergine Sol-
eras, were spiked with cooked must, 

wine (13% alcoholic degree) and alcohol. 
Marsala Vergine wines were fortified with 
only wine and alcohol. After the fortifi-
cations, the wines were left to mature in 
oak barrels. Three months after the end 
of the aging period, the wines were bot-
tled and allowed to refine in the bottles 
for two months before uncorking and 
consuming. Table 1 reports all the infor-
mation concerning the samples studied. 
Fifteen samples of red wines and nine 
samples of white wines from different 
autochthonous and allocthonous grape 
varieties were also analysed (Table 2). 
All the studied wine samples were bot-
tled in dark bottles and stored at 4°C for 
the duration of the analysis.

Quantitative analysis
and analytical performance

Calibration was carried out using the 
external standard method by preparing 
four aqueous solutions of carbohydrates 
of different concentrations in the range 
of 10-5,000 mg/L. The performance pa-
rameters, precision, accuracy (expressed 
as recovery factor), reproducibility, and 
detection limits, were evaluated using 
model wine solutions (14% v.v. aqueous 
ethanol, 1 g/L gallic acid, saturated with 
potassium hydrogen tartrate and adjust-
ed to pH 3.5 with tartaric acid) spiked 
with different levels of D-fructose, D-
glucose, D-(+) lactose, D-maltose, L-(+)-
rhamnose, saccharose, and D-(+) xy-
lose. Fig. 1 shows the chromatogram of 
the model wine solution (a) and of a red 
wine (b). Table 3 reports the retention 
times, calibration curves, detection lim-
its (S/N=3) and quantification limits (S/
N=10) (Winefordner and Long, 1983). 
Table 4 shows the average mean preci-
sion, given as the relative standard de-
viation of nine runs at different concen-
tration levels (100, 500 and 1,000 mg/
L), the recovery factors and the repro-
ducibility, expressed as long-term sta-
bility of the method, evaluated by ana-
lysing the model wine solution contain-
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Table 1 - Description of the Marsala wine samples produced in the DOC zone of Marsala (n=3).

	 Grape variety	 Production year	 Ageing (years)	 Alcohol %

Superiore Ambra Secco (SAS)	 Grillo	 2002	 2	 18
Fine Ambra Secco (FAS)	 Grillo	 2003	 1	 19
Vergine Soleras (VS)	 Grillo-Inzolia-Cataratto	 1999	 5	 18
Fine Oro Dolce (FOD)	 Grillo-Cataratto	 2003	 1	 18
Superiore Riserva (SR)	 Grillo-Cataratto	 1999	 5	 18

Table 2 - Description of the red and white wine samples produced in Sicily from autochthonous and 
allocthonous grape varieties (n=3).

Grape variety	 Production year	 Alcohol %

	 RED WINES
Nero d’Avola (NA)	 2002	 14
Nero d’Avola-Cabernet S. (NA-CS)	 2002	 14.5
Nero d’Avola-Cabernet S.-Merlot (NA-CS-M)	 2001	 15
Frappato-Syrah(F-S)	 2002	 14.5
Nerello Mascalese-Merlot (NM-M)	 2002	 14
	 WHITE WINES
Grillo (G)	 2003	 12
Inzolia (I)	 2003	 12.5
Inzolia-Chardonnay (I-C)	 2003	 12

ing 1,000 mg/L of each assayed sugar 
over five consecutive days.

Analysis of wines

The wines were analysed directly af-
ter being filtered through a 0.45 µm ny-
lon membrane. Filtered red and white 
wines were diluted 2-fold, whereas sweet 
Marsalas and dry Marsalas were diluted 
with water 100-fold and 10-fold, respec-
tively, prior the analysis.

Results and discussion

Analytical method

A sensitive, rapid and accurate HPLC-
ELSD method for analysing monosac-
charides and disaccharides in wines is 
described. Most of the HPLC methods 
reported in the literature for the deter-
mination of mono- and oligosaccharides 

use an amino-bonded silica column and 
acetonitrile-water as the mobile phase. 
This method can cause problems for the 
ELSD because the column exhibits hy-
drolytic instability in the presence of wa-
ter, especially at concentrations greater 
than 10% (WEI and DING, 2000).

In this study the separation of sug-
ars was achieved with a column packed 
with a rugged hydrophilic polymeric gel 
which has a performance that is supe-
rior to traditional amino columns, diol 
or polyol bonded silica gel columns and 
ion exclusion columns (Berthod 1998; 
Torto et al., 1995). This stable gel pro-
vides an efficient separation of some 
pentoses (rhamnose and xylose), hexos-
es (fructose and glucose) and disaccha-
rides (saccharose, lactose and maltose) 
in wines in a single chromatographic 
profile, without any sample pre-treat-
ment. ELSD measurement allows HPLC 
separations by gradient program elu-
tion. In this study many gradient pro-
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Fig. 1 - HPLC-ELSD chromatogram of a) model wine solution containing 1,000 mg/L of each assayed 
sugar; b)Sicilian red wine. Column: Prevail Carbohydrate ES (250x4.6 mm I.D., 5 µm); mobile phase: 
water-acetonitrile (25: 75 v/v); flow-rate: 1.0 mL/min; drift tube temperature of ELSD 40°C; gas flow-
rate of ELSD: 2.0 mL/min. Peak identification: 1) rhamnose, 2) xylose, 3) fructose, 4) glucose, 5) sac-
charose, 6) lactose, 7) maltose.

grams were tested using water and ace-
tonitrile to separate wine carbohydrates. 
The analysis times were shorter than 
those of isocratic elution but pentose 
separation was not achieved by any of 

the gradient programs used. Neverthe-
less isocratic elution using different ra-
tios of water and acetonitrile as the mo-
bile phase were studied. The content of 
water had a great effect on the retention 
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Table 3 - Retention times, calibration curves, detection limits (S/N=3) and quantification limits (S/
N=10) for HPLC-ELSD LT analysis of sugars in wine.

Sugar	 tR±SD	 y = kx	 R2	 LOD (mg/L)*	 LOQ (mg/L)**

L-rhamnose	 5.76±0.121	 9,239.8 m	 0.9987	 20	 67
D-xylose	 6.35±0.183	 11,044 m	 0.9924	 22	 73
D-fructose	 8.34±0.061	 7,284.6 m	 0.9915	 9	 30
D-glucose	 10.47±0.115	 10,244 m	 0.9973	 10	 33
saccharose	 13.70±0.093	 16,550 m	 0.9903	 7	 23
D-lactose	 16.87±0.144	 8,239.8 m	 0.9925	 30	 100
D-maltose	 21.25±0.183	 5,866 m	 0.9946	 10	 33

*defined as the signal height at a signal/noise ratio S/N=3;
**defined as the signal height at a signal/noise ratio S/N=10.

Table 4 - Performance of the HPLC-ELSD method for sugar analysis in wine.

Sugar	 Precision * %	 Recovery %	 Reproducibility** %

L-rhamnose	 4.2±0.21	 95.8	 3.3±0.25
D-xylose	 4.0±0.32	 96.0	 3.6±0.37
D-fructose	 4.0±0.38	 96.0	 3.6±0.59
D-glucose	 3.5±0.20	 96.5	 3.7±0.38
saccharose	 4.0±0.33	 96.0	 2.1±0.21
D-lactose	 3.7±0.27	 96.3	 2.4±0.33
D-maltose	 3.5±0.21	 96.5	 2.7±0.50

*Precision is expressed as the average of the relative standard deviations of nine runs at different concentration lev-
els (100, 500 and 1,000 mg/L).
**Reproducibility is expressed as long term stability of the method, evaluated by analysing the model wine solution 
containing 1,000 mg L-1 of each assayed sugar over five consecutive days.

of the carbohydrates; as the water con-
tent increased, the carbohydrates were 
eluted more quickly. The chromatograms 
of a standard mixture and a red wine 
sample (Fig. 1a, b) indicate that the best 
separation, particularly between xylose, 
fructose and glucose was achieved using 
water-acetonitrile in a ratio 20:80 v/v.

The sensitivity of this method is af-
fected by three instrumental parame-
ters: detector temperature, nebulizing 
gas pressure and photomultiplier gain. 
The effect of temperature was evaluated 
by injecting a known amount of sample 
at different detector temperatures (30°, 
40°, 50° and 60°C). The optimum tem-
perature appeared to be 40°C. This tem-
perature allowed complete solvent evapo-
ration and negligible baseline noise. The 

airflow rate (pressure) of the air com-
pressor was set at 250 KPa to reduce 
the baseline noise. A photomultiplier 
gain of 6 provided an average sensitivity 
for carbohydrate detection giving an ad-
equate signal-to-noise ratio. Several au-
thors have established that the ELSD re-
sponse is linear for a wide range of con-
centrations (Pons et al., 1998; Wei and 
Ding, 2000). However, some workers 
have demonstrated that ELSD provides a 
non-linear response, that is the result of 
several light scattering mechanisms and 
particle size distribution (HIERRO et al., 
1992). The non-linear ELSD response is 
described by the widely used empirical 
model (y = a/mb) where m is the amount 
injected and a and b are numerical co-
efficients. In this study the linearity of 
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the method was determined by analys-
ing of increasing amounts of aqueous 
standard solutions of seven wine carbo-
hydrates. From our experimental results 
it was found that calibration curves be-
tween peak areas and the mass m of the 
analyte injected were linear for these sev-
en carbohydrates following the equation 
y=am, with coefficients of determination 
ranging from 0.9903-0.9987, in the con-
centration range studied (10-5,000 mg/
L) (Table 3).

Of all the sugars studied, rham-
nose, xylose, saccharose and lactose 
were present in the wine in very small 
amounts. Therefore a very sensitive an-
alytical technique is required for their 
detection. The method described al-
lows very low concentrations of sugars 
to be detected: the mass limits of detec-
tion (mLOD) ranged from 0.14 µg (sac-
charose) to 0.6 µg (lactose), correspond-
ing to a concentration limit of detection 
range (cLOD) of 7-30 mgL-1 with an in-
jection volume of 20 µL (Table 3). These 
values are lower than those reported 
by WEI and DING (2000) that were ob-
tained with a dynamically modified ami-
no column. Furthermore this method of-
fers good precision (3.5-4.2%) and repro-
ducibility (2.1-3.7%); the accuracy, ex-
pressed as recovery factor, was within 
96% (Table 4).

Sugars in Sicilian wines

Sicilian wines have finally made it onto 
the international stage; more modern 
viticulture and winemaking techniques 
coupled with the unique blending of local 
Sicilian grape varieties and internation-
al ones, have helped improve the quali-
ty of this unique product. For these rea-
sons it is interesting to study in detail 
the presence of chemical compounds, 
such as sugars, that mainly contribute 
to wine quality. In this study the concen-
trations of D-fructose, D-glucose, sac-
charose, D-lactose, D-maltose, L-rham-
nose, D-saccharose, and D-xylose were 

determined in samples of Sicilian DOC 
wines. In particular fifteen samples of 
five different types of Marsala wines, fif-
teen samples of red wines and nine sam-
ples of white wines from different auto-
chthonous and allocthonous grape vari-
eties were studied.

The amount of sugar in the grapes de-
termines what the final alcohol level will 
be. In cool climates, where it is a strug-
gle for the grapes to ripen, sugar levels 
will be minimal, and consequently such 
wines often only reach 8 or 10% alcohol 
(WAHL, 1988). In very warm climates, 
such as in Sicily, the final alcohol level 
will be determined not so much by the 
amount of sugar but rather by the yeasts 
themselves. Once the alcohol level reach-
es about 14% the yeasts can no long-
er function and rapidly die off. For this 
reason, wines with a strength of more 
than 15% are almost certainly fortified. 
Marsala is a fortified wine with an alco-
hol content of around 18%; it is usual-
ly made from native Grillo, Catarratto or 
Inzolia grapes. As Table 5 shows, glu-
cose and fructose were the most abun-
dant sugars and their ratio was about 
1 in all the Marsalas; their concentra-
tions decrease in the following order: 
FOD>SR>SAS>FAS>VS. Among the pen-
toses studied, rhamnose was present 
in all the Marsalas in similar amounts, 
whereas xylose was detected only in the 
driest wines, SAS, FAS and VS. Among 
the disaccharides studied, the saccha-
rose levels were lower than the LOD in 
all the Marsalas, maltose was detected in 
all the samples in concentrations rang-
ing from 0.17 to 0.32 g/L, whereas lac-
tose was found in all wines except VS, at 
a concentration lower than 0.32 g/L.

To have further information about the 
presence of non-fermentable residual 
sugars in Marsalas, a statistical elabora-
tion of the data was performed to corre-
late the concentration of rhamnose, xhy-
lose, lactose and maltose both with the 
ageing time of the wines (Pearson Cor-
relation Coefficient, p>0.01) and with 
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the grape varieties used in wine mak-
ing (Linear Discriminant Analysis): Gril-
lo, Grillo-Inzolia, Grillo-Inzolia-Catarat-
to. Since no statistically significant re-
sults were obtained, the presence of re-
sidual sugars may be a result of the for-
tification process during winemaking. 
The red “table wines” had an alcohol 
content of about 14.5%, the white ones 
12%. All of these can be defined as “dry 
bone” wines since their total sugar con-
tent was less than 0.5%, with the excep-
tion of samples from the Inzolia varie-
ty that showed a total sugar content of 
about 1%. While fructose was the most 
abundant compound, glucose is the pre-
ferred fermentable substrate for the ma-
jority of wine yeast (Ribérau-Gayon et 
al., 2003). The glucose-to-fructose ratio 
ranged from 0.2 to 0.4 in all the studied 
red and white wines except in the sam-
ples obtained from a blend of the Frap-
pato and Syrah varieties where this ratio 
was about 1. White wines had a higher 
total sugar content with respect to the 
red wines; pentoses and lactose were 
not detected in any of the red and white 
wines. This confirms that their presence 

Table 5 - Sugar concentrations (g/L) in Sicilian DOC wines determined by HPLC-ELSD (n=3).

