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AbstrAct

the aim of this study is to compare the effects of gaseous treatments on the control on posthar-
vest decay. specifically, cold-stored tomatoes (Solanum lycopersicum L.) and strawberries (Fragar-
ia x ananassa Duch.) were kept at 12° and 2°c, respectively, under 95% rH and exposed to Air 
(control), Ozone (0.5 ppm), Negative Air Ions (NAI, 6.1 x 106 ions/cm3) and a NAI+Ozone mixture 
(0.5 ppm and 6.1 x 106 ions/cm3) for 15 days. the effects of the gaseous treatments on control of 
epiphytic microflora and the development (disease incidence and aerial mycelial growth) of Bot-
rytis cinerea Pers. and Penicillium expansum Link on the artificially inoculated fruits were evalu-
ated. the examined treatments reduced superficial microbial contamination after 15 days of ex-
posure. the best performance was achieved by the NAI+Ozone treatment combined with electro-
static filters; this treatment resulted in decreases in bacteria and yeast by 2.5 Log10 cfu/g. Visi-
ble mycelia and spore production on the artificially inoculated fruits were also considerably sup-
pressed in the presence of ozone and/or NAI with a variable degree of success. the most promis-
ing results were obtained with the NAI+Ozone treatment; the disease incidence was considerably 
reduced, and the mean sporulation index never surpassed a value of 1, which completely inhib-
ited spore formation. the fungistatic effect vanished when the fruits were removed from the at-
mosphere enriched with oxidizing agents.
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INtrODUctION

In recent years, increasing attention has been 
focused on the safety and quality of fruits and 
vegetables and specifically on postharvest treat-
ments administered to reduce or to eliminate 
pathogens from fresh, raw produce and to in-
crease the produce’s shelf life. the numbers of 
produce-associated foodborne diseases and cas-
es of illness due to food pathogens have risen 
significantly (tAUXE et al., 1997). Moreover, the 
loss of fresh fruits and vegetables caused by mi-
crobial spoilage that occurs between the time of 
harvest and consumption is estimated to be as 
high as 30% (bEUcHAt, 1991).

strawberries (Fragaria x ananassa Duch.) and 
tomatoes (Solanum lycopersicum L.) are impor-
tant economic products in southern Italy. Italy 
yields 130,000 tons of strawberries every year, 
ranking among the most important producers 
of this crop in the world. these fruits are high-
ly perishable and are susceptible to spoilage, 
which is primarily caused by Botrytis cinerea 
Pers. (sOMMEr et al., 1992; KItINOJA and KAD-
Er, 2002). strawberries must be handled gently 
and stored at recommended temperatures un-
der 90 to 95% relative humidity (rH) to prevent 
chilling injuries. According to common practice, 
high-quality fruit maintenance is ensured by us-
ing plastic film packaging and a high cO2 con-
centration during a short storage period (WAt-
KINs et al., 1999; LI and KADEr, 1989; WELLs 
and UOtA, 1970).

Additionally, Italy has produced approximate-
ly 1.85 million tons of tomatoes over the past 
three years. the postharvest storage of natural-
ly ripened tomato fruits is limited, due to sof-
tening and disease development (bArKAI-GOLAN 
et al., 1989). After tomatoes are harvested, they 
are more prone to bruising and subsequent at-
tack by bacterial and fungal pathogens, such as 
Botrytis cinerea, Penicillium expansum, Rhizopus 
stolonifer, Geotrichum candidum, and Fusarium 
oxysporum (MAHOVIc et al., 2002). Furthermore, 
tomatoes are notably sensitive to temperatures 
lower than 8°c, which may cause pitting and 
non-uniform ripening. therefore, storage must 
be carried out at temperatures between 10° and 
12°c under approximately 95% rH (WILLs et 
al., 1998).

Microbial spoilage is most commonly control-
led by decontaminating fruit (by washing with 
water containing chlorine-based disinfectants 
prior to storage or packaging) and/or modify-
ing the storage and transit environment of fruits 
(e.g. through fungicide application) (sNOWDON, 
1990). chlorine and its derivatives are inexpen-
sive and are effective against all types of vegeta-
tive cells. However, their use confers many seri-
ous disadvantages, such as being harmful and 
irritating to workers at high concentrations, be-
ing toxic to the environment (bELLAr et al., 1974; 
trUssELL and UMPHrEs, 1978) and demand-

ing high water volumes for post-treatment rins-
es. Moreover, environmental and health organ-
izations have expressed concerns regarding the 
formation of byproducts from their use, such as 
trihalomethanes and haloacetic acids, which are 
mutagenic and carcinogenic. Additionally, these 
substances can contaminate drinking water and 
food, which adversely affects public health and 
the environment (native aquatic and terrestrial 
species) (trUssELL and UMPHrEs, 1978).

some commodities, such as soft fruits, stone 
fruits, grapes, strawberries and other berries, are 
easily damaged by water dipping and drenching; 
therefore, they are more commonly gassed with 
antimicrobial agents, such as sulfur dioxide (for 
table grapes), which are toxic to consumers and 
the environment. In addition, large amounts of 
synthetic fungicides are currently used in or-
chards to prevent and treat pathogen infec-
tions. Many of these chemicals are now ineffec-
tive, due to the evolution of pathogen-resistant 
strains (sAPErs, 1998; sMILANIcK, 2003). Fur-
thermore, these chemicals leave residues on the 
fruit surface and ultimately affect public health. 
therefore, there is growing interest in pesticide 
toxicity, due to health and environmental con-
cerns. However, commercial losses remain sig-
nificant because current procedures are ineffec-
tive (sPOtts and PEtErs, 1980; sAPErs, 1998).

therefore, there is interest in developing safe 
and effective residue-free disease control strat-
egies, including the application of gaseous or 
aqueous ozone (NEFF, 1998; rIcE, 1999). In 
1997, ozone was affirmed as being generally 
recognized as safe (GrAs) as a disinfectant for 
foods by an independent panel of experts (GrA-
HAM, 1997) sponsored by the Electric Power re-
search Institute (EPrI). In Europe and the Us, 
ozone is currently used in potable water treat-
ment plants. the Us Food and Drug Administra-
tion has approved gaseous and aqueous ozone 
phases as a food additive for food treatment, 
storage and processing (Federal register, 2001). 
Ozone is one of the most potent oxidants that 
are known. Ozone’s standard reduction poten-
tial (E°) is +2,076 V (MANLEY and NIEGOWsKI, 
1967), and it is effective against a much wider 
spectrum of microorganisms than are chlorine 
and other disinfectants (NEFF, 1998). Moreover, 
ozone leaves no detectable chemical residues in-
side or on the surface of treated products (GrA-
HAM, 1997; rIcE, 1999). Ozone is safer to use 
than many other chemical treatments, due to its 
relatively short half-life (minutes in the aqueous 
phase and approximately 30 min in the gaseous 
phase). Furthermore, ozone decomposes into di-
atomic oxygen, it has a characteristic odor and 
is not recognized as a carcinogen or mutagen.

Among the other advantages of ozone, it is 
noteworthy that it can destroy pesticides, chem-
ical residues (WU et al., 2007; HWANG et al., 
2001; ONG et al., 1996) and mycotoxins (cAt-
ALDO, 2008; INAN et al., 2007; YOUNG et al., 
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2006) that exist on food surfaces. Ozone can 
also slow the fruit and vegetable ripening proc-
ess. treatment of fruits and vegetables with gas-
eous phase ozone has principally been used to 
increase shelf-life (LOVINO et al., 2007; rIcE et 
al., 1982; NOrtON et al., 1968).

several studies have demonstrated that ozone 
gas prevents spore production and the germina-
tion of some fungi (HArDING, 1968; KrAUsE and 
WEIDENsAUL, 1977; PALOU et al., 2002, 2003, 
2006; NADAs et al., 2003; KArAcA and VELIOG-
LU, 2007; tZOrtZAKIs et al., 2007, 2008). the 
normal infection cycle resumes when fruits are 
removed from an ozone-enriched atmosphere. 
High ozone concentrations are required to kill 
rapidly fungal mycelia or pathogenic spores that 
cause various diseases (such as blue mold, sour 
rot, and green mold) (sMILANIcK, 2003). Howev-
er, excessive ozone concentrations oxidize food 
surfaces (especially in products that have a low 
ozone tolerance), which results in discoloration 
and deterioration of flavor and hedonic char-
acteristics (rIcE et al., 1982). In addition, high 
ozone concentrations require corrosion-resistant 
facilities and appropriate safety measures (the 
current threshold Limit Value - short term Ex-
posure Limit that has been established by the 
Us Occupational safety and Health Administra-
tion for gaseous ozone is 0.3 ppm).

Although the sanitizing effects of Negative Air 
Ions (NAI) on living organisms have been debat-
ed, researchers agree that NAI can be bacterio-
static (KrUEGEr and rEED, 1976; cHArrY and 
KAVEt, 1987; rEItEr, 1993; tANIMUrA, 1997). 
NAI have been shown to reduce airborne micro-
bial contamination in dental clinics (GAbbAY et 
al., 1990), to reduce salmonella contamination 
in chicken hatcheries (GAst et al., 1998) and to 
control the airborne spread of viruses in poul-
try houses (MItcHELL and KING, 1994). Addi-
tional studies (tANIMUrA et al., 1998, 1999; FAN 
et al., 2002) have reported improvement of the 

sanitizing activity of ozone against certain bac-
teria when used in conjunction with NAI; how-
ever, the mechanism of this synergistic action 
was not explained. tUFFI et al. (2009) obtained 
promising results regarding the in vitro develop-
ment of B. cinerea and P. expansum. this syner-
gism could improve the efficacy of ozone treat-
ment; equally promising, it could enable the use 
of lower ozone doses.

Finally, various food components have an im-
portant effect on the antimicrobial activity of 
ozone (and probably also NAI). some authors 
(rEstAINO et al., 1995 and GUZEL-sEYDIM et al., 
2004) have shown that the presence of such sub-
stances as fat and protein may compete with mi-
croorganisms for ozone. the precise mechanism 
that explains the protective effects of these sub-
strates is unclear. However, it has been hypothe-
sized that ozone more readily oxidizes substrate 
components than microbial cells. therefore, the 
best results from using ozone and NAI are ap-
parently achieved in water-rich substrates, such 
as fruits and vegetables.

the aims of this study are to compare the dis-
infecting action of ozone and NAI on epiphytic 
flora and two phytopathogenic fungi of fresh to-
matoes and strawberries and to verify the ex-
istence of a synergistic sanitizing effect of the 
NAI+Ozone mixture in reducing food-borne dis-
ease and decay.

MAtErIALs AND MEtHODs

Pilot plant

the experiments were conducted in a stain-
less steel pilot plant (prototype from Ionex s.r.l.), 
which is shown in Fig. 1. the plant had a volume 
of 1 m3 and consisted of a treatment chamber 
and a fan to generate airflow. the input air was 
ambient air that was first enriched with ozone 

Fig. 1 - Pilot plant scheme: (1) inlet air, (2) inlet air gate, (3) ventilation fan, (4) -8 kV corona discharge ozone generator, (5) 
-12 kV corona discharge NAI generator, (6) test chamber, (7) recirculation air gate, (8) outlet air gate, (9) activated carbon fil-
ter and (10) outlet air.
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using a corona discharge generator (-8 kV ozone 
generator) and subsequently enriched with NAI 
using a corona discharge generator (-12 kV NAI 
generator). the gas mixture was recycled into the 
test chamber using a fan. the output air was fil-
tered through an activated charcoal filter. the 
ozone and NAI concentrations in the test cham-
ber were set by regulating the inlet and outlet 
valves, which adjusted the quantity of ozone-
free fresh air that was introduced into the pilot 
plant. the plant, which operated with partial air 
recirculation, was installed in a 20 m3 industri-
al cold storage room maintained at 2°±1°c for 
strawberries and 12°±1°c for tomatoes with a 
high relative humidity (95 - 98% rH).

Inside the treatment chamber, a 0.7 m/s air 
flow was maintained, and the ozone and NAI con-
centrations were set at 0.5 ± 0.05 ppm (v/v) and 
approximately 6.1 x 106 ions/cm3, respectively. 
the ozone concentration was monitored contin-
uously using an ozone analyzer (model Os-4, 
Eco sensors, Inc., santa Fe, New Mexico, UsA), 
while the NAI concentration was measured with 
an ion detector (Air Ion counter, Alpha Lab, Inc., 
salt Lake city, Ut, Usa). A thermo-hygrometer 
(model 635, testo, Milan, Italy) was used to con-
trol the temperature and air humidity in the pi-
lot plant and in the cold storage room.

Fruit

strawberry and tomato fruits were purchased 
from a local market (Andria, bA, Italy) and were 
stored for one day at 2° and 12°c, respective-
ly, at 95 - 98% rH under plastic bags to pre-
vent weight loss before the application of any 
postharvest treatment. the berries were select-
ed based on quality, uniformity of size and ripe-
ness. the berries were subsequently randomized 
and sorted in plastic trays before being placed 
into the treatment chamber of the pilot plant. 
Four replicates (trays) containing 20 fruits inoc-
ulated with Botrytis cinerea or Penicillium expan-
sum and uninoculated berries (for the epiphytic 
flora experiment) were exposed continuously for 
15 days to one of the following treatments: Air 
(control), Ozone, NAI and NAI+Ozone. both the 
fruits inside each tray and the trays inside the 
treatment chamber were placed randomly. the 
experiments addressing B. cinerea and P. expan-
sum were performed separately, and each treat-
ment was conducted twice. 

Epiphytic flora experiment

to observe the effect of the treatments on bac-
terial and yeast growth on the food surface, three 
samples (A, b and c, which contained 5 or 6 ber-
ries each) were evaluated at the beginning and 
end of each test. the samples were transferred 
into sterile bags, and a sterile physiologic solu-
tion (0.9% w/v) was added to produce a 1:3 di-
lution. the bags with the samples were subse-

quently shaken for 30 minutes at approximate-
ly 150 rpm. One milliliter of the shaken sample 
was serially diluted in 9 mL of sterile physiolog-
ic solution. the serially diluted samples were 
spread (0.1 mL) in duplicate onto plate count 
agar (PcA) dishes for the mesophilic bacteria and 
rose bengal Agar containing chloramphenicol 
for the yeast. the PcA plates were incubated at 
30°c for 2 days, whereas the rose bengal Agar 
plates were incubated at 25°c for 5 days. Four 
experiments were performed for each treatment.

to investigate the effects of the NAI+Ozone 
treatment on tomatoes, an additional epiphytic 
flora experiment was performed in which the 
ozone and NAI concentrations remained con-
stant. two electrostatic filters (-9 kV per filter), 
which were assembled in series, were added to 
the pilot plant to verify whether it was possible 
to improve the system’s performance.

Decay development experiments

Pure cultures of Botrytis cinerea Pers. and 
Penicillium expansum Link were kept refrigerat-
ed in test tubes. before each experiment, young 
cultures were prepared by incubating the fungi 
in Petri dishes (90 mm in diameter) containing 
potato dextrose agar (PDA) medium at 25°c for 
10 days (5 days under lamp light and 5 days in 
the dark). Eight milliliters of sterile water and 
1-2 drops of tween-80 were added to each dish, 
and spores were gently removed from the agar 
surface with a sterile loop. the resulting high-
density spore suspension was filtered through a 
funnel containing two layers of sterile cotton lint 
in a flask after which the density of the suspen-
sion was measured with a hemocytometer (blau 
brand, Wertheim, Germany) and diluted with 
sterile water to yield a density of 107 spores/mL.

strawberries and tomatoes were inoculated 
by briefly immersing a sterile needle in a test-
tube containing either a B. cinerea or P. expan-
sum spore suspension following which each ber-
ry was wounded once with the needle between 
its equator and calyx. the wound was approx-
imately 1 cm long and 2-3 mm deep to prevent 
mold growth inside the berry where the gaseous 
agents could not penetrate (PALOU, 2001). the 
storage time for each experiment was fixed at 
15 days, and samples were collected on days 2, 
6, 8, 10, 12 and 15 for the strawberries and at 
days 2, 6, 9, 11, 13 and 15 for the tomatoes. Dis-
ease incidence (the percentage of infected ber-
ries) and severity were monitored at each sam-
pling. A sporulation index was used to quanti-
tatively determine the development of mycelial 
aerial growth on the surface of inoculated fruit. 
Values of 0, 0.5, 1 and 2 indicated the following 
conditions: the presence of soft lesion but the 
absence of spores and mycelium, the presence of 
mycelium but the absence of spores, and either < 
5% or 5 - 30% of the fruit surface being covered 
with spores, respectively (EcKErt and brOWN, 
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1986; PALOU et al., 2003) (Fig. 2). to evaluate 
post-treatment fungistatic effects, the strawber-
ries that had been subjected to the NAI+Ozone 
treatment for 15 days were removed from the 
enriched atmosphere and stored for three addi-
tional days in a cold room under an air atmos-
phere with the same temperature and rH con-
ditions as used in the experiment.

statistical analyses

the data were subjected to analysis of vari-
ance (ANOVA), and the means were separated 
by Duncan’s multiple range test (at P<0.05) to 
determine the presence of significant differenc-
es in disease incidence, the sporulation index 
and proliferation of epiphytic flora with respect 
to the mean value of the experiments. the per-
centage data were arcsine square-root trans-
formed prior to ANOVA.

rEsULts

Epiphytic flora experiment

the results of the epiphytic flora evaluation 
are reported in table 1. Increases in the microbi-
al load in Air (control) depended on the prolifera-
tion of microorganisms on a berry’s surface and 
on airborne contamination. In almost all cases, 

Fig. 2 - Example of the sporulation index for P. expansum on a wounded fruit at different stages of development.

table 1 - Variations in epiphytic microorganism popula-
tions (Dlog10 cfu/g = log10 cfu/g at the final time - log10 cfu/g 
at the initial time) after 15 days of exposure of strawber-
ry and tomato fruits to Air, NAI, Ozone and NAI+Ozone. 
the values in the same row that share a common letter 
are not significantly different according to Duncan’s test 
(P<0.05). the underlined values show a synergistic effect 
of the NAI+Ozone treatment.

	 	 Air	 NAI	 Ozone	 NAI+Ozone

Strawberry	 Bacteria	 +0.2	a	 -1.1	b	 -1	b	 -1.3	b
	 (Dlog10	cfu/g)

	 Yeasts	 +0.2	a	 +0.1	a	 -0.1	b	 -0.7	c
	 (Dlog10	cfu/g)

Tomato	 Bacteria	 +2.6	a	 -0.1	b	 -0.2	b	 -0.5	c
	 (Dlog10	cfu/g)

	 Yeasts	 +1.6	a	 +0.2	b	 -0.1	c	 -0.4	d
	 (Dlog10	cfu/g)

the treatments with sanitizers reduced microbi-
al contamination. the yeasts were more resist-
ant to the sanitizers, especially to NAI. Low tem-
perature slowed the proliferation of mesophilic 
bacteria and yeast in Air and improved the an-
timicrobial activity of the gaseous treatments. 
the NAI+Ozone treatment acted synergistically 
in three of the four cases (underlined values). An 
even stronger result is achievable using electro-
static filters; in this case, the NAI+Ozone treat-
ment reduced the numbers of epiphytic micro-
organisms present by 2.5 log10 cfu/g for both 
the bacteria and yeasts, which produced a no-
tably lower value compared to the results re-
ported in table 1. there are two possible expla-
nations for this positive result: the electrostat-
ic filters prevented the airborne biological con-
taminants from reaching the surface of the ber-
ries and the removal of dust particles and/or mi-
croorganisms from the air stream increased the 
amounts of ozone and NAI present, which en-
hanced their action against the epiphytic flora.

Decay development experiments – 
strawberry

the results for the strawberries inoculated 
with B. cinerea during cold storage (2°c, un-
der 92 - 98% rH) in the pilot plant are shown 
in Fig. 3. the graphs indicate the number of 
strawberries (expressed as a percentage) infect-
ed (Fig. 3a) and the mean sporulation index (Fig. 
3b) of the different treatments as a function of 
the storage period. In the Air treatment, trac-
es of gray mold had already appeared after two 
days of storage (Fig. 3a). the number of infect-
ed strawberries increased considerably on the 
sixth day (more than 30% of the strawberries 
were rotted), and more than 75% of the fruits 
were infected on the last sampling date. Dur-
ing storage, the percentage of rot was always 
lower in the NAI, Ozone and NAI+Ozone treat-
ments; however, in the last control, 70% of the 
NAI-treated strawberries rotted (NAI was not 
statistically different from the control), while 
Ozone and the combination of NAI+Ozone re-
duced the incidence of rot to 40 and 20%, re-
spectively. NAI+Ozone acted synergistically to 
reduce rot, which resulted in a detectable dif-
ference compared with the single treatments 
of NAI and Ozone. the mean sporulation index 
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was significantly lower under the NAI, Ozone 
and NAI+Ozone treatments (Fig. 3b). In addi-
tion, by analyzing the single values constitut-
ing the mean index, no fruit sample showed any 
trace of conidia under any oxidizing treatment 
over the entire test period. the beneficial effect 
of NAI, Ozone and NAI+Ozone is much more re-
markable because sporulation phenomena oc-
cur under the Air treatment; index values of 1 
and 2 were achieved for nearly 30% of the sam-
ples. No treatment completely inhibited disease 
incidence, but each treatment significantly re-
duced growth and thoroughly inhibited fungal 
sporulation. In conclusion, fungal growth inhi-
bition was observed to last only for the dura-
tion of the treatment period; i.e., no fungistat-
ic effect was detected at the end of the treat-
ments (after 15 days), even for the NAI+Ozone 
treated fruit (data not shown).

Fig. 3 - Disease incidence (a) and mean sporulation index (b) of strawberries inoculated with B. cinerea stored at 2°c under 
95-98% rH and subjected to the following treatments: Air, NAI, Ozone and NAI+Ozone. Values that contain different letters 
indicate a statistically significant difference (P≤ 0.05) between the different treatments according to Duncan’s test.

the incidence and severity of the blue mold 
disease caused by P. expansum are illustrated 
in Figs. 4a and 4b, respectively. When examin-
ing these graphs, it is noteworthy that the de-
velopmental temperature limit for P. expansum 
is 0°c, while the limit for B. cinerea is -4°c. 
therefore, cold storage at 2°c will presumably 
enhance the sensitivity of P. expansum to fung-
istats. this hypothesis is apparently confirmed 
by the results presented in Fig. 4 because these 
values appear to be lower than those report-
ed in Fig. 3. In the Air treatment, mycelia only 
occurred on the 8th day. the percentage of in-
fected fruits increased with time; after 15 days, 
a number of spores were detected on approx-
imately 10% of the fruits that contained myc-
elium. Additionally, a greater number of in-
fected fruits were observed in comparison with 
B. cinerea, although they displayed less devel-
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opment and less spore production. In the NAI 
treatment, mycelia formed on the 10th day, and 
sporulation was apparent in a small portion of 
the strawberries on the 15th day. clearer im-
provement was observed for the Ozone and 
NAI+Ozone treatments. During the 15-day stor-
age period, the NAI+Ozone mixture completely 
inhibited the germination and growth of blue 
mold. However, this inhibition is reversible, 
even for P. expansum (data not shown).

Finally, for both of the molds, the gap be-
tween the fungistatic treatments and the con-
trol tended to increase with time because the 
different growth rates overcame the differenc-
es in mold development over time. For exam-
ple, for P. expansum, no remarkable difference 
was noted until the third sampling. As the days 
passed, this gap became even more statistical-
ly significant.

Fig. 4 - Disease incidence (a) and mean sporulation index (b) of the strawberries inoculated with P. expansum stored at 2°c 
under 95-98% rH and subjected to the following treatments: Air, NAI, Ozone and NAI+Ozone. Values that contain different 
letters indicate a statistically significant difference (P≤ 0.05) between the different treatments according to Duncan’s test.

Decay development experiments – tomatoes

the incidence and development of gray mold 
on the inoculated tomatoes increased much 
more rapidly than on the strawberries (Figs. 5a 
and 5b), which probably occurred due to the 
higher storage temperature (12°±1°c). In fact, 
more than 30% of the Air-exposed tomatoes 
were already infected after 2 days, and more 
than 90% were infected at the last sampling. 
the NAI treatment did not affect the disease 
incidence during the 15-day exposure period 
(Fig. 5a). However, delayed fungal development 
and sporulation were observed during long ex-
posure periods (Fig. 5b). significant improve-
ments were noted for the Ozone and NAI+Ozone 
treatments ever since the first sampling. In the 
Ozone treatment, formation of mycelia was 
detected on the sixth day. subsequently, the 



Ital. J. Food Sci., vol. 24 - 2012  109

number of infected berries increased progres-
sively, but sporulation was observed on few to-
matoes at the fifth sampling, and this number 
did not increase at the last sampling. Finally, 
in the NAI+Ozone treatment, formation of myc-
elia was observed on several tomatoes on the 
ninth day (with a delay of 5 days in compari-
son with Air), and the disease incidence was 
greater than 60% at the last sampling without 
achieving sporulation. NAI+Ozone acted syner-
gistically only for disease incidence, which is 
similar to the results obtained for the straw-
berries. In the last test, an abnormal B. cin-
erea conformation characterized by a short, 
compact, dark mycelium was observed (Fig. 
6b). PALOU (2002) noted a similar conforma-
tion of B. cinerea hyphae growth on inoculat-
ed peaches during cold storage under 0.3 ppm 
ozone. Once they had formed, the mycelia did 

Fig. 5 - Disease incidence (a) and mean sporulation index (b) of the tomatoes inoculated with B. cinerea stored at 2°c un-
der 95-98% rH and subjected to the following treatments: Air, NAI, Ozone and NAI+Ozone. the values that contain differ-
ent letters indicate a statistically significant difference (P≤ 0.05) between the different treatments according to Duncan’s test.

not expand on the surface of the berries; in-
stead, they maintained their initial dimensions 
for the duration of the test.

Fig. 7 displays the results for the tomatoes 
inoculated with P. expansum. A higher storage 
temperature favored the germination and de-
velopment of blue mold of this fungus. In fact, 
the formation of mycelia had already occurred 
in the first sampling under Air exposure (Fig. 
7a). In the second sampling, the number of 
infected tomatoes surpassed the number of 
healthy tomatoes, and formation of the first 
spores was observed. the number of infect-
ed berries and the dimensions of the infection 
increased steadily, and on the last day, more 
than 60% of the inoculated tomatoes exhibited 
a sporulation index of 2. In keeping with the 
results for B. cinerea, the NAI treatment did 
not produce successful results with respect to 
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controlling disease incidence. Improvement of 
the sporulation index was only observed for 
long exposure times (Fig. 7b); NAI halted the 
expansion of superficial mold, and sporulation 
was greatly inhibited.

the Ozone and NAI+Ozone treatments pro-
duced better results against P. expansum 
than B. cinerea. In the Ozone test, formation 
of mycelia was only observed on the ninth 
day (less than 5%), which is shown in Fig. 7a. 
this level increased continually at a slow rate, 
but no sporulation occurred (Fig. 7b). In the 
NAI+Ozone test, further improvement and a 
synergistic effect for disease incidence were 
observed (Fig. 7a); mycelia were observed to 
be growing on a small percentage of berries 
in the fourth sampling, with no significant in-
crease being detected until the end of the test. 
the mean sporulation index values were even 
lower than in the Ozone treatment (Fig. 7b).

For the NAI+Ozone and Ozone treatments 
and, to a lesser degree, the NAI treatment, the 
tomato samples infected with B. cinerea and P. 
expansum exhibited a smaller damaged surface 
area compared to the control samples (Fig. 6). 
this finding was probably due to the different 
activities of the fungal peptolytic enzymes. As 
for the strawberries, the difference in the sporu-
lation index among the treatments for the toma-
toes became progressively evident as time pro-
gressed. this result was particularly true for 
the NAI treatment, which was performed simi-

larly to the Air treatment in the first two sam-
plings for B. cinerea and in the first three sam-
plings for P. expansum.

DIscUssION

NAI and ozone reduced the epiphytic flora on 
tomatoes and strawberries. A strong synergism 
was observed between ozone and NAI for mi-
crobial cell death, and the degree of this effect 
probably varied based on the microbial species 
(FAN et al., 2002). sObsEY (1989) reviewed stud-
ies performed to inactivate health-related mi-
croorganisms in water using several disinfect-
ants and concluded that gram-positive bacteria 
were more resistant to these treatments than 
gram-negative bacteria. When electrostatic fil-
ters were used, an improvement was observed 
because the incidence of dust particles and air-
borne microorganisms decreased, while the con-
centration of sanitizers increased. researchers 
agree that a higher concentration of the gas re-
sults in greater effects (sINGH et al., 2002; KOW-
ALsKI et al. 1998). NAI and ozone can be effi-
ciently used to reduce pathogens and food de-
caying microorganisms. However, it is critical to 
understand what sanitizer concentrations and 
exposure times can be used to avoid oxidizing 
food constituents.

Although NAI and ozone exhibited a micro-
bicidal effect on vegetative bacterial and yeast 

a)

b)

c)

d)

Fig. 6 - table tomatoes inoculated with B. cinerea and exposed for 15 days to Air (a) or NAI+Ozone (b). table tomatoes inoc-
ulated with P. expansum and exposed for 15 days to Air (c) or NAI+Ozone (d).



Ital. J. Food Sci., vol. 24 - 2012  111

cells, a fungistatic effect was only observed for 
fungi. tUFFI et al. (2009), who reported similar 
results from in vitro experiments, concluded that 
these agents achieved reversible inhibition of 
the fungi. However, an important improvement 
was observed in the ability of NAI and ozone to 
inhibit fungal development based on compar-
ing these in vivo results with previous in vitro 
results. In the current experiments, despite the 
inability to completely control decay, the tested 
sanitizing agents (primarily the NAI+Ozone mix-
ture) inhibited germination and normal aerial 
growth of mycelia and greatly reduced sporula-
tion from lesions among the infected fruits. In 
fact, the adopted in vitro experimental conditions 
were optimal for the growth of microorganisms. 
the fungal colonies were subjected to the treat-
ments when they were already completely de-
veloped under the most favorable growth condi-

tions. this finding was observed because in ad-
dition to nutrients, the culture media provided 
physical protection to the hyphae that prevented 
the agents from reaching them executing their 
action (PALOU et al., 2001). Among other prop-
erties, the importance of the type of interactions 
between microorganisms and the substrate on 
which they grow is well known. tZOrtZAKIs et 
al. (2007; 2008) suggested that the better re-
sults observed in vivo in comparison with those 
observed in vitro occurred due to ozone, which 
probably induced changes in fruit-pathogen in-
teractions and suppressed mold development. 
Furthermore, when the pathogens penetrate 
deeply into a wound or remain under the sur-
face of a fruit, gaseous ozone and ozone in water 
cannot effectively perform their oxidant activi-
ties. Ozone treatment did not control postharvest 
infection in wounds on table grapes (sHIMIZU et 

Fig. 7 - Disease incidence (a) and mean sporulation index (b) of tomatoes that were inoculated with P. expansum stored at 2°c 
under 95-98% rH and subjected to the following treatments: Air, NAI, Ozone and NAI+Ozone. the values that contain differ-
ent letters indicate a statistically significant difference (P≤ 0.05) between the different treatments according to Duncan’s test.



112  Ital. J. Food Sci., vol. 24 - 2012

al., 1982), apples (scHOMEr and MccOLLOcH, 
1948), pears (sPOtts and cErVANtEs, 1992), 
citrus (HOPKINs and LOUcKs, 1949; sMILANIcK 
et al., 1999), and other commodities (sPALD-
ING, 1966, 1968; OGAWA et al., 1990). the fun-
gal structures inside a wound were apparently 
protected from the oxidant effects of ozone; this 
likely occurred due to a reduction in ozone pen-
etration, an interaction of Ozone with the tissue 
or the components of the fruit and the presence 
of antioxidants that reduced the effective ozone 
concentration at the site of action. However, sev-
eral of these factors are similar to those that ex-
plain the failure of other strong oxidant agents, 
such as chlorine and chlorine dioxide, in con-
trolling infections inside wounds (sPOtts and 
PEtErs, 1980; ADAsKAVAGE, 1995).

In all of the tests, NAI guaranteed a certain 
degree of inhibition, but ozone seemed to be pri-
marily responsible for the observed fungistatic 
activity, which became more evident as the tem-
perature increased. Only minimal differences 
were detectable in the disease incidence between 
Air and NAI exposure at 12°c, as well as for the 
mean sporulation index and disease incidence 
between Ozone and NAI+Ozone. this result in-
dicates that the contribution of NAI to the fun-
gistatic effect was notably low. NAI was proba-
bly more effective under conditions in which the 
fungi were already weakened by limited growth 
conditions (for example, low temperature). con-
versely, when the temperature increased, the 
fungi were more resistant to the fungistatic ef-
fect of NAI. In a similar but less evident man-
ner, ozone activity also decreased at higher tem-
peratures; the improvement obtained for the to-
matoes inoculated with P. expansum was clear. 
therefore, temperature appears to be a decisive 
parameter. Although the fruit products were dif-
ferent, and the response may be affected by the 
fruit species tested, optimal performance was 
obtained at a low temperature. the NAI+Ozone 
treatment produced the best results with re-
spect to disease incidence and growth, and it 
was the only treatment that completely inhib-
ited the sporulation of B. cinerea and P. expan-
sum on both strawberries and tomatoes. A syn-
ergistic effect was observed only on disease in-
cidence when NAI alone did not have any effect. 
In addition, different microorganisms may dis-
play different susceptibilities to ozone and NAI 
due to their structure, conformation and gen-
eral characteristics (KHADrE et al., 2001). P. ex-
pansum was clearly more sensitive to NAI and/
or ozone than B. cinerea, and this effect was 
also observed in an in vitro experiment (tUFFI 
et al., 2009).

the ozone and NAI concentrations in a stor-
age room are dependent on the environmental 
conditions and the amount of stored produce. 
Ozone and NAI concentrations decrease rapidly 
when the temperature, humidity or food load in-
creases. the results obtained in this study dem-

onstrated a synergistic effect between ozone and 
NAI at low temperatures. the best results were 
obtained for strawberries, which were stored at 
a lower temperature than the tomatoes. Humid-
ity is also important for the activities of ozone 
and NAI. sMILANIcK (2003) observed that kill-
ing spores of some pathogens (P. digitatum, P. 
italicu, and Geotrichum citri-auranatii) in dry air 
(35% rH) required a dose that was 5 to 10 times 
higher than the dose in humid air (95% rH). 
Ozone and NAI likely react with water vapor to 
form additional reactive compounds.

