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AbStrAct

Extra virgin olive oil has been increasingly investigated in scientific research for its hedonic and 
nutritional value. A synoptic approach on applicability of copious data available for process con-
trol appears to be a necessary, useful tool. 

based on literature data, transformation pathways of the main components of olive oil (i.e tryglic-
erides, phenolic compounds, volatile compounds) were described in detail in the paper. they were 
also attributed to olive oil chain processing, which was expressed by operating modules.  A pro-
cess control plan of extra virgin olive oil chain was proposed. 
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Extra virgin olive oil, which is a staple food in 
the Mediterranean diet, has been increasingly in-
vestigated in scientific research for its hedonic 
and nutritional value. A synoptic approach on 
applicability of copious data available for process 
control appears to be a necessary, useful tool.

A process control implies a selection of sig-
nificant process steps (i.e., ccPs) and parame-
ters (i.e., markers) to follow the history of quality 
characteristics from raw materials to end prod-
ucts. this entails a thorough knowledge of both 
positive and negative transformation phenome-
na, which may affect raw material components 
and, as a result, have positive and negative ef-
fects on the quality of end product.

based on literature data, transformation path-
ways of the main components of olive oil will be 
described in detail in the next paragraphs. they 

will also be attributed to olive oil chain process-
ing, which is expressed by operating modules. 
these include the following unit operations hav-
ing specific homogeneous properties and opti-
mization requirements:

• The Growing of Olive Tree Module. It con-
tains all activities from selection of olive cul-
tivar to harvesting of fully-ripe, undamaged, 
healthy olives.

• The Management of Ripened Olives Module. It 
contains all process operations from olive trans-
port to washing step; these are simple operations, 
which however, when carried out badly, may have 
a negative effect on the final quality of oil.

• The Oil Extraction Module. this is the ba-
sic module of the production process. It con-
tains all operations from olive crushing to olive 
oil separation.

Fig. 1 - radical oxidation of triglyceride. Adapted by FrANKEL (1991) and HAMILtoN (1983).
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• The Oil Storage and Distribution Module. It 
aims at maintaining extra virgin olive oil char-
acteristics as much unchanged as possible over 
time. It contains all operations from oil clarifi-
cation by decanting to product distribution on 
the market.

trANSForMAtIoN PAtHWAYS 
oF trIGLYcErIDES

olive oil triglycerides are biosynthesized from 
the simple sugars of olives. the precursor of bi-
osynthesis of fatty acids is acetyl-coA, derived 
from catabolism of glucose and fructose (LA-
VEE, 1986).

triglycerides can be degraded to free radicals 
and hydroperoxides by auto-oxidation and pho-
to-oxidation (i.e., radical oxidation). Hydroperox-
ides, being very unstable, break down to alkoxy 
free radicals, which decompose to aldehydes, al-
cohols and ketones from 6 to 11 atoms of car-

bon (Fig. 1). these compounds are volatile and 
responsible for oil rancid defect; hexanal and 
nonanal are often considered significant com-
pounds to contribute to the typical rancid odor 
for oxidized oil (APArIcIo et al., 2012; FrANKEL, 
1991; HAMILtoN, 1983).

triglycerides can also be degraded to free fat-
ty acids by enzymatic hydrolysis (i.e., lipase ac-
tivity). Free fatty acids can either be subjected 
to radical oxidation or be transformed into alde-
hydes, alcohols and esters with 6 atoms of car-
bon by an enzyme oxidation, called the lipoxy-
genase pathway (i.e., LOX pathway) (ANGEro-
SA et al., 2000). these volatile compounds from 
LoX pathway are responsible for pleasant senso-
ry descriptors, such as fruity and grassy (Fig. 2).

All the above phenomena may occur at dif-
ferent steps along the olive oil chain. Pres-
ence of water, fruit surface scratches and ol-
ive crushing are known to favor enzymatic re-
actions. these are typically defined as fast re-
actions when optimal temperature conditions 

Fig. 2 - LoX pathway from linolenic acid (LnA). LoX has a preferential action on LnA compared to linoleic acid.



6 Ital. J. Food Sci., vol. 26 - 2014

are available and, for oxidative reactions, also 
in the presence of oxygen (i.e., high redox po-
tential values). Enzymes have both an endoge-
nous and exogenous nature as a result of con-
tamination by moulds, bacteria and yeasts (VI-
cHI et al., 2011).

Instead, both absence of water and long hold-
ing times at critical temperatures are known to 
favor non-enzymatic auto-oxidation and pho-
to-oxidation, which are typically defined as slow 
reactions.

therefore, transformation phenomena of tri-
glycerides can be related to olive oil chain steps 
as follows (Fig. 3): (i) biosynthesis of triglycerides 
occurring during growing of olive tree module; 
(ii) lipase activity occurring during the manage-
ment of ripened olives module; (iii) enzyme oxi-
dation occurring during the oil extraction mod-
ule; (iv) radical oxidation occurring during the 
oil storage and distribution module.

trANSForMAtIoN PAtHWAYS 
oF PHENoLIc coMPoUNDS

Simple sugars are also precursors of olive 
oil phenolic compounds. oleuropein and lig-
stroside are the most important secoiridoids 
in olives. In the proposed biosynthetic path-
way for secoiridoid production (rYAN et al., 
2002), simple sugars give rise to amino acids, 
phenylalanine and tyrosine, which in turn are 
changed into phenolic acids and then secoiri-
doids. During olive ripening the typical brown-
ing of ripe fruits occurs. this colour change is 
due to the decrease in clorophylls and secoir-
idoids and formation of anthocyanins (EL rIA-
cHY et al., 2011).

Fig. 3 - transforma-
tion pathway of tri-
glycerides (bracket-
ed text explains op-
erating conditions 
that favour relevant 
phenomena).

oleuropein and ligstroside are thought to be 
subjected to degradation, resulting in hydrolyt-
ic and oxidative changes of both an enzymat-
ic and non-enzymatic nature (ArtAJo et al., 
2007; GUtIErrEZ-roSALES et al., 2010; KALUA 
et al., 2006, SErVILI et al., 2004).

Hydrolytic degradation pathway (Fig. 4) 
causes fast formation of aglycons (3,4-DH-
PEA-EA - oleuropein aglycone; p-HPEA-EA - 
ligstroside aglycone), as a result of the loss 
of a sugar molecule, which can be caused by 
β-glucosidase activity. Aglycons thus obtained 
can undergo isomerization, which involves 
opening of the secoiridoidic ring, followed by 
rearrangement into open dialdehydic forms. 
Dialdehydic forms in turn decarboxylate into 
respective aglycons (3,4-DHPEA-EDA - dialde-
hydic form of decarboximethyl oleuropein agly-
cone; p-HPEA-EDA - dialdehydic form of de-
carboximethyl ligstroside aglycone). Finally hy-
droxytyrosol (3,4-DHPEA) and tyrosol (p-HPEA) 
compounds are slowly formed by hydrolysis of 
the ester linkage.