Wines	 Rh	 Xy	 Fr	 Gl	 Sac	 Lac	 Mal	 TOT %

MARSALA
SAS	 0.33±0.10	 0.37±0.08	 18.57±3.65	 19.60±4.00	 <0.007	 0.31±0.10	 0.16±0.03	 3.9
FAS	 0.33±0.09	 0.41±0.14	 4.39±1.25	 3.92±0.99	 <0.007	 0.26±0.06	 0.20±0.05	 0.9
VS	 0.25±0.08	 0.34±0.09	 1.21±0.95	 1.23±0.08	 <0.007	 <0.03	 0.32±0.11	 0.3
FOD	 0.37±0.10	 <0.022	 65.00±8.21	 71.46±7.15	 <0.007	 0.32±0.07	 0.17±0.09	 13.7
SR	 0.34±0.12	 <0.022	 55.43±6.55	 56.10±4.96	 <0.007	 <0.03	 0.25±0.10	 11.2

RED WINES
NA	 <0.02	 <0.022	 1.31±0.20	 0.55±0.07	 <0.007	 <0.03	 0.19±0.09	 0.2
NA-CS	 <0.02	 <0.022	 3.1±0.98	 0.66±0.04	 <0.007	 <0.03	 0.34±0.18	 0.4
NA-CS-M	 <0.02	 <0.022	 2.23±0.77	 0.54±0.04	 <0.007	 <0.03	 0.31±0.18	 0.3
F-S	 <0.02	 <0.022	 1.35±0.35	 1.24±0.35	 <0.007	 <0.03	 0.27±0.14	 0.3
NM-M	 <0.02	 <0.022	 3.1±1.05	 0.53±0.06	 <0.007	 <0.03	 0.13±0.11	 0.4

WHITE WINES
G	 <0.02	 <0.022	 2.73±0.55	 0.65±0.03	 <0.007	 <0.03	 0.29±0.11	 0.4
I	 <0.02	 <0.022	 6.6±1.67	 3.3±0.80	 <0.007	 <0.03	 0.27±0.16	 1.1
I-C	 <0.02	 <0.022	 1.66±0.91	 0.6±0.08	 <0.007	 <0.03	 0.25±0.09	 0.3

in Marsalas is the result of the fortifica-
tion process with cooked must during 
winemaking. Maltose concentrations in 
table wines ranged from 0.13 to 0.34 g/
L accounting at most for 11% of the total 
sugar fraction. Among the white wines, 
the sample obtained from the Inzolia va-
riety had the highest levels of fructose 
and glucose, whereas samples obtained 
from a blend of Inzolia and Chardonnay 
varieties had the lowest. Among the red 
wines, the samples obtained by mixing 
Nerello Mascalese and Merlot varieties 
had the highest fructose and glucose 
levels while the wines from Nero d’Avola 
had the lowest.

Conclusion

A high performance liquid chromato-
graphic method with low temperature 
evaporative light scattering detection 
(HPLC-LT ELSD) was developed for the 
direct analysis of some pentoses, hex-
oses and disaccharides in wine. Under 
the optimised analytical conditions, high 
sensitivity and accuracy coupled with a 
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short analysis time were achieved. The 
method described was able to provide 
some new information about the car-
bohydrate composition of Sicilian DOC 
wines. The results showed that glucose 
and fructose were the most abundant 
sugars in all the wines studied. Resid-
ual levels of xylose, rhamnose and lac-
tose were only detected in Marsalas, 
while maltose was present in all the Si-
cilian wines studied. The saccharose lev-
els were lower than the LODs in all the 
studied samples.
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Abstract

Grape (Vitis vinifera L.) polyphenols 
are known to be beneficial as free rad-
ical scavengers. Previous experiments 
demonstrated that molecules other 
than polyphenols, such as simple car-
bohydrates and organic acids, can act 
as free radical inhibitors. In this study 
these hypotheses were verified by com-
paring the composition and the free 
radical scavenging of table grapes. Fre-
my’s salt and DPPH quenching after 1 
minute at 25°C were higher in skin (44 

Riassunto

I polifenoli dell’uva (Vitis vinifera L.) 
sono noti per le loro proprietà antira-
dicaliche. Precedenti esperimenti han-
no dimostrato che altre molecole rispet-
to ai polifenoli, come gli zuccheri sem-
plici e gli acidi organici, possono agire 
come inibitori dei radicali liberi. Que-
sto studio ha suffragato questa ipotesi, 
confrontando la composizione e le pro-
prietà antiradicaliche di uva da tavola. 
L’abbattimento del sale di Fremy e del 
DPPH dopo 1 minuto a 25°C è maggiore 
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and 89%) than in pulp (3 and 11%), 
while hydroxyl radical data gave similar 
values for skin (48%) and pulp (46%). 
Whole grape extracts were fractionat-
ed, separating sugars and organic ac-
ids from polyphenols. The scavenging 
activity was significant in polyphenol-
enriched fractions for Fremy’s salt and 
DPPH assays, resulting more active (2-
fold and 25-fold, respectively). Hydroxyl 
radical was mainly quenched by frac-
tions rich in sugars and organic acids, 
5-fold more active than polyphenols-
enriched fractions.

nelle bucce (44 e 89%) rispetto alle pol-
pe (3 e 11%), mentre il radicale idros-
sile dà valori simili per buccia (48%) e 
polpa (46%). Estratti totali di uva sono 
stati frazionati separando gli zuccheri 
e gli acidi organici dai polifenoli. L’atti-
vità antiradicalica è significativa nelle 
frazioni ricche di polifenoli per il sale di 
Fremy e il DPPH, risultando rispettiva-
mente più attive (2 e 25 volte). Il radica-
le idrossile è stato principalmente inat-
tivato dalle frazioni ricche in zuccheri e 
in acidi organici, 5 volte più attive del-
le frazioni ricche in polifenoli.

INTRODUCTION

Grapes (Vitis vinifera L.) contain bio-
active compounds (e.g., antioxidants). 
Health benefits seem to be related to 
the presence of phenolic compounds 
which act as antioxidants or free rad-
ical scavengers (Burns et al., 2000; 
Sanchez-Moreno et al., 1999). A high 
intake of phenolics in the diet has been 
correlated with a low incidence of de-
generative disorders which are prob-
ably caused by an excess of free rad-
icals (Bazzano et al., 2002; FLood et 
al., 2002).

The mechanism by which polyphe-
nols exert these beneficial effects is not 
fully understood. Most experiments are 
performed on in vitro systems or ex vivo 
and there is evidence that free radical 
scavenging activity does not sufficient-
ly explain some of the observed health 
effects.

The three main phenolic groups in 
grapes can be classified as flavonoids 
(defined by a C6-C3-C6 carbon skeleton) 
and non-flavonoids, (cinnamic acid de-
rivatives, C6-C3 system and phenolic ac-
ids, C6-C1) (Macheix et al., 1996; Burns 
et al., 2001; Souquet et al., 1996). Red 
grape cultivars are characterized by the 

presence of anthocyanins, a particular 
type of flavonoid.

Many studies have been carried out on 
the identity of the active compounds in-
volved in the antioxidant and antiradical 
action of grapes (Sanchez-Moreno et 
al., 1999; Revilla and Ryan-Josè, 2000) 
and it is widely affirmed that the most 
important anatomical parts of grapes 
are the skin and seeds which are rich 
in antioxidant polyphenolic compounds 
(Yilmaz and Toledo, 2004).

In fact, the “red wine making process” 
includes the maceration of skins in the 
fermenting must, to enrich the wine with 
polyphenols and anthocyanins which ac-
count for the colour of red wines.

Surprisingly, relatively little was found 
in the literature about the direct com-
parison of the antioxidant potential of 
grape pulp and skin. Most articles have 
been focused on the skin components 
and the wine.

Attention was focused on the scav-
enging activity of •OH because it is 
the most powerful, reactive and harm-
ful free radical from oxygen catabolism 
(ARUOMA, 1998; CZAPSKY, 1984; VALKO 
et al., 2005). It is implicated in the on-
set of many diseases; in fact, a bibli-
ographic check on PubMed database 
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resulted in more than 600 references 
(about 130 reviews) for “hydroxyl radi-
cal disease”.

Some preliminary trials of separate ex-
tractions of the pulp and skin of grape 
have already been performed on some 
grape varieties suitable for wine produc-
tion (Lo Scalzo et al., 2006) and it was 
found that hydroxyl radical was equal-
ly quenched by the pulp and skin ex-
tracts, despite the well known fact that 
the most active compounds in the anti-
oxidant action are in the skin. Some bi-
ological trials have also been carried out 
to confirm this hypothesis: rats were fed 
grape skin and pulp, and, surprisingly, 
the parameters related to the cardiopro-
tective action were similar for both trial 
groups (Falchi et al., 2006).

Hence, the action of molecules oth-
er than polyphenols could be hypothe-
sized: other experiments have demon-
strated a significant action of simple 
sugars (GRAY and MOWER, 1991; Weh-
meier and Mooradian, 1994; MOREL-
LI et al., 2003) and organic acids (Ka-
yashima and Katayama, 2002; Chang 
et al., 2001) on the hydroxyl radical 
(•OH). The aim of this study was to 
further confirm these findings by per-
forming a separate ethanol extraction 
of skin and pulp from some commercial 
table grape varieties considering the 
main grape components (soluble car-
bohydrates, organic acids and polyphe-
nols). The chemical composition and 
free radical scavenging properties of the 
grape extracts were evaluated by com-
paring three methods: spin-trapping 
of the Fenton-generated hydroxyl rad-
ical (•OH), Fremy’s salt inhibition and 
1,1 diphenyl-2-picrylhydrazyl (DPPH•) 
quenching. The separate extraction of 
skin and pulp was coupled with a sim-
ple fractionation of whole grape extracts 
on reversed phase in a fraction enriched 
with hydrophilic compounds (e.g. sim-
ple carbohydrates and organic acids) 
and in a fraction with relatively hydro-
phobic ones (e.g. polyphenols). Single 

fractions were analysed for their chem-
ical composition and for their free rad-
ical scavenging properties.

MATERIALS AND METHODS

Sampling collection and extraction

Approximately 10 kg of four grape va-
rieties were sampled in 2004 at commer-
cial maturity. Two were collected in cen-
tral Italy in the experimental vineyard of 
the Istituto Sperimentale per l’Enologia, 
Velletri (Rome): a red variety, Incrocio 
Prosperi (PRO) and a white one, Italia, 
harvested in October (ITAOTT). The other 
two table grape varieties came from com-
mercial vineyards in southern Italy: a 
red variety, Palieri (PAL) and a white, Ita-
lia, harvested in September (ITASET). In 
the laboratory, 175 berries of each varie-
ty were randomly selected for their uni-
form size, absence of defects and appar-
ent maturity level. Each lot was further 
divided into seven aliquots of 25 berries 
each (Fig. 1). One aliquot was squeezed, 
homogenated with a Waring blender, 
centrifuged at 20,000xg for 15 min and 
the juice was analysed for its refractive 
index and titratable acidity. Four aliq-
uots (20 g each) were extracted with 40 
mL of EtOH/CH3COOH (9:1, v/v) then 
homogenised with a Waring blender, 
shaken for 15 min at room temperature 
and centrifuged at 2°C at 126,000xg. The 
supernatant was decanted and filtered 
through glass wool (RAW) and stored at 
-20°C until analysis.

The skins (SK) and pulp (PL) of two 
berry aliquots were carefully separated 
with a lancet, excluding the seeds, and 
extracted as described above.

Five mL of each extract were dried in 
a rotary evaporator, redissolved with 
the same volume of water and re-dried, 
in order to eliminate residual EtOH 
and CH3COOH. All dried samples were 
stored at -20°C until analysis and fur-
ther fractionations.
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Solid phase fractionation on C18

Two aliquots of the dried RAW samples 
were brought to the original extract vol-
ume by dissolving them in 5 mL of 1% 
aqueous CH3COOH v/v: 2 mL of each so-
lution were placed on a C18 column (Sili-
ca RP 18, 32-63 mesh 60A, 5x1 cm, ICN 
Biomedicals, Germany) previously condi-
tioned twice with 3 mL of 1% CH3COOH. 
The directly eluted fraction was obtained 
by collecting the direct eluate and rins-
ing with 2 mL of 1% CH3COOH (Fr1). The 
elution was performed twice with 2 mL of 
EtOH 50% acidified with 1% CH3COOH 
(Fr2). Fr1 and Fr2 samples were dried 
and stored at -20°C.

Sugars, organic acids, polyphenols,
anthocyanin and cinnamic analysis

Each dried grape extract sample (RAW, 
SK, PL, Fr1 and Fr2) was dissolved in 
the same volume of double-distilled wa-
ter as the original extract (sample 3-
fold diluted). In the simple sugar analy-
sis, an aliquot of each sample (0.2 mL) 

Fig. 1 - Scheme of the table grape sample processing for RAW, SK, PL, Fr1 and Fr2. Each extract was 
obtained in duplicate.

was diluted with 0.8 mL of water, filtered 
(0.45 µm) and injected into an analyti-
cal HPLC unit (5 µL). The HPLC system 
consisted of a Jasco (Tokyo, Japan) mod-
el 880-PU pump equipped with a Jasco 
AS-1555 intelligent sampler, a Jasco RI-
930 detector. The chromatograms were 
recorded on a Shimadzu (Kyoto, Japan) 
C-R6A recorder. A 300x7.8 mm CAR-
BOsep COREGEL-87C (CPS Analitica, 
Milano, Italy) column was used and the 
mobile phase consisted of double-dis-
tilled deaerated water at 0.6 mL/min; 
elution was carried out at 85°C. In these 
conditions, the peaks of the tested com-
pounds showed the following retention 
times: sucrose, 7.82 min; glucose, 9.70 
min; fructose, 12.24 min.

The concentration of sugar is ex-
pressed as g/100 g of fresh tissue (skin, 
pulp or raw grape) weight, after interpo-
lation of the peak areas in each sample 
with those of commercial standards of 
known concentration.