NAI and ozone greatly reduced the sporulation 
from lesions in infected fruits after development 
of the lesions. Growth and sporulation were in-
hibited only as long as the gaseous oxidants 
were present; this result is consistent with those 
of other authors (PALOU et al., 2001; HArDING, 
1968; KrAUsE and WEIDENsAUL, 1977). Fun-
gi grew quickly and sporulated when infected 
fruits were removed from the fungistat atmos-
phere. Nevertheless, the lack of spores on fruits 
and vegetables that occurs while products are 
stored in the presence of ozone and NAI gases 
could be greatly advantageous because an in-
fected fruit will be prevented from contaminating 
adjacent healthy fruits, packages and the walls 
and floors of rooms, which can cause the loss 
of entire production lots. Furthermore, a lack 
of sporulation on decayed, stored fruit could be 
particularly useful for reducing the use of fun-
gicidal treatments and preventing the prolifer-
ation of fungicide-resistant pathogen strains. 
cold-stored fruits have generally been previous-
ly treated with fungicides in the packing line. 
therefore, many spores that are generated dur-
ing storage are derived from resistant strains. 
Any practice that reduces inoculum production 
on decayed fruit following fungicide treatment 
can be effective for preventing or managing re-
sistance in target pathogen populations (PALOU 
et al., 2001). In addition, the use of ozone and 
NAI can decrease the load of airborne microor-
ganisms in a storage facility and subsequently 
reduce the amount of inoculum available for the 
reinfection of stored produce. Finally, ozone and 
NAI slow the fruit and vegetable ripening proc-
ess and oxidize ethylene gas, which is a growth 
hormone in many fruits and vegetables (rIcE, 
2002; PALOU et al., 2001; DIcKsON et al., 1992). 

Despite the favorable results obtained in these 
experiments, it is necessary to consider that the 
exposure of the berries to the sanitizers has been 
optimized. the efficacy of the gases could de-
crease when the fruits are stored under commer-
cial conditions (stacked in pallets or packed in 
cardboard boxes and polyethylene bags) in which 
the exposure of fruit to ozone and/or NAI could 
be reduced. In industrial cold storage rooms, it 
will probably be necessary to use higher con-
centrations of oxidant agents and open boxes 
or bins that contain large vents to ensure good 
penetration of ozone and NAI at concentrations 
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that are sufficiently high to reach the stocked 
product in the internal portions of the packaging 
(HArDING, 1968; PALOU et al., 2003). Further-
more, NAI has a low mobility (DANIELs, 2002). In 
fact, we found that ions concentration decreased 
rapidly away from the NAI source (tUFFI, 2007). 
this finding explains why only a portion of the 
treatment chamber was used such that the po-
sition of the plates inside the pilot plant did not 
affect the results. A large number of NAI gener-
ators will probably be required on an industri-
al scale to ensure a uniform ions distribution 
among the fruit products. In future studies, the 
impact of current commercial conditions on the 
efficacy of ozone and NAI during cold storage 
will be evaluated.
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AbstrAct

Autochthonous starters are thought to increase the quality and safety of traditional chees-
es while preserving their typicity. In order to select appropriate ripening cultures, 12 Penicillium 
roqueforti and 10 Geotrichum candidum strains isolated from a spanish, traditional, blue-veined 
cheese were subjected to different biochemical and technological assays. All strains were weakly 
proteolytic, whereas all P. roqueforti and four G. candidum strains proved to be lipolytic. None of 
the strains produced biogenic amines in broth media containing the required amino acid precur-
sors. Under simulated cheese conditions (10ºc, pH=4.5, 5% Nacl), test strains showing technolog-
ical performances superior to those of commercial strains currently in use were readily identified.
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INtrODUctION

In the dairy industry, moulds and yeasts are 
common contaminants that contribute to the 
spoilage of milk and milk-derived products (PItt 
and HOcKING, 1997). However, in some dairy 
products including kefir, scandinavian fer-
mented milks, cheeses of the camembert and 
brie types and blue-veined varieties (bErEs-
FOrD et al., 2001; WOUtErs et al., 2002), fun-
gi are essential for the development of desira-
ble rheological, organoleptic and visual char-
acteristics (cANtOr et al., 2004). Well-charac-
terised fungal strains could be used as ripen-
ing cultures for the manufacture of such prod-
ucts (LArsEN et al., 1998; FErrEIrA and VIL-
JOEN, 2003). these could also be contemplated 
as components of specific starters designed to 
ensure the growth of the correct types of microbe 
and their relative proportions in traditional fer-
mentations (PArENtE and cOGAN, 2004). specif-
ic starters are particularly important for gener-
ating the complex sensory profiles of Protected 
Designation of Origin (PDO) cheeses (sMIt et al., 
2005). Lactic acid bacterial strains from many 
of these have been characterised in order to de-
sign such starters (AYAD et al., 1999; rANDAZZO 
et al., 2008; DE ANGELIs et al., 2008; FrANcIOsI 
et al., 2009). However, attention to the eukaryo-
tic microorganisms that might also be of benefit 
has only rarely been paid (FArAHAt et al., 1990; 
FErrEIrA and VILLOEN, 2003).

Penicillium roqueforti is used as a starter for 
the production of blue-veined cheeses, such 
as roquefort, Gorgonzola, stilton and Danish-
blue (cANtOr et al., 2004). this mould is well 
adapted to the cheese environment, where it 
contributes to the formation of cheese texture 
and flavour through the action of its proteolyt-
ic and lipolytic systems. Wide variation in phe-
notypic properties among different P. roque-
forti strains has been reported in several stud-
ies. some of these variations, such as the col-
our of the mycelium, its proteolytic and lipoly-
tic activities (LÓPEZ-DÍAZ et al., 1996), growth 
at different temperature and Nacl concentra-
tions (YOUsEF and MArtH, 1987; LÓPEZ-DÍAZ et 
al., 1996), and mycotoxin production (bOYsEN 
et al., 1996; GEIsEN et al., 2001), are of great 
technological interest.

Geotrichum candidum is a filamentous fungal 
species dominant in most smear and mould-rip-
ened cheese varieties (bOUtrOU and GUÉGUEN, 
2005). It shows properties of both moulds and 
yeasts, although nowadays it is regarded as a 
true yeast (MArcELLINO et al., 2001). the pre-
dominance of a yeast-like or filamentous mor-
phology mostly depends on the cheese technolo-
gy employed. G. candidum strains consume lac-
tate and produce enzymes for the breakdown 
of proteins and fats, leading to the softening of 
the cheese matrix and the formation of aroma 
compounds such us alcohols, ketones, esters 

and different sulphide compounds (JOVILLEt et 
al., 1994; bErGEr et al., 1999). these strains 
may also interact with lactic acid bacteria and/
or P. roqueforti strains to promote the growth of 
starter or adjunct cultures (ADDIs et al., 2001; 
GADAGA et al., 2001). strain-related phenotyp-
ic variability has been reported (bErGEr et al., 
1999; MArcELLINO et al., 2001).

cabrales is the most famous of the spanish, 
traditional, blue-veined cheeses, and has en-
joyed PDO status since 1981. the development 
of P. roqueforti in this cheese is responsible for its 
typical appearance. It also drives the biochemi-
cal changes that occur during ripening (ALON-
sO et al., 1987). traditionally, no fungal spores 
are added during cabrales manufacture (FLÓ-
rEZ et al., 2006). P. roqueforti is thought to enter 
into the cheese matrix from the environment of 
the natural caves in which the cheeses are rip-
ened (minimum 60 days). During a recent mi-
crobial characterisation of cabrales (FLÓrEZ et 
al., 2006), G. candidum and other yeast species 
were encountered in similar numbers to those 
of P. roqueforti, suggesting the former may play 
a significant role in ripening.

this paper reports the biochemical and tech-
nological characterisation of representative P. 
roqueforti and G. candidum strains isolated from 
several batches of cabrales cheese made from 
raw milk using traditional technology. the aim 
of this work was to identify strains that might 
be used as adjunct cultures for making and rip-
ening this cheese type. Enzyme activities with 
biotechnological potential were also identified.

1. MAtErIAL AND MEtHODs

1.1. Fungal strains and growth conditions

the studied organisms were 12 P. roqueforti 
strains (1AM6, 1AM8, 1AM10, 1AM11, 1AM12, 
1AM13, 1AM14, 3AM8, 3AM11, 3AM12, 3AM15 
and 3AM16) and 10 G. candidum strains (1AM1, 
1AM3, 3AM1, 3AM3, 3AM4, 3AM9, 3AM10, 
3AM19, 3AM20 and 3AM20), previously iso-
lated during the manufacture and ripening of 
two batches of traditional cabrales cheese (FLÓ-
rEZ et al., 2007). As a control, the commercial 
P. roqueforti Pb6 (chr. Hansen, Denmark) and 
G. candidum Vtt1 (Valio Ltd., Finland) strains 
were also subjected to the same analyses. stock 
cultures of the strains were maintained at 4ºc 
on slants of Malt Extract Agar (MEA; Oxoid Ltd., 
basingstoke, Hampshire, UK) over the analyti-
cal period. For long storage, strains were deep-
frozen at -80ºc in Malt Extract broth (ME; Ox-
oid) with 15% glycerol. Unless otherwise stat-
ed, strains were grown in ME or on MEA at 
25ºc for 72 h or 5 days respectively. cellular 
suspensions were prepared from the cultures, 
enumerated and used as inocula in the differ-
ent assays.
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1.2. Plate assays for proteolytic 
and lipolytic activities

Proteolytic activity was first determined on 
skimmed Milk Agar (sMA; Oxoid) and then re-
peated on Mycological Agar (MA; Oxoid) and 
MEA prepared with 20% (v/v) of 10% (w/v) 
skimmed milk added immediately before the 
pouring of the plates. Lipolytic activity was 
determined according to HArrIGAN and Mc-
cANcE (1976) with tributyrin Agar (tA; Ox-
oid). Plates were spot-inoculated in triplicate 
with 24 h cultures showing a cell density of 
around 107 colony forming units (cfu) mL-1. 
these were then incubated at 25ºc for 7 d, at 
which time the diameter of the clearance zone 
was measured.

1.3. Lipolytic activity 
in olive oil-based media

strains producing lipolysis halos on tA plates 
were assayed on MEA plates supplemented with 
1% (v/v) olive oil and 0.10 mg mL-1 Nile blue (sig-
ma; sigma-Aldrich co., st. Louis, Mo., UsA). the 
solution was emulsified in an Ultra-turrax t-25 
blender (IKA, staufen, Germany) (three pulses 
of 2 min each at maximum speed). strains were 
spot-inoculated onto the plate surface as above 
and incubated at 25ºc for 7 d. Positive lipolytic 
strains produced a blue halo around the spots. 
Extracellular lipase activity was also determined 
in supernatants from cultures grown for 72 h 
in ME broth with olive oil via the titration of the 
fatty acids released with 50 mmol/L NaOH, as 
reported by PIGNÈDE et al. (2000) (performed in 
duplicate). One arbitrary unit of lipase was de-
fined as the amount of enzyme catalysing the re-
lease of 1 µmol L-1 of fatty acid per min at 37°c.

1.4. Azocasein test

the intracellular and extracellular proteo-
lytic activities of positive strains were analysed 
by the azocasein method after their growth in 
Yeast-extract Glucose chloramphenicol me-
dium (YGc; Oxoid) at 28ºc for 48 h. cultures 
were centrifuged at 15,000 x g at 4ºc for 20 min 
and the supernatants filtered through a 45 µm 
membrane. cells were suspended in 50 mmol/L 
phosphate buffer pH 6.5, disrupted by sonica-
tion in a Vibra cell apparatus (sonic and Mate-
rials Inc., Danbury, ct., UsA), and centrifuged 
as above for 20 min. Equal volumes of super-
natants or cell-free extracts were mixed with a 
1% azocasein solution in 0.1 mol/L phosphate 
buffer pH 6.5. reactions proceeded for 1 h at 
35ºc and were then stopped by the addition of 
a volume of 10% trichloroacetic acid (tcA). the 
supernatants were centrifuged and absorbance 
measured at 336 nm in an Uvikon 930 spectro-
photometer (Kontron Instruments, Milton Key-
nes, UK). An arbitrary unit of proteolytic activi-

ty was defined as an increase in absorbance of 
0.01 over 1 h of incubation with respect to the 
value at time zero.

1.5. Enzyme profiles

Enzyme activities were assessed using the 
semi-quantitative API-ZYM method (bioMérieux, 
Montalieu-Vercieu, France). After cultivation in 
ME, the cells were washed and diluted in physi-
ological saline to an optical density of 0.1 at 550 
nm (approximate cell density of 106 cells mL-1). 
Following the manufacturer’s recommendations, 
the wells of the strips were inoculated with 65 
mL of the strain suspensions and enzyme activ-
ities recorded after 4 h of incubation at 25ºc.

1.6. Growth of P. roqueforti and G. candidum 
strains under different conditions

MEA plates (initial salt concentration 0%, pH 
7.6), inoculated in triplicate in a central posi-
tion, were incubated at 10º and 25ºc and the 
diameter of the colonies produced by the differ-
ent strains measured daily from day 2 to day 
10. the rate of growth was calculated as the 
slope of the colony diameter/incubation time 
(mm d-1) regression curve (Yousef and Marth, 
1987). similarly, the effect of Nacl on growth 
was determined by adding this compound to 
MEA plates at a final concentration of 1, 2, 3, 
4, 5 or 6% (w/v). the influence of pH on growth 
was assessed in MEA plates acidified to pH 4.0, 
4.5, 5.0 and 5.5; these pHs were achieved by 
adding sterile 10% lactic acid to the liquid me-
dium before pouring the plates. the beginning 
of sporulation was visually determined by the 
appearance of a green colour in the colonies.

the optimum values for the different variables 
studied were combined to recreate the best pos-
sible cheese ripening conditions. the growth of 
the strains was thus evaluated on MEA plates 
at pH 4.5 with 5% Nacl, incubated at 10ºc for 
up to 10 days. 

1.7. Production of biogenic amines

All strains were examined for the production 
of biogenic amines using the agar plate assay 
described by GArDINI et al. (2006). briefly, a so-
lution containing 0.1 g of glucose, 0.06 g of bro-
mocresol purple, 10 g of each amino acid un-
der assay, 900 mL of water and 15 g of agar was 
sterilised and supplemented with 100 mL of fil-
ter-sterilised Yeast Nitrogen base (Difco, sparks, 
Maryland, UsA). Histidine, phenylalanine, tyro-
sine, ornithine and lysine (all from sigma) were 
the amino acids tested as precursors. Plates were 
spot-inoculated with 106 cfu mL-1 and incubat-
ed at 25ºc for up to 7 d. An increase in pH dur-
ing growth turns the yellow colour of the plates 
to purple, indicative of the presence of biogen-
ic amines.
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1.8. statistical analysis

statistical analysis was performed using sPss 
11.0 software for Windows (sPss Inc., chicago, 
IL, UsA). Growth rates were subjected to one-
way ANOVA. Means were compared by the least-
significant difference test (LsD test). significance 
was set at p<0.05.

2. rEsULts

strains of P. roqueforti and G. candidum were 
assayed for proteolytic and lipolytic activities 
on sMA and tA plates respectively; the results 
are summarised in table 1. Under the condi-
tions of the assay, only one strain, G. candidum 
3AM4, showed appreciable proteolytic activity on 
the sMA plates. to determine whether a lack of 
proteolytic activity was responsible for the poor 
growth of the other strains in this medium, all 
strains were further assayed on MA and in MEA 
plates supplemented with 2% skimmed milk. 
However, 3AM4 was the only strain to show a 
large proteolytic halo in all three media. A further 
method was used to assess whether the absence 
of proteolytic activity was due to a lack of pro-
duction of extracellular enzymes by these fun-
gal strains. culture supernatants and cell free-
extracts were independently measured for pro-
teolytic activity using the azocasein test. the re-
sults indicated the cell-free extracts of both the 
P. roqueforti and G. candidum strains to retain 
most of their proteolytic activity. However, after 
normalisation to the protein content, the rela-
tive activity was always greater in the superna-
tants. As scored by the defined arbitrary units, 
the level of proteolysis was low; values ranged 
among species and strains from 8.2 to 26.3, with 
a single peak of 89.6 for strain 3AM4.

In contrast to the proteolytic results, all of 
the P. roqueforti strains were lipolytic on the tA 
plates, although small differences in the size of 
the halos were observed (table 1). the G. can-
didum isolates seemed to be less lipolytic, with 
only two strains showing a halo comparable to 
that produced by the P. roqueforti strains. the 
results on the MEA plates with olive oil (a meth-
od frequently used to distinguish between li-
pase and esterase activities) agreed with those 
obtained on tA; a clear halo of lipolysis was ob-
served for all Penicillium strains and for two Ge-
otrichum strains. the extracellular lipase activ-
ity measured in the P. roqueforti strains varied 
between 12 and 28 arbitrary units (with strain 
1AM13 showing the highest value). Most of the 
G. candidum strains, however, showed undetec-
table levels of extracellular lipase; the two pos-
itive strains 3AM4 and 3AM9 showed 16 and 
eight units respectively.

table 2 shows the different enzyme activi-
ties recorded for all P. roqueforti and G. candi-
dum isolates using the semi-quantitative API-
ZYM system. None of the strains showed lipase 
c14, trypsin, a-chymotrypsin, b-glucuronidase 
or a-fucosidase activity. While different activi-
ty profiles were recorded for P. roqueforti and G. 
candidum, only small differences were recorded 
for some activities between isolates of the same 
species. the P. roqueforti isolates showed several 
glucosidase and galactosidase activities, where-
as these activities were absent in G. candidum. 
Alkaline and acid phosphatase activities were 
also lower in the strains of G. candidum than in 
those of P. roqueforti, as was that of naphto-As-
bI-phosphohydrolase. In contrast, the G. can-
didum strains showed greater valine arylami-
dase activity than the Penicillium strains. Fur-
ther, all the G. candidum strains showed low lev-
els of cysteine arylamidase activity, while the P. 

table 1 - Proteolytic and lipolytic activities of P. roqueforti and G. candidum strains from cabrales cheese.

Species	 Strain	 Proteolytic	 Lipolytic
	 	 activitya	 activitya

	 	 Skim Milk Agar Tributyrine Agar
  (SMA)b (TA)b

P. roqueforti 1AM6, 1AM8, 1AM10, 1AM11,
 1AM12, 1AM14, 3AM8, 3AM11, - ++
 3AM12, 3AM15, 3AM16
 1AM13 - +++
 PB6c - ++

G. candidum 1AM1, 1AM3, 3AM1, 3AM10, 3AM19 - -
 3AM3, 3AM20 - (+)
 3AM4 ++ ++
 3AM9 - ++
 VTT1c - -

aKey of activities: -, no halo of clearing; (+) weak halo, ++ halo between 2.5 and 4 mm around the colonies; +++, clearing halo >4 mm.
bSimilar results were obtained in other media, such as MA and MEA plates with skim milk (proteolysis) and MEA plates with olive oil (lipolysis).
cPB6 is a P. roqueforti commercial starter strain (Chr. Hansen, Denmark) and VTT1 is a G. candidum strain isolated from commercial viili (Valio Ltd., Finland).
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roqueforti strains were negative for this activity. 
the two control strains Pb6 and Vtt1 showed 
enzymatic profiles similar to those of the oth-
er strains of their respective species (table 2).

table 3 shows the growth rates (measured 
as the slope of the increase in size of the colo-
ny per day) of the P. roqueforti and G. candidum 
strains at different Nacl concentrations (from 
0 to 6%) and at 10º and 25ºc. Fig. 1 shows the 
effects of these variables on growth in P. roque-
forti 1AM6. Low Nacl concentrations stimulat-
ed growth (control condition: MEA plates with-
out added salt at 25ºc; table 3; open squares in 
Fig. 1), while concentrations of 4% or higher were 
clearly inhibitory. Low salt concentrations also 
promoted sporulation in P. roqueforti, which oc-
curred 1-2 days earlier on plates with just 1-2% 
Nacl. In general, the P. roqueforti strains showed 
higher growth rates than did G. candidum un-
der all conditions. Further, increasing the salt 
concentration or lowering the temperature was 
more inhibitory to the G. candidum than to the 
P. roqueforti strains. Lowering the temperature 

table 3 - Average of growth rates (mm d-1) from triplicate analysis of the P. roqueforti and G. candidum strains in MEA at sev-
eral salt concentrations and at two distinct temperatures. results of one way ANOVA and multiple means comparison by the 
LsD test are also indicated.

	 Salt	concentration	(%)	 Temperature
	 (at	25ºC)	 (ºC)

Strain	 1%	 2%	 3%	 4%	 5%	 6%	 25	 10

P. roqueforti
1AM6 9.41 a 9.42 a 9.21 a 8.32 a 7.40 a 6.24 a 8.43 a 3.93 a

1AM8 9.39 a 9.81 b 9.41 a 8.29 a 7.49 a 6.46 a 8.19 a 4.12 a

1AM10 9.99 b 9.17 c 9.03 b 7.81 b 7.51 a 5.88 b 8.25 a 4.24 b

1AM11 9.83 b 9.64 a 9.09 a 8.24 a 7.47 a 6.19 a 8.27 a 3.83 c

1AM12 9.63 a 9.68 b 9.20 a 7.16 c 7.20 b 6.39 a 8.40 a 3.88 a

1AM13 9.52 a 9.21 c 9.03 b 8.04 b 7.29 a 6.18 a 8.02 b 3.47 d

3AM8 9.71 b 9.28 c 9.09 a 8.29 a 7.73 c 6.31 a 8.16 b 3.63 d

3AM11 9.60 a 9.41 a 9.33 a 8.41 a 7.56 a 6.40 a 8.24 a 3.58 d

3AM12 8.86 c 8.68 d 8.21 c 7.66 d 6.93 d 6.07 b 8.15 b 3.89 a

3AM15 9.64 a 9.43 a 8.87 b 8.13 a 7.32 a 6.07 b 8.31 a 4.11 a

3AM16 9.41 a 9.17 c 8.96 b 8.27 a 7.39 a 6.19 a 8.47 a 3.95 a

PB6a 9.41 a 9.02 d 8.14 c 7.17 c 6.14 e 5.09 c 8.16 b 3.36 e

G. candidum
1AM1 8.44 a 8.45 a 8.36 a 8.24 a 7.13 a 5.44 a 8.41 a 3.55 a

1AM3 8.56 a 8.63 a 8.58 a 7.93 a 7.01 a 5.03 b 8.54 a 3.62 a

3AM1 8.77 b 8.72 a 8.39 a 7.79 b 7.32 a 5.29 a 7.99 b 3.77 b

3AM3 8.36 a 8.46 a 8.28 a 7.45 c 6.89 b 5.14 b 8.36 a 3.54 a

3AM4 9.02 b 9.07 b 8.93 b 8.15 a 7.35 a 5.67 c 8.89 c 3.88 b

3AM9 8.90 b 8.97 b 8.43 a 7.48 c 6.92 b 5.05 b 8.67 c 3.60 a

3AM10 8.48 a 8.72 b 8.32 a 7.99 a 6.88 b 4.98 b 8.52 a 3.35 c

3AM19 8.88 b 9.05 b 8.78 b 7.58 c 6.95 a 5.13 b 8.89 c 3.51 a

3AM20 8.56 a 8.68 a 8.68 b 7.95 a 6.45 c 4.87 d 8.62 a 3.49 a

3AM20 8.93 b 9.02 b 8.83 b 7.36 d 7.03 a 5.36 a 8.88 c 3.26 d

VTT1a 8.32 a 8.44 a 8.14 c 7.02 e 5.77 c 4.93 b 8.24 a 3.39 c

aPB6 is a P. roqueforti commercial starter strain (Chr. Hansen, Denmark) and VTT1 is a G. candidum strain isolated from commercial viili (Valio Ltd., Finland).
Independent statistical analysis was performed for strains of the two species; means within the same column not followed by the same letter differ significantly (p<0.05). For clarity, 
standard deviations were omitted.

to 10ºc dramatically affected the growth rate of 
both species’ strains (table 3), rendering it two 
to three times lower than that at 25ºc (the opti-
mum temperature for both species). the growth 
rates of P. roqueforti were, however, always high-
er than those of the G. candidum strains. com-
mercial strains, Pb6 and Vtt1 showed lower 
growth rates than the autochthonous strains 
under all conditions. In most cases, these dif-
ferences were statistically significant (table 3).

Although strain to strain variation in growth 
was recorded, the different pHs tested in the 
present work did not really affect the growth of 
either the P. roqueforti or G. candidum strains 
(data not shown).

the development of fungi in cheese depends 
on all the variables analysed acting synergisti-
cally and at the same time. therefore, the growth 
of all strains was assessed on MEA plates con-
taining 5% Nacl acidified to pH 4.5 and incu-
bated at 10ºc for up to 10 d. colony growth 
was recorded daily and compared to that seen 
on MEA plates incubated under optimal con-
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Fig. 1 - Evolution of the colony size in mm of P. roqueforti 1AM6 grown in MEA plates at 25° and 10ºc and at different salt 
concentration at 25ºc.

ditions (25ºc, neutral pH, 0% Nacl). strain to 
strain variations were observed with the ma-
jority of autochthonous strains growing faster 
and producing greater final cell counts than the 
commercial strain Pb6. Fig. 2 shows the growth 
achieved by the P. roqueforti strains. Lower final 
cell counts were observed for the strains of G. 
candidum (table 3).

Finally, the strains of both P. roqueforti and 
G. candidum proved to be negative for the pro-
duction of the most common biogenic amines 
in cheese (tyramine, histamine, putrescine, ca-
daverine and 2-phenylethylamine) under the 
present conditions.

3. DIscUssION

Filamentous G. candidum strains have been 
found in numbers similar to those of P. roque-
forti during the manufacture and ripening of ca-
brales cheese (FLÓrEZ et al., 2006), suggesting 
the former may play a significant role in ripen-
ing. P. roqueforti is responsible for the final ap-
pearance of this cheese, and for driving the bi-
ochemical changes that take place during rip-
ening (ALONsO et al., 1999). G. candidum con-
sumes lactate and produces several enzymes 
that break down proteins and fats (bOUtrOU 
and GUÉGUEN, 2005) - processes involved in the 
neutralisation and softening of the cheese ma-
trix as well as in the formation of aroma compo-
nents in the mature cheese (bONNArME et al., 
2001; ArFI et al., 2001). 

Variation in technological variables among 
strains has been repeatedly reported for iso-

lates of both P. roqueforti (FArAHAt et al., 1990; 
LÓPEZ-DÍAZ et al., 1996; LArsEN et al., 1998) 
and G. candidum (bErGEr et al., 1999; MAr-
cELLINO et al., 2001). these differences include 
all the technological variables examined in the 
present work (proteolytic and lipolytic activities 
and growth at different salt concentrations and 
temperatures). the manufacturers of blue chees-
es acknowledge having fungal strains with dif-
ferent technological properties at their dispos-
al in order to satisfy the visual and organolep-
tic preferences of consumers.

the proteolytic and lipolytic activities of fun-
gi used in cheesemaking are extremely impor-
tant. their proteolytic activity is responsible 
for the degree of proteolysis obtained in cam-
embert, brie and blue cheeses which, in turn, 
determines the development of texture and 
flavour (sAbLÉ and cOttENcEAU, 1999). Alka-
line and acid proteases have both been puri-
fied from P. roqueforti (cANtOr et al., 2004), but 
less is known about the proteolytic abilities 
of G. candidum strains, for which proteolytic 
and non-proteolytic variants have been report-
ed (MArcELLINO et al., 2001). In the present 
study, only a single G. candidum strain, 3AM4, 
showed proteolytic activity in the plate assays. 
Highly proteolytic G. candidum strains have 
been associated with mouldy filamentous col-
onies with abundant hyphae; in contrast less 
proteolytic strains are more yeast-like colonies 
and have abundant arthrospores (MArcELLINO 
et al., 2001). However, the heterogeneous na-
ture of the potentially distinct taxa currently 
belonging to the poorly-defined G. candidum 
may contribute towards confusion when try-
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ing to link morphology and biochemical prop-
erties (bOUtrOU and GUÉGUEN, 2005). certain-
ly, G. candidum 3AM4 showed no distinct col-
ony morphology; indeed, all the G. candidum 
strains showed the same fungal-like morphol-
ogy. LArsEN et al. (1998) argue that agar dif-
fusion tests may not have the required sensi-
tivity for assaying low-level proteolytic activity 
and recommend more sensitive assays, such 
as the azocasein assay, be performed. Howev-
er, the present work suggests this test to be in-
sufficiently sensitive as well. capillary electro-
phoresis may be able to show more clear dif-
ferences among species and strains with sim-
ilar levels proteolytic of activity (FErNÁNDEZ-
bODEGA et al., 2009). 

the proteolysis performed by G. candidum 
may be affected by environmental conditions, as 
reported for P. roqueforti by LArsEN and JENsEN 
(1999). Moreover, under cheese-ripening condi-
tions, proteolysis may be enhanced by calcium 
since divalent cations have been shown to in-
crease the extracellular proteolytic activity of G. 
candidum strains (ÁLVArEZ-MArtÍN et al., un-
published). the fact that the greatest proteolyt-
ic activity was associated with the supernatants 
may be of practical importance in cheese ripen-
ing; enzyme release would appear to be neces-
sary for interactions with milk components to 
take place (sMIt et al., 2005).

Lipolytic activity was detected in all the P. 
roqueforti and in two G. candidum strains. real 
lipase activities were detected in positive strains 
by plate and liquid assays involving olive oil. the 
results did not agree, however, with those ob-

tained by the API-ZYM system, which returned 
negative lipase c14 activity for all strains. this 
suggests that substrates might be in different 
biochemical states in the different tests. Alter-
natively, the incubation time in the API-ZYM 
assay may be too short to detect low activities.

the biochemical profiles measured with the 
API-ZYM system distinguished between the 
strains belonging to G. candidum and P. roque-
forti quite well. several glucosidases and galac-
tosidases seemed to be exclusive to the Penicil-
lium strains, whereas G. candidum showed more 
valine and cysteine arylamidases. the latter two 
enzymes are involved in the degradation of ami-
no acids in the cheese preceding the synthesis of 
flavour compounds by these species (bONNArME 
et al., 2001; ArFI et al., 2003). these fungi may 
also be an excellent source of extracellular en-
zymes with potential biotechnological and indus-
trial applications (bUZZINI and MArtINI, 2002).

During cheese ripening, P. roqueforti has to de-
velop in the high salt concentration present in 
the aqueous phase of the cheese and at a rath-
er low temperature (usually 8°-10ºc). Growth 
rate variation among P. roqueforti strains at in-
creasing salt concentrations and at optimal and 
low temperatures has been described elsewhere 
(GODINHO and FOX, 1981; YOUsEF and MArtH, 
1987; LÓPEZ-DÍAZ et al., 1996). In all these stud-
ies, the stimulatory effect on sporulation of a low 
concentration (1%) of salt has also been report-
ed. the fact that the autochthonous isolates of 
both P. roqueforti and G. candidum species grew 
faster than the commercial controls suggests 
they may be more suited to industrial conditions. 

Fig. 2 - Final growth of the P. roqueforti strains in MEA plates at optimal conditions (25ºc, pH 7.6, 0% Nacl) as compared 
with conditions simulating cheese ripening (10ºc, pH 4.5, 5% Nacl).
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they might therefore be appropriate components 
of secondary and/or ripening cultures. Indeed, 
a few of the G. candidum strains analysed in the 
present work have already been shown to grow 
to high cell densities in milk while being com-
patible with starter lactic acid bacteria species 
(ÁLVArEZ-MArtÍN et al., 2008). Alongside lactic 
acid bacterial starters, the use of fungal starter 
cultures of for cabrales might help improve its 
standardisation and food safety (FLÓrEZ et al., 
2006), both of which are major issues for tradi-
tional cheeses.

As well as the need to be able to precisely iden-
tify the strains used in food systems, they must 
also be shown to be safe. None of the present 
strains were producers of biogenic amines ac-
cording to a plate assay containing amino acid 
precursors. these results were confirmed using 
a sensitive HPLc method as reported by FErN-
ÁNDEZ et al. (2007) (data not shown). In fact, G. 
candidum may degrade these compounds or in-
hibit their production by other microorganisms 
(bOUtrOU and GUÉGUEN, 2005). Although not 
analysed in this work, the toxigenic effect of P. 
roqueforti strains in cheese does not seem to be 
a matter of concern; under ripening conditions 
only a low level of roquefortine is produced (Er-
DOGAN and sErt, 2004).

4. cONcLUsIONs

twenty two strains of filamentous fungi be-
longing to P. roqueforti (12) and G. candidum 
(10) isolated from traditional batches of cab-
rales cheese were characterised for their bio-
chemical, technological and safety traits. strains 
of both species showing properties that render 
them of interest as ripening and adjunct cul-
tures were readily identified. In particular, P. 
roqueforti 1AM10 and 1AM13, which respective-
ly showed the highest and lowest growth rates 
at low temperatures, will be used in controlled 
cheesemaking trials in the future. Further, G. 
candidum 1AM1, 3AM4, 3AM9, with their vary-
ing degrees of proteolytic, lipolytic and other en-
zyme activities, are currently being assayed as 
adjunct cultures for the manufacture of cab-
rales cheese. the characterised autochthonous 
P. roqueforti and G. candidum strains might also 
complement currently available strains for the 
industrial manufacture of other dairy products. 
In addition, they could be used to valorise the 
PDO status of cabrales cheese.
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AbstrAct

Eight malolactic bacterial strains were isolated through enrichment cultures kept at 10°c from 
different tuscan wines. six strains were identified as Oenococcus oeni by ArDrA and species-
specific Pcr. two strains were tentatively assigned to L. brevis. A kinetic approach was used to 
assess their activity at 25° and 10°c. All strains induced a remarkable conversion of L-malate 
at 25°c. Four strains showed a measurable fermentative activity at 10°c, among which L. brevis 
Lb2 gave a significant conversion of L-malate. the kinetic activity of this strain appears to be un-
affected by the components dissolved in wine.
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INtrODUctION

the malolactic fermentation (MLF) in wine is 
a microbiological process involving the decar-
boxylation of L(-) malic acid to produce a, D- 
and L-lactic acid (ArtHUrs and LOYD, 1999; 
VOLscHENK, 2006). the transformation is pro-
moted by a group of Gram+ asporogenous Eu-
bacteria (Oenococcus, Leuconostoc, Pediococ-
cus, Lactobacillus) which prefer anaerobic con-
ditions but can proliferate also in the pres-
ence of air (O2 tolerant). these microorganisms 
are able to metabolize different carbohydrates 
(monosaccharides, disaccharides, and polyal-
cohols), giving rise to a large range of by-prod-
ucts, and to induce a remarkable modifica-
tion of wine organoleptic traits. this occurs as 
a consequence of the reduction of fixed acidi-
ty and the production of a variety of metabo-
lites (LONVAUD-FUNEL, 1999). Moreover, at the 
end of the MLF an increase of the wine biologi-
cal stability is achieved (VErsArI et al., 1999). 
As a function of the bacterial strains involved, 
different effects on the wine flavour and aro-
ma are obtained, and it is generally accepted 
that MLF reduces herbaceous character and in-
creases fruity and butter aromas (DAVIs et al., 
1985; VINcENZINI et al., 2005).