Literature data show relationships both 
between 3,4-DHPEA-EA and bitter intensi-
ty and between p-HPEA-EDA and pungen-
cy intensity. oleuropein, p-HPEA-EDA (i.e., 
oleocanthal), 3,4-DHPEA and p-HPEA com-
pounds have been demonstrated to have hu-
man healthy effects.

oxidative degradation of secoiridoids may be 
both an enzymatic degradation pathway and 
a non-enzymatic degradation pathway. In the 
former pathway, polyphenoloxidases (PPo) and 
peroxidases (PoD) in olive paste catalyze, in 
the presence of oxygen and high water content, 
the oxidation of phenolic compounds to corre-
sponding quinones; evidence for this oxidation 
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Fig. 4 - Hydrolytic degradation pathway of oleuropein.

is provided by browning of olive paste being pro-
cessed. In the latter pathway, which is connect-
ed to termination reactions of radical auto-oxi-
dation of triglycerides to peroxides and deriva-
tives, the release of hydrogen atoms by phenol-
ic compounds can inhibit the formation of hy-
droperoxide radicals.

the above-mentioned phenomena cause a 
degradation of phenolic compounds and can 
bring about changes in both intensity of sen-
sory descriptors such as bitter and pungent 
and degree of antioxidant power of oil, result-
ing in decreased shelf-life and nutritional val-
ue of product. An exception is represented by 
β-glucosidase activity that increases the amount 
of phenolic compounds in olive oil, as aglicons 
are more soluble in oil than oleuropein and lig-
stroside.

Phenomena on secoiridoids have been shown 
to occur at different steps of extra virgin olive 
oil chain (Fig. 5).

both biosynthesis of secoiridoids and their 
first enzymatic hydrolysis to form aglicons oc-
cur during growing of olive tree module. A re-
markable presence of 3,4-DHPEA and p-HPEA 
also in ripe olives (VINHA et al., 2005) should be 
regarded as a result of biosynthetic pathway of 
secoiridoids as well as formation of anthocya-
nins (EL rIAcHY et al., 2011).

During oil extraction module, especially dur-
ing olive crushing and malaxation, enzymatic 
degradation prevails, as well as the first steps 
of hydrolytic degradation, leading to the forma-
tion of dialdehydic forms of decarboxymethyl 
aglycons. Instead, it is non-enzymatic oxidative 
degradation as well as 3,4-DHPEA and p-HPEA 
forming hydrolytic degradation that prevail dur-
ing oil storage and distribution module. It should 

Fig. 5 - transformation 
pathway of secoiridoids 
(bracketed text explains 

operating conditions that 
favour relevant phenom-

ena).



8 Ital. J. Food Sci., vol. 26 - 2014

table 1 - correlation between volatile compounds and sen-
sory attributes.

Volatile compounds Sensory attributes Involved phenomena

Hexan-1-ol 
1-Penten-3-ol
cis-2-Penten-1-ol
cis-3-Hexen-1-ol
trans-2-Hexen-1-ol Fruity
Hexanal and other positive attributes LOX pathway
cis-3-Hexenal
trans-2-Hexenal
2,4-Hexadienal
1-Penten-3-one
Hexyl acetate
cis-3-Hexenyl acetate
trans-2-Hexenyl acetate

Butyric acid
Butan-2-ol Negative attribute: Microbial anaerobic fermentation
Butyl acetate Fusty or muddy sediment
Ethyl butirate
Ethyl propionate
Methyl propionate

Benzene-ethanol
Phenol
4-Ethylphenol Negative attribute: Moulds and yeasts
Guaiacol Musty or humid development
4-Ethyl guaiacol
cis-1-Otten-3-ol
Pentanal
Octane  

Ethyl acetate Negative attribute: Lactobacillus and yeasts 
Methyl acetate Winey-vinegary or acid-sour development
Cis-2-esenil acetate

Benzaldehyde
Pentanoic acid
1-Pentanol
trans-2-Pentenal
Hexanoic acid
Hexanal
Heptane
1-Heptanol
2-Heptanol
Heptanal Negative attribute: Radical oxidation 
2,4-Heptadienal Rancid of triglycerides
trans-2-Heptenal
6-Methyl-5-epten-2-one
2-Heptanone
Octanoic acid
1-Octanol
cis-1-Octen-3-ol
trans-2-Octanal
Octanal
2-Octanone
1-Octen-3-one
1-Nonanol
Nonanal
2,4-Nonadienal
trans-2-Nonenal
trans-2-Decenal
2,4-Decadienal

be noted that enzymatic activities have both an 
endogenous and exogenous nature as a result of 
contamination by moulds, bacteria and yeasts 
(VIcHI et al., 2011).

EXtrA VIrGIN oLIVE oIL 
VoLAtILE coMPoUNDS

Even though they are minor components of 
extra virgin olive oil, volatile compounds have 
a critical role on liking and legal conformity of 
product. they are so numerous that no clear 
pathways of biosynthesis and transformation 
have been so far evidenced. However, volatile 
compounds can be correlated with common sen-
sory attributes, both positive and negative (DI GI-
AcINto et al., 2010; MorALES et al., 2005), as 
shown in table 1.

taking into consideration the involved phe-
nomena reported in table 1, fusty, musty and 
winey-vinegary defects have been shown to be 
influenced by operating conditions performed 
during both the management of ripened olives 
module and the oil extraction module. Microbial 
contamination and activity are very important to 
develop the above negative attributes. Instead, 
rancid negative attribute may significantly oc-
cur during the oil storage and distribution mod-
ule. Fruity attribute is expressed by LoX path-
way, it is then influenced by the oil extraction 
module conditions.

All above-mentioned phenomena of synthe-
sis and transformation are also limited by com-
ponent mass transfer to oil matrix during pro-
cessing.

triglycerides content depends on the oper-
ating conditions for olive oil extraction. Mal-
axation has to create a continuous mass of 
oil in the olive paste; in order to disrupt the 
interfacial films, olive paste has to be mixed 
modifying the dispersion degree of oil droplets 
and promoting the coalescence phenomena. 
Separation, for example by “decanter” centrif-
ugation, has to maximize olive oil yield sep-
aration, minimizing retention times to main-
tain the positive effects of malaxation on ol-
ive oil yield. 