Organic acid determination was per-
formed on an aliquot of each sample (0.2 
mL) diluted with 0.8 mL of water and 
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injected into an analytical HPLC Jasco 
(Tokyo, Japan) unit after filtration (0.45 
µm). The analytical HPLC column was 
a 250x6 mm i.d., Intersil ODS-3 (CPS 
Analitica, Milano, Italy), maintained at 
20°C and the mobile phase consisted of 
orthophosphoric acid 0.02 mol/L at a 
flow rate of 0.5 mL/min. Samples of 30 
µL were injected and monitored at 214 
nm. The concentration of tartaric and 
malic acids were calculated from the ex-
perimental peak area by analytical in-
terpolation in the commercial standard 
calibration curve, and are expressed as 
mg/100 g fresh tissue (skin, pulp or raw 
grape) weight.

The total polyphenolic index was eval-
uated by a modified version of the Folin-
Ciocalteu method (SINGLETON and ROS-
SI, 1965; MATAIX and LUQUE DE CAS-
TRO, 2001): grape extracts (0.5 mL) were 
mixed with 3 mL of water, 1.5 mL of Fo-
lin-Ciocalteu reagent (Sigma-Aldrich, 
US), re-mixed and further treated with 
3.0 mL of a 20% Na2CO3 water solution. 
The samples were kept in the dark for 
2 h at room temperature. The stand-
ard curve was obtained with water solu-
tions of gallic acid at 20, 10, 5 mg/100 
mL. The absorbances were measured at 
730 nm in a 1 cm cuvette. Data are re-
ported as mg/100 g fresh tissue (skin, 
pulp or raw grape) expressed as gallic 
acid content.

The total anthocyanin index was 
measured following the pH differential 
method of Rapisarda et al. (2000): grape 
extracts were diluted 25 times with pH 
1.0 and pH 4.5 buffers, respectively, 
their absorbances at 510 nm were read 
and the total amount of anthocyanins 
was evaluated as equivalents of cyani-
din-3-glucoside according to the follow-
ing formula:

C=(ApH1.0-ApH4.5) x 484.82 x 
x 1,000/24,825 x DF

where C represents the concentration 
(mg/100 g f. w. tissue), A the absorb-

ance, 484.82 the molecular weight of 
cyanidin-3-glucoside, 24825 its molar 
extinction coefficient and DF the dilu-
tion factor.

Cinnamates were quantified by RP-
HPLC Jasco (Tokyo, Japan) equipped with 
a diode-array system on a 250x6 mm In-
tersil ODS-3 (CPS Analitica Milano, Italy) 
column maintained at 40°C and the sepa-
ration was isocratically performed (aque-
ous CH3COOH 2%/MeOH acidified with 
CH3COOH 2% 95:5), flow rate of 0.8 mL/
min with a gradient program for cleaning 
the column, reaching the concentration 
of 70%. Samples of 50 µL were injected 
and monitored at 320 nm.

Trans-caftaric acid, cis and trans-
coutaric acid and trans-fertaric acid 
were identified by their chromatograph-
ic properties (respective retention times 
were 9.9, 15.2, 16.0 and 19.5 min), by 
their spectroscopic characteristics and 
by matching the results with those of 
previous studies (Mozeti C et al., 2006). 
The quantification (mg/100 g f.w. tissue) 
was made with the response factor ob-
tained from a solution of caffeic, p-cou-
maric and ferulic acids of known concen-
tration analysed in the same conditions 
as the table grape extracts. The results 
showed the concentration of the main 
cinnamic ester of grape, trans-caftar-
ic acid, and the sum of all the cinnam-
ic esters found and quantified. All anal-
yses were repeated three times.

Free radical scavenging properties

All measurements were made by elec-
tronic paramagnetic resonance (EPR) 
using a MiniScope MS 200 Magnettech 
(Berlin, Germany) and all solutions were 
previously deaerated by bubbling with 
pure N2. Each dried grape extract was 
dissolved with deaerated double-distilled 
water to the original volume, consisting 
in a three-fold diluted fresh grape ex-
tract. Further dilutions are indicated in 
the single experiments. All experiments 
were performed in triplicate.
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Hydroxyl radical scavenging activity

The main method of BUETTNER (1982) 
was followed for the measurement of 
•OH. Some modifications were made in 
a previous study to validate the meth-
od (MORELLI et al., 2003). The •OH was 
generated by a process known as redox 
cycling or Fenton reaction, catalysed by 
a transition metal such as Fe2+:

Fe2+ + H2O2 → Fe3+ + •OH + OH-

The hydroxyl radical (2 mmol/L) in the 
reaction mixture was trapped with 5,5-
dimethylpyrrolidine-N-oxide (DMPO). 
The resultant adduct DMPO-•OH con-
sisted of a quartet resonance with 1:2:2:1 
relative intensities composed of a dou-
blet of triplet resonance. A blank solution 
contained 0.1 mL of phosphate buffer so-
lution (PBS, 0.1 mol/L pH 7.4), 0.1 mL 
of water, 0.1 mL of Fe-EDTA (10 mmol/
L), 0.1 mL of DMPO (50 mmol/L), and 
0.1 mL of H2O2 (10 mmol/L) was run in 
each assay.

The assayed grape extracts (RAW, SK, 
PL, Fr1, Fr2) were diluted 5-fold with wa-
ter and 0.1 mL of the resulting solution 
was mixed with the previously described 
Fenton reagent. The solution with the 
test scavenging compound was exact-
ly composed as the blank, by replacing 
0.1 mL of water with 0.1 mL of diluted 
grape extract.

These solutions were carefully mixed 
in an eppendorf with vortex, put into a 
50 µL capillary and subsequently placed 
in the EPR. EPR spectra were recorded 
after exactly 1 min at 25°C.

The experimental conditions were: 
field set, 3,350 G; scan range, 150 G; 
scan time, 1 min; modulation amplitude, 
3,000 mG; microwave attenuation 7 dB; 
receiver gain, 8x102.

The percent scavenger activity of the 
test sample for •OH was expressed by 
the following formula:

I = 100 - [(hx / ho)] x 100

where I is scavenger activity, ho and hx 
are the relative heights of the most abun-
dant signal at 3,339.64 G in a reaction 
mixture with and without the scavenger 
solution, respectively.

Fremy’s salt assay

The potential free radical scaveng-
ing activity of grape samples was meas-
ured by EPR with the inhibition of grape 
extracts of a solution of a stable N-ox-
ide free radical, potassium nitrosodi-
sulfonate, better known as Fremy’s salt 
(GARDNER et al., 2000).

The control reaction was prepared 
with a 2 mmol/L solution of Fremy’s salt 
dissolved in PBS (0.05 mL), mixed with 
0.45 mL of PBS and 0.5 mL of H2O. The 
scavenger reaction consisted of 0.05 mL 
Fremy’s salt, 0.45 mL of PBS, 0.45 mL of 
H2O and 0.05 mL of grape extract.

EPR instrumental conditions were set 
at 3,350 G as field set, scan range, 100 
G; scan time, 45 s; modulation ampli-
tude, 600 mG; microwave attenuation 4 
dB; receiver gain, 20.

The EPR spectrum consisted of a sym-
metric triplet, and the measure of inten-
sity in the absence and in the presence 
of grape extract was made on the signal 
at 3,336.01 G after exactly 1 min of re-
action at 25°C. The scavenging activi-
ty is expressed in percent activity com-
pared to the control, as previously shown 
for •OH.

Scavenging effect on
1,1-diphenyl-2-picrylhydrazyl (DPPH•)
radical

The scavenging activity of grape sam-
ples was measured by DPPH• radi-
cal quenching (Brand-Williams et al., 
1995), with modifications. DPPH• is a 
commercially available free radical that 
is soluble and stable in ethanol and the 
free-radical scavenging activity is deter-
mined by measuring the decrease in EPR 
signal amplitude.
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The experimental conditions of the 
spectrometer were: field set, 3,350 G; 
scan range, 50 G; scan time, 45 s; mod-
ulation amplitude, 2,000 mG; micro-
wave attenuation 7 dB; receiver gain, 
7x10.

Two-fold diluted grape extract (0.1 
mL) was used for analysis, added to 0.1 
mL H2O, 0.5 mL EtOH and 0.1 mL of 0.8 
mmol/L DPPH• ethanolic solution. The 
control sample was prepared using 0.2 
mL of water, 0.5 mL EtOH and 0.1 mL of 
0.8 mmol/L DPPH• ethanolic solution.

The radical scavenging activity against 
DPPH• of each extract is expressed in 
percentage by the same formula pre-
viously used, monitoring the signal at 
3,350.16 G after exactly 1 min of reac-
tion at 25°C.

Statistical analysis

The data obtained were submitted 
to analysis of variance and the averag-
es were compared by Tukey’s multiple 
range test. Correlation by simple linear 
regression analysis was carried out be-
tween the chemical parameters and free 
radical scavenging properties. A Stat-
graphics software (Version 7 for DOS) 
package was used.

RESULTS AND DISCUSSION

Sugars, organic acids, polyphenols, 
anthocyanin and cinnamates

The sugar content of table grapes 
measured on grape juices by °Bx aver-
aged 16 g/100 g fresh weight (Table 1), 
with the highest value in PAL (18.1) and 
the lowest in PRO (12.0). The amount of 
glucose and fructose in the RAW grape 
extract, using EtOH/CH3COOH 9:1, was 
closely related to the °Bx of grape juice 
(Table 1).

A significant difference in sugar con-
tent was found between skin and pulp 
extracts. The pulp had higher amounts 

of glucose and fructose than the skin in 
all the samples, similar to the data of 
Coombe (1987).

The organic acid content, measured on 
grape juice as titratable acidity, ranged 
from 281 to 590 mg/100 g f.w., ex-
pressed as malic acid. Two red cultivars 
(PAL and PRO) had a lower acid content 
than white ITASETT and ITAOTT.

The HPLC measurements of organic 
acids extracted by EtOH/CH3COOH 9:1 
on RAW grape and the respective skin 
and pulp showed the same trend as in 
raw grape juice. There was a slight de-
crease in extraction yield, averaging 
75%, probably due to the low solubility 
of tartaric acid in the extraction solution 
compared to pure water. This hypothesis 
is confirmed by the fact that there was 
less tartaric acid found in the extracts 
compared to malic acid.

All skin extracts showed a significant-
ly higher amount of malic acid. This 
fact confirms the findings of COOMBE 
(1987).

The total polyphenol concentration, 
was measured on EtOH/CH3COOH 9:1 
extracts (Table 2). RAW grape showed 
significant amounts of polyphenols in the 
red varieties: the highest amount was in 
PAL grapes, followed by PRO. As expect-
ed the two samples of “Italia” grape had 
a significantly lower polyphenol concen-
tration with respect to the red pigment-
ed varieties.

The polyphenol concentration was 
clearly higher in skin than in pulp, with 
different average skin/pulp ratios for 
red varieties (19.4) compared to white 
(9.2). The anthocyanins were obvious-
ly present only in RAW and skin ex-
tracts of the red varieties, with an av-
erage content of 93.5 and 235.5 mg/
100g f.w. of grape and skin tissue, re-
spectively.

The cinnamate content was relevant 
in the ITAOTT grapes. In all samples, 
the skin extracts had the highest pres-
ence of both trans-caftaric acid and to-
tal cinnamates.
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Fractionation was performed in order 
to separate hydrophilic compounds (di-
rectly eluted fraction, Fr1) such as sim-
ple sugars and organic acids, from rela-
tively hydrophobic products (C18 retained 
and EtOH 50% eluted fraction, Fr2) such 
as polyphenols.

Simple sugars and organic acids were 
mainly present in the Fr1 samples (glu-
cose and fructose averaged 93% and 90% 
presence with respect to RAW, Table 1), 
while the average presence of organic 
acid was 84% for tartaric acid and 83% 
for malic acid. To summarize, Fr2 sam-
ples were significantly poorer in simple 
carbohydrates and organic acids com-
pared to Fr1.

On the other hand, polyphenols and 
anthocyanins for the red varieties and 
cinnamates were almost completely re-
tained by C18 and were easily eluted in Fr2 

Table 1 - Refractive index (°Bx), titratable acidity, simple carbohydrates and organic acids of table grape 
extracts. The identity of the samples is given in the Materials and Methods section. In each column dif-
ferent letters stand for significant differences (p<0.05).

	 °Bx	 Glucose 	 Fructose 	 Titratable acidity 	 Tartaric acid 	 Malic acid
	 	 (g/100 g f.w.) 	 (g/100 g f.w.)	  (mg/100 g malic acid)	 (mg/100 g f.w.) 	 (mg/100 g f.w.)

PAL RAW	 18.1 a	 8.7 a	 8.9 a	 281 b	 93 c	 89 g
SK	 	 5.5 d 	 5.9 c	 	 45 e	 149 e
PL	 	 7.6 b	 7.3 b	 	 70 d	 96 f
Fr1	 	 7.7 b 	 7.5 b	 	 74 d	 68 g
Fr2	 	 0.4 g 	 0.4 f	 	 10 g	 7 h

PRO RAW	 12.0 c	 4.5 e	 4.8 d	 322 b	 55 e	 182 d
SK	 	 3.9 e	 4.5 d	 	 59 de	 274 c
PL	 	 5.5 d 	 5.2 cd	 	 60 de	 107 f
Fr1	 	 4.3 e 	 4.4 d	 	 51 e	 175 d
Fr2	 	 0.1 h	 0.2 f	 	 17 g	 7 h

ITASETT RAW	 16.5 b	 7.1 c 	 7.5 b	 545 a	 210 a	 248 c
SK	 	 6.2 d	 6.5 c	 	 36 f	 322 bc
PL	 	 7.0 c	 7.0 b	 	 63 d	 211 d
Fr1	 	 6.1 d	 6.3 c	 	 177 b	 169 d
Fr2	 	 1.0 f	 1.2 e	 	 37 f	 53 g

ITAOTT RAW	 17.3 ab	 6.9 c	 7.5 b	 590 a	 63 d	 378 b
SK	 	 6.2 d	 6.4 c	 	 50 e	 522 a
PL	 	 7.9 b	 8.0 ab	 	 77 d	 300 c
Fr1	 	 7.0 c	 7.4 b	 	 50 e	 340 b
Fr2	 	 0.5 fg	 0.5 f	 	 16 g	 47 g

by EtOH 50% acidified with CH3COOH. 
Thus, the amounts of total polyphenols, 
anthocyanins and cinnamates in Fr2 
were very similar to the RAW samples (Ta-
ble 2) and significantly different from the 
Fr1 values in all the samples.