Due to the effects induced on sensorial traits, 
this secondary fermentation is particularly de-
sired for structured red wines while, on the con-
trary, it can produce deleterious effects on micro-
bial stability and organoleptic properties of wines 
produced in warm climates, often characterised 
by very low malic acidity (HErVÉ et al., 2004).

Wine represents a growth medium particular-
ly harsh for malolactic bacteria (cOUcHENEY et 
al., 2005). their replication rate appears to be 
affected by a number of physical-chemical fac-
tors (mainly pH, temperature, ethanol, and sO2 
concentration) which can act synergistically on 
bacterial population growth. Among these fac-
tors, the temperature seems to play a primary 
role, being the replication rate of many malolac-
tic bacteria strains greatly reduced at low tem-
peratures (< 10°c).

Usually MLF takes place at end of alcoholic 
fermentation in a period of the year located at 
end of October or at the beginnings of Novem-
ber when the temperatures of the cellars de-
crease, thus slowing or not allowing this micro-
bial process to take place. therefore it is nec-
essary to reach the following spring and more 
favourable environmental conditions to have 
again significant metabolic activity (sAAYMAN 
and VILJOEN-bLOOM, 2006). to avoid long term 
storage of unstable wines not having complet-
ed their MLF, two approaches are possible: a) to 
heat wines at the end of alcoholic fermentation 
to increase their temperatures, thus allowing 
microbial populations to promote MLF; in this 
case, there are high energy demands to be met; 
b) to utilise selected strains of malolactic bacte-

ria able to promote this transformation also at 
lower temperatures.

At the difference of alcoholic fermentation, 
where a large number of selected strains of 
yeasts are now commercially available, a re-
duced amount of malolactic bacteria can be 
found on the market. Moreover the selection 
of these strains has been often carried out un-
der environmental conditions, temperatures, 
different from those at which ML bacteria are 
used. this encompasses usually a loss of ac-
tivity, and makes it difficult to promote a sig-
nificant conversion of L-malate to L- and D- 
lactate.

the possibility to select bacterial strains, iso-
lated from must and wines maintained at re-
duced temperatures (~ 10°c), and able to carry 
on MLF in cooler conditions, could represent a 
progress in winemaking. these microbial start-
ers, being linked to their production area, could 
provide a better characterization of the final wine 
possibly recognizable by consumers.

the kinetic behaviour of malolactic bacteria 
isolated from musts and wines maintained at re-
duced temperature (t ~ 10°c), and in particu-
lar their ability to promote MLF at reduced tem-
peratures, has  been investigated in this study.

In order to carry out this study, a kinetic mod-
el (ZINNAI et al., 2011), enabling to evaluate the 
specific activity shown by a microbial population 
to promote MLF in different environmental con-
ditions, has been utilised. the results obtained 
have been compared and integrated with data 
supplied by another more traditional technique 
(optical density evaluation).

MAtErIALs AND MEtHODs

Enrichment cultures and bacteria isolation

Microbial populations, able to promote mal-
ic acid conversion to produce lactic acid, were 
isolated from white and red wines samples tak-
en during different stage of winemaking of sev-
eral grape varieties in different tuscan wineries 
of chianti area. the wine samples were inocu-
lated in flasks containing 50 mL of a modified 
Mrs medium (DE MAN et al., 1960) (Fluka, Mi-
lan, Italy), namely Mrs-tJc, containing 20 g L-1 
tomato Juice broth (Fluka), 5 g L-1 L-malic acid 
(Fluka), 100 mg L-1 cycloheximide, adjusted to 
pH 5. standing cultures in flasks were incubat-
ed without subculturing at 10°c for one month.

Microbiological analyses were performed us-
ing Mrs-tJc supplemented with 20 g L-1 agar. 
the plates were incubated anaerobically in jars 
(AnaeroGentM, Oxoid, Milan, Italy) at 10°c for 
up to 28 days.

colonies developed on the agar surface iden-
tified as bacterial cells by microscopic inspec-
tion, were confirmed as lactic acid bacteria 
(LAb) by positive Gram staining and negative 
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catalase test, and purified by repeated streak-
ing on the same medium. Eight isolates were 
collected and stored at -80°c in 20% (v/v) of 
glycerol and subsequently identified through 
molecular methods.

DNA isolation and molecular techniques

the isolates were grown for more than 10 
days on Mrs-tJc agar plates at 10°c. For each 
strain, a single colony was picked up, resuspend-
ed in 10 mL of 0.005 mol L-1 Na phosphate buffer, 
20% of sucrose (pH 7.0), lysozyme 2.5 mg mL-1 
and incubated at 37°c for 45 min. At the end of 
the incubation period, 50 mL lysis buffer (0.05 
mol L-1 NaOH, 0.25% sDs) were added to each 
sample which was vortexed for 2 min, heated to 
95°c for 30 min and centrifuged at 10,000 g for 
10 min. the lysate cell suspensions were dilut-
ed 1:10 with sterile distilled water for Pcr am-
plification.

Extracted DNA was analysed by Pcr ampli-
fication with 27F-1495r primers (DI cELLO et 
al., 1997) and specific primers On1-On2 for O. 
oeni (ZAPPArOLI et al., 1998) utilising a ther-
mocycler (model 2400; Perkin-Elmer). Oenococ-
cus oeni OE101 and Lactobacillus brevis Lb110 
(collection of the Department of crop biology, 
Pisa) were used as reference strains during the 
characterization of the isolates. Amplification 
of 16s rDNA was performed with 1 mL of each 
diluted cell lysate in a 25 mL Pcr mixture con-
taining 1x buffer Finnzyme (50 mmol L-1 Kcl, 
10 mmol L-1 trisHcl pH 8.3, 0.1% triton X-100, 
1.5 mmol L-1 Mgcl2), 0.2 mmol L-1 each dNtPs, 
0.2 mmol L-1 of each primer, 0.5 U DyNazyme II 
DNA polymerase (Finnzyme, celbio, Milan, It-
aly). cycler conditions were: initial denatura-
tion at 95°c for 2 min followed by 35 cycles at 
94°c for 1.20 min, 54°c for 60 s, 72°c for 1.30 
min, with final extension at 72°c for 5 min. 5 
mL of 16s rDNA amplified by Pcr were digest-
ed with HinfI, HaeIII, RsaI, CfoI, and DpnII en-
donucleases according to the instructions of 
the supplier (roche Diagnostic, Germany, Man-
nheim). the ArDrA profiles were obtained in 
2% (w/v) agarose gel electrophoresis in 1x tbE 
buffer containing 0.5 mg mL-1 of ethidium bro-
mide. Molecular weight of the fragments was 
estimated by comparison with the DNA mo-
lecular mass marker VI (boeringer, Mannhe-
im, Germany). the profiles obtained were cap-
tured as tIFF format files by Liscap program 
for Image Master VDs system (Pharmacia bio-
tech, Milan, Italy).

species-specific amplification using On1 and 
On2 primers was carried out as described by 
ZAPPArOLI et al. (1998). cycler conditions were: 
initial denaturation at 94°c for 2 min followed 
by 30 cycles at 94°c for 45 sec, 64°c for 2 min, 
72°c for 2 min, with final extension at 72°c for 
10 min. Amplification products were analysed 
as described above.

Kinetic characterisation of the isolates

the kinetic characterization of isolates was 
carried out at two different temperatures (10° 
and 25°c) following the experimental procedure 
already reported (ANDrIcH et al. 1988; ZINNAI et 
al., 2011). to assess the performance of the iso-
lates in working conditions, their metabolic ac-
tivity was evaluated in white wine (Trebbiano to-
scano). L-malic acid was added to this wine up 
to a concentration of about 4 g L-1.

the specific statistical program bUrENL was 
used to identify the best values to be assigned 
to the constants of the kinetic model utilised to 
describe the kinetic behaviour shown by the mi-
crobial populations tested (ZINNAI et al., 2011).

rEsULts AND DIscUssION

Eight bacterial strains, isolated from tus-
can wines through enrichment cultures, pos-
sibly due to the selective (i.e. reduced temper-
ature) conditions of isolation, were identified 
as malolactic bacteria based on their positive 
Gram reactions, non motility, absence of cata-
lase activity, rod or coccal shape, and the abil-
ity to decarboxylate L-malic to L-lactic acid. 
these strains were further characterized by the 
restriction analysis of the amplified 16s-rDNA 
(Pcr-ArDrA) with the HinfI, HaeIII, RsaI, CfoI, 
and DpnII endonucleases. the resulting ArDrA 
profiles of 6 strains were identical to that ob-
tained from a O. oeni culture collection strain. 
the same applies for the ArDrA profiles of the 
other two strains with respect to that obtained 
from the L. brevis culture collection strain (re-
sults not shown). the identification of the six 
strains as O. oeni was confirmed through a Pcr 
method using species-specific primers which 
amplify a fragment (1,025 bp) of the malolactic 
enzyme gene of O. oeni (ZAPPArOLI et al., 1998). 
Indeed, the six strains and the O. oeni culture 
collection strain generated a single product of 
about 1,025 bp (results not shown). No am-
plification product was observed for the nega-
tive control and for the other two strains. the 
latter were tentatively assigned to L. brevis on 
the basis of its ArDrA profile compared to that 
obtained using the L. brevis culture collection 
strain.

the activity of the isolates was characterized 
from a kinetic point of view for their ability to 
grow in wine at 25° and 10°c. table 1 shows the 
origin of the isolated strains and their growth 
rate at 10° and 25°c determined by measuring 
the optical density of the medium. 

In particular their ability to grow at the tem-
perature analysed (t=t), was evaluated look-
ing at the ratio (rt=t) between the value of op-
tical density measured at the end of microbial 
growth, when the turbidity of the growing solu-
tion appears to reach its asymptotic maximum 
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value (O.D.max,t=t), and that (O.D.init.,t=t) deter-
mined immediately after the inoculation of the 
microbial population to the growing solution 
(Fig. 1). In order to elucidate how the change of 
the growth temperature (decreasing from 25° to 
10°c) could affect the propagation of the differ-
ent microbial species analysed, we introduced 
the Q25/10 parameter:

High Q25/10 values are related to high levels 
of thermo-sensitivity, while low values would 
indicate that the growth rate of the microbial 
population is slightly affected by the temper-
ature changes. Hence, the microbial strains 

table 1 - Isolation sources of the microbial populations (mp) analysed and the values assumed, at two different tempera-
tures (10° and 25°c), by the parameter rt=t (rt=t = O.D.max,t=t ./O.D.init.,t=t) adopted to evaluate the ability shown by mp test-
ed to increase their values of optical density (O.D.,t=t), while Q25/10 gives a measure of the dependence of this parameter (rt=t) 
from temperature. 

mp	 Isolates	 Source	 RT=10°C	 RT=25°C	

  a  O. oeni OE1 Wine Chardonnay  4.2  7.1  69.0
  b  L. brevis LB1 Wine Chardonnay  12.7  15.0  18.1
  c  O. oeni OE2  Wine Chardonnay  5.5  40.8  641.8
  d  O. oeni OE3  Wine Chardonnay  7.2  7.1  - 1.4
  e  O. oeni OE4  Must Sangiovese  2.7  3.7  37
  f  O. oeni OE5  Wine Merlot  10.7  10.3  - 3.7
  g  O. oeni OE6  Must Sangiovese  8.2  10.1  23.2
  h  L. brevis LB2 Wine Carignano  15.7  19.2  22.3

presenting a growth ratio at 25°c which does 
not change significantly when temperature is 
reduced to 10°c (reduced value of per cent 
of variation = Q25/10), could represent the mi-
crobial population to be utilised to promote 
malolactic fermentation also when the envi-
ronmental temperature decreases (table 1). In 
particular the two Lactobacillus strains (Lb1 
and Lb2) show sufficiently high value of rt=t 
also at 10°c (table 1), which do not seem to 
change significantly when the temperature 
is increased (Q25/10 values). However, as the 
rapid fermentation of the substrate could re-
quire a higher density of microbial cells if the 
specific activity of the unit microbial cell is 
reduced, we used a previously kinetic model 
(ZINNAI et al., 2011) to determine this kinet-
ic parameter. 

Fig. 1 - time evolutions of optic density measured for two microbial strains (b and e) at the two temperatures tested (10° 
and 25°c).
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According to this kinetic model, the evolution 
along time of the bacterial population ([b]t=t), L-
malate ([M]t=t) decrease and D-/L- lactic acid ([L]t=t 
and [D]t=t) accumulation could be effectively de-
scribed by the following mathematical equations:

1) [b]t=t = [b]t=0 · e
 kb · t

2) [M]t=t = [M]t=0 · e
 kM/kb · bt=0 · (1 – e kb·t)

3) rL/,M + rD/,M = [L]t=t/([M]t=0 - [M]t=t) +
+ [D]t=t/([M]t=0 - [M]t=t) = 1

4) [L]t=t = rL,M ∙ ([M]t=0 - [M]t=t) = rL,M ∙
∙ [M]t=0 ∙ (1 - e kM/kb · bt=0 · (1 – e kb·t)

5) [D]t=t = rD,M ∙ ([M]t=0 - [M]t=t) = (1-rL,M) ∙
∙ [M]t=0 ·(1 -  e kM/kb · bt=0 · (1 – e kb·t))

which involve the following five functional pa-
rameters:

• the initial number of active bacterial cells for 
unit volume ([b]t=0; cFU/L);

• the concentration of L-malate initially dis-
solved in the reaction medium ([M]t=0; mol/L);

• the kinetic constant related to time evolution 
of bacteria population (kb; min-1);

• the kinetic constant connected to the specific 
metabolic activity shown by the unit micro-
bial cell of the analysed bacterial population 
(kM; L∙cFU-1∙min-1);

• the ratios (rL/,M and rD/,M) occurring between 
the concentrations of the two stereo-isomers 
L- and D-lactate produced by MLF at a ran-
dom time t=t ([L]t=t and [D]t=t) and that of L-
malate converted ([M]t=0 - [M]t=t).

the identification of the best values, to be 
assigned to the five functional parameters in-
volved in the kinetic model was carried out uti-
lising the experimental data related to the time 

course of the bacterial population ([b]t=t), the L-
malate ([M]t=t) consumption and those of L ([L]t=t) 
and D ([D]t=t)-lactate accumulation evaluat-
ed at two different temperatures, i.e. 25°c (ta-
ble 2) and 10°c (table 3). the kinetic constant 
related to the evolution of the bacterial popu-
lation (kb) was affected by a high variability so 
that the related values of the square of correla-
tion coefficient (rb

2), showed a remarkable varia-
tion, namely from 0.01 to 0.89. As the number of 
bacterial cells did not change significantly dur-
ing many experimental runs, a very low corre-
lation between cells number and run time was 
found (tables 2 and 3).

However, also positive values were obtained 
for kb (tables 2 and 3) and in some cases the 
bacterial population showed a slight increase.

While all the bacterial populations were able 
to induce the conversion of L-malate at 25°c, 
only a few of them succeed to promote a meas-
urable fermentative activity when the working 
temperature was reduced to 10°c.

According to literature (LIU, 2003) the abil-
ity to produce together with L-lactate also the 
stereoisomer D- depends on the strain used. 
the accumulation of D-lactate during MLF 
could occur by hydrogenation of pyruvate com-
ing directly from L-malate by a single reac-
tion step (dehydrogenation and decarboxyla-
tion) (LONVAUD et al., 1977) or by a previous 
dehydrogenation of L-malate to produce oxa-
lacetate (LAFON-LAFOUrcADE, 1975), which 
is then decarboxylated to give pyruvate. In-
deed some strains (OE1, OE4, OE5, and OE6) 
are characterised by values of rL,M (fraction of 
L-lactate accumulated in the reaction medi-
um per unit of L-malate converted) very close 
to the unit so that the L form appears quite 
the only stereoisomer produced, other strains 
(Lb1, OE2, and Lb2) show a more significant 
production also of D-lactate (table 2). Moreo-

table 2 - Parameters (mean ± cI) and corresponding square values of the correlation coefficients of the kinetic model adopt-
ed to describe the time evolution of the bacterial population and of L-malate (M), L-lactate (L) and D-lactate (D) concentra-
tions during malolactic fermentation carried on at 25°c by the different populations of malolactic bacteria tested which were 
added to an acetate buffer (pH=3.4) aqueous solution of L-malate.

N.	 kB	104	 [B]t=0	10-11	 kM	1016	 [M]t=0	 RL,M	 rB
2	 rM

2	 rL
2	 rD

2

	 (min-1)	 (CFU	L-1)*	 (L	CFU-1	min-1)	 (mmol	L-1)

  a  -1.02±0.01**  0.68±0.01  10.5±13.1  63.6±0.1  0.97±0.01  0.01  0.97  0.97  0.48
  b  -0.64±0.01  0.46±0.01  9.07±12.6  60.9±0.1  0.87±0.01  0.19  0.92  0.96  0.58
  c  0.14±0.01  6.81±0.01  17.80±13.57  70.0±0.1  0.66±0.01  0.06  0.99  0.99  0.91
  d   0.58±0.01  0.04±0.03  9.57±16.23  56.6±0.3  ***  0.04  0.76  ***  ***
  e  0.07±0.01  2.17±0.01  1.07±14.53  50.0±0.1  0.99±0.01  0.13  0.94  0.73  0.34
  f  0.08±0.01  0.30±0.01  10.27±16.43  53.9±0.2  0.99±0.01  0.74  0.80  0.97  0.28
  g    3.89±0.02  0.35±0.01  10.75±13.86  60.7±0.7  0.99±0.01  0.01  0.91  0.84  0.33
  h  0.02±0.01  1.12±0.02  24.40±13.71  56.3±0.1  0.88±0.02  0.12  0.99  0.99  0.98
hw  -0.21±0.01  1.17±0.01  26.72±12.84  31.3±0.1  0.91±0.01  0.21  0.99  0.99  0.92

*CFU = colony forming units; kB, kinetic constant of bacterial population evolution; [B]t=0, concentration of bacteria at the initial time; kM, kinetic constant of L-
malate conversion; [M]t=0, concentration of L-malate at the initial time; RL,M, fraction of L-lactate accumulated in the reaction medium per unit of L-malate convert-
ed; **p = 0.05; *** the experimental values related to the time evolution of the two stereoisomers L/D of lactic acid were not determined.
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ver when temperature decreases the rL,M val-
ue increased for strain OE2, remained sub-
stantially unchanged for two strains (OE1 and 
Lb2), and decrease slightly for the strain Lb1.

the specific kinetic constant kM can be as-
sumed as a reliable measure of the ability 
shown by the different microbial strains to pro-
mote malolactic fermentation in the adopted re-
action conditions. High kM values mean signifi-
cant malolactic activities while reduced values 
of this constant are related to low conversion 
of L-malate. While at 25°c all the strains test-
ed appeared to be able to promote a measur-
able conversion of L-malate (table 2) only the 
half of them (OE1, Lb1, OE2, and Lb2) succeed-
ed to determine a significant transformation of 
this substrate when temperature was reduced 
to 10°c (table 3). At 25°c five (OE1, Lb1, OE3, 
OE5, and OE6) of the eight strains tested, pre-
sented values of kM constant very similar (9 ÷ 
11∙10-16 L cFU-1 min-1) but significantly lower 
than those measured for strains OE2 and Lb2 
(kM,c = 17.8 10-16 and kM,h = 24.4 L cFU-1 min-1) 
and greater than strain OE4, the microbial pop-
ulation less active (~1∙10-16  L cFU-1 min-1). this 
distribution underwent a relevant change at 
10°c. At this temperature some strains (OE3, 
OE4, OE5 and OE6) became practically inac-
tive, a kinetic behaviour which could be easily 
forecasted for strain OE4, but not for the oth-
er three bacterial populations. In fact all these 
strains were characterised by a considerable 
optical density and also by a clearly detectable 
cell growth at 10°c (table 1). Moreover strain 
OE4 shows a slight increase of microbial pop-
ulation as evidenced by the positive value as-
sumed by the related constant kb although the 
L-malate is the only available substrate in the 
reaction medium (table 3).

When temperature is reduced to 10°c, a signif-
icant conversion of L-malate, brought about by 
an increased number of cells, could be insuffi-

cient if the corresponding value assumed by the 
specific kinetic constant kM is too low. this un-
derlines the role played by kinetic model to carry 
out a correct identification of a microbial strain 
effectively able to promote MLF also at reduced 
temperatures. In fact, while the strain OE2 lost 
a great part of its specific kinetic activity when 
temperature is reduced from 25° to 10°c (kM,c,10°/ 
kM,c,25° = 0.06), the reduction shown by strain Lb2 
is lower (kM,h,10°/ kM,h,25° = 0.41). A similar situa-
tion is found also for the cell growth, as Q25/10 of 
strain OE2 is 641.8 while that of strain Lb2 is 
22.3 (table 1). the results therefore indicate that 
the strain Lb2 is a potential candidate to pro-
mote MLF also when the temperature of the cel-
lars and wine is drastically reduced. the kinetic 
activity of strain Lb2 was then evaluated using 
“trebbiano toscano” white wine (pH=3.18±0.01; 
titratable acidity=9.1±0.2 g L-1 tartaric acid; malic 
acid=4.12±0.02 g L-1; lactic acid (D- + L-)= 0.66 ± 
0.1 g L-1; volatile acidity = 0.56 ± 0.03 g L-1 acetic 
acid; sO2=not detectable; ethanol = 10.5± 0.1% 
v/v; residual sugars < 2 g L-1) previously steri-
lised by filtration and added with malic acid to a 
final concentration of ca. 4 g L-1.

the values obtained from the kinetic param-
eters when Lb2 strain was inoculated in wine 
(hw) are reported in table 2 in order to be directly 
compared (run h) with those determined adding 
the same strain to the model solution (acetate 
buffer pH= 3.4 aqueous solution of L-malate). 
As the values obtained from the specific kinet-
ic constant (kM) appear to be statistically equiv-
alent, no significant differences were found as 
a function of the reaction medium. the kinetic 
activity shown by this bacterial strain appears 
to be almost unaffected by the components dis-
solved in wine.

Fig. 2 reports the time course of L-malate de-
crease along with that of L- and D-lactate accu-
mulation. the good level of overlap occurring be-
tween experimental and calculated values, and 

table 3 - Parameters (mean ± cI) and corresponding square values of the correlation coefficients of the kinetic model adopt-
ed to describe the time evolution of the bacterial population and of L-malate (M), L-lactate (L) and D-lactate (D) concentra-
tions during malolactic fermentation carried on at 10°c by the different populations of malolactic bacteria tested which were 
added to an acetate buffer (pH=3.4) aqueous solution of L-malate.

N.	 kB	104	 [B]t=0	10-11	 kM	1016	 [M]t=0	 RL,M	 rB
2	 rM

2	 rL
2	 rD

2

	 (min-1)	 (CFU	L-1)*	 (L	CFU-1	min-1)	 (mmol	L-1)

a  -0.29±0.01**  0.59±0.01  4.83±0.01  74.1±0.1  0.99±0.01  0.68  0.95  0.96  0.39
b  0.05±0.01  1.96±0.01  6.29±9.46  75.5±0.1  0.73±0.01  0.01  0.99  0.99  0.98
c  -0.32±0.01  8.62±0.01  0.97±5.57  70.0±0.1  0.84±0.01  0.02  0.99  0.99  0.95
d   -0.79±0.01  22.70±0.03  -  71.8±0.2  -  0.74  -  -  -
e  0.43±0.01  0.05±0.01  -  74.3±0.2  -  0.89  -  -  -
f  -0.05±0.01  0.07±0.01  -  70.3±0.4  -  0.52  -  -  -
g    -0.23±0.01    0.12±0.01  -  73.6±0.7  -  0.39  -  -  -
h  -2.63±0.02  1.48±0.02  9.94±11.1  36.7±0.1  0.93±0.02  0.20  0.93  0.97  0.74

*CFU = colony forming units; kB, kinetic constant of bacterial population evolution; [B]t=0, concentration of bacteria at the initial time; kM, kinetic constant of L-
malate conversion; [M]t=0, concentration of L-malate at the initial time; RL,M, fraction of L-lactate accumulated in the reaction medium per unit of L-malate convert-
ed; **p = 0.05; *** the experimental values related to the time evolution of the two stereoisomers L/D of lactic acid were not collected.
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the high values obtained by the squares of cor-
relation coefficients calculated for the substrate 
(L-malate; rM

2) and end-products (D- and L-lac-
tate; rL

2 and rD
2) of malolactic fermentation (ta-

bles 2 and 3), provide a satisfactory level of re-
liability of the kinetic model utilised.
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AbstrAct

“A la piedra” (ALP) turrón was used as model matrix to add a functional ingredient: royal jel-
ly (rJ, 1.0%). the aroma profiles of control and rJ enriched ALP turrón were studied; 58 com-
pounds were found (21 terpenes, 14 terpenoids, and 8 aldehydes), most of them coming from lem-
on peel. the attributes toasted, nutty and cinnamon were also of importance. the addition of rJ 
did not change the aroma profile and only slightly the sensory profile of this confection but will 
improve its health benefits by incorporating in the consumers’ diet 500 mg rJ per 50 g of rJ en-
riched ALP turrón.
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INtrODUctION

the main ingredients of “a la piedra” (ALP) 
turrón are toasted almonds, sugars, lemon peel 
and cinnamon; it is a typical christmas confec-
tion. this product can be considered the sim-
plest version of turrón because only grinding and 
refining operations are involved in its manufac-
ture (VÁZQUEZ-ArAÚJO et al., 2008). First, the 
ingredients are added into a stone grinder and 
are ground until the crystalline texture of sugars 
disappears. Next, the mass is placed in refining 
grinders in order to reduce the particle size be-
low 50 µm. Later, the mixture is moulded and 
cinnamon is added on top of the product. Final-
ly, the product is cut, packed, and stored until 
it is distributed in the market, mainly spanish 
markets. Other types of christmas confections, 
such as spanish Jijona and Alicante turrón, 
Italian torrone or French nougat involve heating 
steps and the functional ingredients should be 
thermo-resistant (VÁZQUEZ-ArAÚJO et al., 2006; 
VÁZQUEZ et al., 2007; VErDÚ et al., 2007). this 
simple manufacturing process and the fact that 
it does not involve any heating steps makes ALP 
turrón the perfect matrix to add functional in-
gredients. In this way, ALP turrón can be used 
as a model to imitate other similar confections, 
such as turrón, torrone or nougat.

Unusual ingredients in turrón manufacturing, 
such as cinnamon and lemon peel, are includ-
ed in the formulation of ALP turrón because no 
honey is used and because the full flavor poten-
tial of toasted almonds is not built up due to the 
absence of thermal treatments (VÁZQUEZ-ArAÚ-
JO et al., 2008). the addition of a bee product, 
such as royal jelly, to ALP turrón could be use-
ful to include this type of confection in the list 
of products under the Protected Geographical 
Indication (PGI) “Jijona y Turrón de Alicante” 
because turrón is defined as “confection made 
with toasted almonds and honey produced in a 
traditional way”. 

bees are known to exist for more than 125 mil-
lion years and they are able to live in virtually all 
habitats on Earth (bANKOVA, 2005). this evolu-
tionary success is mainly due to specific prod-
ucts that bees manufacture and use for differ-
ent purposes: honey, royal jelly, pollen, propo-
lis, beeswax and venom. royal jelly (rJ) is the 
main food for the honeybee queen; it is a yellow-
ish, creamy, and acidic material with a slightly 
pungent odour and taste. rJ possesses sever-
al pharmacological activities, such as life-span-
elongating, antifatigue, antiallergic, antitumor, 
antihypercholesterolemic, antihypertensive and 
anti-inflammatory effects (MELLIOU and cHINOU, 
2005). these effects are related to its chemical 
composition, including proteins, sugars, vita-
mins and bioactive substances such as trans-
10-hydroxy-2-decenoic acid. In fact, rJ has been 
used worldwide as commercial medical products, 
health foods and cosmetics.

the main objective of this study was to de-
scribe qualitatively and quantitatively the vola-
tile composition of ALP turrón enriched with roy-
al jelly. Aroma profiles of royal jelly, cinnamon 
and lemon peel were also studied. this study is 
included within a general project in which new 
products based on turrón are being designed 
and developed.

MAtErIAL AND MEtHODs

Materials

Functional “a la piedra” (ALP) turrón was pre-
pared at the facilities of the turrón company Pa-
blo Garrigós Ibáñez S.L., located in Jijona (Ali-
cante, spain). royal jelly was purchased from 
the Mieles Llovell S.L. (carcer, Valencia, spain). 
two hundred bars of ALP turrón enriched with 
rJ were prepared in four different batches (50 
bars batch-1). the ingredients composition of the 
functional ALP turrón was as follows: toasted al-
monds (56-60%), sugar, lemon peel, cinnamon, 
and propolis (1.00%). the control samples (50 
bars) did not contain any rJ.

threshold of royal jelly detection

the objective of the study was to determine 
the detection threshold (maximum amount need-
ed for detecting the stimulus, in %) of rJ in ALP 
turrón. A consumer panel of 40 panellists (regu-
lar consumers of turrón during christmas time) 
was used for this sensory test. ALP turrón with 
eight royal jelly concentrations was studied (0, 
0.25, 0.50, 0.75, 1.00, 1.25, 1.50, 1.75 and 
2.00%). the panellists were asked to say wheth-
er they noticed something different from the in-
itial sample of ALP turrón (control sample with 
no rJ addition).

simultaneous steam-Distillation 
Extraction (sDE)

A suspension of 30 g of ALP turrón in 75 mL 
of ultrapure water (Milli-Q, Millipore corp., 
bedford, MA, Usa) was placed in flask A of the 
Likens-Nickerson distillator (Afora, barcelona, 
spain) with 10 g Nacl (Merck, Darmstadt, Ger-
many). In flask b, 50 mL of cl2cH2 (Labscan Ltd., 
Dublin, Ireland) was introduced. boiling chips 
were added to flask A together with 10 drops of 
silicon as an antifoaming agent and the internal 
standard, 2-pentanol (100 µL of 1 g L-1). Flask b 
was heated in a water bath at 55ºc and flask A 
in an oil heater at 160°c. the vapours were con-
densed by means of a cold refrigerant maintained 
at -5ºc by a cryostat, model Frigiterm (selecta, 
barcelona, spain). After 120 min of extraction, 
the organic solvent contained the aroma com-
pounds from ALP turrón samples (VÁZQUEZ et 
al., 2007). the extract was dried over 5 g anhy-
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drous Na2sO4 (Panreac Química s.A., barcelo-
na, spain) and concentrated to about 1 mL in a 
Vigreaux column.

Gc-Ms analytical conditions

Gc-Ms analyses were performed with a Gc-
Ms-QP5050A shimadzu (shimadzu corporation, 
Kyoto, Japan) model gas chromatograph-mass 
spectrometer equipped with an AOc-20i auto-
injector and a trAcsIL Meta.X5 column, 95% 
dimethyl-polysiloxane and 5% diphenyl-polysi-
loxane (teknokroma s. coop. c. Ltd, barcelona, 
spain; 30 m × 0.25 mm × 0.25 µm film thick-
ness). the experimental conditions were those 
reported earlier by bOLEcHOWsKI et al. (2011). 
Data handling was made through GCMSolution 
1.01 (shimadzu).

the quantification of the volatile compounds 
was performed using a shimadzu 2010 gas 
chromatograph with a flame ionization detector 
(FID). the column and chromatographic con-
ditions were similar to those reported for the 
Gc-Ms analysis. the injector temperature was 
250ºc and nitrogen was used as a carrier gas 
(1 mL min-1). Data handling was carried out by 
means of GCsolution 2.3 (shimadzu).

tables 1 and 2 show the authentic chemicals 
used as standards (std), the system of identifi-
cation of each compound and experimental and 
literature Kovats indices (KI) for ALP turrón and 
royal jelly, respectively. Identification was con-
sidered tentative when it was based exclusively 
on mass spectral data.

sensory evaluation with trained panel

A panel of 10 judges, aged 20 to 60 (6 females 
and 4 males) was trained for the descriptive eval-
uation of turrón and its main raw materials, i.e. 
almonds and honey. the details about panel se-
lection and training can be found in VÁZQUEZ-
ArAÚJO et al. (2005).