Secoiridoids content depends on their solubil-
ity in oil and water. they are amphipathic mole-
cules, but their polarity makes them more solu-
ble in water than in oil; therefore, their concen-
tration in oil is always very low. However, solu-
bility of secoiridoids may change as a result of 
their transformation pathway. Elimination of 
glucose by secoiridoids determines a change of 
polarity, and the relevant aglycones are more 
soluble in oil than in water. therefore, malaxa-
tion and separation are critical conditions; they 
have to aid mass transfer of secoiridoids to oil 
and to minimize secoiridoids removal with veg-
etation water.
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table 2 - Process control of extra virgin olive oil chain.

 What? Where? How? How? Why?
 Monitoring Critical Control Basic level High level Effects on
 phenomena Points (CCPs) control markers control markers EVOO quality

 Biosynthesis Olive Visual inspection for olive Olive oil content Yield
 of TGs harvesting ripening indices

 Enzymatic Olive Visual inspection for olive Olive mould count Acidity level
 hydrolysis of TGs storage sanitary conditions  Shelf-life stability

  Olive oil separation Olive oil acidity

 LOX-pathway Olive oil Olive oil Sum of C6 volatile compounds Fruity
 of TGs separation taste content from C18:3 free fatty acid level

 Radical Olive oil Olive oil taste Sum of hexanal and nonanal volatile Rancid level
 oxidation storage Peroxide value compounds content Peroxide value level
 of TGs  UV spectroscopic indices  UV spectroscopic indices level
     Antioxidant power

 Mass transfer Olive paste Visual inspection for olive Microscopic or rheological 
 of TGs malaxation oil coalescence measurements of olive oil coalescence 

Yield
  Olive oil separation Visual inspection for Material balances
   efficacy of separation

 Biosynthesis Olive harvesting Visual inspection for olive Total phenolic compounds content Bitter/Pungency level
 of PhCs  ripening indices Oleuropein content Antioxidant power
     Shelf-life stability

 Hydrolytic Olive oil separation - 3,4-DHPEA-EDA content Antioxidant power
 phenomena of PhCs Olive oil storage - 3,4-DHPEA content Shelf-life stability

 Oxidative
 Olive paste malaxation Olive paste color 

3,4-DHPEA-EDA content
 

Bitter/Pungency level
 phenomena of PhCs Olive oil storage Total phenolic  Antioxidant power
   compounds content  Shelf-life stability

 
Mass transfer

 Olive paste malaxation - Total phenolic compounds content
 of PhCs   3,4-DHPEA-EDA content Bitter/Pungency level
  Olive oil separation Olive oil taste 3,4-DHPEA-EDA content Antioxidant power
   Total phenolic compounds content Material balances Shelf-life stability

 
Microbial

 Olive storage Visual inspection for olive Olive mould and
 

contamination
  sanitary conditions yeast count Fusty, Musty and

 and activity Olive oil separation Olive oil taste Sum of volatile compounds correlated Winey-vinegary level

    with negative attributes

TGs - Triglycerides; PhCs - Secoiridoids; EVOO - Extra Virgin Olive Oil.

ccPS AND MArKErS oF EXtrA VIrGIN 
oLIVE oIL ProcESS coNtroL

Process control is focused on monitoring, 
which is the act of conducting a planned se-
quence of measurements of parameters to as-
sess if process is under control. 

Monitoring of extra virgin olive oil production 
may be planned at two levels.

the first level aims at controlling planned op-
erating conditions (i.e., residence times, temper-
atures, rotational speeds, clarity levels, etc.). It 
differs according to the equipment and plants 
used, and general indications cannot be given 
on this level of monitoring.

the second level aims at controlling the ef-
fects of operating conditions on product during 
processing. It is not dependent upon machines 
used, and therefore, monitoring may be general-
ly performed. table 2 shows an example of this 
approach.

the above-mentioned transformation phe-
nomena of the main components of olive oil are 
planned to be monitored by critical steps of pro-
cess (i.e., ccPs). Some significant parameters 
(i.e., markers) are chosen to be measured in ol-
ive oil samples. two levels of control are iden-
tified: a basic and a high level. they require in-
creasing analytical work, and, however, allow 
for increasing efficacy in terms of control. High 
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level control markers are a more direct expres-
sion of monitoring phenomena than basic level 
control markers.

Effects of monitored phenomena on extra vir-
gin olive oil quality are shown in the last col-
umn in table 2.

basic level control includes chemical and sen-
sory markers, which are commonly measured 
to control conformity of both process extraction 
and extra virgin olive oil. Some table cells are 
blank, as the relevant simple markers have not 
yet been identified in the literature.

With reference to high level control, some over-
all markers are chosen for LoX-pathway, radical 
oxidation of triglycerides and activities of spoilage 
microorganisms such as “Sum of c6 volatile com-
pounds content from free linolenic acid”, “Sum 
of hexanal and nonanal volatile compounds con-
tent” and “Sum of volatile compounds correlated 
with negative attributes”, respectively.

3,4-DHPEA-EDA may be considered a direct 
marker of both extraction yield and integrity of 
phenolic compounds during olive oil process-
ing; whereas 3,4-DHPEA/hydroxytyrosol may be 
considered a marker of degradation of phenolic 
compounds during olive oil storage.

Microbial counts are also included to monitor 
mould and yeast contamination in olives and oil.

Material balances are finally suggested to 
measure efficacy of component mass transfer to 
oil during malaxation and separation.

coNcLUSIoNS

the following conclusive remarks can be 
drawn from the foregoing observations.

Extra virgin olive oil can be regarded not just as 
a product obtained from simple mechanical extrac-
tion from olives; rather, it should be considered as 
a result of complex changes in fruit components. 
these changes affect, on the one hand, both free 
and esterified fatty acids, and on the other hand, 
secoiridoid phenolic compounds, resulting in for-
mation of derivatives, which impact qualitative 
characteristics for both sensory acceptability and 
nutritional value of extra virgin olive oil.

Health claims related to polyphenols in olive oil 
(Anonymous, 2011) attribute positive effects (i.e., 
antioxidant properties and positive effect on lipid 
metabolism) on human health, when the follow-
ing conditions of use are applied: “20 g of an olive 
oil with a polyphenol content of 200 mg/kg / Min 2 
mg per day of hydroxytyrosol”. From a nutritional 
point of view, a reference to hydroxytyrosol appears 
to be appropriate, as it is one of the most power-
ful antioxidants. this reference, however, appears 
inappropriate from a production point of view, as 
hydroxytyrosol (3,4 DHPEA) is a direct marker of 
hydrolytic degradation of phenol compounds.