Free radical scavenging activity

RAW grape extracts and the respective 
partitioned SK and PL were assayed for 
their free radical scavenging activity by 
three methods: quenching of stabilized 
free radicals (DPPH• and Fremy’s salt) 
and quenching of spin-trapped •OH, gen-
erated by the Fenton reaction.

All grape extracts were effective as free 
radical scavengers in all the tests. It is 
interesting to compare the tests and the 
correlation between the composition and 
the free radical scavenging potential.
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Compared to pulp extracts, RAW and 
skin extracts were particularly effective 
in scavenging Fremy’s salt (Fig. 2a). Fre-
my’s salt assay did not give a significant 
difference between red and white culti-
vars except for skin of PAL and ITAOTT. 
RAW and skin extracts of red cultivars 
were more active in DPPH• quenching 
than the corresponding samples from 
white grapes (Fig. 2b), while, as previ-
ously seen for Fremy’s salt, skin extracts 
were much more active than pulp.

As for •OH quenching (Fig 2c), the 
difference between RAW, skin and 
pulp samples was less pronounced. 
PAL showed a significantly higher val-
ue in RAW with respect to its skin and 
pulp, and PRO showed significantly low 
quenching in pulp extract. Instead, the 
quenching values in white grape cultivar 
extracts did not change, except for ITA-

Table 2 - Total polyphenols, anthocyanins and cinnamates of table grape extracts. The identity of sam-
ples is given in the Materials and Methods section. In each column different letters stand for signifi-
cant differences (p<0.05).

	 Total polyphenols 	 Total anthocyanins 	 trans-caftaric acid 	 Total cinnamates
	 (mg/100 g f.w.)	 (mg/100 g f.w.)	 (mg/100 g f.w.)	 (mg/100 g f.w.)

PAL RAW	 274 b	 63 c	 4.2 cd	 4.8 d
SK	 444 a	 236 a	 5.3 c	 7.2 c
PL	 24 e	 0 d	 1.1 f	 1.3 f
Fr1	 8 f	 0 d	 0.2 g	 0.2 g
Fr2	 188 c	 42 c	 3.8 d	 4.4 d

PRO RAW	 257 b	 124 b	 1.8 e	 2.5 e
SK	 448 a	 235 a	 3.4 d	 4.8 d
PL	 22 e	 0 d	 1.1 f	 1.2 f
Fr1	 1 g	 0 d	 0.1 g	 0.1 g
Fr2	 254 b	 117 b	 2.1 e	 2.7 e

ITASETT RAW	 98 d	 	 2.5 e	 2.6 e
SK	 211 c	 	 6.8 c	 7.2 c
PL	 15 f	 	 0.8 f	 0.9 f
Fr1	 17 f	 	 0.3 g	 0.3 g
Fr2	 85 d	 	 2.4 e	 2.9 e

ITAOTT RAW	 132 d	 	 11.9 b	 13.6 b
SK	 238 b	 	 23.4 a	 27.3 a
PL	 34 e	 	 6.8 c	 7.2 c
Fr1	 34 e	 	 1.9 e	 2.0 e
Fr2	 119 d	 	 11.7 b	 13.6 b

OTT pulp, that showed an increase. The 
highest activity was found in PAL RAW 
samples, while pulp of the white varie-
ties showed significantly higher activity 
than the pulp of red grape.

As previously reported (Muñoz-Es-
pada et al., 2004), grape skin polyphe-
nols have a definite role compared to 
the pulp components for Fremy’s salt 
and DPPH• quenching (Figs. 2a and 2b). 
This was demonstrated by the marked 
difference in total polyphenols and an-
thocyanin content between the SK and 
PL extracts (Table 2). On the other hand, 
there is clear evidence that there is lit-
tle difference in the •OH inhibition of SK 
and PL compared to that in Fremy’s salt 
and DPPH• tests. Therefore it is possi-
ble that the activity towards •OH is not 
only linked to the polyphenols, but also 
to some other active compounds.
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Despite the low amount of total 
polyphenols it is possible that the sig-
nificant activity of PL extracts, could be 
compensated by the presence of some 
very active components. This fact was 
verified by the C18 fractionation of the 
RAW grape extract.

In this experiment, Fr2 samples were 
significantly more effective than Fr1 in 
scavenging Fremy’s salt and the DPPH•. 
This was very evident for DPPH• assay 
(Fig. 3b), which was significantly more 
quenched by Fr2 extracts from red cul-
tivars, which highlights the important 
role of anthocyanins in its scavenging 
activity. The Fr2 extracts of white and 

Fig. 2 - Free radical percent 
quenching after 1 minute 
reaction at 25°C of RAW, 
SK and PL extracts of ta-
ble grape. Free radical final 
concentrations used were: 
a) Fremy’s salt 0.1 mmol/
L, b) DPPH· 0.1 mmol/L 
and c) ·OH 2 mmol/L. The 
identity of samples is given 
in the Materials and Meth-
ods section. Bars indicate 
standard errors.

red grape cultivars did not inhibit Fre-
my’s salt differently (Fig. 3a), but the 
activity of Fr2 was significantly higher 
than Fr1 in all the samples.

As for the •OH quenching test (Fig. 
3c), Fr1 extracts from all cultivars were 
surprisingly more active than Fr2, de-
spite their poor content of total polyphe-
nols and lack of anthocyanins in the red 
cultivars. The activity indices of Fr1 were 
very close to the value of the RAW ex-
tracts; the highest activity index was in 
the PAL variety.

The Fr1 sample contained more po-
lar compounds than Fr2: the chemical 
analysis profile indicates that, com-
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Fig. 3 - Free radical 
percent quenching af-
ter 1 minute reaction 
at 25°C of RAW, Fr1 
and Fr2 extracts of ta-
ble grape. Free rad-
ical final concentra-
tions used were: a) Fre-
my’s salt 0.1 mmol/L, 
b) DPPH· 0.1 mmol/L 
and c) ·OH 2 mmol/L. 
The identity of samples 
is given in the Materials 
and Methods section. 
Bars indicate standard 
errors.

pared to Fr2, Fr1 is rich in carbohy-
drates and organic acids (Table 1) and 
poor in polyphenols (Table 2). How-
ever, the presence of undetected po-
lar substances present in Fr1 very ac-
tive toward •OH and not against Fre-
my’s salt and DPPH• cannot be exclud-
ed. The last results seem to confirm 
the hypothesis that other compounds 
than polyphenols play a role in scav-
enging •OH radical in these experimen-
tal conditions.

A statistical correlation (n=60) was 
made between the chemical data of table 
grape extracts and the respective index 
of free radical quenching (Table 3).

Fremy’s salt and DPPH• quenching 
indices had a nearly linear correlation 
for total polyphenols (0.85 and 0.90, re-
spectively) and anthocyanins (0.91 and 
0.78). No other parameters were statis-
tically significant.

There was a very good correlation be-
tween the quenching value of •OH and 
the amount of sugar (0.92 and 0.93 for 
glucose and fructose, respectively), while 
no other parameters were significant. It 
should be noted that there was no cor-
relation for polyphenols (-0.12) and an-
thocyanins (0.01). Organic acids had 
slightly positive values (0.55 for tartaric 
and 0.52 for malic acid).
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CONCLUSIONS

The use of different antioxidant tests 
on the same samples did not give the 
same response; in fact, it has become 
very useful to use different tests to ascer-
tain the antioxidant activity of a plant ex-
tract. The antiradical action against Fre-
my’s salt and DPPH• was mainly due to 
grape skin extracts, while it is clear that 
the antiradical action against hydroxyl 
radical was equally distributed between 
skin and pulp extracts, confirming pre-
vious results.

This fact was confirmed by C18 sol-
id phase fractionation, where Fremy’s 
salt and DPPH• were strongly quenched 
by Fr2 extracts rich in polyphenols. On 
the other hand, Fr1 fractions poor in 
polyphenols were found to be very ac-
tive against •OH.

In recent years, there has been scien-
tific debate about the antioxidant action 
of compounds other than those common-
ly considered, such as ascorbic acid (Le-
onard et al., 2002); the present study 
enforces this hypothesis: the quench-
ing of •OH generated by a Fenton reac-
tion and trapped by DMPO shows a very 
significant correlation with the amount 
glucose and fructose in table grape ex-
tracts, while no correlation was found 
for the concentration values related to 
polyphenol content.

The scavenging activity towards •OH 
by simple sugars was demonstrated 
in a study carried out on model solu-
tions (Morelli et al., 2003). Disaccha-
rides (maltose and sucrose) were more 
active than monosaccharides (glucose, 

Table 3 - Correlation coefficients by simple linear regression between chemical parameters and free 
radical scavenging potential in different extracts of table grape (n=60). The values with one asterisk are 
significant for p<0.05, two asterisks for p<0.01.

	 Glucose	 Fructose	 Tartaric 	 Malic 	 Total 	 Total 	 trans-	 Total
	 	 	 acid 	 acid	 polyphenols	 anthocyanins	 caftaric	 cinnamates

Fremy’s Salt	 -0.37	 -0.31	 -0.34	 0.11	 0.85**	 0.91**	 0.40	 0.43
DPPH.	 -0.41	 -0.36	 -0.32	 -0.03	 0.90**	 0.78*	 0.38	 0.42
.OH	 0.92**	 0.93**	 0.55	 0.52	 -0.12	 0.01	 -0.02	 -0.03

fructose, deoxyribose and sorbitol), and 
their activity was strongly correlated to 
the number of free hydroxyl residues. 
An HPLC assay showed that less active 
sugars were more damaged by •OH re-
spect to more active ones.

Furthermore, the role of organic ac-
ids needs to be explored because the al-
ready-cited literature and some of our re-
cent unpublished laboratory trials dem-
onstrate that organic acids scavenge Fen-
ton-generated •OH in a significant man-
ner. Finally, it is feasible that the antioxi-
dant action of grape could be the result 
of a complex synergy of phenomena be-
tween well known and unusual antioxi-
dant compounds, such as polyphenols, 
simple carbohydrates and organic acids. 
This needs to be elucidated.
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Abstract

The ORAC (oxygen radical absorb-
ance capacity) assay was applied to the 
hydrophilic (H) and lipophilic (L) frac-
tions of 17 commercial dietary antioxi-
dant supplements. The total ORAC (H-
ORAC + L-ORAC) values varied from 
0.22 to 8.26 µmol of Trolox equivalents 
per mg of supplement, demonstrat-
ing a great variability among them. Hy-
drophilic antioxidants are the main por-
tion (86.3-99.3% of the total ORAC val-
ue) of the supplements, in comparison to 
the lipophilic fraction (0.7-13.7%). The 
daily total antioxidant intake provided 
by the supplements is reported.

Riassunto

Il saggio ORAC (capacità inibente i ra-
dicali dell’ossigeno) è stato applicato alle 
frazioni idrofile e lipofile di 17 integra-
tori alimentari commerciali di antiossi-
danti. I valori totali ORAC (H-ORAC + L-
ORAC) variavano fra 0,22 e 8,26 µmol 
di equivalenti di Trolox per mg di inte-
gratore, mostrando una grande variabi-
lità fra gli stessi. Gli antiossidanti idrofi-
li sono la porzione fondamentale (86,3-
99,3% del valore totale ORAC) degli inte-
gratori, in confronto alla frazione lipofila 
(0,7-13,7%). È riportato l’apporto gior-
naliero di antiossidanti fornito.
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INTRODUCTION

Consumption of dietary supplements 
has increased markedly in developed 
countries in recent years. A survey in 
the UK showed that 35.4% of adults 
usually take at least one dietary supple-
ment (HARRISON et al., 2004), and those 
containing vitamins, minerals and/or 
antioxidants are probably the most in 
demand. Dietary antioxidant supple-
ments are complex formulations con-
taining both hydrophilic and lipophilic 
ingredients. Vitamins (E and C), miner-
als (Se and Zn), grape extract, soy iso-
flavones, tomato concentrate, rosemary 
extract and citrus flavonoids are, among 
others, the main ingredients of dietary 
antioxidant supplements (DÁVALOS et 
al., 2003). Due to the variability of the 
raw plant material and of the produc-
tion process, antioxidant supplements 
are normally standardised by examining 
the contents of active compounds, which 
is also used as a parameter to establish 
the commercial lifetime of the products. 
In any case, antioxidant tests are not ex-
tensively used by the nutraceutical in-
dustries to characterize and standard-
ize dietary supplements, probably due 
to insufficient information about the ap-
plicability of current antioxidant meth-
odologies to the supplements (PRIOR et 
al., 2005).

Among the methods proposed to eval-
uate the in vitro antioxidant capacity of 
food products, measurement of the oxy-
gen radical absorbance capacity (ORAC) 
is perhaps one of the most suitable (PRI-
OR et al., 2005). In this assay, peroxyl 
radicals generated by thermal decom-
position of 2,2’-azobis(2-methylpropi-
onamidine) dihydrochloride (AAPH) re-
act with a fluorescent probe (fluorescein, 
FL) to form nonfluorescent products. In 
the presence of an antioxidant, peroxyl 
radicals are scavenged and decay of the 
fluorescence curve is delayed. The pro-
tective effect of an antioxidant is quan-
tified by assessing the “area under the 

fluorescence decay curve” (AUC) of the 
sample compared to that of the blank in 
which no antioxidant is present (OU et 
al., 2001). This methodology is not only 
applied to hydrophilic (H-ORACFL) com-
pounds/fractions but also to lipophilic 
ones (L-ORACFL) by using randomly 
methylated β-cyclodextrin as a solubil-
ity enhancer (HUANG et al., 2002). The 
L-ORACFL method has been successful-
ly applied to commercial vitamin E for-
mulations (NAGUIB et al., 2003) and the 
H-ORACFL method to commercial mul-
ti-component antioxidant supplements 
(DÁVALOS et al., 2004).