Descriptive sensory Analysis (DsA) has been 
successfully used for comparing odour and taste 
attributes in foods and their products (ALAsAL-
VAr et al., 2003). Turrón samples were assessed 
using a flavour profile method (MEILGAArD et al., 
1999). Prior to DsA, the panellists discussed the 
flavour properties of ALP turrón during two pre-
liminary orientation sessions, each lasting 90 
min, until they agreed on their use of flavour at-
tributes. During these orientation experiments, 
the panellists evaluated six different coded sam-
ples of ALP turrón from different manufacturing 
companies. Fourteen flavour attributes were 
identified and the standards were made availa-
ble to the panellists. DsA was performed for 14 
flavour attributes (table 3).

the measurements were performed in indi-
vidual booths with controlled illumination (70-
90 fc) and temperature (23º±2ºc) (MEILGAArD et 
al., 1999). Individual turrón samples were scored 

for the intensity of the studied attributes using a 
100 mm-long line with line anchors (0 = no inten-
sity; 100 = very intense). the panellists relied on 
their training experience to score products. the 
samples were randomly presented to each pan-
ellist (coded with a three-digit random number). 
the samples were evaluated in triplicate.

statistical analysis

For each of the above-mentioned analyses at 
least 3 replications were carried out. the ± val-
ues represent the standard errors of the meas-
urements. the data from the DsA experiments 
were subject to the analysis of variance (ANO-
VA) and the tukey’s least significant difference 
multi-comparison test in order to determine sig-
nificant differences between the samples. sta-
tistical analyses were done using a statgraph-
ics Plus 5.1 software (Manugistics, Inc., rock-
ville, MD, Usa) and graphics using a sigma Plot 
9.0 (sPss science, chicago, Usa).

rEsULts AND DIscUssION

Detection threshold

Duo to the peculiar and not pleasant flavour 
of royal jelly (phenolic odour, not sweet, acidic 
and slightly pungent and rancid), it was of great 
importance to determine its detection threshold. 
Fig. 1 shows that the detection threshold of roy-
al jelly (the lowest stimulus capable of producing 
a sensation) was approximately 1.03%; at this 
concentration, 50% of the consumers included 
in the panel were able to detect a significant dif-
ference from the control sample. consequently, 
a final concentration of 1.0% of royal jelly was 
chosen as an ingredient to ALP turrón.

biological activity

royal jelly contains considerable amounts of 
proteins, free amino acids, lipids, vitamins, and 
sugars, and it is known to have several diverse 
physiological and pharmacological functions in 
humans. these include vasodilative, hypoten-
sive, anti-hypercholesterolemic, and anti-tu-
mor activities (NArItA et al., 2006; MAtEEscU 
and bArbULEscU, 1999). All these health-relat-
ed benefits make rJ attractive as a natural pre-
servative in new food applications. this meets 
the demand for natural antioxidants and anti-
microbials, fuelled by the increasing consum-
er awareness of natural, minimally processed 
foods with traditional preservatives either ab-
sent or at very low concentrations (KALOGErO-
POULOs et al., 2009). besides, royal jelly proved 
to have higher antioxidative activities than hon-
ey (NAGAI et al., 2001).

the functional ALP turrón studied here will 
provide consumers with 1,000 mg of rJ per 



Ital. J. Food Sci., vol. 24 - 2012  135

table 1 - Volatile compounds identified in alp turrón enriched with royal jelly, their identification methods and Kovats indi-
ces for the present study and literature values (NIst, 2011).

Compound	 Peak	 RT	(min)	 Kovats	Index	 Concentration
	 	 	 (KI)	 (mg	kg-1)

	 	 	 Exp.	 Lit.	 Control	 Royal	Jelly

Pyrrole	 1	 5.05	 769	 762	 0.05±0.02	 0.10±0.01
Dihydro-2-methyl-3(2H)-furanone†	 2	 6.83	 808	 804	 0.06±0.02	 0.06±0.02
2-Methylpyrazine†	 3	 7.58	 829	 825	 0.05±0.02	 0.04±0.01
Furfural†	 4	 8.03	 842	 833	 0.22±0.05	 0.09±0.01
Heptanal†	 5	 11.62	 902	 903	 0.06±0.01	 0.06±0.01
2,5-Dimethylpyrazine	 6	 12.05	 910	 926	 0.08±0.05	 0.04±0.01
a-Thujene	 7	 12.99	 927	 923	 0.95±0.03	 1.01±0.10
a-Pinene†	 8	 13.32	 933	 933	 4.21±0.16	 4.51±0.45
Camphene	 9	 14.13	 947	 945	 0.16±0.02	 0.17±0.02
cis-2-Heptenal	 10	 14.68	 957	 951	 0.03±0.01	 0.02±0.01
Benzaldehyde†	 11	 14.79	 959	 960	 0.34	±0.08	 0.26±0.02
Sabinene	 12	 15.62	 974	 973	 6.46±0.06	 6.59±0.56
b-Pinene†	 13	 15.78	 977	 981	 36.5±0.9	 38.2±2.8
1-Octen-3-ol†	 14	 16.27	 986	 982	 0.04±0.01	 0.03±0.01
6-Methyl-5-hepten-2-one	 15	 16.41	 988	 994	 0.09±0.01	 0.09±0.01
Myrcene	 16	 16.70	 994	 991	 3.72±0.05	 3.81±0.28
Octanal†	 17	 17.34	 1005	 1006	 0.72±0.05	 0.82±0.09
a-Terpinene	 18	 18.06	 1018	 1014	 0.59±0.05	 0.65±0.22
p-Cymene	 19	 18.55	 1027	 1027	 3.55±0.24	 3.49±0.24
Limonene†	 20	 18.98	 1035	 1029	 229±4	 231±28
Benzyl	alcohol†	 21	 19.34	 1042	 1036	 0.67±0.10	 0.62±0.05
Phenylacetaldehyde†	 22	 19.50	 1045	 1050	 0.55±0.16	 0.56±0.06
cis-b-Ocimene	 23	 19.92	 1052	 1051	 0.22±0.01	 0.23±0.02
g-Terpinene	 24	 20.52	 1063	 1059	 36.4±0.4	 36.6±4.1
cis-Sabinene	hydrate	 25	 21.07	 1073	 1073	 0.30±0.03	 0.28±0.04
1-Octanol†	 26	 21.38	 1079	 1072	 0.23±0.01	 0.22±0.02
Terpinolene	 27	 22.01	 1090	 1084	 1.61±0.01	 1.62±0.14
trans-Sabinene	hydrate	 28	 22.76	 1104	 1080	 0.33±0.01	 0.32±0.03
Linalool	 29	 22.91	 1107	 1098	 0.51±0.03	 0.45±0.07
Nonanal†	 30	 22.99	 1109	 1103	 2.11±0.08	 2.16±0.22
cis-Limonene	oxide	 31	 24.73	 1142	 1139	 1.53±0.05	 1.50±0.14
Citronellal	 32	 25.59	 1159	 1161	 0.67±0.02	 0.64±0.06
Terpinen-4-ol	 33	 26.98	 1185	 1178	 0.28±0.01	 0.26±0.03
a-Terpineol	 34	 27.78	 1201	 1193	 2.07±0.04	 2.02±0.21
Decanal†	 35	 28.38	 1213	 1209	 0.43±0.01	 0.42±0.05
cis-Cinnamaldehyde†	 36	 28.96	 1224	 1215	 0.32±0.05	 0.31±0.03
trans-Carveol	 37	 29.22	 1230	 1207	 0.75±0.09	 0.63±0.06
Nerol†	 38	 29.59	 1237	 1233	 0.39±0.02	 0.44±0.04
Neral	 39	 30.11	 1248	 1235	 2.66±0.10	 2.54±0.28
Geraniol	 40	 30.98	 1265	 1276	 0.37±0.21	 0.78±0.08
trans-2-Decenal	 41	 31.24	 1271	 1278	 0.09±0.01	 0.08±0.02
trans-Cinnamaldehyde†	 42	 31.72	 1280	 1283	 19.3±1.1	 18.1±1.9
(Z,Z)-2,4-Decadienal†	 43	 32.85	 1304	 1293	 0.05±0.01	 1.48±0.08
(E,E)-2,4-Decadienal†	 44	 33.93	 1327	 1316	 0.34±0.09	 0.18±0.01
Citronellyl	acetate	 45	 35.59	 1363	 1357	 0.21±0.01	 0.20±0.02
Eugenol†	 46	 35.84	 1368	 1364	 0.28±0.01	 0.28±0.05
Neryl	acetate	 47	 36.07	 1373	 1365	 2.25±0.04	 2.19±0.29
a-Copaene	 48	 36.76	 1388	 1377	 0.10±0.02	 0.07±0.02
Geranyl	acetate	 49	 36.97	 1392	 1382	 3.09±0.12	 2.88±0.19
Tetradecane†	 50	 37.91	 1413	 1400	 0.18±0.01	 0.19±0.01
(Z)-b-Farnesene	 51	 38.53	 1427	 1431	 0.14±0.01	 0.11±0.02
trans-Caryophyllene	 52	 38.79	 1433	 1428	 1.18±0.03	 1.11±0.06
a-Bergamotene	 53	 39.47	 1448	 1446	 2.27±0.12	 2.14±0.11
(E)-Cinnamyl	acetate	 54	 39.86	 1457	 1441	 0.08±0.01	 0.06±0.01
b-Santalene	 55	 40.60	 1474	 1476	 0.10±0.06	 0.04±0.01
(E,E)-a-Farnesene	 56	 41.68	 1499	 1500	 0.07±0.01	 0.05±0.01
(E)-b-Bisabolene‡	 57	 42.44	 1517	 1508	 0.22±0.01	 0.20±0.03
g-Bisabolene‡	 58	 42.73	 1524	 1525	 2.76±0.12	 2.60±0.13

	 Total	 	 	 	 	 373±7	 376±29
†	Both	Kovats	indexes	and	retention	times	of	authentic	standards	were	used	for	identification	besides	the	general	comparison	of	experimental	mass	spectra	to	
spectra	of	authentic	standards	and	Wiley	library.	‡	Tentatively	identified.
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table 2 - Volatile compounds identified in royal jelly with their identification method and Kovats indices for the present study 
and literature values (NIst, 2011).

	 	 	 Kovats	Index	(KI)	
Compound	 Peak	 RT	 	 	 Concentration
	 	 (min)	 Experimental	 Literature	 (mg	kg-1)

1-Pentanol	 1	 5.72	 778	 771	 0.28±0.01
Benzaldehyde†	 2	 14.79	 955	 960	 0.54±0.05
1-Heptanol	 3	 15.75	 971	 970	 0.14±0.01
1-Octen-3-ol†	 4	 16.27	 980	 982	 0.10±0.01
Benzyl	alcohol†	 5	 19.34	 1034	 1036	 0.60±0.06
Phenylacetaldehyde†	 6	 19.50	 1039	 1050	 0.16±0.01
cis-Sabinene	hydrate	 7	 21.07	 1066	 1068	 0.38±0.02
1-Octanol†	 8	 21.38	 1072	 1072	 0.20±0.01
trans-Sabinene	hydrate	 9	 22.76	 1097	 1080	 0.54±0.02
Linalool	 10	 22.91	 1099	 1098	 0.30±0.05
Nonanal†	 11	 22.99	 1103	 1103	 0.16±0.02
cis-Limonene	oxide	 12	 24.73	 1135	 1139	 0.33±0.03
Terpinen-4-ol	 13	 26.98	 1177	 1178	 0.14±0.01
a-Terpineol	 14	 27.78	 1191	 1193	 1.06±0.11
cis-Cinnamaldehyde†	 15	 28.96	 1215	 1215	 0.90±0.09
trans-Carveol	 16	 29.22	 1219	 1207	 0.12±0.01
Neral	 17	 30.11	 1239	 1235	 0.72±0.07
trans-Cinnamaldehyde†	 18	 31.72	 1269	 1283	 11.0±0.55

	 Total	 	 	 	 17.6±1.3

†	Both	Kovats	indexes	and	retention	times	of	authentic	standards	were	used	for	identification	besides	the	general	comparison	of	experimental	mass	spectra	to	
spectra	of	authentic	standards	and	Wiley	library.

Fig. 1 - Determination of royal jelly detection threshold in “a la piedra” turrón.

each 100 g of the product. the data in literature 
show that a daily intake of 200 mg of rJ is rec-
ommended (rDI), and needed to have positive a 
positive impact on health (AsÍs, 1996). A daily 
consumption of 20 g of the rJ enriched ALP tur-
rón will cover 100% of the rDI. In fact, the nor-

mal daily consumption of turrón during christ-
mas is usually higher (about 50 g). 

summing up, ALP turrón enriched with rJ will 
be of superior quality (according to its biologi-
cal activity) as compared to the traditional ALP 
product and other types of turrón, such as Jijo-
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na or Alicante due to higher biological activity 
of rJ as compared with honey. 

Volatile compounds

total concentrations of volatile chemicals in 
control and functional ALP turrón samples were 
373 ± 7 mg kg-1 and 376 ± 29 mg kg-1, respec-
tively. table 1 shows that the addition of rJ at 
a concentration of 1.00% did not increase the 
concentrations of volatile compounds.

According to the composition (percentage of 
each ingredient) of ALP turrón, its ingredients can 
be ordered as follows: toasted almonds > sugar 
> lemon peel > cinnamon ≈ royal jelly. Howev-
er, the order of the concentration of total vola-
tiles from different raw materials was quite dif-
ferent: lemon peel > cinnamon > toasted almonds 
≈ sugars > royal jelly. total concentrations of 
the raw ingredients not studied until this study 
were: (i) lemon peel (15,135 ± 176 mg kg-1), (ii) 
cinnamon (8,220 ± 41 mg kg-1), and (iii) rJ (17.6 
± 1.3 mg kg-1). the concentrations of total vola-
tiles in sugar matrix and toasted almonds were 
previously established by VÁZQUEZ et al. (2007) 
and VÁZQUEZ-ArAÚJO et al. (2008) and were 174 
mg kg-1 (for sugars at the end of the concentra-
tion step of honey, sugars, and water) and 228 
mg kg-1 (mean value of almonds from three dif-
ferent cultivars: Marcona, Comuna, and Califor-
nia), respectively.

therefore, the first conclusion from this study 
was that ALP turrón was more aromatic than Al-
icante and Jijona turrón mainly due to the lem-
on peel and cinnamon used in its formulation. 
besides, the role of rJ in the aromatic profile of 
ALP turrón is insignificant due to its low concen-
tration of volatile compounds.

the main compounds identified in the lem-
on peel were: limonene (7,890 mg kg-1, 52.1% 
of total concentration of volatiles), g-terpinene 

table 3 - Flavour attributes selected for DsA.

	Attribute	 Characteristics

Acid	 Taste	associated	with	citric	acid
Aftertaste	 Remaining	desirable	and	delicate	flavour	
	 after	swallowing
Astringent	 Causing	contraction	of	mouth	tissues
Bitter	 Taste	associated	with	caffeine
Burnt	 Smell	of	grilled	meat,	burnt	smell
Cinnamon	 Aroma	and	flavour	of	cinnamon
Lemon	 Aroma	and	flavour	of	lemon
Nutty	 Delicate,	characteristics	flavour	
	 of	tree	nut	products
Oily	 Oily	taste	or	mouthfeel
Pungent	 Burning	or	stinging	sensation
Rancid	 Associated	with	old	or	oxidised	fat
Sweet	 Taste	associated	with	sugar	
Toasted	 Flavour	of	toasted	nuts
Woody	 Odour	of	almond	hard	shell

(2,342 mg kg-1, 15.5%), b-pinene (1,220 mg kg-1, 
8.1%), a-terpineol (464 mg kg-1, 3.1%), geranial 
(408 mg kg-1, 2.7%), neryl acetate (301 mg kg-1, 
2.0%), neral (291 mg kg-1), and geranyl acetate 
(202 mg kg-1, 1.3%). these compounds have al-
ready been reported for lemon products (ALLE-
GrONE et al., 2006).

trans-cinnamaldehyde was the main com-
pound in cinnamon (7,456 mg kg-1) and repre-
sented almost 90.7% of the total concentration 
of volatile compounds in this raw material. Oth-
er important compounds were: cinnamyl ace-
tate (199 mg kg-1, 2.4% of total concentration of 
volatiles), eugenol (152 mg kg-1, 1.8%), linalool 
(74.8 mg kg-1, 0.9%), cis-cinnamaldehyde (62.5 
mg kg-1, 0.8%), a-terpineol (60.6 mg kg-1, 0.7%), 
and terpinen-4-ol (45.0 mg kg-1, 0.5%). the same 
compounds but at different concentrations were 
found by KAUL et al. (2003) in their studies of es-
sential oils isolated from different parts of cin-
namon (Cinnamomum zeylanicum blume) from 
India and sri Lanka.

Eighteen volatile compounds were found and 
tentatively identified in the rJ extracts (table 
2). the main compound was trans-cinnamalde-
hyde, which represented 62.5% of the total con-
centration of volatiles; its main sensory descrip-
tors are cinnamon, clove and spice. trans-cin-
namaldehyde seems to be responsible, at least in 
part, of the spice flavour of rJ. the most abun-
dant compounds were a-terpineol, cis-cinnamal-
dehyde, neral, and benzyl alcohol, which repre-
sented 6.0, 5.1, 4.1 and 3.4% of the total con-
centration of volatiles.

Fifty-eight compounds were identified in both 
control and rJ enriched ALP turrón and can be 
grouped in eleven chemical families: monoter-
penoids, monoterpenes, sesquiterpenes, alde-
hydes, aromatic hydrocarbons, furans, pyra-
zines, alcohols, pyrroles, ketones, and line-
ar hydrocarbons. Monoterpenes, monoterpe-
noids, sesquiterpenes, aromatic hydrocarbons 
and aldehydes were the predominant chemical 
groups. the volatile compounds from the first 
three chemical groups are due to the addition 
of lemon peel to this confection, while aromat-
ic hydrocarbons and aldehydes result from the 
addition of almond and/or cinnamon.

taking into account low aromatic intensity of 
rJ (17.6 mg kg-1) and its low percentage in the 
confection formula (1%), its on modification of 
the ALP turrón seems to be impossible.

the major group of chemicals found in control 
and rJ enriched ALP turrón extracts was that of 
monoterpenes (with 12 hydrocarbons present) 
comprising 86.8 and 87.3% of the concentration 
of total volatiles, respectively. A large amount of 
limonene (229 and 231 mg kg-1) was composed 
of 61.4% of both the control and functional ALP 
turrón. g-terpinene, b-pinene, sabinene and a-
pinene were the next most abundant monoter-
penes found in ALP turrón samples. Even though 
limonene was more abundant than other monot-
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Fig. 2 - DsA of flavour attributes in control and functional 
(enriched with royal jelly) “a la piedra” turrón.

erpenes and because of its high odour thresh-
old (1 mg L-1), the other compounds, such as a-
pinene will play more important role in the final 
flavour of this product due to its very low odour 
threshold (0.006 mg L-1). the odour units (con-
centration/threshold) of a-pinene and limonene 
were 727 (mean of both ALP turrón samples) and 
230, respectively, showing a relatively low ef-
fect of limonene on ALP turrón flavour. In fact, 
b-pinene with a mean value of 267 also showed 
higher odour units than limonene.

On the other hand, the chemical group with 
the highest number of chemicals was monoter-
penoids, 14. Within this group, the most abun-
dant compounds were geranyl acetate, neral, 
neryl acetate, a-terpineol, and limonene oxide. 
However, the combination of relatively low con-
centrations and high odour thresholds reduced 
contribution of monoterpenoids to the odour and 
aroma of ALP turrón.

Finally, the less important chemical group 
present in the lemon peel was that of sesquiter-
penes, representing only about 1.9% of the con-
centration of total volatiles. Eight compounds 
were included in this group, with g-bisabolene 
and b-bergamotene being the most abundant 
ones.

Eight aldehydes (heptanal, 2-heptenal, Oc-
tanal, nonanal, etc.) were found in ALP turrón. 
Aldehydes increased with toasting of nuts and 
prolonged storage, due to the development of 
rancidity. they can enhance the aroma of foods 
both due to their high concentrations and low 
odour thresholds (VÁZQUEZ-ArAÚJO et al., 2008; 
VÁZQUEZ et al., 2007). this situation can also be 
true with ALP turrón, especially because of the 
low odour thresholds. the mean odour units of 

the most important aldehydes found in the two 
types of ALP turrón under investigation were: 
4,300 for decanal, 3,714 for (E,E)-2,4-decadie-
nal, 2,140 for nonanal, and 1,100 for octanal.

seven aromatic hydrocarbons were detect-
ed in ALP turrón (benzaldehyde, benzyl alcohol, 
cis- and trans-cinnamaldehyde, etc.). the pre-
dominant aromatic hydrocarbon was trans-cin-
namaldehyde, present both in cinnamon and rJ. 
However, due to its high odour threshold (20 mg 
kg-1), its importance is insignificant for the final 
aroma of the ALP turrón.

Only one or two compounds from the follow-
ing chemical families: pyrazines, furans, pyr-
roles, ketones, alcohols and linear hydrocar-
bons, were found in ALP turrón, and their con-
centrations were low enough to affect the final 
odour and aroma of this confection. the low con-
centrations of pyrazines, furans and pyrroles 
also proved that almonds used in the manufac-
ture of this confection are only slightly toasted.

sensory evaluation

the flavor of rJ could be defined as having 
low but significant impact on the following at-
tributes of the product: astringent, acid, pun-
gent, spicy and/or rancid. besides, trans-cin-
namaldehyde, the most abundant compound in 
rJ, has a sharp spicy and even pungent taste. 
the addition of rJ is expected to improve the 
taste rather than the odour or aroma of ALP tur-
rón, due to its low aromatic intensity.

Intensities of a number of flavour attributes 
(nutty, toasted, burnt, astringent, lemon, cin-
namon, sweet, aftertaste, oily, and woody) did 
not show significant differences (p > 0.05) (Fig. 
2) between the control and rJ enriched ALP tur-
rón samples. the contribution of rancidity, acid-
ity, and pungency increased in about one unit 
(scale 0 to 10) in rJ enriched products as com-
pared to the negligible intensities of these three 
attributes in the control samples.

cONcLUsIONs

royal jelly was added at a maximum concen-
tration possible without changing the main sen-
sory properties of “a la piedra” (ALP) turrón, as 
perceived by a consumer panel; this concentra-
tion was determined at 1.0%. A total of 58 com-
pounds was detected in both the control and 
the royal jelly (rJ) enriched ALP turrón, includ-
ing monoterpenes, sesquiterpenes, monoterpe-
noids, pyrazines, furans, pyrroles, aldehydes, 
and aromatic hydrocarbons. the main chemi-
cal groups, terpenes and terpenoids, originated 
from the lemon peel, and their total concentra-
tion represented more than 90% of the total vola-
tile compounds. However, the other compounds, 
e.g. aldehydes could also play an important role 
in the final aroma of the ALP turrón, due to their 
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low odour thresholds. Descriptive sensory anal-
ysis proved that the main attributes character-
izing this confection were lemon, toasted, nut-
ty, sweet, cinnamon, and aftertaste; the addition 
of rJ slightly increased the scores of rancidity, 
acidity and pungency (these attributes were no-
ticed by the trained panel but not by the con-
sumer panel). both the sensory and instrumen-
tal analyses of ALP turrón demonstrated the pre-
dominant role of the compounds present in lem-
on in the overall aroma of the product. the ad-
dition of rJ to the ALP turrón did not change its 
instrumental aroma profile or sensory proper-
ties significantly, but it will contribute with 500 
mg per 50 g of ALP turrón ingested. 
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AbstrAct

the effects of two preparation methods, two packaging materials, and modified atmosphere con-
dition, on the bacteriological quality and safety of precooked lasagna, were studied. Microbiologi-
cal analyses focused on Salmonella spp., Listeria monocytogenes, Bacillus cereus, Escherichia coli, 
Staphylococcus aureus, spores of sulphite-reducing clostridia, and on mesophilic and psychro-
trophic aerobic bacteria, total coliforms and lactic acid bacteria. In total, 81 samples were exam-
ined, for up to 28 days. No pathogenic microorganisms were detected. After 28 days, spoilage-hy-
giene markers levels were non-compliant to reference standards. In conclusion, lasagna prepared 
with hot method in polyethylene packages were acceptable for up to 21 days.
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1. INtrODUctION

In Italy it is estimated that state school cater-
ing services serve more than 2,700,000 students 
daily. this represents a huge “social restaurant” 
in which the state, through local authorities, ba-
sically chooses the organization, raw materials, 
and the menus (Emilia-romagna, Italy, 2009; 
conferenza Permanente stato-regioni, 2010). 
considering the complexity of the organizations 
involved, the vulnerability of the people who re-
ceive the foodservices, and the consequences of 
possible adverse events, it is clear that catering 
services are of great strategic importance in the 
program to develop the right nutrition and to en-
sure food safety and nutritional quality.

In Italy the traditional “cook-serve” foodserv-
ice system is the most common in school cater-
ing (cIAPPEllANO, 2009), in which ingredients 
are assembled and food is produced on-site, kept 
either heated or chilled for up to two hours, and 
served to consumers. 

Nevertheless, in the school kitchens that pre-
pare thousands of meals per day there are some 
dishes that cannot be prepared using the cook-
serve method, due to the complexity of the reci-
pe and the long period of time requested for as-
sembly and cooking. In these cases the cater-
ers often purchase already precooked, chilled 
or frozen dishes from outside suppliers, such 
as lasagna.

lasagna is a classic Italian pasta casserole 
dish, which consists of alternate layers of pas-
ta, cheese and often other ingredients such as 
minced beef with tomato sauce. It is one of the 
most well-liked recipes in Italian school food-
services (DrAgONI et al., 2005).

Modified atmosphere packaging (MAP) in com-
bination with chill storage (<4°c) is a well-known 
food preservation method, but in the Italian 
school catering is still not widespread in meals 
preparation systems (cIAPPEllANO, 2009). the 
right combination of gases (cO2, N2 and O2) in the 
headspace of food packs suppresses the microbi-
al flora of perishable foods that normally develop 
under aerobic conditions (PAtsIAs et al., 2003). A 
minimum cO2 concentration of 20-30% is neces-
sary to produce inhibitory effects (stIlEs, 1991). 
chilling slows the deterioration of stored foods 
but if the atmosphere surrounding the product 
is also modified to reduce oxygen concentration, 
the shelf-life is increased considerably because 
of a further reduction in the rate of chemical ox-
idation by oxygen and in the growth of aerobic 
microorganisms (PhIllIPs, 1996). Nevertheless, 
concerns have been expressed that the increase 
in shelf-life of MAP products provides sufficient 
time for human pathogens to multiply to levels 
which render the food unsafe while still edible 
(JAy, 1992).

Pathogens that are able to multiply at chill 
temperatures (-1° to +7°c) (rAy, 2004) and that 
are able to growth in very low levels of oxygen as 

psychrotrophic Clostridium botulinum and Listeria 
monocytogenes (minimum growth temperature: 
0° to 1°c) (rAy, 2004) are of a particular concern 
(PhIllIPs, 1996; rAy, 2004). some of the major 
microbiological hazards associated with modified 
atmosphere packaging are: 1) Clostridium botuli-
num type E, which is capable of growth and toxin 
production at 3°c; 2) Listeria monocytogenes, en-
terotoxigenic Escherichia coli and spore-formers 
such as Bacillus cereus can survive inadequate 
heat and then grow during the chilled storage of 
the product; 3) any leaks in the seal and packag-
ing material can lead to post-thermal processing 
contamination by pathogens (NyAtI, 2000). how-
ever, the use of MAP with precooked meals that 
are subsequently cooked is considered less haz-
ardous because cooking (if correctly carried out) 
kills vegetative pathogens such as Listeria mono-
cytogenes, Salmonella spp., Escherichia coli, Sta-
phylococcus aureus, Bacillus cereus, and Clostrid-
ia (hOtchkIss, 1988).

the aim of this study was to evaluate and 
compare the bacteriological quality and safety 
of refrigerated precooked lasagna, experimen-
tally prepared by a traditional cook-serve cen-
tralized school kitchen in lombardy, Italy. this 
study was carried out testing the efficacy of two 
production processes and two types of packag-
ing materials, under a modified atmosphere, and 
stored at a refrigerator temperature (cold room 
– Angelo Po grandi cucine s.p.A., Italy – set at 
2°c) for up to 28 days. the ultimate goal was to 
determine the most suitable production method 
and type of packaging to ensure as high a lev-
el of microbial safety as possible. the microbio-
logical analysis focused on pathogenic and po-
tential-pathogenic microorganism markers (Sal-
monella spp., Listeria monocytogenes, Bacillus 
cereus, Escherichia coli, Staphylococcus aureus, 
and spores of sulphite-reducing clostridia); as 
well as spoilage-microorganisms and hygienic 
markers: mesophilic aerobic and psychrotrophic 
bacteria, total coliforms and lactic acid bacteria.

2. MAtErIAls AND MEthODs

this study was conducted from June 2010 to 
July 2010, involving a cook-serve kitchen of an 
Italian school catering establishment in lom-
bardy, which provides 3,000 meals a day for 3 
to 14 year-old children.

2.1 Preparation of lasagne

the lasagna samples were prepared on 23 
June 2010. the production was conducted in a 
separate area of the establishment. the ingredi-
ents consisted of: a) bolognese sauce (40%) (ta-
ble 1), b) béchamel sauce (40%) (table 2) and 
c) lasagna sheets (20%) (durum wheat, wheat 
flour type 00, pasteurized whole egg – 20% – 
and water). bolognese and béchamel sauces 
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were cooked in the on-site, pasta sheets were 
provided precooked and frozen (Food Valley 
s.r.l., Florence, Italy). the lasagna consisted 
of five layers of pasta sheets interleaved with 
three layers of bolognese sauce and three lay-
ers of béchamel.

the two lasagna preparation methods and the 
two types of packaging materials are shown and 
described in Fig. 1.

Fig. 1 - Flow-diagram of lasagna samples preparation.

2.2 storage conditions and sampling

the lasagna (n = 81) was stored in a cold 
room set at 2°c for 28 days. the temperature 
of the cold room was monitored every 30 min-
utes by a temperature recorder (ilOg, Escort 
Data loggers Inc., Usa). For the purpose of this 
study, precooked lasagna portions were divided 
into four groups according to their preparation 
and packaging methods. group A (n = 15): hsl 
method and cPEt/APEt packaging; group b 
(n = 15): csl method and cPEt/APEt packag-
ing; group c (n = 15): hsl method and cEll-

table 2 - béchamel sauce recipe.

Béchamel sauce

Ingredients %

Water	 75.0
Wheat	flour	 7.0
Butter	 9.5
Screamed	milk	powder	 6.2
Salt	 0.9
Sugar	 0.8
Tapioca	starch	 0.5
Nutmeg	 0.1

table 1 - bolognese sauce recipe.

Bolognese sauce

Ingredients %

Minced	Italian	beef	 44.0
Double	concentrated	tomato	 27.5
Frozen	diced	onion	 3.5
Frozen	diced	carrot	 3.5
Frozen	diced	celery	 3.5
Extra	virgin	olive	oil	 2.3
Red	wine	 2.5
Salt	 1.0
Water	 2.9
Tomato	pulp	 2.9
Tapioca	starch	 1.0
Butter	 2.7
Wheat	flour	 2.7
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PEt packaging; group D (n = 15): csl method 
and cEll-PEt packaging. During the storage, 
the analysis of the headspace gas concentration 
and sampling for the microbiological tests were 
performed on day 0 and after 7, 14, 21 and 28 
days of storage. At time 0, the frozen precooked 
pasta sheets, and the béchamel and bolognese 
(n = 9) sauces after cooking were packaged and 
analysed separately. At time 28, three samples 
per group (n = 12) were analysed after cooking at 
180°c for 30 minutes. the cooking was carried 
out using a convection oven (Zanussi s.p.A., It-
aly) set at “dry cooking”. All samples were trans-
ported to the laboratory in containers with ice 
and were analysed the same day.

2.3 headspace gas analysis

gas concentrations in the headspace of pack-
ages (cO2 and O2) were determined using an 
OXybAby®-M headspace analyzer (WItt gase-
technik gmbh & cO., England).

2.4 Microbiological analysis

An analytical unit (10 g) was aseptically tak-
en from each sample unit, added to 90 ml of 
sterile diluent solution (0.85% Nacl and 0.1% 
peptone), and homogenized in a stomacher 400 
(colworth, Uk) for 1 min at room temperature 
and then serial 10-fold dilutions were prepared 
in a sterile saline. 

Psychrotrophic aerobic plate counts (PAPc) 
were determined using a pour plate technique on 
Plate count Agar (Oxoid, basingstoke, Uk); plates 
were incubated at 10°c for 10 days. this medium 
was chosen since it is a well-known and frequent-
ly applied tool for the enumeration of bacteria in 
food quality control programs in the food industry 
(EsPE et al., 2004; bErNArDI et al., 2009), and it 
is the medium indicated by official methods (IsO 
17410: 2001). Mesophilic aerobic plate counts 
(MAPc) were enumerated using a PetrifilmtM Aer-
obic count (3MtM, st. Paul, Minnesota, UsA), fol-
lowing the AFAQ/AFNOr 3M 01/1-09/89 meth-
od. PetrifilmtM plates were also used to determine 
total coliforms (tc), Escherichia coli (Ec), Staphy-
lococcus aureus (sA), using the following meth-
ods AFNOr 3M 01/2-09/89A, AFAQ/AFNOr 3M 
01/08-06/01 and AFNOr 3M 01/9-04/03 re-
spectively. lactic acid bacteria (lAb) were enu-
merated on de Man-rogosa-sharpe agar (Oxoid, 
basingstoke, Uk), at ph 5.5. Plates were incubat-
ed at 30°c for 48 h under anaerobic conditions 
in an anaerobic jar (Oxoid, basingstoke, Uk) with 
an AnaerogentM sachet oxygen absorber (Oxoid, 
basingstoke, Uk); Salmonella spp. detection was 
in accordance with IsO 6579:2002 cor.1:2004. 
the detection of Listeria monocytogenes were per-
formed in accordance with AFNOr brD 07/4-
09/98 and AOAc No. 060402 2006. For Bacil-
lus cereus enumeration, 0.1 ml of each dilution 
sample was put onto polymixin-piruvate-egg yolk-

mannitol-bromothymol blue agar (PEMbA, Oxoid, 
basingstoke, Uk) with 50,000 IU of polymixin per 
litre and egg yolk emulsion (Oxoid, basingstoke, 
Uk). the plates were air dried and incubated at 
30°c for 24 to 48 h (tEssI et al., 2002). For the 
isolation and enumeration of spores of sulphite-
reducing clostridia (ssc), the first step was the 
heat treatment of the tubes containing the first 
decimal dilution in a thermostatically controlled 
water bath at 80°±0.1°c for exactly 10 min after 
the temperature reached 80°c in a control tube, 
in order to eliminate vegetative cells. In the sec-
ond step, spores were enumerated by the pour 
plate method (sWANsON et al., 1992) onto tryp-
tose-sulfite-cycloserine (tsc) agar without egg 
yolk (cM587, Oxoid, basingstoke, Uk). the agar 
was supplemented with a 1% filter-sterilized D-
cycloserine (Oxoid, basingstoke, Uk) solution (4% 
wt/vol.). An amount of 0.1 ml of heated dilution 
was put onto empty sterile Petri dishes, poured 
plates were overlaid with a thin layer (5 ml) of 
freshly prepared tsc agar (supplemented with 
D-cycloserine as previously described). Upon so-
lidification of the tsc overlay, plates were placed 
in anaerobic jars (Oxoid, basingstoke, Uk) with 
an AnaerogentM sachet oxygen absorber (Oxoid, 
basingstoke, Uk) and incubated at 37.0°c for 
48 h. characteristic black colonies, if present, 
were enumerated. All analyses were performed 
in triplicate.