Microorganisms take on a significant role in 
transformation pathways of extra virgin olive oil. 
Mould, bacteria and yeast contamination is es-

pecially associated with sensory defects and en-
zymatic degradation activities. 

Although transformation pathways of the main 
components of olive oil during processing are 
known, no data on relevant kinetics (i.e., pseudo-
n order reactions, K

0
 and E

a
) are reported in the 

literature. It would be useful and recommended 
to collect a large number of data on this subject. 
this would avoid incomplete production recom-
mendations such as the customary rule that tem-
perature of malaxation has not to exceed 27°c. 
Nothing confirms that 27°c is a temperature tied 
to some particular phenomenon; in addition, in-
dication of temperature without indication of time 
is incomplete and misleading recommendation. 

In view of numerous complex transforma-
tions that occur in olive oil components during 
the extraction process, the current approach to 
optimize operating conditions of oil mill is still 
based on the “trial and error” principle, using a 
limited number of results from numerous liter-
ature data. on the other hand, obtaining useful 
information of wide application on the effect of 
either olive or extraction processing on the qual-
ity of extra virgin olive oil may appear to be dif-
ficult and misleading. this may derive from the 
fact that most experimental designs have been 
developed on the basis of industrial oil mills 
and mini oil mill plants, which are character-
ized by poor reproducibility and laborious pro-
cess control. An experimental approach based 
on lab-scale processing under controlled condi-
tions (table 2) appears a convenient alternative.
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AbStrAct

the aim of this study was to assess enterocin production by 22 Enterococcus faecium strains 
previously isolated from spontaneously fermented sausages. Enterocins production exhibited sim-
ilar kinetics with most other bacteriocins produced by lactic acid bacteria and a rather limited 
antimicrobial spectrum. occurrence of multiple genes encoding for different enterocins seemed 
to be a common feature. the enterocins were heat stable and the antimicrobial activity was re-
tained over a wide range of pH values and chemicals, some of which are frequently used in fer-
mented meat products.
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INtroDUctIoN

bacteriocinogenic enterococci are widespread 
in nature; they have been isolated from a wide 
variety of both animal- and plant- derived fer-
mented material (rIVAS et al., 2012; StroMP-
FoVA et al., 2008). over the years, many pep-
tide bacteriocins have been genetically char-
acterized and purified, most of them obtained 
from Enterococcus faecium and E. faecalis (NES 
et al., 2007).

the bacteriocinogenic potential of enterococ-
ci isolated from spontaneously fermented meat 
products has been studied to some extent and 
enterocins A, b and P have been described (AY-
MErIcH et al., 1996; cASAUS et al., 1997; cIN-
tAS et al., 1997). Moreover, in vitro and in situ 
production, the effect of various abiotic fac-
tors on enterocin activity, as well as the effec-
tiveness of enterocin-producing strains or their 
enterocins to control growth of Listeria mono-
cytogenes in experimentally contaminated fer-
mented sausages, has also been studied (LAUK-
oVA et al., 1999; cALLEWAErt et al., 2000; AY-
MErIcH et al., 2000; SAbIA et al., 2003; ANANoU 
et al., 2005; DroSINoS et al., 2008).

Spontaneously fermented Greek sausag-
es have been studied to some extend (NYcH-
AS et al., 2012). It has been exhibited that en-
terococcal population ranged between 104 and 
106 cFU g-1. the enterococcal ecosystem has 
been studied in-depth by PArAMItHIotIS et al. 
(2008). In the latter study, wide strain diver-
sity was revealed and 108 E. faecium strains, 
isolated from 3 batches of spontaneously fer-
mented sausages made in the same produc-
tion plant were clustered into 21 different pul-

sotypes. Furthermore, 42 of those isolates clas-
sified in 13 different pulsotypes, were able to 
produce antimicrobial compounds of protein 
nature that could inhibit growth of L. monocy-
togenes strain Nctc 10527.

the purpose of the present study was to as-
sess the diversity of the enterocins produced 
by 22 E. faecium strains representing the afore-
mentioned 13 different pulsotypes. therefore, 
presence of structural genes encoding enterocin 
production, enterocin production kinetics, an-
timicrobial spectrum along with the effect of 
temperature, pH and selected chemicals on en-
terocin activity has been studied.

MAtErIALS AND MEtHoDS

Bacterial strains and culture conditions

the Enterococcus faecium strains used 
throughout this study along with all indicator 
strains, except for Listeria monocytogenes strains 
Nctc 10527 and Atcc 19115, Escherichia coli 
strains Nctc 12079 and Atcc 25922 as well 
as Staphylococcus aureus strains Atcc 6538 
and NcbF 1499 were previously isolated from 
spontaneously fermented sausages (DroSINoS 
et al., 2005; 2007) and are listed in table 1. the 
22 enterococcal strains were selected to repre-
sent all different bacteriocin-producing pulso-
types obtained by PArAMItHIotIS et al. (2008). 
All strains were stored at -80oc in brain Heart 
Infusion (bHI) broth (LAb M, bury, Lancashire, 
UK) or, in the case of lactic acid bacteria, in de 
Mann rogosa Sharpe (MrS) broth (LAb M) sup-
plemented with 20% (v/v) glycerol (Sigma chem-

table 1 - Inhibitory spectrum of the E. faecium strains under study.

 Enterococcus faecium strains

 20001 20002 20005 20006 20007 20011 20015 20020 20023 20038 20039 20040 20044 20045 20049 20074 20081 20083 20093 20098 20101 20102
Indicator strains

Listeria 1 1,2 13 24 - 24 - - 24 - - 12 - - 24 - 13 12 12 - - 35 12

monocytogenes
(13 strains)
L. monocytogenes + + + + + + + + + + + + + + + + + + + + + +
NCTC 10527
Lactobacillus  - - 26 - - - 26 26 - - - - - 26 - - 26 - - - - -
plantarum
(20 strains)

No inhibition was observed when L. monocytogenes ATCC 19115; Salmonella sp. (14 strains); E. faecium (22 strains); Lactobacillus curvatus (20 strains); Lb. 
sakei (20 strains); Staphylococcus saprophyticus (14 strains); St. simulans (16 strains); St. xylosus (20 strains); St. aureus (7 strains); St. aureus ATCC 6538; 
St. aureus NCBF 1499; Escherichia coli NCTC 12079 and E. coli ATCC 25922 were used as indicator microorganisms.
1number of indicator strains whose growth was inhibited; 2L. monocytogenes strain LQC 15142; 3L. monocytogenes strain LQC 15254; 4L. monocytogenes strains 
LQC 15142 and LQC 15254; 5L. monocytogenes strains LQC 15142, LQC 15253 and LQC 15254; 6Lb. plantarum strains LQC 849 and LQC 872.
+: antimicrobial activity;
-: no antimicrobial activity.
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ical co, St Louis, Missouri, USA). before exper-
imental use strains were subcultured twice in 
the appropriate media.