The objective of this paper was to de-
termine both the hydrophilic and li-
pophilic antioxidant capacities (H-ORAC-

FL and L-ORACFL values) of commer-
cial dietary supplements containing hy-
drophilic and lipophilic antioxidants. 
An additional objective was to establish 
the variability of the antioxidant capac-
ity of commercial products from differ-
ent batches. For this purpose, a total 
of the 17 most consumed dietary anti-
oxidant supplements on the European 
market was selected, and several pro-
duction batches were supplied for one 
of the brands.

MATERIALS AND METHODS

Chemicals

Fluorescein disodium salt was pur-
chased from Sigma Chemicals (St. Lou-
is, MO, USA). 6-Hydroxy-2,5,7,8-tetram-
ethylchroman-2-carboxylic acid (Trolox) 
and AAPH were purchased from Aldrich 
(Milwaukee, WI, USA). Randomly meth-
ylated β-cyclodextrin (RMCD) was pur-
chased from Cyclolab R&D Ltd. (Buda-
pest, Hungary). An FL stock solution 
(1.17 mM) was made in 75 mM phos-
phate buffer (pH 7.4) and stored at 4ºC 
for 4 weeks. A 7% RMCD solution was 
prepared in acetone/water (50:50, v/
v). AAPH was dissolved in 75 mM phos-
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phate buffer (pH 7.4). Trolox (100 µM) 
was prepared in 75 mM phosphate buff-
er (pH 7.4) and further diluted with the 
same phosphate buffer for the H-ORACFL
assay, or with the 7% RMCD solution 
for the L-ORACFL assay. The AAPH and 
Trolox solutions were prepared daily.

Dietary antioxidant supplements

Seventeen commercial dietary antioxi-
dant supplements (named #1-17) were 
obtained from local markets. Table 1 lists 
the composition and daily dose of the 
supplements as indicated by the manu-
facturers. Supplements #2, 3, 4, 5, 6, 7, 
12, 14, 15, 16 and 17 are multi-ingredi-
ent formulations, whereas supplements 
#1, 8, 9, 10, 11 and 13 only contain one 
active ingredient: wine marc (#1), grape 
seed (#8, 9 and 13), soy (#10) and Pi-
nus Maritima bark (#11, Pycnogenol; 
DEVARAJ et al., 2002). For supplement 
#17, six different production batches 
were studied: batch #1 (expiration date 
10/07), #2 (expiration date 10/07), #3 
(expiration date 10/07), #4 (expiration 
date 12/07), #5 (expiration date 12/07) 
and #6 (expiration date 1/08). Three dif-
ferent bottles/boxes were analysed for 
each supplement and batch.

Sample preparation

Supplements were ground using a 
coffee-bean miller to a particle size of 
less than 50 µm. For extraction of the 
lipophilic antioxidants (HUANG et al., 
2002), 0.02 g were extracted with 10 mL 
of hexane in a sonicate bath for 5 min. 
After this time, the mixture was kept at 
room temperature for 15 min, centri-
fuged (5,000 rpm, 5ºC, 10 min), and the 
hexane phase collected. The extraction 
was repeated once, and the solid residue 
was kept for hydrophilic antioxidant ex-
traction. The two hexane extracts were 
combined and brought to dryness un-
der vacuum. The residue was dissolved 
in 250 µL of acetone and 750 µL of 7% 

RMCD in acetone/water (50:50, v/v), 
and was centrifuged (5,000 rpm, 5ºC, 
10 min). The supernatant was ready for 
L-ORACFL analysis after further dilution 
with the 7% RMCD solution.

To extract the hydrophilic antioxi-
dants after lipophilic extraction (DÁVA-
LOS et al., 2004), the residue was mixed 
with 10 mL of methanol/HCl (1,000:1, 
v/v) and sonicated for 5 min. The mix-
ture was kept at room temperature for 
15 min, and was centrifuged (5,000 rpm, 
5ºC, 10 min). After centrifugation, the 
supernatant was ready for H-ORACFL 
analysis after further dilution with 75 
mM phosphate buffer (pH 7.4).

Determination of antioxidant activity

Antioxidant activity was determined by 
the ORAC-fluorescein (ORACFL) assay of 
OU et al. (2001) and modified by DAVAL-
OS et al. (2004). The reaction was carried 
out in 75 mM phosphate buffer (pH 7.4) 
and there were 200 µL of the final reac-
tion mixture. Antioxidant (20 µL) and FL 
(120 µL; 70 nM, final concentration) so-
lutions were preincubated for 10 min at 
37ºC. The AAPH solution (60 µL; 12 mM, 
final concentration for the H-ORACFL
analysis, and 27.6 mM final concentra-
tion for the L-ORACFL analysis) was add-
ed and, after shaking before the first 
reading, the fluorescence was recorded 
every 56 seconds for 96 min. Trolox was 
used as standard (1-8 µM, final concen-
tration) and the sample was measured 
at different concentrations. A Polarstar 
Galaxy plate reader (BMG Labtechnolo-
gies GmbH, Offenburg, Germany) with 
485-P excitation and 520-P emission fil-
ters was used. The equipment was con-
trolled by the Fluostar Galaxy software 
version (4.11-0) for fluorescence meas-
urement. Black 96-well microplates (96F 
untreated, NuncTM, Denmark) were used. 
All reaction mixtures were prepared in 
duplicate.

Fluorescence measurements were 
normalized to the curve of the blank 
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(no antioxidant). From the normalized 
curves, the area under the fluorescence 
decay curve (AUC) was calculated as:

	 i=80

	 AUC = 1 + ∑ f
I
/ f

0
	 (1)

	 i=1

where f
0 
is the initial fluorescence read-

ing at 0 min and f
i
 is the fluorescence 

reading at time i.
The net AUC for a sample was calcu-

lated as follows:

	 net AUC = AUCantioxidant - AUCblank	 (2)

The regression equation between net 
AUC and antioxidant concentration was 
estimated. To calculate the ORACFL val-
ue of the supplements, the slope of the 
curve (net AUC/mg supplement) was 
divided by the slope of the Trolox cali-
bration curve (net AUC/µmol of Trolox). 
ORACFL values were then expressed as 
µmol of Trolox equivalent (TE)/mg of 
supplement.

Statistical analysis

To investigate the existence of differ-
ences among supplements and batch-
es, one-way ANOVA (3 replicates per 
measurement) was performed using the 
STATGRAPHICS Plus program for Win-
dows (2.1).

RESULTS AND DISCUSSION

Fig. 1 depicts the kinetics of fluores-
cein degradation by peroxyl radicals gen-
erated from AAPH, in the absence and in 
the presence of the hydrophilic and li-
pophilic antioxidant fractions from die-
tary supplements. Both hydrophilic and 
lipophilic antioxidants neutralize the rad-
icals, which delays the decay in the flu-
orescence curve until a certain time pro-
portional to the antioxidant concentra-
tion. In the range of concentration stud-
ied, all the supplements showed a linear 

response between the net area under the 
curve (net AUC) and the concentration in 
the assay. The ORACFL value was calcu-
lated by dividing the slope of the supple-
ment curve by the slope of the Trolox cali-
bration curve. On average, the Trolox cal-
ibration curve was: net AUC = 25,787 * 
µmol Trolox +2.19 for the hydrophilic 
ORAC assay (H-ORACFL), and net AUC 
= 10,742 * µmol Trolox + 0.96 for the 
lipophilic ORAC assay (L-ORACFL).

Table 1 reports the H-ORACFL and L-
ORACFL values of the supplements as-
sayed. The total antioxidant capaci-
ty (TOTAL-ORACFL) was calculated by 
summing H-ORACFL and L-ORACFL (Ta-
ble 1). The antioxidant hydrophilic ca-
pacity of the supplements ranged from 
0.190 to 8.00 µmol of TE/mg of supple-
ment, which represented between 86.3 
and 99.3% of the total antioxidant ca-
pacity. The lipophilic fraction represent-
ed from 0.7 to 13.7% of the total antioxi-
dant capacity of the supplements, with 
(L-ORACFL) values ranging from 0.0130 
to 0.450 µmol of TE/mg of supplement. 
The TOTAL-ORACFL of the supplements 
varied from 0.220 to 8.26 µmol of TE/mg 
of supplement (a 37.5-fold maximum-
minimum difference). The variability in 
the antioxidant capacity of the supple-
ments (expressed as the variation co-
efficient with respect to the mean) was 
lower for the hydrophilic fraction (76%) 
than for the lipophilic fraction (147%). 
Our results are in agreement with previ-
ous data reported on the percentage of li-
pophilic to the total antioxidant capacity 
of foods of plant origin (WU et al, 2004a). 
In this study of 28 common foods, these 
authors found that the percentage of L-
ORACFL to TOTAL-ORACFL was highly 
variable; <5% for most fruit (fresh and 
dried), from 3.9 to 18.6% for vegetables, 
and from 0.8 to 2.1% for nuts. In rela-
tion to previous reports on dietary sup-
plements, the total antioxidant capac-
ity of the supplements studied (mean 
value = 2.51 µmol of TE/mg of supple-
ment) was similar to the antioxidant ca-
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Fig. 1 - Time course of the reaction of fluorescein with AAPH in the absence (BLK) and in the presence 
of the hydrophilic antioxidant fraction (A) and the lipophilic antioxidant fraction (B) of dietary supple-
ment #17. Regression analysis of net AUC (net area under the curve) against antioxidant concentra-
tion is included in both graphs.

pacity found for vitamin E formulations 
(1.30-2.03 µmol of TE/mg of supple-
ment) (NAGUIB et al., 2003).

The analysis of variance (ANOVA) 
showed significant differences (P<0.05) 
in the hydrophilic and lipophilic antioxi-
dant capacity of the supplements stud-
ied. In general, the 95% confidence in-
tervals overlapped among supplements, 
although supplement #9 for H-ORACFL
and supplements #16, 1, 9 and 13 for 
L-ORACFL clearly differed from the rest 
(data not shown). All these supplements 
were composed of Vitis vinifera L. by-
products (Table 1). However, other sup-
plements made from these materials 

showed a low antioxidant efficiency (i.e., 
#8; Table 1), indicating that, not only the 
ingredient, but also the manufacturing 
procedure (procedure to obtain the in-
gredient, excipients, etc.) influences the 
final antioxidant properties of the sup-
plements. Curiously, the supplements 
with the lowest (#8) and the highest (#9) 
H-ORACFL values contained grape seed 
extracts as active ingredients. The main 
phenolic antioxidants found in commer-
cial ingredients derived from V. vinifera L. 
by-products are: gallic acid, monomeric 
flavan-3-ols ((+)-catechin, (-)-epicatechin 
and epicatechin-3-O-gallate) and pro-
cyanidins in grape seeds, anthocyanins 
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in grape skins, and 
anthocyanins and 
flavonols in leaves 
(MONAGAS et al., 
2006).

The variability 
among production 
batches was stud-
ied for supplement 
#17. The ORACFL 
values varied from 
1.18 to 1.77 µmol 
of TE/mg of sup-
plement for the 
hydrophilic anti-
oxidant capacity, 
and from 0.0485 to 
0.0878 µmol of TE/ 
mg of supplement 
for the lipophilic 
antioxidant capac-
ity (Table 2). The 
variation coefficient 
with respect to the 
mean was 14% for 
the hydrophi l ic 
fraction and 27% 
for the lipophilic 
fraction. In both 
cases, the ANOVA 
showed significant 
differences (P<0.05) 
among production 
batches, but ho-
mogenous groups 
were arranged in 
different patterns 
for the hydro and 
lipophilic capaci-
ty (Fig. 2). No rela-
tionship was found 
either between hy-
dro or lipophilic ca-
pacity and the ex-
piration date of the 
batches. The varia-
bility in the antioxi-
dant capacity of the 
supplement among 
production batches 
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Table 2 - Hydrophilic (H-ORACFL) and lipophilic (L-ORACFL) antioxidant capacity of different batches of 
the dietary supplement #17.

Batch	 H-ORACFL	 L-ORACFL	 TOTAL-ORACFL	 H-ORACFL	 L-ORACFL
(#)	 (µmol of TE / mg)a	 (µmol of TE / mg)a	 (µmol of TE / mg)	 (%)	 (%)

1	 1.18±0.06a	 0.0535±0.0038	 1.235	 95.7	 4.3
2	 1.56±0.13a	 0.0485±0.0053	 1.606	 97.0	 3.0
3	 1.77±0.04a	 0.0509±0.0083	 1.820	 97.2	 2.8
4	 1.34±0.08a	 0.0850± 0.0046	 1.423	 94.0	 6.0
5	 1.37±0.04a	 0.0567±0.0058	 1.427	 96.0	 4.0
6	 1.34±0.02a	 0.0878±0.0038	 1.425	 93.8	 6.2

a Results are the mean (n=3) ± SD.

Fig. 2 - ANOVA of the hydrophilic (H-ORAC) and li-
pophilic (L-ORAC) antioxidant capacity of different 
batches of the dietary supplement #17. Error bars 
represent the 95% confidence intervals for mean.

was attributed to differences in the rich-
ness of the hydro- and lipophilic ingredi-
ents employed in each batch, and to dif-
ferences in the production process that 
may affect the hydro/lipophilic ingredi-
ents differently.