2.5 Evaluation of microbial safety

codex Alimentarius commission guidelines 
(1997) were followed for evaluating the micro-
bial safety of samples: L. monocytogenes (not 
detected in 25 g), Salmonella spp. (not detected 
in 25 g), E. coli (satisfactory <1.00 log10 cFU/g, 
unsatisfactory ≥1.00 log10 cFU/g), B. cereus 
(satisfactory <2.00 log10 cFU/g, unsatisfactory 
≥2.00 log10 cFU/g), S. aureus (satisfactory <2.00 
log10 cFU/g, unsatisfactory ≥2.00 log10 cFU/g), 
spores of sulphite-reducing clostridia (satisfacto-
ry <1.00 log10 cFU/g, unsatisfactory ≥1.00 log10 
cFU/g). Mesophiles and psychrotrophic aero-
bic plate counts, total coliforms and lactic acid 
bacteria provide a general estimation of the to-
tal number of microorganisms on the product, 
and are very helpful in estimating/comparing 
the microbial quality of each group of samples 
analysed (kOkkINAkIs et al., 2007). In our study 
we established the following acceptance limits: 
MAPc/PAPc = 6.00 log10 cFU/g; tc = 3.00 log10 
cFU/g and lAb = 6.00 log10 cFU/g.

3. rEsUlts AND cONclUsIONs

Salmonella spp. and Listeria monocytogenes 
were not detected in any of the samples ana-
lysed. Escherichia coli was <1.00 log10 cFU/g, 
Bacillus cereus was <2.00 log10 cFU/g, spores 
of sulphite-reducing clostridia were <1.00 log10 
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cFU/g in all the samples examined. In groups 
A and D lAb counts were lower than the accept-
ance limit up to 28 days of storage (mean counts 
ranged from <2.00 at day zero to 5.66±0.02 log10 
cFU/g at day 28), while in group b and c lAb 
counts exceeded the acceptance limit on 28th 
day of storage (respectively with 6.98±0.02 and 
6.11±0.07 log10 cFU/g).

Staphylococcus aureus was found with a fre-
quency of contamination of 37% (mean counts 
varied from <1.00 to 2.88±0.08 log10 cFU/g). 
In half of the positive samples S. aureus counts 
were unsatisfactory (mean values were ≥ 2.00 
log10 cFU/g), and the unsatisfactory counts 
were found in groups b and D (cold sauce lay-
ering) from day 14 (group b) and from day 28 
(group D), respectively. No difference in contam-
ination levels was found between cEll-PEt and 
cPEt/APEt packages.

It is well known that S. aureus lives on hu-
mans, food equipment, environmental surfac-
es, and animals, and exists in the nasal pas-
sages, throats, hair, and skin of 50% or more 
of healthy individuals. this bacterium is high-
ly vulnerable to heat treatment and nearly all 
sanitizing agents (yOON et al., 2008). For these 
reasons we can assume that the presence of 
S. aureus may be an indication of an environ-
mental contamination during the filling proc-
ess. In case of the hot fill system S. aureus has 
been eliminated by the high temperatures of 
the sauce, in the cold fill system S. aureus has 
not been eliminated.

the evolution of microbial populations (MAPc, 
PAPc, tc, lAb) in the four groups are shown in 
Figs. 2-5. the trend in the percentage of carbon 
dioxide measured in the headspace of packages 
is shown in Fig. 6. During the period of 28 days, 
the mean temperature in the cold room record-
ed by the data logger was 2.1°c.

As regards the enumeration of mesophilic 
(MAPc) and psychrotrophic (PAPc) microorgan-
isms, we found that the counts were the same 
order of logarithmic magnitude (Figs. 2 and 3). 
We can thus hypothesize that almost all the 
mesophilic bacteria detected had the capacity 
to grow at refrigeration temperatures.

At day 0, precooking seemed the most impor-
tant factor to affect initial bacterial populations, 
as mean mesophilic and psychrotrophic counts 
ranged from 2.00±0.04 to 3.98±0.02 log10 cFU/g 
and total coliforms counts (Fig. 4) ranged from 
<1.00 to 2.87±0.03 log10 cFU/g.

the results of the tests performed separately 
on the three elements of lasagna (at day 0), car-
ried out immediately after packaging, showed 
that mean MAPc and PAPc in frozen precooked 
sheets were respectively 4.00±0.03 log10 cFU/g 
and 4.04±0.06 log10 cFU/g, in béchamel sauce 
MAPc and PAPc were respectively 2.60±0.06 
log10 cFU/g and 2.00±0.05 log10 cFU/g. In the 
bolognese sauce they were <1.00 log10 cFU/g, 
and all the other microbiological parameters (tc, 
sA, lAb) were lower than the detection limits.

At day 14, the inhibitory effect of cO2 was 
particularly significant as the populations were 

Fig. 2 - Evolution of Psychrotrophs during storage of groups: group A, hot sauce layering method and cPEt/APEt packag-
ing; group b, cold sauce layering method and cPEt/APEt packaging; group c, hot sauce layering method and cEll-PEt 
packaging; group D, cold sauce layering method and cEll-PEt packaging. cFU: colony-forming units. the data are the 
mean values of three experiments. bars: standard deviation.
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Fig. 3 - Evolution of Mesophiles during storage of samples: group A, hot sauce layering method and cPEt/APEt packag-
ing; group b, cold sauce layering method and cPEt/APEt packaging; group c, hot sauce layering method and cEll-PEt 
packaging; group D, cold sauce layering method and cEll-PEt packaging. the data are the mean values of three experi-
ments. bars: standard deviation.

Fig. 4 - Evolution of total coliforms during storage of samples: group A, hot sauce layering method and cPEt/APEt packag-
ing; group b, cold sauce layering method and cPEt/APEt packaging; group c, hot sauce layering method and cEll-PEt 
packaging; group D, cold sauce layering method and cEll-PEt packaging. cFU: colony-forming units. the data are the 
mean values of three experiments. bacterial counts below the detection limit (<1.00 log10 cFU/g) are conventionally repre-
sented in this figure as 0 log10 cFU/g. bars: standard deviation.
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substantially unvaried in groups A, b and c; 
only in group D (cEll-PEt packaging and csl 
method) mean values of MAPc, PAPc and total 
coliforms counts increased by 1.25-1.57 log10 
units, and tc mean counts were unsatisfacto-
ry according to the acceptance limits (mean val-
ue was 3.63±0.06 log10 cFU/g).

At day 21, MAPc, PAPc and tc mean counts 
exceeded the acceptance limits only in group D.

At day 28, the populations detected were 
higher than the acceptance limits in all the 
four groups analysed (mean MAPc and PAPc 
ranged from 6.18±0.02 to 8.08±0.07 log10 
cFU/g, tc mean values varied from 3.11±0.03 
log10 cFU/g in group c, to 4.95±0.03 log10 
cFU/g in group D).

the results we obtained confirm that the cO2 
concentration inhibited the growth of microor-
ganisms as long as a sufficient concentration of 
dissolved cO2 was maintained on the surface of 
the lasagna. As shown in Figure 6, the carbon 
dioxide percentage decreased rapidly until day 7, 
then decreased more slowly up to day 28. c and 
D were the groups in which the cO2 decreased 
to the lowest levels. 

these data indicate that probably the heat 
sealing of cEll-PEt containers with a PEt top 
film could be less effective over time compared to 
the polyethylene containers. the inefficiency of 
heat-sealing was also demonstrated by the per-
centage of oxygen (Fig. 7) measured in the head-
space. In fact, during the 28 days of storage, in 

group c oxygen increased from 2.3 to 18.8%, in 
group D it increased from 0.0 to 2.9%, while in 
groups A and b it increased respectively from 
0.2 to 2.2% and from 0.0 to 1.3%. the level of 
oxygen may have inhibited the surface growth 
of pathogenic anaerobic bacteria, which were 
not detected in this investigation. No difference 
in aerobic bacterial counts was found between 
higher and lower percentage oxygen packages, 
most probably because the bacterial populations 
were also able to grow also in an environment 
with an oxygen deficiency (<1%). 

At day 28, the results on the samples analysed 
after cooking showed almost a complete destruc-
tion of microbial populations, in all the groups, 
thus demonstrating the efficacy of cooking tim-
ing and temperature.

In conclusion, this study investigated the pos-
sible extension of the shelf-life of refrigerated 
precooked lasagna prepared by using two dif-
ferent processes and packaged using two ma-
terials, under MAP. the microbiological results 
suggest that the potential risk of the growth of 
pathogenic microorganisms is minimal. 

both packaging methods (cPEt-APEt and 
cEll-PEt) ensured a sufficiently long shelf-life 
for most catering purposes. the only difference 
worth noting was that cellulose had higher val-
ues of oxygen in the headspace, which could af-
fect its future use in catering due to the greater 
probability of aerobic bacterial growth. In con-
clusion, the use of MAP, and both the hsl/csl 

Fig. 5 - Evolution of lactic acid bacteria during storage of samples: group A, hot sauce layering method and cPEt/APEt 
packaging; group b, cold sauce layering method and cPEt/APEt packaging; group c, hot sauce layering method and cEll-
PEt packaging; group D, cold sauce layering method and cEll-PEt packaging. cFU: colony-forming units. the data are 
the mean values of three experiments. bacterial counts below the detection limit (<2.00 log10 cFU/g) are conventionally rep-
resented in this figure as 0 log10 cFU/g. bars: standard deviation.
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Fig. 6 - concentration of cO2 during storage of lasagna sample groups: group A, hot sauce layering method and cPEt/APEt 
packaging; group b, cold sauce layering method and cPEt/APEt packaging; group c, hot sauce layering method and cEll-
PEt packaging; group D, cold sauce layering method and cEll-PEt packaging. bars: standard deviation.

Fig. 7 - concentration of O2 during storage of lasagna sample groups: group A, hot sauce layering method and cPEt/APEt 
packaging; group b, cold sauce layering method and cPEt/APEt packaging; group c, hot sauce layering method and cEll-
PEt packaging; group D, cold sauce layering method and cEll-PEt packaging. bars: standard deviation.
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methods associated with cPEt-APEt packaging 
and the hsl method associated with cEll-PEt 
containers appeared to be an optimal solution 
for increase the shelf-life up to 21 days. 

the results obtained could be useful to im-
plement new production processes within the 
widespread Italian cook-serve school foodserv-
ice establishments, which currently, due to the 
large number of consumers to be served, acquire 
ready-to-cook frozen lasagna from outside sup-
pliers in order to optimize time and labor.

there are several direct and indirect advan-
tages from the implementation of this new pro-
duction system in the largest cook-serve cater-
ing establishments: a) greater flexibility in men-
us; b) possibility of customize the recipes for eth-
nic and religious minorities (for example using 
poultry meat instead of beef), and for children 
suffering from food allergies or intolerances; c) 
meet the contemporary trend for consumption 
of fresh rather than frozen products.
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AbstrAct

We attempted to predict the performance of cylindrical stoppers by evaluating their inner mor-
phology. the same white wine lots were stored for eighteen months under controlled humidity 
and temperature conditions. stopper cellulation was analysed using scanning electron micros-
copy. the results show that the wine-browning kinetics were significantly different for each stop-
per used and were related to the regularity of stopper cellulation. combining our observations re-
garding the inner closure morphology with data on browning kinetics, we propose an arbitrary 
scale for classifying stopper quality. this scale can be practically applied during pre-bottling op-
erations to choose the most efficient cylindrical closure.
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IntroductIon

the production of white wine involves great 
efforts to avoid extensive contact with oxygen, 
which is deleterious in terms of colour altera-
tion (browning) and the eventual deterioration of 
overall product quality and marketability (Escu-
dEro et al., 2000; sILVA FErrEIrA et al., 2002). 
It is well established that the relevant reactions 
leading to browning in white wines depend prin-
cipally on their polyphenolic compositions (ros-
sI and sIngLEton, 1966; gozALEs-cArtAgEnA 
et al., 1994), although factors affecting polyphe-
nol oxidation, such as transition metal ions and 
the presence of sulphur dioxide and ascorbic acid 
(dAnILEWIcz, 2007), are of equal importance. 
Among phenolic compounds, flavan-3-ols are the 
substances most directly related to the brown-
ing process in most white wines (chEynIEr et al., 
1989). Acetaldehyde can promote the polymerisa-
tion of flavan-3-ols, especially during the biologi-
cal aging of sherry wines (FuLcrAnd et al., 1996) 
whereas browning is related more to cinnamates 
(FErnàndEz-zurbAno et al., 1998) than to fla-
van-3-ols (FAbIos et al., 2000; IbErn-gòmEz et 
al., 2000). In general, caffeic and caftaric acids, 
as well as catechin, epicatechin and their deriva-
tives, are recognised to produce a number of ox-
idation products that are regarded as potential 
browning agents (oszmIAnskI et al., 1996; PALmA 
and gArcIA bArroso, 2002) that lead to changes 
in the antioxidant status of wine (sIoumIs et al., 
2005). conditions such as high storage tempera-
tures (sommErs and Pockock, 1990), light and 
oxygen dissolution (sIngLEton, 1987) are condu-
cive to wine browning (gòmEz et al., 1995). the 
evolution of absorbance at 420 nm can be used 
to monitor browning analytically (gòmEz et al., 
1995; sIoumIs et al., 2006), although some au-
thors hold that this method is not the best indi-
cator of the oxidation status of white wine (sk-
ouromounIs et al., 2005).

Wine closure, packaging options, and stor-
age conditions offer opportunities to alter a white 
wine’s colour and flavour profile. the capacity for 
closure or packaging to directly remove volatile 
compounds through sorptive processes is termed 
scalping and has been shown to vary with closure 
type for several wine odorants (brAjkoVIch et al., 
2005; PIckErIng et al., 2009; LEquIn et al., 2010). 
because of its oxygen permeability, the closure 
chosen for sealing a bottle of wine plays a funda-
mental role in promoting or limiting wine oxidation 
(kEEnAn et al., 1999; LoPEs et al., 2005; LoPEs et 
al., 2006; LoPEs et al., 2009; brotto et al., 2010; 
kArboWIAk et al., 2010; WIrth et al., 2010). much 
prior research has demonstrated that white wines 
closed with synthetic stoppers, screw caps, or cork 
closures (chAtonnEt et al., 2000; goddEn et al., 
2001; mAs et al., 2002; sILVA et al., 2003; mArIn 
et al., 2007; LoPEs et al., 2009), or packaged in 
bags within boxes (Fu et al., 2009) exhibit differ-
ent behaviours during secondary shelf-life. 

In recent years, as a consequence of higher 
market prices for cork and of qualitative prob-
lems with natural stoppers (PEnA-nEIrA et al., 
2000; VArEA et al., 2001; mAzzoLEnI and mAggI, 
2007), winemakers, mostly those in non-cork-
producing countries, have begun to use alter-
native seals (chAtonnEt et al., 1999; jung and 
zurn, 2000; VAssErot et al., 2001). to regulate 
quality and obturation, synthetic closures and 
screw caps require standardised dimensions 
(chAtonnEt and LAbAdIE, 2001; goddEn et al., 
2001) with respect to their shapes and mechan-
ical properties (gIunchI et al., 2008) and should 
be chemically and sensorially inert (chAtonnEt 
et al., 1999; chAtonnEt et al., 2000; chAton-
nEt et al., 2001; sILVA et al., 2003). neverthe-
less, the first applications of synthetic stoppers 
revealed some problems, demonstrating the need 
to focus more research on the characterisation 
of the materials employed and on their interac-
tions with the “wine matrix” (chAtonnEt et al., 
2000; jung and zurn, 2000). however, little in-
formation is available (dE FILIPPIs et al., 2007; 
gIunchI et al., 2008) on the characterisation of 
synthetic closures, especially regarding their in-
ner structures (rosA et al., 2001) and their rela-
tionships with closure performance during wine 
post-bottling evolution.

In this work, we aimed to analyse stopper in-
ner cellulation and its effect on the chemical 
evolution of a white wine over eighteen months 
of bottle storage. nine types of cylindrical stop-
pers were used to seal the white wine bianco di 
custoza, and their performances were compared 
with those of a natural cork. the rate of brown-
ing was analysed to establish a relationship be-
tween stopper cellulation quality and the oxida-
tive evolution of bottled wine.

mAtErIALs And mEthods

cylindrical closures

trials were performed by bottling the same 
white wine with the following stoppers: a natu-
ral cork stopper (n), a cork-based technical stop-
per (s1), and seven synthetic stoppers, denot-
ed s2, s3, s4, s5, s6, s7, and s8. All closures 
made of synthetic materials were produced us-
ing moulding technology. the stopper surface 
treatment consisted of lubrication with 1 kg of 
silicone/500,000 stoppers. the sizes of the clo-
sures, their characteristics, provided in the man-
ufacturer’s technical sheets, and their countries 
of production are reported in table 1.

Wine

the white wine used in this study was bianco 
di custoza, made from trebbiano toscano and 
garganega grapes. this wine was made via a 
traditional white winemaking process in a wine 
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table 1 - stoppers tested in the study.

Stopper	 Size:	Diameter	x	Length	 Density	 Stopper	typology	and	related	description	 Producer
	 (mm)	 (g/cm3)	 	 Country

	 N	 24.0	x	44.0	 0.18	 Natural	cork	stopper	 Italy
	 S1	 24.5	x	44.0	 0.22	 Technical	stopper	composed	of	synthesis	micro	spheres	and	suberine.	 USA
	 S2	 23.0	x	39.0	 0.40	 Synthetic	stopper	obtained	by	moulding	technology.	 Italy
	 	 	 	 No	specifications	about	raw	materials.
	 S3	 23.0	x	37.0	 0.40	 Synthetic	stopper	obtained	by	moulding	technology.	 Italy
	 	 	 	 No	specifications	about	raw	materials.
	 S4	 21.5	x	38.0	 0.54	 Synthetic	stopper	obtained	by	moulding	technology.	 Australia
	 	 	 	 It	is	composed	of	expanded	ethylene	copolymer	with
	 	 	 	 chemical	agents	and	adjuvants.
	 S5	 22.4	x	38.0	 0.42	 Synthetic	stopper	obtained	by	moulding	technology.	 France
	 	 	 	 It	is	composed	of	polyethylene	resin	with	expanding	agents.
	 S6	 21.5	x	37.0	 0.52	 Synthetic	stopper	obtained	by	moulding	technology.	 Italy
	 	 	 	 It	is	composed	of	an	expanded	thermoplastic	polymer.
	 S7	 21.5	x	36.5	 0.51	 Synthetic	stopper	obtained	by	moulding	technology.	 USA
	 	 	 	 It	is	composed	of	a	thermoplastic	elasthomer	coming	from	biomedical	field.
	 S8	 22.2	x	38.0	 0.48	 Synthetic	stopper	obtained	by	moulding	technology.	 Italy
	 	 	 	 It	is	composed	of	elasthomeric	polyethylene	with	expanding	agents.

cellar in Verona. the general characteristics of 
the wine at bottling were as follows: 12.10% v/v 
alcohol, 3.5 g/L reducing sugars, 17.6 g/L dry 
extract, ph 3.26, 5.0 g/L titratable acidity, 0.17 
g/L volatile acidity, 89 mg/L total sulphur di-
oxide, 18 mg/L free sulphur dioxide, and 0.34 
mg/L dissolved oxygen.

bottling and storage

White glass bordeaux-style bottles with a di-
ameter of 17.5 mm at the bottle mouth were 
used. bottling was performed at the winery. the 
bottles were filled with the wine to a level of 70 
mm below the bottle mouth, nitrogen gas was 
then injected into the headspace of the bottle, 
and the bottles were finally corked. nine bottling 
runs were performed with the same four-head 
corker: the first using an n stopper and the re-
maining eight in the order s1, s2, s3, s4, s5, 
s6, s7, and s8. After bottling, the 270 samples 
were maintained for eighteen months at a tem-
perature of 16°c and a relative humidity of 60%.

Analysis of the stopper inner cellulation

Prior to bottling, the stoppers were submit-
ted to cellular ultra-structural analysis using a 
Philips XL30 EsEm scanning Electron micro-
scope (sEm) (royal Philips Electronics, holland). 
using four samples of each closure, small slices, 
1-2 mm thick, were cut with a surgical scalpel 
in the radial direction. the fragments were tak-
en from six different points of the stopper inner 
body along its length and placed onto a stain-
less steel support. the whole surface of each 
fragment was observed using sEm in a chamber 
under low vacuum at a magnification of 30X. to 
determine the average diameter of the inner cells 
of a stopper label, measurements were made at 

ten points sampled on each of the six fragments 
taken from each of the four samples.

Wine analyses

At bottling, the dissolved oxygen content in 
the wine was analysed using an orbisphere mi-
cro Logger 3650-o2 o2 probe (oxytech Instru-
ments, switzerland). measurements were per-
formed on five replicates for each bottle run 
(e.g., for each stopper type), revealing an aver-
age oxygen concentration of 0.34±0.06 mg/L 
At bottling and at six, nine, twelve, and eight-
een months after storage, four samples of each 
closure were uncorked, and the alcohol con-
tent, the ph, the volatile acidity, the total and 
free sulphur dioxide (so2), and the absorbance 
at 420 nm (A420 nm) were determined according 
to the analytical methods described in Europe-
an regulation no. 2676/90. the total acetalde-
hyde content was analysed as described in Ital-
ian regulation d.m. 12/3/1986.

statistical analysis

the experiments were performed on four rep-
licates and the analyses were performed in trip-
licate. sPss 13.0 software for Windows was used 
to perform the statistical analyses (sPss, 2008). 
the differences in wines sealed with the different 
cylindrical closures were tested for significance 
with analysis of variance (AnoVA) techniques. 
Principal component analysis (PcA) was used as 
a descriptive method to examine the relationships 
among the variables and the grouping among 
samples (LEWI, 1992). the rotation of principal 
components was performed using the Varimax 
normalised method (mELoun et al., 1992). cor-
relations between parameters were evaluated by 
Pearson’s test at a significance level of p < 0.05.
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rEsuLts And concLusIons

stopper inner cellulation

sEm analysis permitted the verification of the 
presence of holes and provided information re-
garding the regularity of internal stopper mor-
phology. through this sEm procedure, it was pos-
sible to evaluate the porosity of the internal stop-

per body by measuring, from each sEm image, 
the sizes of a large number of cells. table 2 lists 
descriptions of the inner closure cellulation and 
the associated range of cell dimensions. Except 
for the natural cork stopper (n), in which cells ap-
peared as small bricks along the radial section, 
the cells of the synthetic stoppers appeared to be 
shaped like small spheres. the natural cork stop-
per (n) showed a defined and uniform network of 

table 2 - ultra-structure and morphology description of the stopper inner body observed by scanning electron microscope (sEm).

Stopper	 SEM	Image	 Morphology	description	 Cell	diameter	range	(µm)

	 N	 	 Regular	net	of	cells	 37	÷		74

	 S1	 	 Quite	regular	net	of	cells	 51	÷		88	

	 S2	 	 Quite	regular	net	of	cells	with	some	holes	 100	÷	400

	 S3	 	 Collapsed	structure	with	many	holes	 300	÷	400

	 S4	 	 Quite	regular	net	of	cells	with	some	holes	 100	÷	200

	 S5	 	 Collapsed	structure	with	some	holes	 100	÷	200

	 S6	 	 Quite	regular	net	of	cells	with	many	holes	 200	÷	400

	 S7	 	 Quite	regular	net	of	cells	with	many	holes	 100	÷	600

	 S8	 	 Quite	regular	net	of	cells	with	some	holes	 300	÷	400
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cells, the most restricted range of cell diameters 
and the lowest cell size. It was used as the refer-
ence for homogeneity of the inner structure. the 
cork-based technical stopper (s1; cork powder 
and synthetic microspheres) had a regular inner 
structure very similar in shape and size to that 
of the natural cork. the stoppers made of plas-
tic materials revealed a large and variable cellu-
lation, always with cell diameters of 100 µm or 
more. s4 and s5, which showed similar cell siz-
es, featured 100-200-µm cells and unique mor-
phologies consisting of a regular network of cells 
and a collapsed structure, respectively. In both 
cases, holes were rarely observed. s2 had a het-
erogeneous inner structure with a wide range of 
cell diameters, in which holes were infrequent-
ly found. s8 had cells that were generally larg-
er than those of the other samples and had few 
holes. s6, s7 and s3 displayed low-quality cellu-
lation in that many holes were entrapped in the 
cell network; for s3, a collapsed structure was 
also observed. the differences in the inner struc-
tures of the moulded synthetic stoppers have 
been reported to be related to the particularities 
of the moulding technology process. In fact, they 
can depend on several aspects: the properties of 

the initial expanded-polymer material, the man-
agement of the heating temperatures, the injec-
tion and cooling times of the fused raw material 
into the stamp, and the type of the expansion ad-
ditive used to create bubbles in the resin. these 
factors are known to affect the physical-mechan-
ical properties of the final stopper, e.g., density, 
elasticity, and permeability (chAtonnEt et al., 
1999; jung and zurn, 2000; LoPEs et al., 2006).

Wine evolution during bottle storage

PcA was separately applied to wine parame-
ters collected at six, twelve, and eighteen months 
after bottling using total and free so2 levels, vol-
atile acidity, acetaldehyde content, and A420 nm as 
a matrix for PcA analysis. the first two princi-
pal components specified, respectively, the fol-
lowing variations: 34.9 and 25.9% of the varia-
tion at six months; 36.9 and 26.6% of the vari-
ation at twelve months, and 43.8 and 24.1% of 
the variation at eighteen months.

A general conclusion concerning the evolution 
of the overall characteristics of the wine can be 
drawn by relating the loadings extracted from 
different PcA analyses (Fig. 1). A plot of the an-

Fig. 1 - Wine parameter loadings on Pc1 and Pc2 plotted against storage time after PcA of data from wine samples at six, 
twelve, and eighteen months.
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alytical parameter loadings on Pc1 versus stor-
age time shows that the total so2 had a strong 
positive correlation throughout the bottle stor-
age period whereas free so2 was highly corre-
lated after twelve months. A420 nm was negative-
ly linked to Pc1 and the correlation increased 
with storage time. Analytical parameter loadings 
on Pc2 versus storage time showed that free 
so2 and A420 nm had positive correlations at six 
months and were then weakly negatively linked 
to Pc2. Volatile acidity showed a strong nega-
tive correlation at twelve months. Acetaldehyde 
changed its Pc2 loading from a negative value 
at six months to a positive correlation at twelve 
months after bottling. At eighteen months, it 
showed a high positive loading on Pc2.

In agreement with other studies (EdWArds 
et al., 1985; ALdAVE et al., 1993; gòmEz et al., 
1995; sILVA et al., 2003), our data relating to 
wine evolution confirm that storage time signif-
icantly affects the studied variables, particularly 
total and free so2, acetaldehyde, volatile acidity, 
and browning at 420 nm (table 3). over time, the 
type of stopper significantly affected only A420 nm 
– i.e., the onset of browning varied with the dif-
ferent stopper types.

browning kinetics

An investigation of the kinetics of browning 
onset during storage for each stopper type was 
performed by plotting A420 nm as a function of 
time. browning was generally characterised by a 
three-phase course, with a fairly linear increase 
during the first six months followed by a rap-
id growth between six and twelve months, and 
a deceleration from twelve to eighteen months 
after bottling. the fairly linear increase in the 
first phase may be due to the consumption of 
oxygen present in the wine at bottling (sIngLE-
ton, 1987). these reactions also involve so2, as 
suggested by the significant loss of total so2 ob-
served between six and twelve months of stor-
age. In fact, the initial oxidation of phenolic com-
pounds in wine leads to the formation of qui-
nones that can be directly reduced by so2 (sAu-
cIEr and WAtErhousE, 1999) or by coupled re-
actions with flavanols (chEynIEr et al., 1989; 
chEynIEr and rIcArdo dA sILVA, 1991). the 
subsequent polymerisation of flavanols and qui-
nones (guyot et al., 1996; sIoumIs et al., 2005), 

together with a low availability of so2, may pro-
duce the rapid increase in browning observed be-
tween six and twelve months of storage. In the 
third phase, the polymerisation process leads to 
a slowing of browning rates.

A combined model of zero-order and first-or-
der kinetics correctly describes the browning 
reaction rate in white wines (PErEz-zunIgA et 
al., 2000). this model assumes that the colour 
evolution of white wines (as measured by the 
changing absorbance at 425 nm) results from 
a combination of the formation of coloured pol-
ymeric compounds (described by zero-order ki-
netics) and the concurrent loss of colour inten-
sity due to polymeric dissociation (described by 
first-order kinetics) (kArboWIAk et al., 2010). 
because polymeric dissociation was not con-
sidered in our study due the short storage time 
(PErEz-zunIgA et al., 2000), a zero-order reac-
tion model was applied to fit the browning data:

A420 nm = A420 nm[0] + kt

where A
420 nm

 is the concentration of brown 
product(s), A

420 nm[0] is the initial concentration of 
brown product(s) in the wine and k is the rate 
constant (A420 nm/month). the browning kinet-
ic parameters for each stopper type are listed in 
table 4. the results show that natural cork pro-
duced an increase in browning of 0.0022 A420 nm/
month. the browning rate for s1 was lower than 
that for the natural closure. the browning onsets 
with stoppers s4 and s5 were similar to that of 
the natural cork. the wines sealed with s2, s3, 
s6, s7 and s8 showed faster browning rates than 
that of wines sealed with n. the proposed kinetic 
model reveals different rates of evolution among 
white wines sealed with natural cork and syn-
thetic closures and among samples closed with 
different types of moulded synthetic stoppers. 
these data confirm the results of recent studies 
(sAnchEz and ArAcIL, 1998; LoPEs et al., 2005; 
LoPEs et al., 2006; sIoumIs et al., 2006; sALAchA 
et al., 2008). under accelerated test conditions, 
the browning kinetics of white wines measured 
by A420 nm changes obey zero-order kinetics, with 
reported kinetic constants ranging from 15 to 75 
× 10-3 day-1 (sIoumIs et al., 2006) or from 8.8 to 

table 3 - Probability values of analysis of variance (AnoVA) 
for the wine parameters (n.s., not significant).

Parameter	 Time	 Stopper	 Time	x	Stopper

Total	SO2	 p	<	0.01	 n.s.	 n.s.
Free	SO2	 p	<	0.01	 n.s.	 n.s.
Volatile	acidity	 p	<	0.01	 n.s.	 n.s.
Alcohol	content	 p	<	0.01	 n.s.	 n.s.
A420	nm	 p	<	0.01	 p	<	0.01	 p	<	0.01
Acetaldehyde	 p	<	0.01	 n.s.	 n.s.

table 4 - browning kinetic parameters (A420 nm[0] = 0.095) of 
wine samples sealed with the different stoppers.

Stopper	 k	(A420	nm/month)	 r2

N	 0.0022	 0.9234
S1	 0.0012	 0.9514
S2	 0.0032	 0.9030
S3	 0.0030	 0.9096
S4	 0.0024	 0.8772
S5	 0.0026	 0.8544
S6	 0.0031	 0.8853
S7	 0.0032	 0.9158
S8	 0.0029	 0.9176
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Fig. 3 - relationship between wine browning rate (A420 nm / month) and cell diameter range of stopper inner body.

6.1 k × A420 nm day-1 (sALAchA et al., 2008). more-
over, wines sealed with some synthetics (s2, s3, 
s6, s7, and s8) showed high levels of browning, 
as reported in previous studies (mAs et al., 2002; 
chAtonnEt and LAbAdIE, 2003; skouromounIs 
et al., 2005). 

Finally, a significant inverse linear correla-
tion (r2 = - 0.683 at p < 0.01) was observed be-
tween the browning rate constants and the total 
so2. by plotting both parameters against stor-
age time, a “mirror” image was obtained (Fig. 
2). this behaviour, which has also been ob-
served when monitoring the oxidation of white 
wines closed with cork stoppers (WAtErs et al., 
1996), revealed further differences among the 
stoppers evaluated in this study. the differ-
ences were particularly significant when com-
paring the natural (n) and cork-based techni-
cal (s1) stoppers with their synthetic counter-
parts. For natural cork and cork-based techni-
cal closures, the intersection of the line describ-
ing the increase in browning with that describ-
ing the drop in so2 content occurred at twelve 
months or later, although this intersection oc-
curred earlier (at approximately nine months) 
with the synthetics. this information suggests 
that in the wines closed with the synthetic stop-
pers examined herein, the loss of so2 and the 
onset of browning occurred more quickly than 
in wines sealed with cork.

relationship between stopper cellulation 
and wine browning

several observations can be made regarding 
the homogeneity of the inner morphology of the 

stopper (table 2) and the browning rates during 
wine storage (table 4). the natural cork stopper, 
n, and the cork-based technical stopper, s1, dis-
played regular networks of cells with diameters 
smaller than 100 µm and the slowest browning 
kinetics. the stoppers made of plastic materi-
als had wide cellulation ranges and gave rise to 
faster browning.

comparing the homogeneity of the stopper in-
ner morphology and wine browning rates dur-
ing bottle storage revealed a positive relation-
ship between the range of cell diameters of the 
stopper inner body and the browning rate (Fig. 
3). Among the synthetics, s4 and s5 had cells 
of the same diameter (between 100 and 200 µm) 
and produced browning kinetics similar to those 
of the natural stopper. s3 and s8 showed sim-
ilar ranges of cell diameters, but the cells were 
larger, i.e., between 300 and 400 µm. these 
two stoppers produced higher browning rates 
than s4 and s5. stopper s6 had a more het-
erogeneous cellulation than all the previously 
listed stoppers, with sizes ranging from 200 to 
400 µm, and yielded browning rates faster than 
those of s3 and s8. For the s2 and s7 closures, 
the range of cell diameters was the widest, from 
100 to 400 µm and from 100 to 600 µm, respec-
tively, but the relative browning rates were no 
higher than those observed for the s6 stopper.

these investigations of the stopper inner body 
show that a smaller cell size and a more restrict-
ed range of cell diameters (up to a value of 200 
µm) result in slower browning rates during bot-
tled wine storage. consequently, an arbitrary 
scale used to evaluate stopper performance is 
suggested. the placement of the stopper type 
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on the quality scale should be based on the fol-
lowing concepts: a smaller inner cellular struc-
ture size and a more restricted range of diame-
ters correspond to a higher quality level on the 
proposed scale. this scale, which is based on 
inner stopper cellulation quality, can be a use-
ful tool for determining the performance of cy-
lindrical closures with respect to the evolution 
of bottled white wine and can be practically ap-
plied during the pre-bottling steps of white win-
emaking to choose the most efficient cylindrical 
closure. Further studies should be conducted 
to consider other stopper typologies, e.g., co-
extruded synthetics, to enhance the scale for 
stopper quality assessment proposed herein.
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AbstrAct

During the last month of ripening, the phenolic composition of seeds from two widely distribut-
ed table grapes, cv cardinal and Alphonse Lavallee, was determined by HPLc/DAD/EsI/Ms. be-
sides, the concentrations of nutrients in leaf blades of grapevine were measured. Generally, the 
most abundant phenolic in grape seed was gallic acid, followed by methyl gallate and monomeric 
flavan-3-ols. In comparison to Alphonse Lavallee, the amounts of phenolics were higher in grape 
seed of cardinal, in which gallic acid glucoside was not detected. Among analyzed phenolics, the 
increase of gallic acid was evidenced in grape seed of cardinal. the most of phenolics decreased 
during the last month of grape ripening, and some of them had no significantly different content. 
results of bivariate correlations showed that the amounts of some phenolics in grape seed of car-
dinal increased with increasing of the content of potassium and phosphorus in leaves.
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INtrODUctION

the investigation of the changes of phyto-
chemicals during ripening of fruit contributes 
to the understanding of the biochemical and 
physiological processes in the developing fruit 
(UsENIk et al., 2008; VEbErIc, 2010). the phe-
nolic compounds, as secondary metabolites, in 
grapes have attracted much interest recently, be-
cause of potential beneficial effects of phenolics 
on health and their strong contribution to the 
organoleptic characteristics of grapes. Numer-
ous studies showed that the contents of phenolic 
compounds in grape berries are genetically de-
termined and also depends on climatic and geo-
graphical factors, agricultural practices, stage of 
ripeness, and vegetative vigor of the plant (cAN-
tOs et al., 2002; VIAN et al., 2006; PErEIrA et 
al., 2006; LOVINO et al., 2006; GODjEVAc et al., 
2010; ObrEqUE-sLIEr et al., 2010). During the 
first period of berry growth, phenolics are accu-
mulated, while colouring occurring during the 
second period (ripening) is characterized by in-
creasing of the content of anthocyanins. chang-
es in the phenolic composition can also be ob-
served in the seeds during grape maturation 
(FErrEr-GALLEGO et al., 2010; kENNEDy et al., 
2000; brAIDOt et al., 2008; ObrEqUE-sLIEr et 
al., 2010).