Antimicrobial spectrum

the antimicrobial spectrum was assessed us-
ing the well diffusion assay according to PAr-
AMItHIotIS et al. (2006). Plates were incubat-
ed at 37oc (30oc when LAb were used as indi-
cator strains) for 48 h and examined for clear 
zones of inhibition. All assays were performed 
in triplicate.

Bacteriocin production kinetics

Each bacteriocin producing strain was inoc-
ulated in bHI broth (pH 7.3) at a level of 104 cfu 
mL-1 and incubated at 37oc. Viable cell counts 
were made by plating serial dilutions onto bHI 
agar, pH value was recorded and bacteriocin 
activity was determined using the critical dilu-
tion method after 1, 3, 5, 7, 9, 12, 18, 24, 36, 
and 48 h. one arbitrary unit (AU) was defined 
as the reciprocal of the highest dilution show-
ing a clear inhibition zone multiplied by 100 to 
obtain AU mL-1. L. monocytogenes strain Nctc 
10527 was used as indicator. All assays were 
performed in triplicate. Average growth and pH 
reduction curves are presented, representing the 
respective of all E. faecium strains under study.

Detection of structural genes 
encoding enterocin production

DNA was isolated according to PArAMItH-
IotIS et al. (2010). Pcr amplification of the 
structural genes encoding for enterocins A, 
b, P, L50A and L50b was performed as de-
scribed by ALMEIDA et al. (2011). Pcr prod-
ucts were visualized by electrophoresis on 8% 
polyacrylamide-tris-acetate-EDtA gel and eth-
idium bromide staining. All assays were per-
formed in triplicate.

Effect of pH, selected chemicals 
and temperature on bacteriocin activity

bacteriocin producing strains were grown in 
bHI broth at 37oc for 24 hours. the effect of pH, 
selected chemicals  and temperature  on bac-
teriocin activity was assessed as previously de-
scribed (toDoroV et al., 2011). In brief, the ef-
fect of pH was assessed by adjusting the cell-free 
supernatants of all strains from pH 2.0 to 12.0 
(at increments of one pH unit) with sterile 1.0 N 
NaoH or 1.0 N Hcl. After incubation at 30oc for 
2 hours, the pH of the samples was readjusted 
to 6.5 and residual bacteriocin activity was as-
sessed by the well diffusion assay. the effect of 
selected chemicals (sodium dodecyl sulphate, 
tween 80, triton X-100, Urea, Nacl, Na-EDtA, 
ascorbic acid and sodium nitrate) was assessed 

by adding 1% w/v (final concentration) to cell-
free supernatant of all strains. residual bacte-
riocin activity was assessed after 5h incubation 
at 37oc by well diffusion assay. the effect of tem-
perature was assessed by incubating cell-free 
supernatants of all strains at 4°, 20°, 30°, 37°, 
45°, 60°, 80°, and 100°c. residual bacteriocin 
activity was assessed after 30, 60, 90 and 120 
minutes by the well diffusion assay. All assays 
were performed in triplicate.

rESULtS

In table 1 the inhibitory spectrum of the Ente-
rococcus faecium strains under study is shown. 
All strains exhibited antibacterial activity against 
at least one Listeria monocytogenes strain, and 
five against two Lactobacillus plantarum strains.

In Fig. 1, growth of the E. faecium strains un-
der study, reduction of the pH value and antimi-
crobial activity is presented. regarding the latter, 
two major groups have been identified; namely 
groups 1 and 2. Strains belonging to each group 
are designated in table 2. In both groups pro-
duction started during early exponential growth 
and maximum production (2.9 and 4.2 log AU 
mL-1 for groups 1 and 2, respectively) was re-
corded at the beginning of the stationary phase. 
then a decrease in the bacteriocin activity was 
observed until minimum value at the end of the 
incubation period.

occurrence of structural enterocin genes 
among the strains under study is shown in ta-
ble 2. In most of the strains, i.e. 14 out of 22, 
multiple genes were detected; in two strains 
only one gene and in six strains no genes were 
detected.

the antimicrobial activity of the supernatant 
withstood incubation at all examined tempera-
tures, even after 120 min. In table 3 the effect 
of pH and selected chemicals on bacteriocin ac-
tivity is shown. regarding the former, differences 

Fig. 1 - Viable cell count of E. faecium strains under study 
(:cfu/mL), pH reduction (), and antimicrobial activity 
(:group 1; :group 2).
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table 2 - occurrence of structural enterocin genes among 
E. faecium strains under study.

 Enterocins

 A B P L50A L50B
E. faecium strains

200011 - - - - -
200022 - - - - -
200051 + - + - -
200061 + - + - -
200072 + - + - -
200111 + + + - -
200151 + - + - -
200202 - - - - -
200232 + + - - -
200381 + - - + +
200391 - - + - -
200401 + + + - -
200442 + + - + +
200451 - - - - -
200492 + + - - -
200742 + + - + +
200811 + - + - -
200831 - - - - -
200932 + + + - -
200981 + - - + +
201012 - - - - -
201021 - - + - -

1, 2: strains belonging to groups 1 and 2, respectively, according to their bac-
teriocin production kinetics;
+: presence of the respective structural enterocin gene;
-: absence of the respective structural enterocin gene.

were observed as far as pH 3 and 12 were con-
cerned. After exposure to pH 3, antimicrobial 
activity was detected in only 2 strains. on the 
contrary, the antimicrobial activity of 6 strains 
was negatively affected after exposure to pH 12. 
treatment with SDS, urea, NaEDtA, ascorbic 
acid and sodium nitrate had no effect on bac-
teriocin activity. on the contrary, no antimicro-
bial activity was detected in two, ten and three 
strains after treatment with tween-80, triton 
X-100 and Nacl, respectively (table 3).