In an attempt to compare the poten-
tial health benefits of the dietary sup-
plements studied with those provided by 
food, the daily antioxidant intake provid-
ed by these supplements was calculated 
according to the dose recommended by 
the manufacturers (Table 1). The daily 
total antioxidant intake provided by the 
supplements varied from 168 (supple-
ment #8) to 7,629 µmol of TE (supple-
ment #16) (a 45.5-fold maximum-mini-
mum difference). Using the same meth-
odology, WU et al. (2004b) determined 
the total antioxidant capacity of 100 dif-
ferent kinds of foods (fruits, vegetables, 
nuts, dried fruit, spices, cereals, and in-
fant and other foods) and estimated that 
the daily antioxidant intake of the USA 
population from consumption of vege-
tables, fruit and fruit juices was around 
5,724 µmol of TE. However, this value 
would be lower (~2,200 µmol of TE) if the 
average number of servings of fruit and 
vegetables consumed daily in the USA is 
assumed to be 2.5 (WU et al., 2004b). In 
any case, supplementation with most of 
the antioxidant formulations studied in 
this work could provide an antioxidant 
intake similar to that estimated for an 
average diet. Although the ORAC assay 
– which uses peroxyl free radicals, the 
most common radicals in human biolo-
gy – can provide a good approximation 
of the potential benefits of antioxidant 
supplementation, other important fac-
tors such as bioavailability and nutrient 



350  Ital. J. Food Sci. n. 3, vol. 19 - 2007

interactions have to be taken into con-
sideration. Thus, the bioavailability of 
polyphenols is largely dependent on their 
structure (MANACH et al., 2005). Com-
paratively, the isoflavones present in soy 
extracts (supplement #10) will be better 
absorbed than the flavonoid glucosides 
from citrus (supplement #3), and the lat-
ter will be better absorbed than the pro-
cyanidins present in grape extracts (sup-
plements #8, 9 and 13), which are poor-
ly absorbed (RASMUSSEN et al., 2005). 
Finally, a positive response of a com-
pound/preparation in an in vitro antioxi-
dant test is indicative but not a guaran-
tee of having beneficial health effects in 
humans. Further in vivo studies are re-
quired to verify this.

In conclusion, the antioxidant capaci-
ty of dietary supplements assayed by the 
ORACFL methodology, was variable among 
the commercial supplements studied. The 
hydrophilic ingredients represent around 
86.3-99.2% of the total antioxidant ca-
pacity in contrast to the lesser relevance 
of the lipophilic constituents (0.8-13.7%); 
the variability among supplements and 
batches was greater for the lipophilic 
than for the hydrophilic antioxidant ca-
pacity. In order to accurately characterize 
the antioxidant capacity of dietary sup-
plements, both lipophilic and hydrophilic 
fractions must be measured.
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Abstract

Cynaropicrin, a sesquiterpene, is 
the main bitter compound in globe ar-
tichoke and is important for the orga-
nolectic and nutritional quality of the 
fresh product and leaf extracts. Arti-
choke plants of the late variety “Grato 
1” obtained from rooted offshoots and 
by micropropagation were compared 
with respect to the bitter content in 
the young leaves and heads. The bit-
ter content, expressed as cynaropic-
rin (% of dry weight), was determined 

Riassunto

La cinaropicrina, un sesquiterpene 
importante per la qualità organoletti-
ca e nutrizionale sia del prodotto fre-
sco che degli estratti fogliari, è il prin-
cipale composto amaro del carciofo. Nel 
presente lavoro è stato messo a con-
fronto il contenuto di sostanze amare 
in foglie e capolini di piante di carciofo 
della varietà tardiva “Grato 1” ottenute 
per carducci e per micropropagazione. 
Il contenuto di sostanze amare espresse 
come cinaropicrina (% di sostanza sec-
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by an alkalimetric method. The results 
show a bitter content ranging from 6.82 
to 9.63%; the leaves of the microprop-
agated plants had 29% less bitter con-
tent than the plants traditionally prop-
agated by rooted offshoots.

ca) è stato determinato tramite un me-
todo alcalimetrico. I risultati indicano 
un contenuto di sostanze amare varia-
bile da 6,82 a 9,63%; nelle foglie del-
le piante ottenute in vitro è stata inol-
tre osservata una riduzione di circa il 
29% rispetto alle piante propagate me-
diante carducci.

INTRODUCTION

Artichoke (Cynara scolymus L.) is a 
perennial Asteracea that is widely cul-
tivated in the Mediterranean Basin and 
Italy is the main producer in the world 
(FAOSTAT data, 2006). Artichoke bloom 
heads have been a part of the Mediter-
ranean diet since ancient times. Arti-
choke leaf extracts, which have been 
used in traditional folk medicine, are 
nowadays being used for the industri-
al preparation of standardised phyto-
medical products and for the extraction 
of bitter compounds. Artichoke extracts 
possess choleretic and hypocholestero-
lemic properties due to the high content 
of polyphenols with antioxidant activi-
ty (Gebhardt and Fausel, 1997; Ge-
bhardt, 1997; KRAFT, 1997; WANG et 
al., 2003; ALAMANNI and COSSU, 2003; 
CURADI et al., 2005).

The characteristic bitter taste of arti-
choke is due to the endogenous content 
of sesquiterpene lactones, a group of col-
ourless, bitter C15 terpenoids that are 
common in most genera of the Asterace-
ae (RODRIGUEZ et al., 1976). Artichoke 
sesquiterpene lactones are cynaropi-
crin, dehydrocynaropicrin, cynaratri-
ol and grosheimin (BERNHARD et al., 
1979). Among these, cynaropicrin (Fig. 1) 
is the quantitatively predominant bitter 
substance, being responsible for about 
80% of the total bitterness of artichoke 
leaf extracts (Schneider and Thiele, 
1974; Fritsche et al., 2002). Consum-

ers usually have an aversion to bitter 
compounds in plant foods so they are 
removed by selective breeding or dur-
ing industrial processing (DREWNOWSKI 
and GOMEZ-CARNEROS, 2000). However 
a certain degree of bitterness is expect-
ed in artichoke.

Cynaropicrin is important for the or-
ganolectic quality of the edible fresh 
product and for the technological qual-
ity of the leaf extracts used for the in-
dustrial preparation of bitter liqueurs. 
This sesquiterpene exerts intense bitter-
ness, more than alkaloids like caffeine 
and quinine (CRAVOTTO et al., 2005). Re-
cently it has been studied for its anti-
hyperlipidemic and antitumoral proper-
ties (SHIMODA et al., 2003; CHO et al., 
2004; CHOI et al., 2005). Cynaropicrin 
may also act as an insect feeding deter-
rent during plant growth (Bhattach-
aryya et al., 1995), as observed for oth-
er sesquiterpenes that function as pro-
tective agents against herbivorous in-
sects (Nahrstedt, 1989).

Fig. 1- Chemical structure of cynaropicrin.
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The cynaropicrin content in artichokes 
is subject to a wide range of variation 
that depends on the plant genotype, the 
stage of the biological cycle, the organ 
considered, the environmental growth 
conditions and the cultivation site (Sch-
neider and Thiele, 1974; Fritsche et 
al., 2002), as found for bitter sesquiter-
penes in Cichorium intybus L. (FOSTER 
et al., 2006). Rooted offshoots (common-
ly known as “carducci”) have tradition-
ally been used for vegetative reproduc-
tion. In recent years the in vitro propa-
gation of artichoke has been studied and 
further developed for large-scale multi-
plication, which offers genetic homoge-
neity and very healthy plant material. 
The low percentage of rooting may be 
improved by choosing suitable late ar-
tichoke cultivars, that show a greater 
potential for in vitro rooting than early 
cultivars (ANCORA et al., 1981; TAVAZZA 
et al., 2004). The artificial environment 
and different growth conditions during 
micropropagation phases may interfere 
with the secondary metabolism of the 
plantlets which could cause variations 
in the levels of bitter compounds during 
plant development.

Considering the lack of information 
available in the literature about Ital-
ian artichoke varieties, the aim of the 
present study was to investigate the 
content of bitter substances expressed 
as cynaropicrin in the young leaves and 
heads (edible parts and external bracts) 
of the Italian late artichoke variety “Grato 
1” in both traditionally propagated plants 
obtained from rooted offshoots (RO) and 
in micropropagated plants (M).

Materials and methods

Chemicals

Toluene and petroleum ether (40°-70°) 
were all analytical grade quality and 
were purchased from Carlo Erba (Mi-
lan, Italy); dried MgSO4 was obtained 

from Alfa Alesar (Karlsruhe, Germa-
ny); 0.01N NaOH, 0.01N HCl and phe-
nolphtalein were purchased from Car-
lo Erba (Milan, Italy).

Plant material

Artichoke plants of the late variety 
“Grato1” were obtained from rooted off-
shoots of mother plants and cultivated in 
the open field of the Dipartimento di Bio-
logia delle Piante Agrarie, located at San 
Piero a Grado, Pisa, Italy. Micropropa-
gated plantlets of the same variety were 
obtained from offshoot apices in the mi-
cropropagation laboratory of the Dipar-
timento di Biologia delle Piante Agrarie 
and transplanted after acclimatization in 
a single row for open field growth on 5 
October 2004, with a distance between 
the plantlets of about 90 cm. The soil had 
a medium depth and fertility.

Sample preparation

Plant material was collected on 27 May 
2005. Nine leaves and nine heads of ar-
tichoke plants var. “Grato 1” obtained 
in vitro were harvested, and the same 
was done for artichoke plants of the 
same variety obtained from rooted off-
shoots. After harvesting, the plant mate-
rial was cleaned, weighed fresh, and the 
heads were subsequently divided into 
external bracts and edible parts (inner 
bracts). Samples (leaves, inner and ex-
ternal bracts) were made up of 3 replica-
tions (n=3), each one formed by 3 young 
leaves or 3 heads collected from differ-
ent plants. Plant material was then dry 
weighed after 8 days at 60°C in a ther-
moventilated oven, ground to a fine pow-
der using an analytical mill and put into 
plastic flasks for quantitative analysis.

Quantitative analysis
of bitter compounds

The artichoke bitter compounds were 
determined by means of a modified 
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form of the alkalimetric method pre-
viously described by Schneider and 
Thiele (1974). Each sample repetition 
was extracted as follows. Five grams 
dry weight of powdered sample were 
pre-extracted in Soxhlet for 8 h using 
250 mL petroleum ether 40°-70° to re-
move lipophilic substances, and then 
extracted in Soxhlet for 30 h using 250 
mL of toluene. The toluene extract con-
taining the artichoke bitter compounds 
was then reduced to 80 mL with a Ro-
tavapor and was partitioned 3 times 
with 30 mL of 2% NaOH aqueous so-
lution in order to eliminate acids. The 
organic phase was then collected and 
the water removed with dried MgSO4. 
The toluene extract was then filtered, 
the volume adjusted to 100 mL and 
transferred to a closed dark flask and 
stored at room temperature. for titra-
tion, 10 mL of the extract were mixed 
with 15 mL of 0.02N NaOH and stirred 
for 5-6 min at 45°C. Under these con-
ditions, cynaropicrin is transformed 
into a water-soluble salt, and after 
about 10 min it remains stable with-
out hydrolysis of the ester group. After 
cooling, the two phases were separat-
ed, and 10 mL of aqueous phase were 
titrated with 0.02N HCl using phenol-
phtalein as indicator. Given that 1 mL 
NaOH=6.92 mg of cynaropicrin (Sch-
neider and Thiele, 1974), the con-
tent of bitter substances expressed as 
cynaropicrin was calculated and the re-
sults were then transformed into per-
centage dry weight (% d.w.).

Statistical analysis

Data are the mean of 3 sample replica-
tions (±S.E.M.; n=3); the values for each 
replication were obtained as the mean 
of 3 quantitative analyses of the same 
toluene extract. Data were subjected to 
ANOVA analysis using a Costat statisti-
cal program and the means were com-
pared with the Duncan multiple range 
test (P≤0.05).

Results and Conclusions

The content of bitter substances ex-
pressed as cynaropicrin in the Italian 
late variety “Grato 1” showed a wide 
variability in the young leaves (Table 
1). The highest value was found in the 
young leaves of the “Grato 1” plants ob-
tained by vegetative propagation (9.63% 
d.w.). In all the tissues analysed, the bit-
ter content was less in plants obtained 
in vitro. The percentage of reduction in 
the leaves, inner and external bracts of 
the heads of micropropagated plants 
(M), in comparison to the same organs 
of plants obtained from rooted offshoots 
(RO), were 29.13, 7.41 and 6.28%, re-
spectively. The differences in the bitter 
content between M and RO plants were 
most evident in the leaves.

The statistical significance of the with-
in-sample differences was determined 
using the analysis of variance and Dun-
can’s multiple range test at the 5% level 
of significance (P≤0.05). Duncan’s mul-
tiple range test indicated that there were 
no significant differences between and 
among the external bracts and the in-
ner bracts of the heads (both in M and 
RO plants). However, a significant dif-
ference was noted between the leaves of 
the RO plants and the other samplings, 

Table 1 - Content of bitter substance expressed as 
cynaropicrin in young leaves and heads (inner and 
external bracts) of artichoke plants var. “Grato 1” 
obtained from rooted offshoots (RO) and by micro-
propagation (M).

	 Cynaropicrin (% d.w.) *

Grato 1 RO – Leaves	 9.63±0.238 a
Grato 1 M – Leaves	 6.82±0.047 c
Grato 1 RO – Inner bracts	 7.60±0.213 b
Grato 1 M – Inner bracts	 7.04±0.131 bc
Grato 1 RO – External bracts	 7.48±0.220 b
Grato 1 M – External bracts	 7.01±0.217 bc

* Row means ± S.E.M.; (n=3).
The means followed by the same letters are not signif-
icantly different at P≤0.05.
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and among the leaves of the RO and M 
plants (Table 1).