In grape berries, phenolic compounds are 
present mainly in skins and seeds (ObrEqUE-
sLIEr et al., 2010). Grape seeds are rich in fl-
avan-3-ols: monomers such as (+)-catechin, 
(-)-epicatechin and (-)-epicatechin 3-0-gallate 
as well as proanthocyanidins. Proanthocya-
nidins (condensed tannins) are oligomers and 
polymers composed of flavan-3-ol units (includ-
ing 3-0-gallates) linked mainly through c4→c8 
bond, but the c4→c6 linkage also exits (both 
are called b-type) (FULEkI and rIcArDO DA sIL-
VA, 1997).

Almost all flavonoids of the seed are con-
tained in the outer integument, between the 
cuticle and the hard seed coat, whereas tan-
nins localize in the epidermis and in the last 
layers of the inner integument (ADAMs, 2006; 
cADOt et al., 2006). the flavonoid composition 
changes throughout the overall process of seed 
maturation, together with macroscopic chang-
es in the tissues, such as the color and hard-
ness (brAIDOt et al., 2008).

these compounds affect the taste; produce a 
sensation of astringency arising from the pre-
cipitation of oral proteins and mucopolysac-
charides. beside flavan-3-ol monomers (bELL 
et al., 2000), there is an evidence that proan-
thocyanidins are also absorbed into the blood-
stream (HOLt et al., 2002). the flavan-3-ols are 
powerful antioxidants that demonstrate anti-
bacterial, antiviral, anticarcinogenic, anti-in-
flammatory, and vasodilatory activities (kALIN 
et al., 2002; ENG et al., 2003; jAyAPrAkAsHA 
et al., 2003; stANkOVIc et al., 2008). recogni-

tion of the health benefits of flavan-3-ols ini-
tiated the manufacture of grape seed extracts 
as dietary supplements. In addition, seed-con-
taining grapes could be useful to make juice be-
cause during the crushing the juice is enriched 
with flavan-3-ols coming from the seeds (cAN-
tOs et al., 2002).

On the contrary to wine grape varieties, which 
were widely investigated, very little information 
is available on identification and quantification 
of phenolics in table grape varieties.

the objective of the present study was to de-
termine and to compare the phenolic compo-
sition of grape seeds of two widely distributed 
table grape varieties, cardinal and Alphonse 
Lavallee, during the last month of ripening. be-
sides, considering the important role of plant 
nutrients in photosynthesis (sALIsbUry and 
rOss, 1992) and consequently their potential 
effect on accumulation of phenolics, the rela-
tionship between macro- and microelements in 
grapevine leaf and phenolics in grape seed was 
investigated.

MAtErIALs AND MEtHODs

sampling site characteristics

the commercial vineyard (13 jul - Plantaže 
a.d.) is located about 10 km southeast from the 
town Podgorica (N 42° 27’, E 19° 28’, 10-50 m 
AMsL), Montenegro, in the area with Mediterra-
nean climate. In Podgorica, for period from the 
beginning of April to the end of August 2008, the 
sum of rainfall was 325.3 mm, the sum of the 
sunlight hours 1406.7 h and mean temperature 
23.5°c. the soil type is euthric brown on a flu-
vioglacial deposit consisting of carbonates. Vi-
tis vinifera L. cv cardinal on sO4 rootstock (se-
lection Oppenheim Nr. 4) and Alphonse Lavallee 
on Paulsen rootstock were planted in 1997/98. 
Vine spacing was 1.2 m, with a row spacing of 
2.6 m. cardinal is a table grape cultivar with 
an early ripening period, and Alphonse Lavallee 
with medium to late ripening period. the studied 
vines of one cultivar were within the same row, 
whereas the distance between rows with vines 
of cv cardinal and Alphonse Lavallee was about 
200 m. All applied agrotechnical measures were 
the same (pruning, fertilization through soil, ir-
rigation, plant protection, etc.).

sampling of grapevine leaves

the leaves of grapevine were taken from the 
opposite grapes near the middle of the shoot, 
just before the first sampling of grapes (on 16th 
of july for cardinal and 6th of August for Al-
phonse Lavallee). the leaf blades were immedi-
ately separated from petioles. twenty leaf blades 
from five vines (within one replicate) represent-
ed one sample.
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Leaf blade analyses

N and s were determined on cHNs/O ele-
mental analyzer (Vario EL III, Elementar, Ger-
many). For determination of the other nutrients, 
dried (for 24 h at 65°-70°c) and grinded (in por-
celain mortar with pestle) plant material was di-
gested by HNO3 and HclO4 (ryAN et al., 2002). 
P was spectrophotometrically determined (cary 
100, Varian, Australia); k and ca flame photo-
metrically (PFP 7, jenway, United kingdom); 
Mg, Fe, Mn, cu and Zn by flame atomic absorp-
tion spectrophotometry (AA – 6800, shimadzu, 
japan). boron was determined after dissolv-
ing of ashed material in 20% Hcl (MUNtEr and 
GrANDE, 1984) by inductively coupled plasma 
optical emission spectrometry (icAP 6500 Duo 
IcP, thermo Fisher scientific, United kingdom). 
these results are given on dry basis at 105°c.

sampling of grapes

the samples of grape were collected 3 times 
during last month of ripening (for cardinal I: 
16th of july; II: 30th of july and III: 13th of Au-
gust; whereas for Alphonse Lavallee I: 6th of Au-
gust, II: 19th of August and III: 1st of september). 
For each sampling date, about 2.5 kg of grape 
were taken on five vines (in average about 0.5 
kg per vine). there were 8 replications (in to-
tal 40 vines per cultivar) with 3 buffer vines be-
tween replications.

Determination of general parameters

total soluble solids – tss (by manual refrac-
tometer) and titratable acidity – tA (with 0.1M 
NaOH) were determined in the grape juice (ob-
tained by crushing and pressing of grape berries 
by hand through two layers of gauze).

Preparation of grape seed extracts

Grape seeds were manually separated from 
pulp and dried on filter paper. Air dried grape 
seeds (about 2.4 g) were extracted in 30 mL of 
50% methanol. the mixtures were sonicated on 
ultrasonic bath (12 h), filtered over 0.45 µm sy-
ringe cellulose filter and transferred into HPLc 
vials.

HPLc/DAD and Lc/Ms analyses

Were described by GODjEVAc et al. (2010). 
HPLc analysis of extracts was performed us-
ing an Agilent 1200 equipped with DAD model 
G1315b, bin pump model G1312A, autosampler 
model G1313A, and rr Zorbax Eclipse Plus c18 
column (1.8 µm, 150 x 4.6 mm). Mobile phase 
A was 0.2% formic acid in water and mobile 
phase b was acetonitrile. the injection volume 
was 5 µL, and elution at 0.95 mL/min with gra-
dient program (0-20 min 5-16% b, 20-28 min 

16-40% b, 28-32 min 40-70% b, 32-36 min 70-
99% b, 36-45 min 99% b, 45-46 min 99-5% b).

UV-VIs detection was carried out at 230, 280, 
and 320 nm. quantification was based on the 
measured integration area applying the calibra-
tion equation of the corresponding standard. the 
concentrations used for the calibration were 0.1-
1.0 and 0.02-0.2 mg/mL for catechin and gal-
lic acid (sigma, st. Louis, MO, Usa), respective-
ly. some compounds were quantified as equiv-
alents of the most similar chemical structures: 
gallic acid for methyl gallate and gallic acid glu-
coside; but catechin for all other compounds.

Lc/Ms analysis was performed on an Agi-
lent MsD tOF coupled to an Agilent 1200 se-
ries HPLc, using the same column and gradient 
program as those for HPLc–DAD analysis. Mass 
spectra were acquired using an Agilent EsI-MsD 
tOF. Drying gas (N2) flow was 12 L/min; neb-
ulizer pressure was 45 psig; drying gas temper-
ature was 350°c. For EsI analysis, the param-
eters were: capillary voltage, 4,000 V; fragmen-
tor, 140 V; skimmer, 60 V; Oct rF V 250 V, for 
positive and negative modes. the mass range 
was from 100 to 2,000 m/z. Processing of data 
was done with the software Molecular Feature 
Extractor. characteristic ions were used to as-
sign procyanidin oligomers, but in the absence 
of authentic standards, oligomers differing in 
combinations of epimeric catechin and epicate-
chin units cannot be distinguished.

statistical analysis

Descriptive statistics (mean and standard er-
ror), Pearson correlation (2-tailed), one way ANO-
VA and multiple range test using Duncan’s test 
at p < 0.05 were performed by sPss 10.0 Pro-
gram.

rEsULts AND DIscUssION

sugars are among the most important ingre-
dients determining fruit quality, which are re-
sponsible for the sweet taste of fruit. the acidity 
affects not only the sour taste, but also sweet-
ness by masking the taste of sugars (NELsON et 
al., 1973). towards common practice for deter-
mination of harvest time, the total soluble solids 
and titratable acidity in grape juice were meas-
ured during the last month of ripening. As ex-
pected, tss increased and tA decreased dur-
ing the last month of ripening (Fig. 1). A signifi-
cant difference in these parameters was noticed 
between cardinal and Alphonse Lavallee at the 
first sampling date. On the contrary to expec-
tations, due to the relatively high variability of 
the data for second date, the means of total sol-
uble solids were not statistically different (p = 
0.192). the same was for titratable acidity (p = 
0.080). At the end of sampling i.e. at the state of 
full maturity, the grapes of both cultivars were 
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not different in the average of tss and tA. the 
ratio between °brix and titratable acids ranged 
from 16.9 at the first sampling date through 34.2 
at second date to 53.2 at the end of ripening for 
cardinal, and from 27.4 through 49.8 to 67.1 
for Alphonse Lavallee, respectively. In study of 
the relation between brix/acid ratio and favour 
preference, NELsON et al. (1973) stated that the 
rate of increase in consumer acceptability de-
creased at the higher brix/acid ratios, which 
had been demonstrated with samples of cardi-
nal grapes with ratios as high as 45:1.

the amounts of analyzed phenolic compounds 
are presented in table 1. the most abundant 

phenolic in grape seed of cardinal and Alphonse 
Lavallee was gallic acid, followed by methyl gal-
late and monomeric flavan-3-ols. there were 
differences in the content of phenolics in grape 
seeds of both cultivars during the last month of 
ripening. the exception was gallic acid at the first 
sampling date as well as methyl gallate which 
amount was not significantly different at the first 
and second sampling date. Having in mind al-
ready mentioned difference in general parame-
ters at the beginning, the difference in phenolic 
composition of seed was expected. However, at 
the end of ripening, when tss and tA were sim-
ilar for both cultivars, the evidenced difference 

Fig. 1 - total soluble solids (ºbrix) and titratable acidity (g tAE/L) of grape juice (solid line: cardinal; dashed line: Alphonse 
Lavallee) at three sampling dates (n = 8).
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table 1 - the content (mean ± standard error, n = 8) of the analysed compounds in grape seeds in mg/kg DW. Values with as-
terisk in the row are not different at p > 0.05 and without asterisk are different at p < 0.05. Values followed by different letters 
within column for each phenolic compound are significantly different according to Duncan’s multiple range test at p < 0.05.

Compound	 Molecular	 tR	 Cardinal	 Alphonse	Lavallee
	 formula/Mass/Ion	 (min)
	 species

Gallic acid C7H6O5 3.3 Jul 16 1532.5±90.8a* Aug 6 1371.3±121.9b*
 170.0215  Jul 30 1842.5±180.2ab Aug 19 1070.0±54.3a

 M-H  Aug 13 2080.0±139.6b Sep 1 813.8±76.7a

Gallic acid C13H16O10 4.8 Jul 16 nd Aug 6 nd
glucoside 332.0744  Jul 30 nd Aug 19 240.0±97.5a

 M-H  Aug 13 nd Sep 1 236.3±51.0a

Proantho- C30H26O12 8.9 Jul 16 203.8±13.5a Aug 6 81.3±14.4b

cyanidin 578.1424  Jul 30 153.8±19.5a Aug 19 53.8±6.8ab

dimer M-H, 2M-H  Aug 13 138.8±32.3a Sep 1 47.5±7.5a

Proantho- C30H26O12 9.8 Jul 16 197.4±21.0b Aug 6 53.8±15.5a

cyanidin 578.1424  Jul 30 126.1±14.9a Aug 19 37.5±4.5a

dimer M-H, 2M-H  Aug 13 151.8±7.8ab Sep 1 30.0±3.8a

Methyl gallate C8H8O5 10.2 Jul 16 930.0±79.3a* Aug 6 1228.8±131.8b*

 184.0372  Jul 30 792.5±77.5a* Aug 19 821.3±120.9a*
 M-H  Aug 13 902.5±48.5a Sep 1 558.8±81.0a

Catechin C15H14O6 10.6 Jul 16 1426.3±144.6b Aug 6 820.0±158.5b

 290.0790  Jul 30 901.3±114.9a Aug 19 428.8±49.4a

 M-H  Aug 13 780.0±70.7a Sep 1 317.5±38.7a

Proantho- C45H38O18 11.4 Jul 16 147.5±11.0b Aug 6 53.8±9.4b

cyanidin 866.2058  Jul 30 102.5±17.5a Aug 19 32.5±4.5a

trimer M-H, M-2H  Aug 13 120.0±12.8ab Sep 1 28.8±3.5a

Proantho- C30H26O12 13.2 Jul 16 111.3±8.1a Aug 6 65.0±10.9a

cyanidin 578.1424  Jul 30 113.8±10.8a Aug 19 50.0±8.5a

dimer M-H, 2M-H  Aug 13 136.3±8.4a Sep 1 53.8±8.9a

Epicatechin C15H14O6 14.9 Jul 16 801.3±59.8b Aug 6 411.3±67.4b

 290.0790  Jul 30 593.8±76.5a Aug 19 227.5±26.3a

 M-H  Aug 13 632.5±33.7ab Sep 1 153.8±21.5a

Proantho- C37H30O16 18.3 Jul 16 501.3±50.4b Aug 6 148.8±31.1b

cyanidin 730.1534  Jul 30 241.3±37.2a Aug 19 57.5±11.3a

dimer M-H, 2M-H  Aug 13 152.5±18.3a Sep 1 46.3±8.4a

monogallate

Epicatechin C22H18O10 22.7 Jul 16 955.0±128.3b Aug 6 190.0±40.0b

gallate 442.0900  Jul 30 182.5±40.3a Aug 19 68.8±13.6a

 M-H, 2M-H  Aug 13 165.0±15.7a Sep 1 58.8±9.3a

was mainly influenced by genetic factors. Gal-
lic acid glucoside was not found in grape seed of 
cardinal. For Alphonse Lavallee gallic acid gluco-
side was not detected at the first sampling date 
and was at almost constant value thereafter.

During the last month of grape ripening for both 
cultivars, the contents of catechin, proanthocya-
nidin trimer, epicatechin, proanthocyanidin dim-
er monogallate and epicatechin gallate decreased 
from the first to second sampling date and were 
not significantly different thereafter, while proan-
thocyanidin dimer (tr = 13.2) was at similar level. 
In grape seed of Alphonse Lavallee the same trend 
as for epicatechin gallate was found for gallic acid 

and methyl gallate, while proanthocyanidin dim-
er (tr = 8.9) was significantly lower at the end in 
comparison with the first sampling date. Differ-
ently to Alphonse Lavallee, in grape seed of car-
dinal there were no significant differences in the 
content of methyl gallate and proanthocyanidin 
dimer (tr = 8.9), the concentration of proanthocy-
anidin dimer (tr = 9.8) decreased from the first to 
second sampling date and was similar thereafter, 
while the content of gallic acid significantly in-
creased from the beginning to the end of the last 
month of ripening. the increasing of gallic acid in 
seeds of cardinal could be partly caused by hy-
drolysis of some compounds such as methyl gal-
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Fig. 2 - relative proportion of flavanol monomers.

late, epicatechin gallate etc. Although PENA-NEI-
rA et al. (2004) found that with exception of seeds 
from low vigor vines of cv cabernet sauvignon, 
gallic acid concentration decreased during ripen-
ing. there is an evidence that extractable flavan-
3-ol monomers (Mr: 290-442) and low molecu-
lar weight seed tannins (Mr: <900) decrease dur-
ing grape ripening (kENNEDy et al., 2000; brAID-
Ot et al., 2008; ObrEqUE-sLIEr et al., 2010). the 
ratio between catechin and epicatechin for cardi-
nal decreased from 1.8 to 1.2 during last month of 
ripening, whereas for Alphonse Lavallee was rel-
atively close 1.9-2.1. similarly, GODjEVAc et al. 
(2010) found in grape seed of some cultivars this 
ratio between 1 and 2, e.g. 1.25 for Muscat Ham-
burg the most widespread table grape in serbia. 
the relative proportion of flavanol monomers also 
changed in grape seed of cardinal, while was al-
most similar for Alphonse Lavallee (Fig. 2). Ac-
cording to kENNEDy et al. (2000), differences in 
the relative proportions of flavan-3-ol monomers 
are consistent with a strong relation between the 
variety and the chemical evolution of monomeric 
composition in seeds during ripening.

the amount of phenolics was higher in grape 
seed of cardinal than of Alphonse Lavallee. thus, 
at third sampling date, when total soluble sol-
ids was above 17ºbrix, proanthocyanidin dimer 
(tr=9.8) was even 5-fold, proanthocyanidin trim-
er and epicatechin were more than 4-fold; proan-
thocyanidin dimer (tr=8.9), proanthocyanidin 
dimer monogallate and epicatechin gallate about 
3-fold; gallic acid 2.6-fold; catechin and proan-
thocyanidin dimer (tr=13.2) 2.5 and methyl gal-
late 1.6-fold higher in grape seed of cardinal. In 
this regard, literature data also differ. comparing 
to our data for both cultivars at third sampling 
date, in grape seed of Muscat Hamburg (GODjE-
VAc et al., 2010) much lower concentration of gal-

lic acid, gallic acid glucoside and methyl gallate, 
but higher of catechin and epicatechin was re-
ported. A concentration of epicatechin gallate was 
higher than in grape seed of Alphonse Lavallee, 
but lower than for cardinal. FULEkI and rIcAr-
DO DA sILVA (1997) found concentrations more 
similar to our results for catechin in grape seeds 
of Merlot and riesling as well as for epicatechin 
in cabernet sauvignon and riesling.

A leaf tissue analysis is commonly used as a 
diagnostic tool to determine the nutritional pro-
gram of grapevine. Having in mind that grape 
quality can be affected by the nutrient compo-
sition of leaf (FrEGONI, 1998), an objective of 
this study was to investigate the relationship be-
tween macro- and micronutrients in the grape-
vine leaf and phenolics in the grape seed. the 
content of nutrients in grapevine leaves just be-
fore the last month of grape ripening (table 2) 

table 2 - the content (mean ± standard error, n = 8) of nu-
trients in leaf blade of grapevine. Values with asterisk in the 
row are not different at p > 0.05 and without asterisk are 
different at p < 0.05.

			 Cultivar	 Cardinal	 Alphonse	Lavallee

 Date 16 July 6 August
 N (%) 2.52±0.05 1.99±0.04
 S (%) 0.36±0.01 0.40±0.01
 K (%) 0.73±0.03 0.57±0.04
 P (%) 0.18±0.00* 0.19±0.01*
 Mg (%) 0.27±0.01 0.46±0.01
 Ca (%) 4.70±0.09 4.22±0.14
 Fe (mg/kg) 99.95±3.67 114.09±3.27
 Mn (mg/kg) 85.90±1.40 63.72±2.30
 Zn (mg/kg) 13.87±0.39* 14.09±0.35*
 Cu (mg/kg) 4.64±0.22* 4.58±0.21*
 B (mg/kg) 36.23±0.57 27.74±0.85
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indicated significant differences between stud-
ied cultivars for the majority of nutrients, with 
the exception of P, Zn, and cu. the leaf blade of 
cardinal has higher concentration of N, k, ca, 
Mn and b than one of Alphonse Lavallee, which 
was more abundant in s, Mg and Fe. It has been 
known that leaf contents of individual elements 
are not a constant, they keep changing during 
the growing period. besides, element contents 
depend on the variety, soil chemical properties, 
weather conditions as well as on the anthropo-
genic impact (fertilization). taking into account 
the same soil properties and the same fertiliza-
tion of vines (similar values of soil agrochemical 
parameters) as well, these differences might be 
attributed to sampling date and cultivar char-
acteristics.

For Alphonse Lavallee, there were no signif-
icant correlations between above mentioned 
nutrients in leaves and analyzed seed pheno-
lics (data not shown). For cardinal (table 3), 
the content of gallic acid, methyl gallate, cat-
echin, proanthocyanidin trimer, proanthocya-
nidin dimer (tr=13.2) and epicatechin in grape 
seed increased with increasing of the content 
of potassium in leaf blade. Moreover, positive 
correlations were found between catechin, as 
well as epicatechin gallate and phosphorus. 
the importance of potassium for photosynthe-
sis, translocation of photosynthates, activation 
of plant enzymes (among which ones important 
for pentose phosphate pathway and krebs cy-
cle when the precursors of secondary metab-
olites are originated), as well as of phospho-
rus in energy transfer, photosynthesis, trans-
formation of sugars and starches (sALIsbUry 
and rOss, 1992) can explain obtained signif-
icant correlation of k and P with the content 
of phenolics.

the negative correlations between some phe-
nolics in grape seed and calcium and boron were 
likely the consequence of negative correlations 
between these nutrients and k (data not shown). 

Namely, the content of gallic acid, methyl gallate, 
catechin and epicatechin were indirectly propor-
tional with calcium, but gallic acid and methyl 
gallate showed negative relationships with bo-
ron in grapevine leaf.

 the investigations indicate that potassium 
and calcium are antagonistic when the other 
element is available in higher concentrations 
(GArcIA et al., 1999). Due to the fact that vine-
yard soil being highly calcareous, the negative 
correlation between ca and k in leaf was ex-
pected. Although high potassium concentra-
tion can reduce boron, it is difficult to explain 
the negative correlation between k and b, be-
cause their contents in grapevine leaf blade 
were optimal.

cONcLUsION

the phenolic composition of seed from ta-
ble grape depends directly on the cultivar and 
ripening time, as growing conditions being the 
same for cardinal and Alphonse Lavallee. In 
general, the most abundant phenolic in grape 
seed was gallic acid, followed by methyl gallate 
and monomeric flavan-3-ols. the amounts of 
phenolics were higher in grape seed of cardi-
nal. the majority of phenolics decreased dur-
ing last month of grape ripening for both cul-
tivars.

significant correlations between potassium as 
well as phosphorus in grapevine leaf and some 
phenolic compounds in grape seed of cardinal 
indicate the possible positive effect of these ele-
ments on the content of seed phenolics.
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table 3 - correlation matrix for macro- and microelements in grapevine leaf blade and phenolics in grape seed of cardinal 
(n=8, * significant at < 0.05, ** significant at < 0.01).

	 GA	 PCD	8.9	 PCD	9.8	 MG	 C	 PCT	 PCD	13.2	 EC	 PCDG	 ECG

N 0.620 -0.391 -0.678 0.392 0.277 0.157 -0.076 0.475 -0.002 0.248
S 0.204 0.267 0.173 0.128 0.453 0.437 0.375 0.429 0.526 0.500
K 0.913** 0.503 0.124 0.848** 0.771* 0.836** 0.711* 0.936** 0.686 0.647
P 0.681 0.053 -0.235 0.460 0.752* 0.545 0.193 0.598 0.472 0.759*
Mg -0.378 -0.419 -0.049 -0.227 -0.311 -0.600 -0.215 -0.226 -0.175 -0.450
Ca -0.782* -0.312 -0.044 -0.794* -0.730* -0.600 -0.706* -0.909** -0.677 -0.526
Fe 0.455 -0.216 -0.374 0.208 0.128 0.229 0.053 0.436 0.076 0.156
Mn -0.366 -0.288 -0.304 -0.484 -0.451 -0.244 -0.221 -0.323 -0.379 -0.279
Zn -0.660 0.148 0.486 -0.575 -0.077 -0.195 0.019 -0.462 0.127 0.006
Cu -0.388 0.133 0.457 -0.433 -0.152 -0.078 -0.405 -0.446 -0.049 0.010
B -0.758* -0.199 -0.017 -0.736* -0.616 -0.461 -0.325 -0.674 -0.453 -0.441

GA: gallic acid; PCD 8.9: proanthocyanidin dimer tR = 8.9; PCD 9.8: proanthocyanidin dimer tR = 9.8; MG: methyl gallate; C: catechin; PCT: proanthocyanidin 
trimer; PCD 13.2: proanthocyanidin dimer tR = 13.2; EC: epicatechin; PCDG: proanthocyanidin dimer monogallate; ECG: epicatechin gallate.
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AbstrAct

the evaluation of the chlorophyll content in fruit peel is usually performed by means of com-
plex destructive procedures that include extraction and separation. In the present work, a non-de-
structive procedure, based on UV-Vis spectroscopy in the diffuse reflectance mode, is proposed for 
the quantitative measurement of both chlorophylls a and b, utilising the spectral range in which 
molecules other than chlorophylls show low absorbance. two methods are presented and com-
pared, one based on multivariate analysis over the whole range, and the other based on a linear 
regression at two meaningful wavelengths.
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1. INtrODUctION

the ripening of apples is usually assessed us-
ing indexes related to firmness, acidity, starch 
content, sugar content and ground colour (Mc-
GLONE et al., 2002; DEsHPANDE et al., 1984; 
PEIrs et al., 2005). the latter parameter is relat-
ed to the presence of pigment in the skin, such 
as chlorophyll, carotenoids and anthocyanins 
(MErZLYAK, 2006; LENK et al., 2007). the most 
representative pigment is chlorophyll, of which 
the most common and abundant species are 
chlorophylls a and b (hereafter, chp a and chp 
b, respectively) (McGLAssON et al., 2007; GItEL-
sON et al., 2003). Degradation of both types of 
chlorophyll occurs during ripening in climacter-
ic fruit, therefore, in principle, their content may 
be used as a fingerprint of fruit ripening (sOLO-
VcHENKO et al., 2005; MErZLYAK et al., 1999). In 
practice, the chlorophyll content is not common-
ly used as an indicator of ripening, because a 
complex destructive procedure, based on extrac-
tion and separation, is required for its determi-
nation (LIcHtENtHALEr and bUscHMANN, 2005). 
these operations require well-equipped labora-
tories and skilled operators, and they are time-
consuming, thus constituting a serious draw-
back for many sectors of the food supply chain. 
Moreover, artefacts may arise due to the addition 
of the stabilizing agents that are used to avoid 
degradation and pheophytization of the chloro-
phylls (sOLOVcHENKO et al., 2001; ANtOLOVIcH 
et al., 2000; MErZLYAK et al., 2003). As an al-
ternative, UV-Vis spectroscopy is currently be-
ing proposed to characterize pigments in fruit. 
For instance, ZUDE-sAssE et al. (2002) have re-
cently utilized a mixed reflectance-transmission 
method together with Partial Least squares (PLs) 
modelling to non-destructively measure the to-
tal amount of chlorophyll in apples skins. the 
aim of the present work is to show that UV Vis 
spectroscopy can be satisfactorily used in the 
diffuse reflectance mode, which is traditional-
ly adopted in the material science field to deter-
mine the concentrations of both chp a and chp 
b chlorophylls.

2. MAtErIALs AND MEtHODs

2.1. Materials

twenty-four Golden Delicious apple speci-
mens, from different markets, were considered. 
UV-Vis measurements were conducted in the 
diffuse reflection mode by simply putting a se-
lected zone of the equatorial region of the whole 
fruit in contact with the entrance port of the in-
strument. In order to obtain spectra calibration, 
the chlorophyll concentration corresponding to 
each spectrum was determined by extracting in 
the same area used for UV-Vis measurements, 
according to the method proposed by the Asso-

ciation of Official Analytical chemists (AOAc, 
2006). this involved two steps: the determina-
tion of the extinction coefficients of bands relat-
ed to chp a and chp b in a water/acetone mix-
ture, and the measurement of the UV-Vis spec-
tra in apple extracts. the extraction procedure 
was carried out as described hereafter.

2.2. UV-Vis reflectance measurements

the fruit was rinsed with water, hand-dried 
and measured without any further treatment. 
A UV-Vis double-beam spectrophotometer Var-
ian cary 500 device, equipped with an integrat-
ing sphere, was used. the advantage of a dou-
ble-beam instrument is that it automatically 
compensates for instrumental variations, such 
as the overriding of lamp effects due to random 
fluctuations or temperature. A white disk filled 
with compressed spectralon powder was used as 
a reference. spectra were collected in the 350-
800 nm range at a resolution of 3 nm. the in-
strumental set-up allows diffuse radiation to be 
measured, therefore the specular component of 
the reflected light is excluded.

Destructive chlorophyll analyses of the chp a 
and chp b extinction coefficients were conduct-
ed in a water/acetone mixture (volume to volume 
ratio = 15:85) using standard solutions of either 
chp a or chp b from Fluka. Fifty solutions were 
prepared in a concentration range of between 1 
☓ 10-4 M and 1 ☓ 10-3 M for chp a and of be-
tween 5 ☓ 10-5 M and 2 ☓ 10-4 M for chp b, as 
this is the expected range for the concentrations 
in the extract. these solutions were measured 
by means of UV-Vis spectroscopy in transmis-
sion mode with the same instrument, using the 
same water/acetone mixture as the reference. 
the spectra were collected in the 400-750 nm in-
terval at a resolution of 2 nm. Figure 1a reports 
the spectra for the water/acetone mixture in the 
400-750 nm range, expressed as the molar ex-
tinction coefficients as a function of the wave-
length: chp a shows a main absorption peak at 
663 nm and a soret absorption band at 431 nm; 
chp b instead shows a soret band at 459 nm and 
an absorption band at 646 nm. For each apple, a 
peel area of 1.54 cm2 was cut, sliced thinly and 
homogenized in the water-acetone mixture sat-
urated with Na2cO3 using an Ultra turrax t 25. 
After separation of the solid residues, by means 
of filtration (on a 45 µm PtFE filter), the extract 
solutions were measured using the same meth-
od described for the standard solutions. An ex-
ample of the UV-Vis spectra of an apple extract 
is shown in Fig. 1b. Apart from chp a and chp 
b, other molecules were also extracted from the 
water/acetone mixture of the apple skin: caro-
tenoids and anthocyanins. As a consequence, in 
the case of Golden Delicious apples, the spec-
trum in Fig. 1b is only amenable for the direct 
superposition of the two spectra in Fig. 1a in the 
550-700 nm range.
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2.3. collection mode for UV-Vis spectra

the diffuse reflectance (Dr) method offers a 
basic advantage over other measurement meth-
ods, because it allows quantitative estimates to 
be obtained. Denoting the reflectivity of a sam-
ple of infinite thickness at a given wavelength 
with r, and considering the case of only one 
substance being present, the schuster-Kubel-
ka-Munk function of r:

  eqn. (1)

can be written as (WENDLANDt and HEcHt, 
1966):

  eqn. (2)

where k is the absorptivity of the sample at the 
given wavelength, c is the sample concentra-
tion and s is the scattering coefficient. At a giv-
en wavelength, if the absorptivity and scatter-
ing coefficient are constant, there is direct pro-
portionality between the intensity of the peaks 
expressed as F(r) through the coefficient K’ and 
the concentration of the absorbing species in the 
matrix (WENDLANDt and HEcHt, 1966).

Partial least squares regression modelling 
(PLs) was performed using the MAtLAb software 
package. the 24 samples were divided into two 
groups, i.e a calibration set and a validation set, 
with a relative ratio population of about 5:1, in 
order to build a robust model. Five samples were 
randomly selected and included in the validation 
set for external validation purposes, and the re-
maining nineteen samples were used in the cal-
ibration set to build the PLs models. the per-
formance of the PLs regression model was evalu-

ated in terms of root mean square error of cross 
validation (rMsEcV), which was determined by 
leave-one-out cross validation (LOO-cV) on the 
calibration set where:

where ŷ
1
 is the predicted response of the exper-

iment, y
1 
is the measured response and N is the 

number of experiments. the root mean square 
error of prediction (rMsEP) was used for the val-
idation set to estimate the prediction of the de-
veloped model. Finally, correlation coefficients of 
the validation set were also calculated between 
the reference and prediction concentration.