DIScUSSIoN

Enterococci in general and E. faecium in par-
ticular, are well known bacteriocin producers. 
their inhibitory spectrum is characterized by 
their particular effectiveness on L. monocyto-
genes, both in vitro and in situ, due to their phy-
logenetic proximity (DEVrIESE and Pot, 1995; 
HUGAS et al., 2003) and extends over a wide 
range of Gram-positive microorganisms includ-
ing listeriae, clostridia, bacilli, lactobacilli, lacto-
cocci, pediococci, enterococci and bifidobacteria 
(rIVAS et al., 2012; DE VUYSt et al., 2003; FrANZ 
et al., 1996; GIrAFFA 1995; HU et al., 2010). In 
the present study, a rather limited antimicro-
bial spectrum has been revealed, most proba-
bly due to the common isolation source of pro-
ducer and the majority of the indicator strains. 

bacteriocin production exhibited similar ki-

table 3 - Effect of pH and selected chemicals on bacteriocin activity.

 pH Chemicals

E. faecium strains 2 3 4-11 12 Tween-80 Triton X-100 NaCl

20001 - - + + - - +
20002 - - + + - + +
20005 - - + - + - -
20006 - - + - + - -
20007 - - + + + + +
20011 - - + + + + +
20015 - - + + + + +
20020 - - + + + - +
20023 - + + + + + +
20038 - - + + + + +
20039 - - + - + - +
20040 - - + + + + +
20044 - - + + + + +
20045 - - + - + - -
20049 - - + + + + +
20074 - - + - + - +
20081 - - + + + - +
20083 - - + + + + +
20093 - - + + + + +
20098 - - + + + + +
20101 - + + + + - +
20102 - - + - + - +

+: no effect on bacteriocin activity;
-: no bacteriocin activity was detected.
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netics not only with the ones produced by oth-
er E. faecium strains (DU toIt et al., 2000; KANG 
and LEE, 2005; torrI tArELLI et al., 1994; 
FrANZ et al., 1996; Do NAScIMENto et al., 2010) 
but also with most other bacteriocins produced 
by lactic acid bacteria (HENG et al., 2007).

occurrence of multiple genes encoding for dif-
ferent bacteriocins seems to be a common fea-
ture in enterococci. Presence of as many as five 
different genes has been described (ALMEIDA et 
al., 2011; DE VUYSt et al., 2003). this was also 
the case in the present study; most of the strains 
contained more than one structural enterocin 
genes. the inability to detect any of the known 
structural genes in six strains might be due to 
the existence of still undescribed ones.

Enterocins produced by E. faecium have been 
reported to be heat stable (rIVAS et al., 2012; 
KANG and LEE, 2005; DE KWAADStENIEt et al., 
2006) and retain activity even after heating at 
121oc for 15 min (DU toIt et al., 2000). this 
was also the case in the present study; antimi-
crobial activity was retained even after heating 
at 100oc for 120 min. As far as the effect of pH 
on enterocin activity was concerned, a remark-
able stability was observed over a range of pH 
values from 3 to 12 concurring with the ones re-
ported in the literature (DU toIt et al., 2000; DE 
KWAADStENIEt et al., 2006). As far as the effect 
of selected chemicals on enterocin activity was 
concerned, a lack in the literature is evident, at 
least regarding the ones used in the develop-
ment of fermented meat products. 

overviewing the results obtained from this 
study, enterocin production exhibited similar ki-
netics with most other bacteriocins produced by 
lactic acid bacteria and a rather limited antimi-
crobial spectrum. occurrence of multiple genes 
encoding for different enterocins seemed to be 
a common feature. Finally, heat stability and 
maintenance of the antimicrobial activity over 
a wide range of pH values and chemicals, some 
of which are frequently used in fermented meat 
products, have been documented.
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AbStrAct

A new enzymatic time temperature indicator based on the reaction catalyzed by tyrosinase was 
developed. time temperature indicators can be used as quality indicator of foods if response time 
of the indicator equals the shelf life and the spoilage process of the product. three tyrosinase in-
dicators were developed in three different L-tyrosine concentrations and stored at temperatures 
of 5°, 10°, 15° and 25°c. color changes of indicators were used as response parameter during 
storage and their activation energies were determined as 123, 52 and 49 kJ/mol for the L-tyros-
ine concentrations of 0.1, 0.5 and 1 mM, respectively.
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INtroDUctIoN

time temperature indicator (ttI) can be de-
fined as a simple device that can show an eas-
ily measurable, a time-temperature dependent 
change that reflects the full or partial temper-
ature history of a food product (tAoUKIS and 
LAbUZA, 1989a). the principle of ttI operation 
is a mechanical, chemical, electrochemical, enzy-
matic or microbiological irreversible change usu-
ally expressed as a visible response, in the form 
of a mechanical deformation, color development 
or color movement (LAbUZA and FU, 1995; SHI-
MoNI et al., 2001; KrEYENScHMIDt et al., 2010; 
WELLS and SINGH, 1988; tSoKA et al., 1998). 
the rate of change is temperature dependent, 
increasing at higher temperatures. the visible 
response thus gives a cumulative indication of 
the storage conditions that the ttI has been ex-
posed to. the extent to which this response cor-
responds to a real time-temperature history de-
pends on the type of the indicator and the phys-
icochemical principles of its operation. 

the temperature variations in a food product 
can lead to changes in product safety and qual-
ity (KoUtSoUMANIS et al., 2006). there are two 
types of temperature indicators; the simple crit-
ical temperature indicators and the time-tem-
perature indicators (PAULt, 1995; AHVENAIN-
EN and HUrME, 1997). temperature indicators 
show whether products have been heated above 
or cooled below a reference (critical) temperature, 
warning consumers about the potential surviv-
al of pathogenic micro-organisms and protein 
denaturation during, for example, freezing or 
defrosting processes. to determine the chang-
es in the shelf life of the food product, the sec-
ond type of indicator, a ttI, should be employed 
(PAULt, 1995; KrEYENScHMIDt et al., 2010). 
these indicators display a continuous temper-
ature-dependent response of the food product. 
the changes shown by ttI can easily be meas-
ured, and have been proven to give consistent 
responses under the same temperature condi-
tions and when not under the influence of light, 
humidity, and contaminants.

the quality of refrigerated foods is strong-
ly dependent on temperature exposure histo-
ry from production to consumption stages. If 
temperature abuse occurs during transport or 
marketing, the customer has no way of know-
ing the product is still usable or not even if the 
best before date is good. ttI’s can be used as 
an indicative and/or effective alternative to the 
open dating (LAbUZA and FU, 1995; SHIMoNI et 
al., 2001). Successful application of a ttI de-
pends upon many factors, such as the knowl-
edge of the food product, the type of monitor-
ing required and the potential benefits as well 
as relative costs and reliability of the system at 
the temperatures to be encountered (WELLS and 
SINGH, 1988; tSoKA et al., 1998). the reliability 
for ttI applications includes its variability in re-

sponses within the temperature range encoun-
tered, the confidence on the determined kinet-
ic parameters and the difference between acti-
vation energy of food with that of ttI (tAoUK-
IS et al.,1991).