Growth conditions during microprop-
agation phases may interfere with the 
secondary metabolism of the plantlets 
which could cause variations in the lev-
els of endogenous sesquiterpenes dur-
ing plant development. Data obtained 
in the present study indicate that, in-
dependent of the propagation method 
used, the young leaves of “Grato 1” had 
higher values of bitter content in com-
parison with those previously reported 
in the literature for different artichoke 
varieties (Schneider and Thiele, 1974) 
and commercial leaf extracts (Fritsche 
et al., 2002). This result could be due to 
varietal differences and/or environmen-
tal conditions at the different cultivation 
sites during plant growth (FOSTER et al., 
2006; GIORGI et al., 2005). Schneider 
and Thiele (1974) reported the absence 
of bitter compounds in completely de-
veloped artichoke heads and a content 
ranging from 0.5% d.w. to 6.4% d.w. in 
leaf laminas, with higher values occur-
ring in the younger leaves. The data in 
the present study showed a different 
distribution, with a consistent quantity 
of bitter compounds in both the edible 
parts of the head (inner bracts) and the 
external bracts. While the distribution 
of cynaropicrin within the tissues of the 
head showed no significant differences 
between the inner and external bracts 
in both M and RO plants, higher values 
were found in the heads of plants ob-
tained from rooted offshoots in compar-
ison with those obtained in vitro (mean 
content in the whole head of 7.54% d.w. 
and 7.02% d.w., respectively).

The present data indicate that the ex-
traction of bitter sesquiterpenes from an 
organic phase with the opening of the lac-
tone ring and formation of a water-soluble 
saline form could be used for the quanti-
tative determination of the artichoke bit-
ter compounds. The results obtained with 
the alkalimetric method of Schneider 
and Thiele (1974) for artichoke leaf ex-

tracts were recently confirmed by means 
of HPLC-DAD using an external standard 
calibration with acetylgrosheimin as de-
scribed by Fritsche et al. (2002). They 
found a maximum cynaropicrin content 
of about 2.2% d.w. in commercial arti-
choke leaf extracts. This value is com-
parable to the average bitter compound 
content of 2.5% d.w. reported by Schnei-
der and Thiele (1974) for artichoke leaf 
extracts and calculated as cynaropicrin 
by titration after lactone cleavage. How-
ever, it should be noted that the alkali-
metric method is not totally specific for 
cynaropicrin (BLOSZYK et al., 1978). It al-
lows all the artichoke bitter compounds, 
expressed as cynaropicrin to be quanti-
fied, given that this is the quantitative-
ly predominant bitter substance in arti-
choke extracts. Further research is need-
ed to define alternative less time-con-
suming methodologies that have great-
er sensitivity. Quantitative differences 
between micropropagated and non-mi-
cropropagated plants were found dur-
ing the present preliminary study on the 
young leaves. The relationships between 
the cynaropicrin content and its potential 
insect-feeding deterrent activity in differ-
ent Italian artichoke varieties should be 
investigated in order to identify more re-
sistant varieties that have higher quali-
tative profiles.
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Abstract

The effects of oral administration of 
3 mg of 17α-methyltestosterone per kg 
of administered diet were studied in 35-
day-old rainbow trout. The protein, fat, 
ash and moisture of meat, carcass ef-
ficiency, fillet efficiency and the hepa-
tosomatic and gonadosomatic indexes 
were measured as well as the amount of 
residual methyl testosterone that might 
have remained in the meat. Compared 
to controls, there were no changes in 
crude protein and ash of the fish meat 
and in the fillet efficiency, carcass effi-

Riassunto

Sono stati studiati gli effetti della 
somministrazione orale di 3 mg di 17α-
metiltestosterone per kg di dieta som-
ministrata a trote arcobaleno di 35 gior-
ni. Sono stati misurati il contenuto in 
proteine, grassi, ceneri ed umidità del-
la carne, il rendimento della carcassa, 
gli indici epatosomatico e gonadosoma-
tico, insieme ai residui di testosterone 
potenzialmente rimasti nella carne. Dal 
confronto con i controlli, non si eviden-
ziavano variazioni né contenuto di pro-
teine e ceneri nella carne del pesce, nel 
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INTRODUCTION

Genetic manipulation has recent-
ly gained much attention for improv-
ing body composition and fish growth. 
Growth-promoting agents have also been 
widely used to improve the quality of 
trout (VANDENBERG and MOCCIA, 1998), 
encouraging the use of steroids and their 
synthetic analogues in fish culture (MAT-
TY, 1985; GANNAM and LOVELL, 1991).

Protein accretion is the net difference 
between the rates of protein synthesis 
and degradation. These processes are 
harmonized by complex interactions be-
tween various endogenous growth regula-
tors, the actions of which are influenced 
by a broad spectrum of intrinsic-and ex-
trinsic factors (BELL et al., 1998; BREIER, 
1999; RONSHOLDT and MCLEAN, 2004). 
Disturbances to the growth-regulating 
hormonal milieu can negatively impact 
protein status. Conversely, enhanced 
presence of growth regulators can pro-
mote protein accretion and thus influence 
body composition (BREIER, 1999).

Some steroid compounds can cause 
different results in the body develop-
ment and composition of various kinds 
of fish (YU et al., 1979). It has been re-
ported that increased concentrations of 
17α-methyltestosterone (MT) resulted in 
increased moisture, crude protein and 
ash content but a decrease in crude fat 
of the fish meat (DEGANI, 1985).

MT did not change the fat and protein 
content in European eel, Anguilla anguil-
la, (DEGANI, 1986) or in red sea bream, 
Chrysophrys major, (WOO et al., 1993). 

ciency and gonodosomatic index of the 
trout. Crude fat of the fish meat and the 
hepatosomatic index decreased while 
the moisture increased. No residual 
17α-methyltestosterone was found in 
the meat of treated trout.

filetto, nel rendimento della carcassa e 
nell’indice ganadosomatico della trota. 
I grassi totali della carne e l’indice epa-
tosomatico diminuivano, mentre l’umi-
dità aumentava. Non sono stati trova-
ti residui di 17α-metiltestosterone nel-
la carne delle trote trattate.

It has also been reported that MT given 
to coho salmon, Oncorhynchus kisutch, 
did not change the protein and ash con-
tent, but decreased the fat content (YU 
et al., 1979). The hepatosomatic index 
(HSI) value increased when MT was giv-
en to red sea bream (WOO et al., 1993), 
but decreased in sea bass, Dicentrarchus 
labrax (PIFERRER et al., 1986).

A recent trend in salmon farming has 
been the development and application 
of high-energy diets, the manufacture of 
which relies upon extrusion and vacu-
um-coating technologies that permit in-
corporation of high levels of lipids. Such 
aqua-feed formulations offer several ad-
vantages (MAYER and MCLEAN, 1995), 
but also lead to increased fat deposition 
in both whole body and filet fractions. 
While such lipid buildup may be bene-
ficial with respect to weight gain, it de-
creases slaughter yield and sometimes 
impairs end-product quality due to neg-
ative impacts on texture, taste and ap-
pearance (ALSTED, 1991; REGOST et al., 
2001). These negative effects can be re-
duced by using steroids which decrease 
fat storage in fish (YU et al., 1979; MIWA 
and INUI, 1986).

In order to comply with the recommen-
dations of the United Nations Food and 
Drug Organization and of the Environ-
mental Protection Organization on the 
type and quantity of chemicals used in 
fish farming (OSTROWSKI and GARLING, 
1988) and with restrictions put into prac-
tice in Turkey by the General Directorate 
of Protection and Control of The Turk-
ish Ministry of Agriculture (ANONYMOUS, 
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2000), the question whether MT remains 
in fish meat needs to be resolved.

The present study was conducted to 
determine the effects of MT on meat qual-
ity, hepatosomatic and gonadosomatic 
indexes, carcass efficiency and fillet ef-
ficiency of rainbow trout and to meas-
ure the amounts of residual MT in trout 
meat.

MATERIALS AND METHODS

The present study was conducted over 
a period of 355 days on 800 35-day-old 
rainbow trout fry. At the beginning of 
the experiments, the average weight of 
the specimens was 0.32 g. The fish were 
kept in fiberglass tanks (2.5x0.8x0.7 m 
(1.4 m3) filled with aerated well water. 
The water temperature and dissolved 
oxygen were recorded throughout the 
study. The fish were fed a commercial 
feed in pellets and granules obtained 
from Abalıoglu Food Production Plant, 
Denizli, Turkey. The composition of the 
feed is given in Table 1.

In order to conduct duplicate runs of 
all experiments, the fish were divided 
into four groups of 200 specimens each; 
two control and two experimental (MT) 
groups. This was done so that the meth-
od of random coincidence plots (YILDIZ 
and BIRCAN, 1991) could be used.

17α-methyltestosterone purchased 
from Sigma Corporation (Istanbul, Turkey) 
was added to the diet of the experimental 

Table 1 - The chemical composition of the granule and pellet feed used.

	 Control group	 Methyltestosterone group

Parameters	 Granule feed	 Pellet feed	 Granule feed	 Pellet feed

Moisture (%)	 9.85	 10.48	 9.85	 10.48
Crude protein (%)	 51.73	 45.29	 51.73	 45.29
Crude fat (%)	 12.65	 13.12	 12.65	 13.12
Crude cellulose (%)	 1.82	 2.80	 1.82	 2.80
Ash (%)	 9.20	 11.22	 9.20	 11.22
M.Energy (kcal/kg)	 4,000	 3,800	 4,000	 3,800
Methyltestosterone (mg/kg)	 -	 -	 3	 3

groups. MT (3 mg/kg feed) was dissolved 
in a few mL of butyl alcohol and then di-
luted with 95% ethanol so that it could be 
sprayed onto the feed while turning in a 
mixer. The feed used for the controls was 
sprayed with ethanol only. The feeding ma-
terial was left to air-dry overnight to elim-
inate the alcohol and then stored at 4°C 
for use during the experiments (INGRAM, 
1988; GANNAM and LOVELL, 1991).

The fish were fed 5-6 times per day in 
the fry period and 3 times a day, ad-libi-
tum, from the fingerling period to mar-
ket size. The experimental group received 
feed treated with MT for 56 days. After 
this period, they were fed a non-treat-
ed diet for the remaining 299 days. The 
fish in the control group were given feed 
without MT and after this period normal 
feed was given until the end of the ex-
periment.

At the end of the experiment, eight 
fish were randomly taken from each 
group for chemical residue analysis and 
25 fish (average weight 295 g) were tak-
en at random for measurements of the 
internal organs and carcass, and to de-
termine fillet efficiency, and the hepato- 
and gonadosomatic indexes. The chemi-
cal analyses were carried out in compli-
ance with the Weende methods of anal-
ysis (AKKILIC and SURMEN, 1979).

Residue analysis in fish muscle

Residue analysis was conducted in 
fish muscle to determine the presence 
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of residual 17α-methyltestosterone. 
Eight fish were randomly selected from 
the control and study groups (duplicate 
runs), frozen and put in clean styrofoam 
boxes (ANONYMOUS, 2000) for transport 
to the pharmacology laboratory of Bor-
nova Veterinary Institute for Control and 
Research, Izmir, Turkey.

The residue was determined by GC-
MS, modifying the procedures reported by 
HEITZMAN (1994) and SAEED et al. (1999). 
Two sets of samples were prepared by ho-
mogenizing muscle from individual sub-
jects separately and from pooled muscles 
from each group. The following steps were 
then carried out for residue analysis.

Enzymatic hydrolysis

The MT hormone was first hydrolyzed 
by mixing 1 g of homogenized muscle 
with 300 µL β-glucoronidase in pH 9 
buffer followed by incubation at 60°C for 
2 hours. The enzymes in the liquid phase 
were separated and 5 mL diethyl ether 
was added onto the hydrolyzed samples 
and evaporated to dryness at 40°C us-
ing a rotary evaporator. This procedure 
was repeated twice.

The residue was dissolved in 100 µL 
absolute ethanol and 4 mL distilled wa-
ter. Sep-Pak chromatographic cartridges 
(Waters GmbH, Eschborn, Germany) were 
previously conditioned with 5 mL of meth-
anol and then with 5 mL of distilled water. 
The residue was injected into these car-
tridges. In the residue, methyltestosterone 
was retained on the SPE-cartridge under 
these conditions. After washing the car-
tridge, methyltestosterone was eluted with 
2 mL of absolute ethanol. The eluate was 
transferred to a small sealed.

Derivative formation

To obtain the trimethylsilyl derivative 
(TMS) needed for chromatographic analy-
sis, the ethanol in the hydrolyzed residue 
was evaporated and treated with 100 µL
bis(trimethylsilyl)trifluoroacetamide (BST-

FA) containing 1% trimethylchlorosilane 
(TMCS), mixed in a blender and incubat-
ed for one h at 60°C. After incubation, the 
mixture was evaporated to dryness un-
der a stream of nitrogen at 50°C and the 
residue was dissolved in 25 µL iso-octane 
and injected into the GC-MS (SAEED et al., 
1999; MEINERTZ et al., 1999).

GC-MS analysis

For residue analysis, a Hewlett-Pack-
ard (HP) model 6890 gas chromatograph 
(Agillent, Waldbronn, Germany) with a 
HP5973 Mass Selective Detector was used 
to identify and quantify the MT in 2 µL al-
iquots of the TMS-derived samples.

Chromatographic conditions

A 25 m, 0.25 ID fused silica capillary 
column coated with SE-52 was used. The 
initial temperature was 100°C, the final 
temperature 280°C was reached in incre-
ments of 20°C/min. Helium was used as 
carrier gas at a flow rate of 2 mL/min. 
The samples were injected at a temper-
ature of 280°C. For detection, the ioni-
zation energy was 70 eV, full scanning 
from 40 to 700.

The chemical structure of fish, crude 
protein (CP), crude fat (CF), ash (A) and 
moisture, the hepatosomatic (HSI) and 
gonadosomatic (GSI) indexes, carcass 
efficiency (CE) and fillet efficiency (FE) 
were examined and the formulas sug-
gested by AKYILDIZ (1984), HALVER 
(1989) and HEPHER (1990) were used for 
the calculations.

The results were statistically analyzed 
using a one-way dimensional analysis of 
variance (ANOVA) contained in the SPSS 
software package.

RESULTS AND DISCUSSION

The differences between the crude pro-
tein and ash contents of the fish meat 
in the experimental and control groups 
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were not significant (P>0.05), but the 
crude fat and moisture contents were 
significant (P<0.05) (Table 2). The differ-
ences between the values of internal or-
gan, carcass, and fillet efficiency values, 
GSI and HSI of the groups were not sig-
nificant (P>0.05).