3. rEsULts AND DIscUssION

the Dr spectra of the apples are shown in 
Fig. 2a at different ripening degrees. the chloro-
phylls in the apple matrix are subjected to a dif-
ferent environment from the acetone-water mix-
ture, therefore the absorption peaks, in principle, 
can be found at different wavelengths: differenc-
es are also expected as far as the intensities are 
concerned. recourse was made to the second de-
rivatives of the curves in Fig. 2a (Fig. 2b) in or-
der to obtain an estimate of the shifts undergone 
by the bands under consideration. It results that 
the characteristic band of chp a is found at 678 
nm in the apple skin (664 in acetone/water mix-
tures), thus showing a red-shift of about 14 nm, 
while that of chp b appears as a shoulder at the 
same value of 645 nm, and no shift is apparently 
present. From a general point of view, if the en-
tire Dr spectra in the 400-700 nm range is con-
sidered, it is possible to write an appropriate ver-

Fig. 1 - section a: calculated extinction coefficients of chp a (solid curve) and chp b (dotted curve).
section b: a typical transmission UV-Vis spectrum of apple extract, together with the calculated spectra of chp a, chp b and 
the sum of a+b.
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sion of eqn. (2) for more than one chemical spe-
cies. the spectral intensity at a given wavenum-
ber, as expressed by F(r), is given by:

 eqn. (3)

where X
a
 and X

b
 are the concentrations of chp 

a and chp b, respectively, K
a
 and K

b
 are basi-

cally the extinction coefficient of the two chloro-
phyll species, but for the scattering coefficient 
of the sample surface, and X

n
 and K

n
 represent 

the concentrations and the absorption coeffi-
cients of other molecules that absorb in the se-
lected range. the Partial Least square Method 
is in fact able to handle such a situation, even 
in the presence of foreign species. However, at-
tempts in that direction have proved less satis-
factory than the other methods our group has 
tried. We therefore limited ourselves to the 550 
to 700 nm spectral range where, for Golden De-
licious apples, only chp a and chp b show a 
significant absorbance. In this case, equation 
(3) reduces to the first two terms. two methods 
have been attempted, one utilising two meaning-
ful fixed wavelengths, the other using the PLs 
method over the 550-700 nm range.

3.1. Fixed wavelength calibration

the method is based on searching for two 
wavelengths, one, l1, which is representative 
of the absorption of both types of chlorophylls, 
and thus allows the total chlorophyll concentra-
tion X

tot
 to be determined, while the other, l2, is 

only representative of chp a. At wavelength l1 
when K

a
 = K

b
 = K:

  eqn. (4)

In the case of acetone/water mixtures, l1 is at 
652 nm. In the case of extracts, the values of K

a
 

and K
b
 are different from those of the acetone-

water mixtures, and cannot be evaluated sep-
arately. the value of l1 has therefore been esti-
mated as the wavelength at which, by imposing 
that F(r) is proportional to the total chlorophyll 
content, the least error is found. this means 
that at each wavelength l, K’ has been evaluat-
ed for each spectrum as

  eqn. (5)

Figure 3a illustrates the trend of K with the 
wavelength. the relative error of K at each wave-
length has been calculated as the standard de-
viation / average ratio of K. the results are plot-
ted in Fig. 3b. A rather shallow minimum is ob-
served, extending from 665 to 686 nm. the val-
ue chosen for the optimal wavelength is 668 nm, 
as this value represents the absolute minimum. 
On the other hand, it is possible to note that, 
in the case of acetone-water mixtures, l1 is 652 
nm; the spectrum of chp a has shifted with re-
spect to chp b by 14-16 nm, therefore the val-
ue of l1, in the present case, is expected to be 
no higher than 668 nm. the value of F(r) at 668 

Fig. 2 - section a: Dr-Vis spectra of various apple skins with 
different chlorophyll concentrations.
section b: second derivatives of the same spectra; the mini-
ma are used to locate the position of the absorption peaks 
of chp a and chp b. the meaning of the two arrows is giv-
en in the text.

Fig. 3 - Average k/s value and its relative error at each wave-
length calculated as s(k/s)/µ(k/s) obtained for the Dr-UV-
Vis spectra of apples with different chlorophyll concentra-
tions for the total chlorophyll concentration (left hand side) 
and for chp a (right hand side).
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Fig. 4 - Linear correlation between F(r) at 668 nm and the 
total chlorophyll concentration.

nm is linearly correlated to the total concentra-
tion of chlorophyll, as shown in Fig. 4. the pro-
portionality constant obtained by ordinary least 
squares fitting is 1.1 ☓ 103. the model has an 
rMsD associate error of 2.3 ☓ 10-7 mol/cm2. It 
should be pointed out that Fig. 4 allows the to-
tal chlorophyll content to be evaluated with a 
single measurement at one wavelength. the val-
ue of l2 is obtained through a similar procedure, 
this time involving only chp a. In this case, as 
shown in Figs. 3c and 3d, the optimal value of l2 
is 686 nm, where the absorption of chp a is still 
relatively high, and chp b do not contribute to 
the absorption. A similar linear regression to that 
shown in Fig. 4 is obtained, with an rMsD asso-
ciate error of 2.2 ☓ 10-7 mol/cm2. this procedure, 
in principle, allows the concentration of chp b to 
be evaluated as the difference between the total 
chlorophyll content and that of chp a. However, 
it should be noted that the error associated with 
this operation is influenced by both the error in 
the evaluation of the total chlorophyll and of chp 
a. the partial least square (PLs) method allows a 
calibration to be obtained, even in the presence 
of correlated variables, and therefore offers bet-
ter performances than the previously presented 
two-frequency method.

3.2. Multivariate calibration

the quantitative PLs models were built by 
optimizing the principal component number, 
and applying the following spectral pre-

processing methods: baseline correction, first 
derivative, standard normal variate correction 
(snv), first derivative + snv, but no data pre-
processing. the results of both chp a and chp 
b are compared in table 1. better cross-valida-
tion results were obtained in the 560-740 nm 
range after a first derivative spectra pre-treat-
ment. In this case, 2 PLs models were evalu-
ated, one using 1 factor for chp a and one us-
ing 2 factors for chp b. these models allow the 
concentrations to be determined simultaneous-
ly with a reasonable error, calculated in cross 
validation rMsEcV, of 1.5 ☓ 10-7 mol/cm2 for 

table 1 - PLs models results obtained from the spectral pre-processing methods: first derivative, baseline correction, stand-
ard normal variate correction (snv), first derivative + snv and no data pre-processing. the considered intervals are 740-560 
nm and 700-640 nm.

Analyte  Pre-processing Wavelength range RMSECV R2

	 	 nm

Chlorophyll a	 First	derivative	 740-560	 1.50*10-7	 97.8
	 	 700-640	 2.55*10-7	 93.8
	 baseline	correction	 740-560	 2.78*10-7	 93.3
	 	 700-640	 2.64*10-7	 93.6
	 standard	normal	variate	 740-560	 4.88*10-7	 80.1
	 correction	(snv)	 700-640	 3.58*10-7	 88.5
	 first	derivative	+	snv	 740-560	 5.20*10-7	 80.5
	 	 700-640	 5.85*10-7	 77.5
	 no	data	pre-processing	 740-560	 2.78*10-7	 93.2
	 	 700-640	 2.72*10-7	 93.4

Chlorophyll	b	 First	derivative	 740-560	 1.00*10-7	 96.6
	 	 700-640	 4.55*10-8	 99.2
	 baseline	correction	 740-560	 7.70*10-8	 97.6
	 	 700-640	 8.03*10-8	 97.5
	 standard	normal	variate	 740-560	 1.67*10-7	 90.5
	 correction	(snv)	 700-640	 9.33*10-8	 97
	 first	derivative	+	snv	 740-560	 2.07*10-7	 85.7
	 	 700-640	 2.28*10-7	 82.9
	 no	data	pre-processing	 740-560	 7.77*10-8	 97.8
	 	 700-640	 9.17*10-8	 96.9
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chp a and 1.0 ☓ 10-7 mol/cm2 for chp b, and 
an rMsEP of 2.13 ☓10-7 mol/cm2 for chp a 
and 6.70 ☓ 10-8 mol/cm2 for chp b. the pre-
dicted vs measured values are reported in Fig. 
5. As expected, the use of PLs offers better re-
sults than the analysis at fixed wavelengths. 
the root mean square deviation for chp a, us-
ing the PLs algorithm, is 1.5 ☓ 10-7 mol/cm2 
compared to 3.8 ☓ 10-7 mol/cm2 obtained work-
ing at fixed wavelengths.

4. cONcLUsIONs

the reported results show that non-destruc-
tive UV-Vis analysis can be used in the Dr mode 
to measure the concentrations of both types of 
chlorophylls in apple skins. two methods have 
been presented, one working at two fixed wave-
lengths, the other (PLs) working over the 560-
740 nm range. both methods offer satisfactory 
results. However, the use of PLs is more conven-
ient as the root mean square deviation for chp a 
is 1.5 ☓ 10-7 mol/cm2, when using the PLs algo-
rithm, compared to the value of 2.2 ☓10-7 mol/
cm2 obtained with the method at fixed wave-
lengths. If a fast and simple method is required, 
the measurement of reflectance at 668 nm could 
be proposed, as it allows the total concentration 
of the chlorophylls to be determined, even with 
inexpensive instrumentation.
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AbstrAct

Halvas Farsalon, a traditional confection of Greece, was packaged under modified atmosphere 
conditions (MAP) with four different gas mixtures (groups: A: 80%N2 - 20%cO2; b: 30%N2 -70%cO2; 
c: 100%N2, and control: atmospheric air) and stored at 4°c for 28 days. the sensory properties, 
color, textural performance, and oxidative stability of halvas were evaluated during MAP storage. 
results showed that storage affected the fatty acid profile of the control group by decreasing the 
percentage proportion of MUFAs and PUFAs and increasing sFAs, while had no effect on the oth-
er groups among which group A presented better quality characteristics.
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INtrOdUctION

Halvas, a traditional and popular confection 
in the Mediterranean and Middle East coun-
tries, is well known as a versatile and quality 
dessert. It usually consists of a sweetened ses-
ame paste that contains sugar, glucose, vegeta-
ble oils (mainly palm oil) and tahina but there 
have been several variations based on the dif-
ferent ingredients used for halvas recipes. In 
Greece, one of the most popular and renowned 
traditional product is halvas Farsalon, which is 
manufactured in the town of Farsala, central 
Greece. this product consists mainly of sugar, 
corn starch, ovine butter, almond nuts and cit-
ric acid. starch gelatinization, which is char-
acterized by irreversible granule swelling, loss 
of birefringence and loss of crystallinity due to 
transition to the amorphous state is an impor-
tant procedure that takes place during prepa-
ration of halvas Farsalon (bEMIllEr and WHIs-
tlEr 1996; FElIcIdAd and YrjO, 2008). this 
unique recipe gives to halvas Farsalon unique 
sensory and textural properties and renders the 
product very popular.

Halvas Farsalon is usually sold in local 
shops in the region of Farsala. It is stored in 
pans kept at ambient or refrigerated temper-
ature and is sold to consumers after it is cut 
in smaller pieces. the product has usually a 
shelf life of only 5-6 days at ambient temper-
ature but the shelf life is extended at refriger-
ated temperature. since no packaging is ap-
plied, it is difficult to commercialize in oth-
er regions of Greece. the rapid loss of overall 
quality is mostly attributed to oxidative ran-
cidity and textural changes that limit the re-
tail value of the product, as well as the possi-
bility to promote the product to other regions 
of Greece or even other countries.

Modified atmosphere packaging (MAP) is an 
attractive modern method of preservation of 
foods and has been extensively used for the re-
frigerated storage of various foods (MIcAlI et al., 
2009). MAP involves the use of O2 concentra-
tions below atmospheric levels, cO2 concentra-
tions at relatively high concentrations, usually 
higher than 20%, and N2 as an inert filler gas, 
in order to preserve freshness and ensure/re-
tain food safety. some workers have pointed out 
the adverse effect of cO2 on the physicochemi-
cal and sensory properties (eg. taste or odor) of 
certain foods packaged under MAP (OlArtE et 
al., 2001; MIcAlI et al., 2009).

recent studies showed an elongation of shelf 
life and better quality characteristics for oth-
er confection products like marmalade candies 
(MUIzNIEcE-brAsAvA et al., 2011) or milk po-
made sweets (vOrMA et al., 2010) stored un-
der MAP conditions. to the best of our knowl-
edge there are no publications on the effect of 
MAP on quality characteristics of this food prod-
uct. thus, the objective of this work was to in-

vestigate the effect of MAP on the quality char-
acteristics of halvas Farsalon during refrigerat-
ed storage.

MAtErIAls ANd MEtHOds

Manufacture of halvas Farsalon

sugar, water, corn starch, ovine butter, al-
mond nuts and citric acid used for the manu-
facture of halvas Farsalon were purchased from 
local retail shops. HalvasFarsalon was manu-
factured in a confectionery shop at the town of 
Farsala, central Greece, following the tradition-
al recipe. the preparation of halvas Farsalon is 
shown in the flow chart of Fig. 1. After prepara-
tion, halvas was left to cool at ambient temper-
ature for 6 h, and then was cut into rectangu-
lar shape 500-g samples, sized (10 x 8 x 3 cm), 
which were used in the present study.

Modified atmosphere packaging (MAP)

Halvas samples were packaged in plastic trays 
of 16 x 20.5 x 4.8 cm (cryovac Ubrt®, cryovac, 
sealed Air s.r.l., Passirana di rho, Italy), and 

Fig. 1 - Flow chart of halvas Farsalon manufacture.
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sealed by a sealing machine (model tsM105 
Food tech, Minipack-torre s.p.A., dalmine, Ita-
ly) with a film (OPEt, cryovac) of 39 µm thick-
ness, under MAP conditions. 

Four groups with four different gas mixtures 
(A group: 80%N2 - 20% cO2, b group: 30% N2 - 
70% cO2, c group: 100% N2, and control group: 
atmospheric air) were used for the MAP eval-
uation tests of halvas Farsalon. All samples 
were stored at 4°c for 28 days. the gas mix-
tures were obtained from Air liquid sA, Ath-
ens, Greece, and chosen in preliminary exper-
iments, since there were no available literature 
data about the effect of MAP gases on halvas 
quality characteristics.

Physicochemical analysis

total sugars were determined by a modifica-
tion of the method of lANE and EYNON (AOAc, 
1968). corn starch was determined according to 
McclEArY et al. (1997). Moisture content was 
calculated by a gravimetric method using oven 
drying, fat content was quantified using the 
soxhlet method, whereas protein concentration 
was calculated as total nitrogen content by the 
Kjeldahl method (AOAc, 2006). At each sam-
pling time, pH values of halvas samples were de-
termined with a pH meter (WtW, type 525, Wis-
sennchaftlich-technische Werkstatten, GmbH, 
d 82362 Weilheim, Germany).

sensory evaluation

A 12-member trained descriptive attribute 
panel was used to evaluate sensory attributes 
such as of halvas Farsalon aroma intensity on 
a 9-point intensity scale (9=intense; 1=none) 
and rancid flavor intensity on a 9-point intensi-
ty scale (9=none; 1-intense). Panelists were se-
lected among students and staff of the depart-
ment and trained on the grading of halvas Farsa-
lon sensory attributes. Each sample was served 
in dishes coded with three digits random num-
bers and presented in individual booths to each 
panelist for evaluation.

Headspace gas determination

Prior to opening, cO2 and O2 of the headspace 
of all packages were determined by using a gas 
analyzer checkmate O2/cO2 (PbI-dansensor 
A/s, ringsted, denmark) equipped with a needle 
for penetrating through the package. A rubber 
septum (syntech ltd, Glasgow, UK) was glued 
on the surface of the package and pierce with a 
23 gauge needle connected to the gas analyzer.

determination of lipid oxidation

Oxidative changes were monitored at 0 day 
and at 7-d intervals for up to 28 days of re-
frigerated storage on the basis of the malond-

ialdehyde (MdA) formed. MdA, the compound 
used as an index of lipid peroxidation, was de-
termined by a selective third-order derivative 
spectrophotometric method (bOtsOGlOU et 
al., 1994). In brief, 2-g samples were homoge-
nized in presence of 8 ml of a solution of 5 g 
trichloroacetic acid (Merck, darmstadt, Ger-
many)/100 ml water and 5 ml of a solution of 
0.8 g butylated hydroxytoluene (sigma chem-
ical co, st. louis, MO)/100 ml hexane, and 
the mixture was centrifuged. the top layer was 
discarded, and a 2.5-ml aliquot from the bot-
tom layer was mixed with 1.5 ml of a solution 
of 0.8 g 2-thiobarbituric acid (sigma chemical 
co, st. louis, MO)/100 ml water to be further 
incubated at 70°c for 30 min. Following incu-
bation, the mixture was cooled under tap wa-
ter and submitted to conventional spectropho-
tometry (shimadzu, Model Uv-160A, tokyo, 
japan) in the range of 400-650 nm. third-or-
der derivative spectra were produced by dig-
ital differentiation of the normal spectra us-
ing a derivative wavelength difference setting 
of 21 nm. the concentration of MdA in sam-
ples was calculated on the basis of the height 
of the third-order derivative peak at 521.5 nm 
by referring to slope and intercept data of the 
computed least-squares fit of standard calibra-
tion curve prepared using 1,1,3,3-tetraethox-
ypropane (sigma chemical co, st. louis, MO).

Fatty acid analysis

the lipid fraction of samples was extract-
ed according to FOlcH et al. (1957) with some 
modifications. the lipid extract was saponified 
and fatty acids were converted to methyl es-
ters according to the one-step extraction-trans-
esterification procedure described by sUKHIjA 
and PAlMqUIst (1988). separation and quan-
tification of the fatty acid methyl esters were 
carried out using a capillary column gas chro-
matographic system (shimadzu, Model Gc-
15A, shimadzu corp., Kyoto, japan) equipped 
with a flame ionization detector, an automat-
ic sampler, model AOc-17, and a fused silica 
capillary supelco column model 24110-u sP-
2380tM, 30 m x 0.25 mm i.d., 2 µm film thick-
ness. column temperature was set initially at 
70°c and maintained for 0.3 min; it was then 
increased to 180°c at a rate of 30°c/min and 
held there for 10 min; finally, column temper-
ature was raised to 225°c at a rate of 5°c/min 
and held there for 3 min. the temperature of 
both the injection port and the flame ionization 
detector was set at 240°c. Helium carrier gas 
flow was set at 1 ml/min, hydrogen at 30 ml/
min, and air at 300 ml/min. Injection of the 
1-µl samples was performed with a split ratio 
of 20:1. Identification of individual fatty acids 
was based on comparisons of retention times 
of unknown peaks to authentic fatty acid me-
thyl ester standards (supelco FAME Mix 18919, 
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bellefonte, PA, Usa) and by addition of stand-
ards when necessary. Peak areas were integrat-
ed and converted to fatty acid percentages (di-
rect area normalization) by means of the shi-
madzu, Model class-vP chromatography data 
system program. the relative content of each 
fatty acid methyl ester was reported as percent 
area of total fatty acid methyl esters.

color measurement

color changes were assessed in the inner core 
(with no surface crust) of the halvas samples us-
ing a spectro-colorimeter (tristimulus color ma-
chine) with the cIE lab color scale (cHrOMA- 
meter cr 410, Minolta, japan). this color as-
sessment system is based on the Hunter L*, a* 
and b* coordinates, where L* represents light-
ness, a* redness and b* yellowness in the re-
flection mode.

texture measurements of halvas

the texture of halvas was determined using 
an AEGIs, texture Analyzer machine (model: ex-
pert 5601 AdMEt, Inc.) fitted with an sM-250 
(1,000 N) load cell at room temperature (23°c). 
Halvas samples of cylindrical shape (height 30 
mm and diameter 90 mm) were used for texture 
measurement. Each sample was compressed to 
70% of its original height using a 20 mm diam-
eter cylindrical probe, and a penetration speed 
of 100 mm/min. the texture was evaluated by 
estimating the peak force (N) required for the 
compression.

statistical analysis

data were subjected to analysis of variance 
in the general linear model using the sPss 
10.05 statistical program (sPss ltd. Woking, 
UK). When significant treatment effects were 
disclosed, duncan’s multiple range tests with 
examination for significant differences at each 
storage interval for individual treatment were 
employed. sensory data were also analyzed by 
ANOvA and t-tests for separation of mean dif-
ferences. A probability level of P≤0.05 was used 
in testing the statistical significance of all ex-
perimental data.

rEsUlts ANd dIscUssION

Physicochemical analysis

chemical analysis of halvas samples showed 
values of 60.5±0.2% for total sugars, 13.0±0.1% 
for starch, 2.7±0.1% for fat, 0.3±0.04% for pro-
tein, and 33.1±0.2% for moisture. sugars con-
tent was rather high (60.5%), while protein con-
tent was low (0.30%). EIssA and zOHAIr (2006) 
reported the composition of another type of hal-

vas produced in Middle East (protein 24.7% and 
fat 58.9%), which is different than halvas Farsa-
lon. However, the basic ingredient for the pro-
duction of that type of halvas was tahina and 
not the corn starch used as the basic ingredi-
ent for the production of halvas Farsalon. re-
sults showed that total sugars, starch, protein 
and moisture contents did not change signifi-
cantly (P>0.05) among samples throughout stor-
age at 4°c.

In A, c and control groups, halvas samples 
showed pH values in the range 4.95-5.15 with-
out any significant changes (P>0.05) during 
storage at 4°c. However, in group b (30% N2- 
70% cO2) pH values were in the same range 
by the 21st day of storage whereas they re-
duced thereafter to values (4.87), which were 
significantly lower (P<0.05) than the pH of 
the other groups. Previous studies showed 
that a modified atmosphere packaging with a 
high cO2 content could cause a pH decrease 
due to dissolution of cO2 in the moisture and 
the formation of carbonic acid (OlArtE et al., 
2002; dErMIKI et al., 2008). determination of 
the headspace gases within packages also re-
vealed that the decrease of cO2 in the modified 
atmosphere of group b was higher than group 
A during the refrigerated storage due, possi-
bly, to higher dissolution of cO2 in the aque-
ous phase of halvas.

sensory evaluation

the sensory evaluation scores of the A, b, c 
and the control groups during storage at 4°c for 
28 days are shown in Fig. 2. Aroma and rancid 
flavor intensity scores were significantly higher 
(P<0.05) for group A compared to control, after 
the 7th day of storage. Aroma and rancid flavor 
intensity scores of group A were significantly 
higher (P<0.05) than those of groups b and c, 
after the 7th and 14th days of storage, respec-
tively. therefore, halvas Farsalon packaged un-
der MAP with a mixture of 80%N2 - 20% cO2 
showed better sensory properties than control 
and the rest gas mixtures during the 28 days of 
refrigerated storage. Other studies showed that 
MAP offered better sensory properties than at-
mospheric air packaging for various foods dur-
ing refrigerated storage (sANtOs et al., 2005; 
GOvArIs et al., 2010; sINGH and GOYAl 2011).

color assessment

L*, a* and b* values of samples from all 
groups decreased throughout the refrigerated 
storage of 28 days (Fig. 3). control group pre-
sented L* and a* or b* values significantly low-
er (P<0.05) than the MAP groups (A, b and c) 
after the 7th and 14th days of storage, respec-
tively. Group A presented L* and a* values sig-
nificantly higher (P<0.05) than groups b and 
c after the 14th day of storage, while A, b and 
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ies for other foods (dErMIKI et al., 2008; sIMP-
sON et al., 2009).

lipid oxidation

Fig. 4 shows that the extent of lipid oxida-
tion in halvas Farsalon stored at 4°c for up to 
28 days, varied with the storage time and the 
MAP treatment. A, b, and c groups presented 
MdA values that were not significantly differ-
ent (P<0.05), as compared to each other, but 
significantly lower (P<0.05) than the control 
group, throughout the refrigerated storage. the 
absence of oxygen in groups A, b and c offered 
a better oxidative stability to halvas Farsalon 
as compared to the control group packaged un-
der atmospheric conditions. In agreement to 
our study, previous studies also showed bet-
ter oxidative stability of other foods stored un-
der modified atmosphere conditions with ab-
sence of oxygen or lower concentration of oxy-
gen than the atmospheric air composition (Ar-
AsHIsAr et al., 2004; tIAN et al., 2004; GOU-
lAs et al., 2005).

Effect of MAP on fatty acid profile

table 1 shows that total saturated fatty ac-
ids (sFAs), monounsaturated fatty acids (MU-
FAs) and polyunsaturated fatty acids (PUFAs) 
in halvas samples prior to storage (day 0) were 
67.71, 25.54 and 4.81%, respectively. the pre-
dominant saturated fatty acid was palmitic acid 
(c16:0) with a proportion of 33.15%, whereas the 
predominant monounsaturated and polyunsat-
urated fatty acids were oleic acid (c18:1) and li-
noleic acid (c18:2) with proportions of 22.99 and 
4.05%, respectively.

In the control group, storage at 4°c for 28 
days resulted in decrease of the proportion of 
MUFAs and PUFAs and increase of sFAs. the 
proportions of palmitoleic acid (c16:1), oleic 
acid (c18:1), linoleic acid (c18:2) and linolenic 
acid (c18:3) were decreased (P<0.05), the pro-
portions of palmitic acid (c16:0) and stear-
ic acid (c18:0) were increased (P<0.05), while 
the other saturated fatty acids remained un-
changed, after 28 days of storage at 4°c. sim-
ilar changes in the fatty acid composition of 
sFAs, MUFAs and PUFAs were also observed 
in other foods such as eggs (MAzAllI and brA-
GAGNOlO, 2009), pork (MONIN et al., 2003) or 
fish (stAMAtIs and ArKOUdElOs, 2007) during 
refrigerated storage.

In A, b and c groups, no significant chang-
es (P>0.05) were observed among sFAs, MUFAs 
and PUFAs during refrigerated storage at 4°c for 
28 days. these results indicate that the absence 
of oxygen inhibits lipid oxidation and lend sup-
port to previous studies with other foods such 
as cheese (tEMIz, 2010), chocolate (MEXIs et al., 
2010) or fish (stAMAtIs and ArKOUdElOs, 2007) 
during refrigerated storage.

Fig. 2 - sensory evaluation of halvas Farsalon of MAP groups 
A, b, c and control during storage at 4°c for 28 days. Groups: 
A: 80%N2 - 20%cO2; b: 30%N2 -70%cO2; c: 100%N2, and 
control: atmospheric air. Mean values from six samples 
analysed±standard deviation.

c groups presented b* values not differing 
(P>0.05) among each other, throughout the re-
frigerated storage.

In contrast to the control, all other groups 
presented colors closer to the fresh product, 
and this might be due to the absence of oxy-
gen. Group A (80% N2 - 20% cO2) presented the 
closer to the fresh product color, as compared 
to other groups throughout the 28 days refrig-
erated storage. Previous studies indicated that 
the absence of oxygen in modified atmosphere 
packaging kept the fresh color of several food 
products for a longer time, since the oxygen can 
cause discoloration of several color compounds 
of foods (GOUlAs et al., 2005; sINGH and GOY-
Al, 2011; rOjAs-GrAU et al., 2009). 

determination of headspace gases

 the O2 content of the headspace of all packag-
es was determined at 0.5% on 0 day and kept al-
most the same throughout the refrigerated stor-
age. the initial cO2 content was found 19.75 or 
67.90% on 0 day and then decreased to reach 
19.30 or 67.10% by the 28th day of storage, for 
the groups A and b, respectively. the decrease 
of cO2 might be due to dissolution of cO2 in the 
aqueous phase of halvas Farsalon or absorption 
of cO2 in the halvas Farsalon and is in accord-
ance with similar observations in previous stud-
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Fig. 3 - color assessment with estimation of L*, a* and b* values of halvas Farsalon of MAP groups A, b, c and control dur-
ing storage at 4°c for 28 days. Groups: A: 80%N2 - 20%cO2; b: 30%N2 -70%cO2; c: 100%N2, and control: atmospheric air.   
Mean values from six samples analysed±standard deviation.
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Fig. 4 - Effect of MAP groups A, b, c and control on lipid oxidation of halvas Farsalon during storage at 4°c for 28 days. 
Groups: A: 80%N2 - 20%cO2; b: 30%N2 -70%cO2; c: 100%N2, and control: atmospheric air. data points are mean malondi-
aldehyde (MdA) concentrations from six samples analyzed ± standard deviation.

Effect of MAP on texture

results showed that the peak force chang-
es of control group were significantly (P<0.05) 
higher than those of the A, b and c groups 
throughout the 28 days of refrigerated stor-
age, indicating that storage under atmospher-

ic conditions (control) caused a harder texture 
than under modified atmosphere conditions 
(Fig. 5). Among the MAP groups, the better 
textural performance of modified atmosphere 
treatments were shown by group A, since the 
peak force values of this group were signifi-
cantly (P<0.05) lower than those of groups c 

table 1 - Fatty acid profile of halvas samples stored under MAP and ambient conditions at 4°c for 28 days.

	 Peak	area	percentage	of	fatty	acids*

	 0	day	of	storage	 28th	day	of	storage

Fatty	acids	 	 Control**	 Group	A**	 Group	B**	 Group	C**

C10:0	 5.98±0.27	 6.12±0.28	 6.09±0.40	 6.14±0.19	 5.92±0.44
C12:0	 3.51±0.24	 3.35±0.24	 3.44±0.37	 3.20±0.45	 3.38±0.15
C14:0	 11.86±0.45	 12.08±0.36	 11.68±0.37	 11.98±0.24	 12.02±0.29
C16:0	 33.15±0.63a	 34.66±0.39b	 33.54±0.55a	 33.72±0.40a	 33.80±0.35a
C18:0	 12.53±0.31a	 13.25±0.22b	 12.36±0.26a	 12.23±0.28a	 12.27±0.25a
C20:0	 0.58±0.06	 0.42±0.08	 0.54±0.12	 0.46±0.14	 0.43±0.13
C24:0	 0.10±0.04	 0.08±0.03	 0.12±0.02	 0.11±0.03	 0.13±0.02
Total	SFA	 67.71±0.38a	 69.96±0.26b	 67.77±0.44a	 67.84±0.30a	 67.95±0.28a
C16:1	 2.55±0.14a	 2.02±0.10b	 2.49±0.12a	 2.58±0.18a	 2.46±0.08a
C18:1	 22.99±0.55a	 22.04±0.12b	 22.82±0.42a	 23.01±0.45a	 22.90±0.30a
Total	MUFA	 25.54±0.38a	 24.06±0.12b	 25.31±0.34a	 25.56±0.28a	 25.36±0.22a
C18:2	 4.05±0.15a	 3.58±0.08b	 4.12±0.08a	 4.04±0.06a	 4.10±0.10a
C18:3	 0.76±0.08a	 0.42±0.08b	 0.84±0.12a	 0.80±0.10a	 0.82±0.10a
Total	PUFA	 4.81±0.10a	 4.00±0.07b	 4.96±0.09a	 4.84±0.08a	 4.92±0.10a

*Mean	values	from	six	samples	analysed±standard	deviation.	Mean	values	in	the	same	row	followed	by	a	different	letter	are	significantly	different	(P<0.05).

**Groups:	A:	80%N2	-	20%CO2;	B:	30%N2	-70%CO2;	C:	100%N2,	and	Control:	atmospheric	air.
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and b, after the 7th and the 14th day of stor-
age, respectively. these differences of textural 
performance of halvas samples stored under 
atmospheric or modified atmosphere packag-
ing conditions might be attributed to different 
rates of starch retrogradation, where a grad-
ual transition of amorphous starch to a par-
tially crystalline state takes place (FElIcIdAd 
and YrjO, 2008). the rate of this transition de-
pends on many factors including product for-
mulation, cooking method and storage condi-
tions (FElIcIdAd and YrjO, 2008). In halvas, 
where there is just enough moisture to gelat-
inize starch granules, amylose retrogradation 
may be largely complete by the time the prod-
uct has cooled to ambient temperature. the 
presence of lipids such as MUFAs and PU-
FAs are protecting starch from retrogradation 
in the jells (bEMIllEr and WHIstlEr, 1996). 
However, exposure of starch to atmosphere 
conditions can accelerate lipid oxidation and 
starch cross-linking leading to faster texture 
deterioration (bEMIllEr and WHIstlEr, 1996). 
the better textural performance under modi-
fied atmosphere packaging conditions was also 
reported for other foods such as bread (cEN-
cIc et al., 1996), cheese tart (sANGUINEttI et 
al., 2009), or chocolate (MEXIs et al., 2010).

In conclusion, halvas packaged under mod-
ified atmosphere conditions (MAP) with a gas 
mixture of 80% N2-20% cO2 presented better 
quality characteristics than those of other test-
ed groups.

Fig. 5 - Effect of MAP groups A, b, c and control on texture of halvas Farsalon during storage at 4oc for 8 days. Groups: A: 
80%N2 - 20%cO2; b: 30%N2 -70%cO2; c: 100%N2, and control: atmospheric air. data points are peak force (N) values from 
six samples analyzed ± standard deviation.
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AbstrAct

the aim of this work was to investigate the most common frauds in the production of wine vine-
gar in Italy. by means of isotopic analyses (sNIF-NMr and IrMs techniques), 100 samples of com-
mercial wine vinegars and 100 samples of red and white wines used for vinegar production were 
analysed to detect any illegal practices such as watering, sugaring, addition of synthetic acetic 
acid or table grapes. For further investigations, samples were also submitted to chemical, phys-
ical, microbiological and sensorial analyses. the results show that the addition of synthetic ace-
tic acid is still a very common fraud.
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INtrODUctION

Vinegar is an acidic liquid derived from the ox-
idation of ethanol (cH3cH2OH), which has pre-
viously been fermented from sugar. the result 
is the production of acetic acid (cH3cOOH), the 
main component of vinegar. this process was 
first explained by PAstEUr. In 1864, he made an 
important contribution to the scientific study of 
this substance, by demonstrating that the oxi-
dation of ethanol by means of acetic acid bacte-
ria led to the formation of acetic acid.

Vinegar has long been known and appreciat-
ed. It was employed as a culinary ingredient and 
preservative as well as a medicament and disin-
fectant in ancient Greece, roman times and the 
Middle Ages. the Italian term “aceto” derives from 
the Latin acetum (acid and sour liquid obtained 
from wine) whereas the English term “vinegar” 
comes from the Old French vin aigre meaning 
“sour wine”. both words link vinegar with sour-
ness and wine, but this important by-product 
can be made also from malt, apple cider, fruit, 
rice, coconut, cane, beer, honey, etc. However, 
the most common type is wine vinegar. the aim 
of this study was to investigate the most common 
frauds relating to Italian wine vinegars, pointing 
out the infringements of legal limits and quality 
standards or the risks to human health. these 
are very important of food quality and safety is-
sues, as vinegar is still widely used in cooking 
and food preservation.