In this study, new enzyme based ttI gels were 
developed by entrapment of tyrosinase enzyme 
into acrylamide/bisacrylamide gel. Enzyme im-
mobilization is the most promising technology 
that would be incorporated into food system. 
Entrapment is often the most desirable meth-
od because results in high recovery of enzyme 
activity after immobilization matrix, and pro-
tection from the microbial degradation (cAbrAL 
and KENNEDY, 1993).

the objective of this study was to develop a 
new tyrosinase type time temperature indica-
tor to monitor quality changes of foods during 
over the entire supply chain. this new enzy-
matic time temperature indicator was based on 
the tyrosinase catalyzed oxidation of L-tyrosine. 
color change was taken as response parameter 
for ttI development. to check the usability of 
ttI for shelf life monitoring of foods, activation 
energies of ttI color changes were determined 
and evaluated for ttI development. 

MAtErIALS AND MEtHoDS

Materials

tyrosinase from mushroom (Ec 1.14.18.1) 
was purchased from Sigma-Aldrich chemie 
GmbH, Germany, with a specific activity of 5,370 
units/mg solid. one unit represents the change 
in A280 of 0.001 per min at pH 6.5 and 25ºc in 
3 mL reaction mix containing L-tyrosine. the 
acrylamide, bisacrylamide, L-tyrosine and all 
the other chemicals were all reagent grade (Sig-
ma Aldrich). 

Immobilization of enzyme

the system for immobilization contained: 
66.6% (v/v) of acrylamide/bisacrylamide so-
lution [20% (w/v) acrylamide with 5.3% (w/v) 
bisacrylamide], 31.3% (w/v) of enzyme solution 
(0.275 mg protein/mL), 2.1% (v/v) of 3% (w/v) 
ammoniumperoxodisulfate (APS), and 60 µL of 
N,N,N,N’-tetramethylethylenediamine (tEMED) 
(modified from rAVIYAN et al., 2003). the com-
ponents of immobilization system were stored 
at 4°c until used.

the immobilized enzyme-containing gel was 
prepared by blending the enzyme solution into 
the acrylamide/bisacrylamide solution while 
stirring on a magnetic stirer plate with a stir-
ring bar for 2 min at low speed. APS was add-
ed, stirred for 1 min, followed by tEMED, and 
stirred for 0.5 min. the mixture was allowed to 
polymerize between two glass plates separat-
ed with spacer for 1 hour at 4°c. In polyacryla-
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mide gel polymerization, APS and tEMED are 
initiators which are effectors of polymerization. 
So, gels with 4 mm thickness and 14 cm width 
were formed. the gel was transparent before the 
polymerization reaction. During the polymeri-
zation, gel began to change its color and whole 
gel got the white color with the completion of 
the polymerization reaction. the reason of the 
getting white gel was the addition of the enzyme 
because when the gel was prepared by all oth-
er ingredients except enzyme, it was colorless. 
this gel obtained without enzyme was used to 
understand whether nonenzymatic browning oc-
cur or not during storage.

Color change

color measurements were done using a Hunt-
er-Lab colorFlex (A60-1010-615 Model colorim-
eter, Hunter-Lab, reston, VA). the instrument 
was standardized each time with a white and 
black ceramic plate (L0 = 93.01, a0 = -1.11 and b0 
= 1.27) and L* values of indicator were recorded 
which shows whiteness or brightness-darkness.

Preparation and storage of TTI

For indicator preparation, the gel was cut into 
3 cm x 3 cm pieces with a razor blade knife and 
placed into plastic zipper bags. then, 10 mL of L-
tyrosine solutions with different concentrations 
(0.1, 0.5 and 1 mM) were added over them. Five 
replicates of indicators were stored at temper-
atures of 5°, 10°, 15° and 25°c in cooling incu-
bator and color change was measured at differ-
ent time intervals. the color change of enzymatic 
based ttI’s were measured as L* by using Hunt-
er colorimeter. Distilled water was also added 
to indicator gel system in place of L-tyrosine to 
test whether the system gave any color change 
response during storage and color change was 
not observed. Similarly, L-tyrosine solution was 
added to the gel without enzyme and stored to 
test any color change whether could be formed. 
Again, no color change was observed. there were 
some important points to get desired, reliable en-
zymatic ttI production. Adjustment of enzyme 
and L-tyrosine concentrations to get readable 
color change rate and gel thickness are some of 
them. Substrate concentration is important for 
the rate of the enzyme catalyzed reaction which 
takes place.

TTI kinetics

Loss of shelf life in a food is usually evaluated 
by the measurement of a characteristic quality 
index, “A” the quality index for foods includes 
flavor, color, nutrients level, texture, and sen-
sory quality as well as microbial load and toxin 
production. the change of quality index A with 
time t can usually be expressed as:

In the case of ttI, considering lightness (L*) 
as the quality attribute of interest, the change 
of L* with time can be expressed according to 
LAbUZA (1984) as:

where, n is the reaction order and kbrown (day-1) 
is the reaction rate constant responsible for en-
zymatic browning. the rate constant kbrown de-
pends on temperature, t (K), according to Ar-
rhenius’ law;

where; kref (day-1) is the rate constant at some 
reference temperature tref (K), Ea (J mol-1) is the 
energy of activation of the reaction that controls 
quality loss and rgas (8.314 J mol-1 K-1) is the uni-
versal gas constant.

rESULtS AND DIScUSSIoN

Development of enzymatic TTI

three different concentration of L-tyrosine 
(0.1, 0.5 and 1 mM) were used for each enzymatic 
ttI gel systems which were stored at 5°, 10°, 15° 
and 25°c. the highest L-tyrosine concentration 
was decided as 1 mM because substrate’s maxi-
mum solubility was around 1.1 mM. the enzyme 
concentration was determined by the observa-
tion of color changes of enzymatic ttI’s which 
were prepared by using different concentrations 
of enzyme. optimum enzyme concentration was 
found as 0.275 mg protein/mL in which record-
able color change rate was obtained.