It is known that there is a negative 
correlation between the moisture ratio 
and raw fat in fish (VARLIK, 2004). SHEL-
BOURN et al. (1992) reported that ap-
plying 17α-methyltestosterone to salm-
on (O. kisutch) decreased the fat ratio by 
30%. SIMONE (1990) reported that MT 
administration decreased moisture, fat 
and protein ratios in fish meat. In con-
trast, other authors have reported that 
there is no change in moisture, fat and 
protein ratios in fish meat with MT ad-
ministration (MIWA and INUI, 1986; DE-
GANI, 1986; WOO, et al. 1993). Anabol-
ic steroids like MT cause a decrease in 
fat and lower fat synthesis, thus caus-
ing a decrease in fat storage (KAYA, 1984; 
QUATTRUCCI, 1987).

While the application of MT decreased 
the HSI value in rainbow trout, the de-
crease was not significant (Table 2). PI-
FERRER et al. (1986) reported the same 
results. The decrease in the HSI value 
could be the result of MT preventing the 
storage of some food (such as fat) which 
was stored in the liver or preventing the 
development of cells by degenerating liv-
er cells with a pathological effect (HER-
MAN and KINCAID, 1988).

MT administration did not change 
the internal organ ratio, carcass, fillet 
yield and GSI parameters (Table 2). OS-
TROWSKI and GARLING (1988) reported 
similar results. Age, gender, internal or-
gan composition and GSI values direct-
ly influence the carcass and fillet yields 
of fish (GJERDE and GJERDEM, 1984; 
HORSTGEN-SCHWARK et al., 1986).

Unlike most other steroids, 17α-meth-
yltestosterone did not leave any residue. 
In previous studies it has been report-
ed that the amount of MT in fish tissues 
as a result of androgen and estrogen ap-

plication was the same as that in wild 
fish. Therefore, there are no drawbacks 
to consuming these fish in terms of hu-
man health (GOUDIE et al., 1986; STICK-
NEY, 1991; ARIMAN, 2000). The results 
of this study show that there is no MT 
residue in the fish and support the use 
of 17α-methyltestosterone administra-
tion in trout culture.

17α-Methyltestosterone can be given 
to rainbow trout because of its fat de-
creasing effect and because there is no 
MT residue. Low fat content in fish meat 
gives it a dietetic property that affects 
consumer preference in a positive way. 
However, further studies are needed to 
determine the effects of 17α-methyltesto-
sterone on the liver and other organs.
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hızlandırıcı maddeler ve sakıncaları. Ankara 
Üni. Veteriner Fakültesi Dergisi 3: 410. Ankara.

Mayer I. and McLean E. 1995. Biotechnological 
and bioengineering strategies for reduced waste 
aquaculture. Water Sci. Technol. 31: 85.

Matty A.J. 1985. “Fish Endocrinology”. p. 267. Tim-
ber Press Ltd. Portland, USA.

Meinertz J.R., Stehly G.R., Hubert T.D and Ber-
nardy J.A. 1999. Liquid chromatographic deter-
mination of benzocaine and N-acetylbenzocaine 
in the edible fillet tissue from rainbow trout. J. 
Chromatog. 855: 255.

Miwa S. and Inui Y. 1986. Inhibitory effects of 17α-
methyltestosterone and 17β-estradiol on smol-
tification of sterilized amago salmon (Oncorhyn-
chus rhodurus). Aquaculture 53: 21.

Ostrowski A.C. and Garling D.L. 1988. Influences 
of anabolic hormone treatment and dietary pro-
tein; energy ratio on condition and muscle dep-
osition of rainbow trout. The Progressive Fish-
Culturist 50: 136.

Piferrer F., Carrillo M. and Zanuy S. 1986. Effects of 
injections of 17α-methyltestosterone on the ex-
ternal features and growth of juvenile Sea Bass 
(Dicentrarchus labrax L.). Inv. Pesq. 50: 213.

Quattrucci E. 1987. Natural sex hormones and their 
residues in food of animal origin. Hormones in 
food: Occurence and hazards. “Toxicological As-
pects of Food”. Elsevier Applied Science Publish-
ers Ltd., England.

Regost C., Arzel J., Cardinal M., Laroche M. and 
Kaushik S.J. 2001. Fat deposition and flesh 
quality in sea water reared, triploid brown trout 
(Salmo trutta) as affected by dietary fat levels and 
starvation. Aquaculture 193: 325.

Ronsholdt B. and McLean E. 2004. Effect of growth 
hormone and salbutamol on growth perform-
ance, filet proximate composition and pigmen-
tation of rainbow trout (Oncorhynchus mykiss). 
Aquaculture 229: 225.

Saeed T., Naimi I., Ahmad N. and Sawaya W.N. 1999. 
Assessment of the levels of anabolic compounds 
in Kuwait meat industry: optimization of a mul-
tiresidue method and the results of a prelimi-
nary survey. Food Control 10: 169.

Shelbourn J.E., Clarke W.C., McBride J.R., Fager-
lund U.H.M. and E.M. Donaldson. 1992. The 
use of 17α-methyltestosterone and 3,5,3-triio-
do-L-thyronine for sterilizing and accelerating 
the growth of zero-age coho salmon smolts (On-
corhynchus kisutch). Aquaculture 103: 85.

Simone D.A. 1990. The effects of the synthetic ster-
oid 17α-methyltestosterone on the growth and 
organ morphology of channel catfish (Ictalurus 
punctatus). Aquaculture 84: 81.

Stickney R.R. 1991. “Culture of Salmonid Fishes”. 
p. 189. CRC Press, Florida.

Vandenberg G.W. and Moccia R.D. 1998. Growth 
performance and carcass composition of rain-
bow trout, Oncorhynchus mykiss, fed the β-ago-
nist ractopamine. Aquac. Res. 29: 469.

Varlık C. 2004. “Su Urunleri İsleme Teknolojisi”. 
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New: First edition
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‘Food safety online’

‘Food Safety Online’ is published by 
Food Doctors (www.fooddoctors.com). It 
is an electronic monthly magazine which 
keeps you informed about new develop-
ments with regard to food safety. Special 
attention is paid to:

- innovative scientific developments;
- food related problems;
- general hygiene issues in relation to 

food handling; and
- risk assessment. 
Primarily, scientific background in-

formation will be supplied, which is es-
sential to produce and prepare food-
stuffs in a safe and hygienic way. The 
items are written in a comprehensi-
ble way, enlightened by tables and 
graphs.

The target group encompasses quality 
assurance managers, product develop-
ment managers and legal affairs manag-
ers in the area of production, handling, 
processing and catering of food, manag-
ers in charge of food safety surveillance 
within Food Safety Authorities, consul-
tants in food safety and scientists inter-
ested in food safety.

Contents first edition
- Post-launch monitoring of phytoster-

ol/-stanol enriched margarine
- Salmonella outbreak in a hotel: most 

probably caused by tiramisu made from 
raw eggs

- Panic in Austria: 113 persons at-
tacked by Staphylococcus aureus food 
poisoning

- New: Bacteriophage treatment 
for decontamination of hides of live-
stock

- Salmonella outbreak in Italy
- Pathogenic micro-organisms in meat 

and poultry in the Netherlands
- Campylobacter in raw meat and poul-

try in New Zealand
- Health hazard alerts and recalls
- Majority of food recalls in Canada 

due to allergens
- Antibiotic resistance is common in 

Salmonella and E. coli isolates from cat-
tle

- Food poisoning by Bacillus pumilus 
after a rice meal

- Can floor heating prevent Campylo-
bacter-infections in poultry?

You can subscribe to ‘Food Safety On-
line’ for € 55,00 net per annum.

ENCAPSULATION
AND CONTROLLED

RELEASE TECHNOLOGIES
IN FOOD SYSTEMS

Edited by Jamileh M. Lakkis, 
Ph.D., formerly serving as Senior 
Project Manager at Pfizer/Cadbury-
Schweppes, Morris Plains, NJ, and 
as Senior Encapsulation specialist 
for General Mills, Inc., Minneapolis, 
MN, USA

256 pages, hardback
January 2007
ISBN: 9780813828558
Price: £ 105,00
Publisher: Blackwell Publishing
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“Advances in Thermal and Non-Ther-
mal Food Preservation” provides cur-
rent, definitive and factual material 
written by experts on different ther-
mal and non-thermal food preservation 
technologies. Emphasizing inactivation 
of microorganisms through the applica-
tion of traditional as well as newer and 
novel techniques and their combina-
tions, the book’s chapters cover:

- thermal food preservation tech-
niques (e.g., retorting, UHT and aseptic 
processing),

- minimal thermal processing (e.g., 
sous-vide processing), and

- non-thermal food preservation tech-
niques (e.g., high pressure processing 
and pulsed technologies).

“Advances in Thermal and Non-Ther-
mal Food Preservation” will be useful 
for food industry personnel as many of 
the techniques described in the book 
are being commercially implement-
ed in food processing facilities all over 
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uable reference text for those who di-
rectly or indirectly are involved in food 
safety microbiology, emerging trends in 
food preservation technologies or doing 
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useful as a text for graduate students 
in food microbiology, food process engi-
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scribing the inactivation of microorgan-
isms through conventional and newer, 
more novel techniques.
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First Circular Call for Papers

32nd INTERNATIONAL 
SYMPOSIUM ON CAPILLARY 

CHROMATOGRAPHY
AND

5th GC X GC SYMPOSIUM
26-30 May, 2008

Riva del Garda, Italy

The Program

• Review papers by leading scientists 
in the field covering the latest develop-
ments.

• Key note lectures by young scien-
tists.

• Contributed papers presented in 
poster sessions.

• Discussion sessions to stimulate in-
tense scientific exchange.

• Workshop seminars presenting the 
latest developments in commercial in-
strumentation.

• Exhibition.
• 5th GC x GC Symposium
• Course on GC x GC Sunday May 

25th

Submission of Papers

Authors intending to submit papers 
for the symposium will be required to 
adhere to the following deadlines:

A 300 word abstract must be received 
no later than January 15, 2008. For ab-
stract submission see the website.

Notification of acceptance will be 
mailed to the authors by February 15, 
2008.

For updates. consult the website.

Central Organization

Prof. Dr. P. Sandra - I.O.P.M.S. - 
Kennedypark 26 - B-8500 Kortrijk - Bel-
gium - Tel. (32) 56-204031 - Fax (32) 56-
204859 - e-mail: riva2008@richrom.com 
- website: www.richrom.com

4th INTERNATIONAL MILK 
GENOMICS & HUMAN HEALTH 

SYMPOSIUM SPEAKER 
PROGRAM ANNOUNCED

Brussels, 6 August 2007 - The speaker 
program for the 4th International Sym-
posium on Milk Genomics & Human 
Health, to be held November 7-9 at the 
COPIA Center for Wine, Food & the Arts 
in Napa, California has been released.

This two-and-a-half-day event, organ-
ized by the California Dairy Research 
Foundation (CDRF) and sponsored by 
IDF and other partners, will gather inter-
national experts in nutrition, genomics, 
bioinformatics and milk to address the 
status of milk-specific genomic research. 
Members of the International Milk Ge-
nomics Consortium (IMGC) also will meet 
to set future agendas for the group.

Day one sessions will focus on presen-
tations of recent research breakthroughs 
in the areas of evolutionary genetics; bi-
oinformatics, tools and applications; the 
bovine genome; and genetic diversity in 
milk and lactation.

Day two will focus on the activities of 
milk and genomics centers from around 
the world with the goal to increase co-
ordination among researchers. Topics 
include the targets of milk bioactives; 
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mammary epithelia and milk production; 
the milk fat globule proteome; and bac-
teria the other consumers of milk.

The Symposium will wrap up with 
highlights from researchers throughout 
the world followed by an in-depth discus-
sion of the International Milk Genomics 
Consortium, including knowledge man-
agement tools developed for the Consor-
tium, led by Matthew Lange and Danielle 
Lemay of UC Davis and the IMGC Web 
Portal Group.

For registration information, visit www.
milkgenomics.org or register online at www.
acteva.com/go/cd rf

DAIRY INDUSTRY TO EXPLORE 
DEVELOPMENTS

IN ICE CREAM PRODUCTS
3rd IDF International Symposium

on Ice Cream
Cologne - Germany

4-6 December, 2007

Many representatives of major re-
search institutes, universities, dairy in-
dustry, owners of companies, manag-
ing directors, heads of development and 
production, quality and technical man-
agers will gather at “INTER-ICE 2007”, 
the Third IDF International Symposi-
um on Ice Cream, 4-6 December 2007 
in Cologne, to provide new insights into 
current and future research, technolo-
gy and industrial application in the field 
of ice cream.

Thirty-four top international pro-
fessionals from eleven countries from 
academia and industry will present lat-
est developments in ice cream. Presen-

tations will cover areas such as process-
ing, technology, analysis, new markets 
and raw materials.

IDF ANNOUNCEMENT
INTERNATIONAL SYMPOSIUM

ON REVOLUTION
IN FOOD SAFETY MANAGEMENT

Nusa Dua, Bali - Indonesia
13-15 February, 2008

The International Dairy Federation 
has announced that an International 
Symposium on Revolution in Food Safety 
Management will be organized with the 
technical cooperation of the Food and 
Agriculture Organization of the Unit-
ed Nations (FAO) and co-sponsored by 
the World Health Organization (WHO) in 
Nusa Dua, Bali/Indonesia, 13-15 Feb-
ruary 2008.

The symposium aims at improv-
ing food safety and dairy development 
worldwide by providing practical guid-
ance for the implementation of new 
concepts and tools of a risk-based ap-
proach in the dairy production chain. 
Various elements in effective manage-
ment of microbiological and chemical 
hazards relevant to the dairy chain will 
be covered. This will enable the dairy 
sector, including dairy businesses in 
emerging countries, to better under-
stand these new approaches and con-
sider the feasibility of their applica-
tion in their sector. It will therefore fo-
cus on practical experiences, challeng-
es, planning and feasibility by means 
of presentations on the various con-
cepts. Case studies and practical ex-
amples will also be presented.
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