In Italy, the 20 February 2006 No. 82 Law in-
corporated the EU Directive for the common Mar-
ket Organization (cMO) that regulates wine and 
also vinegar production. As for commercial wine 
vinegars, it fixes legal limits for the following pa-
rameters: total acidity, alcoholic degree, ashes, 
sulfur dioxide, zinc, copper, lead, boric acid, bro-
mine and sorbitol. According to Italian legislation, 
wines used to produce wine vinegars can only be 
affected by sourness. the Italian Ministry of Agri-
culture controls food products in order to detect 
frauds or non-conformities to the law. the term 
“fraud” generally indicates an intentional decep-
tion made to secure unfair advantage or unlaw-
ful gain. Our laboratory is involved in this pre-
vention effort, the aim of which is to secure qual-
ity and safety for consumers. We carry out anal-
yses on irregular samples of wines, musts, spir-
its and wine vinegars, already examined by oth-
er agencies, in order to confirm or refute the pre-
vious results (review Analysis).

In this work, 100 samples of commercial wine 
vinegars and 100 samples of red and white wines 
used in vinegar production were analysed. the 
results were compared with standards set out 
in current legislation in order to evaluate the in-
cidence of the most common frauds.

With regard to vinegars, we first need to investi-
gate the addition of synthetic acid, a very common 
illegal practice. Until the introduction of radiocar-
bon analytical method, this addition was very dif-

ficult to detect (rEsMINI and VOLONtErIO, 1974; 
MAttA and GIANNEssI, 1987). Vinegar containing 
synthetic acetic acid can be assessed by the con-
tent of 14c. the amounts of 14c in natural wine vin-
egars are determined by the year of production. 
Other adulterations such as watering and sugar-
ing are today easily detectable by means of iso-
topic analyses (sNIF-NMr and IrMs techniques).

Isotopic techniques were first introduced in 
France in the 1980s and soon became widely 
applied in oenology (MArtIN et al., 1986; FOrs-
tEL et al., 1996; JAMIN et al., 2004; tHOMAs and 
JAMIN, 2009). they are based on the fact that a 
particular molecule may have different isotope 
contents, depending on the biochemical process-
es involved in its synthesis. these analyses also 
made it possible to control mislabelling, a prac-
tice concerning both wines and primary prod-
ucts like grapes. As for wines used for vinegar 
production, it is now easily to verify much of the 
data or statements reported on their labels. by 
means of isotopic analyses, we detected the use 
of table grapes, such as Pergolone, instead of wine 
grapes. table grapes and wine grapes have sim-
ilar isotopic parameters but a different potential 
alcohol degree. Unscrupulous producers take ad-
vantage of the availability of table grapes which 
cost less, and due to their use on a massive pro-
duction scale they can make greater profits. As 
the potential amount of alcohol is lower in table 
grapes than in wine grapes, a solution of water 
and sugar is usually added to increase it.

MAtErIALs AND MEtHODs

Materials

red and white wine vinegars

In this work, 100 commercial samples of white 
and red wine vinegars originating from the most 
important Italian production areas were ana-
lysed anonymously and indicated by progres-
sive numbers. the samples were collected in the 
following regions: Piemonte, Lombardia, Veneto, 
Emilia romagna, campania, sicilia.

red and white wines used 
in vinegar production

Other 100 red and white wines employed in vin-
egar production were also analysed anonymous-
ly and indicated by progressive numbers. the 
samples were collected in the following regions: 
Piemonte, Lombardia, Veneto, Friuli, Emilia ro-
magna, Lazio, Puglia, sicilia, campania.

Methods

red and white wine vinegars

the chemical and physical analyses covered 
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the following legal parameters: total acidity, eth-
anol, copper, zinc and lead content, presence of 
synthetic acetic acid. they were carried out ac-
cording to the standards established by the res-
olution of the International Organisation of Vine 
and Wine (OIV): “Oenology 2000 – Methods of 
analysis of vinegars”.

- Total acidity was determined by titration 
with sodium hydroxide 0.1 N. (phenolphthalein 
indicator).

- Ethanol was determined after distillation 
by titration with the addition of an excess of 
potassium dichromate and then back titrat-
ed with a solution of ferrous sulfate and am-
monium.

- Heavy metals were determined in vinegars 
using a Zeeman 5100 atomic absorption spec-
trometer (Perkin Elmer). copper was determined 
by flame ionization spectroscopy. In the case of 
very low concentrations, we used the method of 
a standard addition. Zinc was also determined 
by flame ionization spectroscopy. Lead was de-
termined by ashing.

- Synthetic acetic acid was quantified by the 
amount of 14c detected. Natural wine vinegars 
have amounts of 14c which relate to their year 
of production. the addition of synthetic acid 
causes a noticeable reduction in 14c values. 
Measurements were carried out by means of a 
14c liquid scintillation spectrometer. As a ref-
erence, we used our data-base of radioactivity 
values for natural vinegar.

red and white wines used 
for vinegar production

All the samples of wines were submitted to 
chemical, physical and isotopic analyses, ac-
cording to the resolutions established by the 
OIV methods. the chemical and physical anal-

yses covered the following legal parameters: to-
tal sulfur dioxide, copper, zinc, lead, methanol, 
isotopic parameters. Organoleptic faults were as-
certained through a series of sensory analyses. 
Italian laws states that all the values detected 
in wines used for vinegar production must be 
within the legal ranges. Only the volatile acidi-
ty can be over the legal limit.

- Total sulfur dioxide. It was oxidized by sul-
furic acid with oxygenated water and measured 
by titration with 0.1 N sodium hydroxide using 
the mixed indicator Methyl red-Methylene blue 
– alcoholic solution.

- Heavy metals. these were directly deter-
mined in wines using a Zeeman 5100 atomic ab-
sorption spectrometer (Perkin Elmer). Lead was 
determined by furnace whereas copper was de-
termined by flame ionization spectroscopy.

- Methanol. It was quantified according to the 
OIV gas chromatographic method and extract-
ed from wine by distillation and then quantified 
using a carlo Erba model 5300 gas chromato-
graph and an Innowax column equipped with a 
flame ionization detector, according to the OIV 
reference method.

- Isotopic parameters. these were determined 
by applying the following methods:

sNIF-NMr Isotopic ratio (D/H)I determi-
nations were performed on a bruker Avance 
300 (cryomagnet 300/52) NMr spectroscope. 
the analysis was carried out on distilled wine 
(Fig. 1).

13c/12c isotopic ratios were determined by iso-
topic ratio mass spectrometry, using a Fisons, 
Optima model. the variation from a standard 
value attributed to a reference substance by the 
International Atomic Energy Agency of Vienna 
(IAEA) was measured. the analyses were carried 
out on distilled wine (Fig. 2).

18O/16O isotopic ratio measurements were per-

Fig. 1 - Isotopic parameter (D/H)I values compared with the reference values of the National Annual Data bank on Authen-
tic Wines.
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formed on the same mass spectrometer. these 
values represent the % variation from the stand-
ard value attributed to ocean water, the Vien-
na standard Mean Ocean Water (V-sMOW). the 
analyses were carried out directly on wine with-
out any distillation.

- Organoleptic faults. these were detect-
ed through a series of sensorial analyses car-
ried out by the crA-ENO wine tasting panel, 
formed by five wine tasters trained to detect 
wine faults.

rEsULts

Red and white wine vinegar

For red and white wine vinegars, we detected 
the addition of synthetic acid and dried currants.

Addition of synthetic acetic acid radiocarbon

In the past, the addition of pyroligneous acid 
or “wood vinegar” to vinegars was a very com-
mon practice. this synthetic acid was very dif-
ficult to detect, because it has the same chemi-
cal structure as vinegar. In the determination of 
14c in our vinegar samples, we recorded a min-
imum value of 11.29 dpm/g c and a maximum 
value of 14 dpm/g c. the reference value of 14 
dpm/g for authentic vinegars was determined in 
our laboratory. Values that are 5% or more un-
der the reference value are considered to be ir-
regular because of the addition of acetic acid. In 
our investigation, 20 samples were found to be 
irregular. Although the incidence of this fraud 
has diminished, it still remains one of the most 
widespread.

Addition of dried currants

the use of dried currants in vinification is 
another common practice. their presence in 
wine is exposed by the variation in isotopic pa-
rameters. In vinegars, this addition is very dif-
ficult to detect, if water is added to dilute the 
wines used for vinegar production. this is a le-
gal oenological practice but it changes the iso-
topic parameters of the wines. We found 3 ir-
regular samples. 

Red and white wines used 
for vinegar production

For the red and white wines used for vinegar 
production, we detected the following isotopic 
parameters.

the determination of the isotopic parameter 
(D/H)I produced values ranging from a mini-
mum of 94 ppm to a maximum of 108 ppm. ref-
erence values were obtained from the Nation-
al Annual Data bank on Authentic Wines: the 
range established was from 98 to 108 ppm. We 
found 10 irregular samples because of sugaring. 
Values from 94 to 98 ppm are due to the addi-
tion of sugar beet to wine, whereas values over 
110 ppm are due to the addition of sugar cane.

the determination of the 13c/12c isotopic pa-
rameter showed values ranging from a minimum 
of -19 δ% to a maximum of -28 δ%. the range 
established from the National Data bank is from 
-24 to -28 δ%. Values below -24 δ% indicates the 
addition of exogenous sugars made from sugar 
cane or maize. We found 5 irregular samples.

the determination of the 18O/16O isotopic pa-
rameter 18O/16O showed values ranging from a 
minimum of -5 δ% (V-sMOW) to positive values 

Fig. 2 - 13c/12c isotopic parameter values compared with the reference values of the National Annual Data bank on Authen-
tic Wines.
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Fig. 3 - 18O/16O isotopic parameter values compared with the reference values of the National Annual Data bank on Authen-
tic Wines.

(Fig. 3). reference values are determined year-
ly and were positive for the year concerning our 
samples. In general, negative values of this pa-
rameter indicate watering of the wine employed 
for vinegar production. this dilution increases 
the total volume of wines. We found 15 irregu-
lar samples.

We also found 5 samples for which all three 
isotopic parameters did not correspond to the 
reference values. this indicated the use of ta-
ble grapes, e.g. Pergolone, instead of wine grapes 
(mislabelling). the two types of grapes have sim-
ilar isotopic parameters but different potential 
alcohol degrees. When table grapes are illegally 
used in wine production, water and sugar are 
added to increase the alcohol content. this ad-
dition can be now identified by carrying out the 
isotopic analyses described.

subsequently, we investigated the possible 
presence of heavy metals in our samples.

Copper
copper sulfate pentahydrate is a fungicide. Mixed 

with calcium oxide it forms the so-called “bordeaux 
Mixture” which is used to control fungus on grapes. 
In wines, this compound is usually below 1 mg/L, 
because it is partially eliminated during fermenta-
tion in the form of insoluble salts absorbed by lees. 
thus the presence of copper in wines may be due 
to other causes: releases from the winery equip-
ment or wine treatments with copper sulfphate to 
eliminate bad odours. In the analysed samples, we 
found a minimum content of 0,3 mg/L and a maxi-
mum of 3 mg/L. Wine legislation establishes a lim-
it for copper of 1 mg/L. We found 12 samples with 
a content over the legal limit.

Zinc
Although zinc is an essential requirement for 

our health, an excess of zinc can be harmful. Its 

presence in wine may be due to its release from the 
storage containers. Zinc alloys have been used for 
thousands of years: brass is doubtless the most 
ancient. It was widely employed because of its re-
sistance and the large availability of its component 
materials. the introduction of steel in wineries lim-
ited the use of zinc and its alloys. the content in 
zinc of our samples varied from a minimum of 2 
mg/L and a maximum of 6 mg/L. the legal limit 
is 5 mg/L. We found 1 sample over the legal limit.

Lead
Lead is very dangerous to human health be-

cause it is highly toxic and may cause satur-
nism. the lead content in wines has been ob-
ject of many studies carried out by OIV and E.U. 
experts. the legal limit of 0.2 µg/L is very low. 
the values determined for the analysed samples 
ranged from a minimum of 0.1 µg/mL to a max-
imum of 0.6 µg/mL. We found 2 irregular sam-
ples. A higher lead content may be due to traffic 
pollution near vineyards (fuel contains tetraethyl 
lead), vineyard treatments with copper salts con-
taminated by lead, releases by the storage con-
tainer, winery machinery, or from the screw caps 
of wine bottles.

Methanol
this is a very noxious compound. today its con-

tent in wines is generally low. Higher contents can 
be found in the so-called “hard-pressed wines” be-
cause of the natural degradation of pectins, during 
fermentation. this occurs when pomace is over-
pressed in order to extract the juice that it still con-
tains. the values determined in our samples var-
ied from a minimum of 0.1 mL % of alcohol anhy-
dride (a.a.) to a maximum of 0.45 mL % a.a. the 
legal limit for alcohol anhydride is 0.20 mL % mL 
a.a., for white wines, and 0.25 mL % a.a. for red 
wines. We found 5 irregular samples.
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Fig 4 - the most common frauds and non-conformities to the law detected in red and white wines employed for vinegar pro-
duction. the percentages were calculated on the total number of samples analysed.

Sulfur dioxide
High contents of sulfur dioxide are toxic. Now-

adays wine quality is better than in the past, 
but current sulfur dioxide legal limits are still 
high, especially for sweet wines. the values de-
termined in our samples varied from a minimum 
of 50 mg/L to a maximum of 360 mg/L. the le-
gal limit established by E.U. laws is 200 mg/L 
for white wines and 150 mg/L for red wines. We 
found 3 irregular samples.

to complete our survey, we investigated the 
possible presence of organoleptic faults or micro-
biological contamination.

Organoleptic faults
 some organoleptic faults were detected in 35 

samples. Well-known wine defects such as (oxi-
dation, casse, flowers of wine or mould) were the 
most common ones. Organoleptic faults can-
not be considered “frauds” in a strict sense and 
are generally related to wine storage problems.

Microbiological contamination
Lactic bacteria and re-fermentation were de-

tected in 2 samples.

cONcLUsIONs

the quality of Italian wine vinegars has gen-
erally improved. today, the availability of mod-
ern technologies and the use of good oenological 
products are more widespread. However, some 
infringements of the law are still committed (Fig. 
4). to detect the slightest amount of an illegal 
or noxious compound, more reliable analytical 

methods, such as isotopic analyses, are now 
applied. the introduction of a restrictive legis-
lation and effective measures to prevent frauds 
has produced good results. therefore, it is very 
important to continue to assess the number and 
variety of these infringements in order to further 
improve food quality and safety.
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AbstrAct

the results of an agronomic trial of two levels of nitrogen fertilization for organic farming in com-
parison with conventional farming are discussed. two groups of wheat were compared; namely, 
durum and soft-wheat cultivars, including the emmer and spelta genotypes. Analyses were car-
ried out to determine lignan, total phenolic content, antioxidant activity, the mineral elements 
and the dough rheological properties. statistical analysis showed that under conditions of organ-
ic farming, the lignans and antioxidant activity reached the greater levels. For the qualitative pa-
rameters, the conditions of organic farming with N fertilization did not damage the indices ana-
lyzed. For the mineral content, the effects of the fertilization were not significant.
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INtrODUctION

Epidemiological studies have indicated that 
consumption of whole-grain wheat is associat-
ed with a reduction in the incidence of coronary 
heart disease, diabetes and cancer (sLAVIN et al., 
2001). Whole-grain wheat flour contains signifi-
cant levels of antioxidants (HEMErY et al., 2007), 
although these are not evenly distributed through-
out the kernel. recent studies have demonstrat-
ed that the wheat-grain fractions (bran, flour, and 
shorts) have different antioxidant capacities, with 
the wheat bran displaying the highest levels (LIY-
ANA-PAtHIrANA and sHAHIDI, 2007). ZHOU et al. 
(2004) showed that the antioxidant properties of 
the outermost layers of the wheat kernel are due 
to the presence of the aleurone layer. these anti-
oxidant properties are attributed to the relative 
abundance of phenolic compounds in the aleu-
rone layer with respect to other bran tissues, pri-
marily as ferulic acid (MAtEO ANsON et al., 2008). 
the aleurone also contains most of the lignans 
of the wheat kernel (bUrI et al., 2004), which are 
polyphenols that can produce metabolites that act 
as antioxidants, show antitumoral activities, and 
have been reported to modulate the effects of es-
trogens (QU et al., 2005). 

recent studies have indicated that changes 
in agricultural practices have induced changes 
in the nutrient composition of fruits and vege-
tables (WOrtHINGHtON, 2001; Del AMOr et al., 
2007). conventional and organic agriculture dif-
fer significantly in their land-use methods, their 
use of pesticides, and their environmental im-
pact (WINtEr and DAVIs, 2006). In organic farm-
ing, nutrients can be supplied through crop ro-
tation, application of animal manure, growing of 
cover crops, and biological preparations. Hulled 
wheat is a crop that is well adapted to low-in-
put agricultural systems, and the present trends 
in organic agriculture and the consumption of 
healthy food products have led to a renewed in-
terest in hulled wheat. 

Hulled wheat comprises three cultivated spe-
cies with different ploidy levels: einkorn (Triticum 
monococcum L., 2n = 2x = 14), emmer (T. dicoc-
cum, 2n = 4x = 28), and spelt (T. spelta L., 2n = 6x 
= 42). to date, very few studies have addressed 
the effects of organic cultivation on the rheological 
indices and antioxidant properties of these hulled 
wheat species. the aim of the present study was 
to investigate the effects of two levels of organic 
fertilization on lignans and phenolics accumula-
tion, and on the flour and semolina quality pa-
rameters of these hulled wheat species.

MAtErIALs AND MEtHODs

Field material

the field trials were sown at the beginning of 
November 2007, under wet conditions, in the ex-

perimental fields of the crA-centro per la cere-
alicoltura di Foggia in southern Italy. A complete 
randomised block design (tree replicates) was ap-
plied with the application of two levels of organ-
ic nitrogen (N) fertilization for the organic system 
(bio Ilsa N10): no N fertilization (0 org), and 100 
units N/ha (100 org). the conventional farming 
comparator received 100 units N/ha (100 con). 
the seedling density was 300 seeds m-2, and this 
wheat followed the previous crops of chick-pea 
and fallow for the organic and conventional farm-
ing, respectively. the N fertilizers were split into 
two applications: one third at sowing, and the re-
maining two-thirds at tillering. the soil type was 
clay loam with a pH of 7.8. the biological cycle 
of the plant materials extended from November 
2007 to the end of June 2008. the size of the plot 
was 10.2 m2 (eight 7-m-long rows, 0.17 m apart). 
the wheat genotypes belonged to four species: 
emmer (Molisano, Garfagnana, Leonessa, G. Pao-
lo, Padre Pio, and Davide), spelt (roquin, Altgold 
rotkorn, Ostar, Giuseppe, benedetto, and Piet-
ro), durum wheat (saragolla, a cultivar adapted 
for pasta-making use), and common wheat (blas-
co, a cultivar well adapted for bread-making use). 
After the harvest, each emmer and spelt sample 
was hulled with a thresher equipped of aspira-
tion apparatus (colombini s.a.s. Novara, Italy) 
and stored at +4°c until analysis.

Milling

the clean grain of emmer and durum wheat 
samples (800 g) were tempered to 16.5% for 18 
h prior milling, and then they were milled with 
a laboratory mill (bona, Monza, Italy) that sepa-
rates semolina from bran and shorts. the spelta 
and the common wheat flour samples were ob-
tained after grain samples had been moistened 
for 18 h at 14% humidity, and then milling with a 
laboratory mill (brabender tYPE 27900 for com-
mon wheat, belotti strumenti s.r.l., Milan, Italy) 
that separates flour from bran and shorts. the 
extraction rate ranged from 55 to 60% for both 
the semolina and the flour. the hull-free grain 
(50 g) was ground with a tecator1093 cyclotec 
(Foss Italia, Padova, Italy) sample mill (1 and 0.5 
mm sieves) to obtain the wholemeal for antioxi-
dant extractions and minerals determination.

Quality parameters

Protein content (%N × 5.70) was determined 
in triplicate samples by means of the UNI 10 
274 method, and were expressed on a dry-mat-
ter basis. Dry gluten was determined in dupli-
cate samples for the semolina and flour accord-
ing to the UNI 10 689 method, using the Glu-
tomatic 2020 system (Perten, sweden). For the 
determination of dry gluten, the wet gluten was 
dried with a Glutorx 2020 at 150°c for 5 min, 
and left to cool for 3 min.

the rheological characteristics of the semoli-
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na and flour samples were evaluated by alveo-
graphic indices: the deformation energy or flour 
strength (W), and the ratio P/L of the resistance 
to extension or tenacity (P) and the extensibil-
ity (L), (chopin Alveograph, chopin, Montpelli-
er, cedex France), according to standard UNI 10 
453 method. the yellow index (YI) was used to 
determine the semolina and flour colours, using 
a chromameter (chromaMeter cr-200 Minolta, 
tokyo, Japan) equipped with a xenon arc lamp. 
the colorimeter was calibrated on a standard 
white tile of L* = 97.34, a* = −0.53 and b* = 2.39 
(cIE 1976) with the cIE illuminant D65. Each 
measure was performed in triplicate

Extraction and determination 
of total phenolic content

the extraction for the total phenolic content 
(tPc) was carried out according to the method 
proposed by bEtA et al. (2005). Extracts (0.2 mL) 
were added to 1.5 mL 10-fold diluted Folin-cio-
calteau reagent (sINGLEtON and rOssI, 1965). 
the mixture was allowed to equilibrate for 5 
min and then neutralized with sodium carbon-
ate (from a stock solution of 60 g/L). After incu-
bation at room temperature for 90 min, the ab-
sorbance of the mixtures was measured at 725 
nm. Acidified methanol was used as the blank. 
Ferulic acid was used as the standard, and the 
data are expressed in µg ferulic acid/g. Deter-
minations were performed in triplicate for each 
extract and are reported on a dry-matter basis. 
the moisture content was determined by drying 
the samples at 130°c for 3 h in an oven.

trolox equivalent antioxidant capacity

trolox equivalent antioxidant capacity (tEAc) 
was determined according to the procedure of 
rE et al. (1999), with minor modifications. this 
present procedure was previously fully described 
by FArEs et al. (2010). All of the tests were con-
ducted in triplicate. the tEAc of the extracts 
was calculated using a trolox standard curve, 
based on the percentage inhibition of absorb-
ance at 734 nm, and it was expressed in µmol 
trolox/g dry matter (dm).

Extraction and determination of lignan

Extraction and determination of the total lig-
nan content (tLc) was performed according to 
LIGGINs et al. (2000), with minor modifications. 
the whole-grain samples were ground with a 
cyclotec (Foss) laboratory mill (1-mm screen), 
cooled in liquid N2, and then defatted (soxhelet) 
for 6 h with diethyl ether and dried in an oven 
equipped with a vacuum pump (30°c; vacuum, 
760 mmHg). then 1 g wholemeal and 10 mL 1.5 
M Hcl were added together in a 15-mL screw-
capped tube, and shaken in a waterbath for 60 
min (100°c). thereafter, the samples were al-

lowed to cool for 30 min. the Hcl was then neu-
tralized by the addition of 10 M sodium hydrox-
ide. the aglycone lignans from each sample were 
separately partitioned from the aqueous hydrol-
ysis mixture into 2 mL of an equal mixture of 
ethyl acetate and methyl tert-butyl ether (1:1, 
v/v). the organic phases were separated from 
the aqueous phases by centrifugation, and then 
the organic phases were washed five times with 
organic solvent before they were combined. A to-
tal of 3 mL of the organic extract was evaporat-
ed using a centrifugal concentrator at room tem-
perature. the dried samples were dissolved in a 
1 mL mixture of pyridine and N,O-bis (trimeth-
ylsilyl) triflouroacetamide (4:1, v/v) with 1% tri-
methylchlorosilane, and 20 µL 0.5 mg/mL an-
thraflavic acid was added as an internal stand-
ard. the vials were sealed and heated to 60°c for 
1 h to facilitate the formation of the trimethylsi-
lyl derivatives of the lignans. calibration stand-
ards of known quantities of secoisolariciresin-
ol, shonanin, matairesinol and isolaricinresin-
ol were derivatized in an identical manner. One 
microliter of the derivatized samples or stand-
ards was injected into a gas chromatography-
mass spectrometer (Gc-Ms, Agilent 6890N). the 
injection was operated in the splitless mode at 
280°c. the capillary column was an Equity (15 
m × 0.25 mm × 1 µm) supelco (supelco, Park, 
bellefonte, PA); the initial oven temperature was 
180°c; after 10 min, the temperature was in-
creased at 10°c per min, to 320°c for 5 min. the 
mass spectrometer range was from 50 to 650 Da. 
the lignans in the samples were identified and 
quantified by comparisons with known quanti-
ties of the reference standards analyzed in the 
same runs. the results were summed for tLc.

Mineral determination by inductively 
coupled plasma optical emission spectrometry

the mineral element concentrations (ca, K, P, 
Mg, Mn, Na cu, Fe, and Zn) of the whole-meal 
was determined using a Varian Vista-MPX si-
multaneous inductively coupled plasma optical 
emission spectrometer (IcP-OEs). For the mi-
crowave digestion, 10 mL 10 M nitric acid was 
added to 500 mg whole-meal sample and dried 
for 3 h at 85°c, using 50 mL of digested sam-
ple; the determination was carried out with ccD 
(charge coupled device). the reference technique 
(internal standardization) and ionization buffer-
ing were used throughout the analysis.

statistical analysis

standard ANOVA procedures (one factor ran-
domized complete block design with three repli-
cates) were applied to the dataset using the sta-
tistical package stAtIstIcA (statsoft Italia srl, 
Vers.7.1, 2005). the means were separated by 
the last significant difference (LsD) test at a P = 
0.05 probability level.
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rEsULts AND DIscUssION

table 1 shows the variations in the technolog-
ical indices for the two groups of wheat grown 
under organic and conventional farming with the 
different N fertilization. In general, the absence 
of N fertilization in the organic farming system 
resulted in a slight decrease in all of the indices 
assessed. Instead, if the effects of the same units 
of N fertilization (100 units) are compared across 
the organic and conventional farming, slight dif-
ferences were found. In a long-term study con-
ducted in Europe by MADEr et al. (2007), the 
protein content of wheat grown in organic farm-
ing was lower than in samples from convention-
al management, by about 6%. this reduction is 
very close to that observed in the organic farming 
without N fertilization in our field trial; in con-
trast, with the same N units, the grains from the 
organic farming showed a protein content equal 
to that of the conventional cultivation system.

For the effects of farming and fertilization 
on the two groups of wheat, hexaploid wheat 
showed the highest values of Pc, GI, and W. In 
particular, the alveographic indices obtained by 
the hexaploid group at the highest level of or-
ganic and conventional fertilization are typically 
of flours for bread-making use, for the extensi-
bility (P/L) and force (W) showed. For tetraploid 
wheats instead, the GI and the Pc are too low 
for pasta making, moreover the alveographic in-
dices (W and P/L) showed a strong disequilib-
rium of semolina samples, more marked in the 
condition with no fertilization. the tetraploid 
wheat showed also low values of YI (b*) for ob-
taining pasta with the typical amber yellow col-
our. Even considering the two groups separate-
ly, the positive, although slight, effects of the 
N fertilization, regardless of the type of cultiva-
tion (organic or conventional), was confirmed. 
Although obtained from a one-year trial, our 
data confirm the observations of MADEr et al. 

table 1 - Effects of the farming systems and fertilization levels on the quality indices of the two sets of wheat.

Wheat	 Fertilization	 PC	 GC	 b*	 GI	 W	 P/L
	 level	 (%	dm)	 (%	dm)	 	 	 (x10-4	joule)

Tetraploid	 0	organic	 12.4	b	 10.1	d	 14.6	b	 37.3	d	 78.8	d	 3.32	a
wheat	 100	organic	 12.8	b	 10.0	e	 15.2	a	 33.7	e	 94.1	c	 2.92	b
	 100	conventional	 12.6	b	 10.7	c	 15.2	a	 37.3	d	 94.1	c	 2.92	b

Hexaploid	 0	organic	 12.6	b	 10.1	d	 -	 61	c	 147	b	 1.11	c
wheat	 100	organic	 14.5	a	 13.4	a	 -	 69	b	 176	a	 0.95	c
	 100	conventional	 13.5	ab	 12.2	b	 -	 76	a	 176	a	 0.95	c

Mean	 0	organic	 12.8	b	 12.5	b	 -	 49	b	 113	a	 2.22	a
	 100	organic	 13.2	a	 13.6	a	 -	 51	b	 135	a	 1.94	b
	 100	conventional	 13.2	a	 13.1	ab	 -	 57	a	 135	a	 1.94	b

Different	letters	in	the	same	column	indicate	statistical	differences	by	LSD	test	(p	<0.05).	Data	are	means	of	three	determinations.
PC,	protein	content;	GC,	gluten	content;	b*=	yellow	index	determined	only	on	semolina	samples;	GI,	gluten	index;	W,	deformation	energy	or	flour	strength;	P,	re-
sistance	to	extension	or	tenacity	or	elasticity;	L,	extensibility.

(2007), that the performance of wheat under or-
ganic farming is comparable with that achieved 
under conventional farming.

Figure 1 shows the concentrations of the min-
eral elements in the whole grain samples. In 
analogy with the above-mentioned study (MAD-
Er et al., 2007), although not in full agreement 
with WOrtHINGHtON (2001), we did not find sig-
nificant differences between the minerals as a 
function of these different farming conditions. 
On the other hand DANGOUr et al. (2009) review-
ing about organic and conventional food char-
acteristics and arguing on the suggestion of a 
possible superiority of organic foods in relation 
to mineral content (Mg, ca, K, Zn, and cu) re-
ported that no significant differences could be 
ascribed to production procedures.

In recent years, some studies have shown pos-
itive impacts of organic farming on some sec-
ondary metabolites, and particularly on organ-
ic acids and polyphenols, which are also consid-
ered as promoters of human health. the main 
hypothesis is that in the absence of synthetic 
products, the crops are stimulated more towards 
the production of secondary metabolites in re-
sponse to environmental stress. Even if there 
are still controversies concerning the effective-
ness of organic cultivation in enhancing the vi-
tamins and minerals in foods, more agreement 
in the literature data is reported about the pol-
iphenols (LIMA and VIANELLO, 2011). rEN et al. 
(2001) in a studies conducted on vegetables of 
organic origin showed that the concentration of 
quercetin and caffeic acid in organic crop were 
1.3- 10.4 times higher than that found in con-
ventional plants.

As expected, the total Lignan content (tLc) 
was highest when the crops were grown under 
organic conditions in the absence of N fertiliza-
tion (table 2). Moreover, the antioxidant activity 
(tEAc) increased under organic farming when 
there was no N fertilization, and it is in agree-



192  Ital. J. Food Sci., vol. 24 - 2012

Fig. 1 - Effects of the farming systems and fertilization levels on the mineral element concentrationsa.
aNo statistical differences (P<0.05) among fertilization levels and farming system were found.

ment with the quantitative response observed for 
lignans. It appeared that the antioxidant activity 
measured in vitro increased in response to the 
conditions of organic farming, and by more with 
limited organic N fertilization. For the Total Phe-
nolic Content (TPC) instead, the trend was differ-
ent, as the data showed the greatest accumula-
tion under conventional farming, and a slightly 
lower TPC under organic farming without N fer-
tilization. Regarding to the two groups of wheat, 
we have observed the highest TPC and the high-
est TEAC of the hexaploid wheats with respect 
to the tetraploid wheats, in accord with a previ-
ous study conducted by MENGA et al. (2010). The 
TLC of hexaploid wheat instead, showed middle 
and no different values among treatments that 
ranged from the maximum reached by tetraploid 
wheats in organic farming with no nitrogen and 
the minimum reached in conventional farming. 
Therefore, also in this set of wheats, there was a 
tendency to accumulate more secondary metab-
olites under organic farming conditions. Similar 
results were observed on the phenolics and per-

oxidase activities of red sweet peppers in organic 
farming (DEL AMOR et al., 2007). Indeed, in or-
ganic farming, the N availability is lower, which 
leads to an increase in the biosynthesis of car-
bon-containing compounds, including second-
ary metabolites. The activation of the phenylpro-
panoid pathway by N deficiency results in more 
accumulation of phenolics like lignans and phe-
nolic acids (ZUCHOWSKI et al., 2011).

CONCLUSION

This study, although carried out for a one-
year trial, has showed that the dough quality of 
the two groups of wheat grown under organic 
farming with N fertilization is comparable with 
that achieved under conventional farming. On 
the contrary, under conditions of organic farm-
ing with no N fertilization, the lignans and anti-
oxidant activity showed the greatest levels. The 
mineral content instead seemed to be not influ-
enced by treatments.

Table 2 - Effects of farming systems and fertilization levels on antioxidant properties of the two sets of wheat.

Wheat	 Fertilization	 TPC	 TEAC	 TLC
	 level	 (µg/g	Ferulic	acid	d.m.)	 (µmol	Trolox/g	d.m.)	 (µg/g	d.m.)

Tetraploid	 0	organic	 778.4	e	 1.03	d	 795.1	a
wheat	 100	organic	 760.4	f	 0.88	f	 697.0	ab
	 100	conventional	 810.2	d	 0.97	e	 637.7	b

Hexaploid	 0	organic	 917.7	b	 1.43	a	 772.3	ab
wheat	 100	organic	 891.5	c	 1.34	b	 738.6	ab
	 100	conventional	 924.5	a	 1.27	c	 693.1	ab

Mean	 0	organic	 848.0	b	 1.23	a	 787.5	a
	 100	organic	 826.0	c	 1.11	b	 710.9	b
	 100	conventional	 865.2	a	 1.12	b	 656.2	b

Different	letters	in	the	same	column	indicate	statistical	differences	by	LSD	test	(p	<0.05).	Values	are	means	of	three	determinations.
TPC,	Total	phenolic	content;	TEAC,	Trolox	equivalent	antioxidant	capacity;	TLC,	Total	Lignans	Content.
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the data reported in the present study are in 
agreement with those produced in other stud-
ies (D’EGIDIO et al., 2007; MADEr et al., 2007) 
namely, that the organic farming can provide 
comparable results of technological properties 
obtained in conventional crop. At present, the 
really gains of farming cultivation seemed to 
be obtained in terms of antioxidants that even 
not directly related to food nutritional quality, 
have peculiar biological activity, beneficial for 
human health.
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