Color changes of enzymatic TTI samples

When L-tyrosine solution was added, all the 
ttI samples showed the same color change pro-
file at all temperatures. At the beginning of the 
experiment color of the ttI samples were white 
and then change to pale pink color and finally to 
the black where stable color values were meas-
ured. this color which reached at last stage was 
very stable and stability of color was observed for 
3 months. the irreversibility of color was impor-
tant for the reliability of the produced ttI. the 
color of ttI’s turns from white to black which 
was due to the action of enzyme in which, ty-
rosinase catalyzes the conversion of L-tyrosine 
to quinones, probably further at the end of serial 
reactions to stable melanins. rate of the reaction 
can well be correlated with color change of ttI 
gels and L* values were good indicator for this.
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change in L* values of ttI gels stored with dif-
ferent L-tyrosine concentrations at temperatures 
of 5°, 10°, 15° and 25°c were given in Figs. 1-4. 
the L* values of ttI gels decreased with stor-
age time at all temperatures and this reduction 
was also dependent on the L-tyrosine concentra-
tion. Increasing the substrate concentration and 
temperature increased the rate of enzyme cata-
lyzed reaction and produced darker gels. After 
a period of time, there was no change in L* val-
ues for all ttI gels with different L-tyrosine so-
lutions stored at different temperatures which 
shows the irreversible color change at the end 
of the reaction.

As a result we can say that increasing the 
substrate concentration and storage tempera-
ture increased the color changes of enzymatic 
ttI. the photography’s of ttI’s stored with dif-
ferent L-tyrosine concentrations at same condi-
tions were given in Fig. 5 and it can be seen that 
as substrate concentration was increased, color 
of gel was darker.

Enzymatic TTI kinetics

Different models have been used to analyse 
the usefulness of a ttI to act as a quality label. 
tAoUKIS and LAbUZA (1989a,b) developed the 
most frequently used approach which is based 
on the Arrhenius equation. It shows the corre-
lation between the temperature dependent rate 
of deterioration of the quality of the product 
(spoilage) and the temperature dependent rate 
of colour change of the ttI (KrEYENScHMIDt et 
al., 2010).

WELLS et al. (1987) described another ap-
proach which use a graphical interpretation, 
with a so called ‘indicator action diagram’, that 
simplifies mathematical models. SMoLANDEr et 
al. (2004) correlated the rates of colour changes 
of the ttI with the microbiological counts of the 
food products. Additionally, they compared the 
ttIs’ shelf life with that of the products’ to eval-
uate the use of ttIs in monitoring food fresh-
ness (KrEYENScHMIDt et al., 2010). 

Fig. 1 - change in L* values of ttI stored at 5°c.

Fig. 2 - change in L* values of ttI stored at 10°c.

Fig. 3 - change in L* values of ttI stored at 15°c.

Fig. 4 - change in L* values of ttI stored at 25°c.

http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2009.02123.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2009.02123.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2009.02123.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2009.02123.x/full
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to be able to use a particular ttI as a quali-
ty indicator for a specific food product it is nec-
essary that energy of activation Ea, indicat-
ing the temperature dependence of the ttI re-
sponse, matches the Ea of the food product. Ea 
value gives a direct measure on how tempera-
ture sensitive the product is. the higher the Ea 
value the greater difference between a low tem-
perature and a high. Furthermore it greatly fa-
cilitates the choice of a suitable ttI-indicator to 
the ttI characteristics of the product.

When L* values at different temperatures ver-
sus time at constant L-tyrosine concentration 
was plotted, two linear curve was obtained. It was 
thought that, the first linear curve was due to the 
enzymatic browning reaction and second curve 
was due to nonenzymatic browning leading to 
the formation of brown-black melanins. by this 
assumption, when L* values were plotted versus 
time it was seen that color change followed zero 
order kinetics and from the slopes of the first lin-
ear curve reaction rate constants (k) were deter-
mined for each ttI with different L-tyrosine con-
centrations (table 1).

by using k values activation energies were 
found from Arrhenius plot. Activation energies of 
ttI’s were determined as 123 kJ/mol (r2=0.90), 
52 kJ/mol (r2=0.98) and 49 kJ/mol (r2=0.99) 
for 0.1, 0.5 and 1 mM L-tyrosine concentra-
tion, respectively (Fig. 6). SUN et al. (2007) pro-
duced amylase type ttI indicator with different 
α-amylase concentrations (15, 20, 25 and 30%) 
and stored at 4°, 8°, 12°, 18°, 25° and 37°c. they 
determined color change process of amylase and 
found the activation energies of ttI ranged from 
102 to 110 kJ/mol which gave somewhat nar-
row range of applicability. LAbUZA (1982) point-
ed out the typical activation energy values for 
food quality losses ranging from 0 to 150 kcal/
mol for different quality loss parameters. LAbU-
ZA and KAMMAN (1983) proposed that to ensure 
the error of food quality evaluation below 15%, 
the difference of the activation energy between 
the indicator and food should be less than 40 
kJ/mol. In our study, activation energy values 
of ttI’s with different concentrations of L-tyros-
ine were between 49 and 123 kJ/mol (11.7-29.4 
kcal/mol), which gives good range of applicabil-
ity in foods. by taking the maximum difference 
level of 40 kJ/mol of activation energies (be-
tween 2.15-38.95 kcal/mol), our ttI activation 
energy match with the activation energy values 
for food quality losses (LAbUZA, 1982) as diffu-
sion controlled (0-15 kcal/mol), enzymic (10-15 
kcal/mol), hydrolysis (15 kcal/mol), lipid oxida-
tion (10-25 kcal/mol), nutrient loss (20-30 kcal/
mol), nonenzymatic browning (25-50 kcal/mol) 
and microbial growth (20-60 kcal/mol).

there are also commercially available time-tem-
perature indicators which have different design, 
reaction type, temperature behavior and thus dif-
ferent range of activation energy. tAoUKIS and 
LAbUZA (1989a) reported the activation energy 

table 1 - reaction rate constants of ttI’s at different stor-
age temperatures.

Storage temperatures Substrate concentration k (day−1)
 (°C) (mM)

 5 0.1 0.301
  0.5 4.063
  1.0 4.303

 10 0.1 2.267
  0.5 5.001
  1.0 6.468

 15 0.1 5.164
  0.5 8.616
  1.0 9.753

 25 0.1 13.442
  0.5 17.180
  1.0 17.848

Fig. 5 - Photography of ttI stored at 15°c for 5 hours in 
0.1 mM (A), 0.5 mM (b) and 1 mM (c) L-tyrosine solutions.

(A)

(B)

(C)

ranges of LifeLinetM, 3M Monitor Mark® and VIt-
SAb®. VItSAb is based on a color change caused 
by a pH decrease which is the result of a controlled 
enzymatic hydrolysis of a lipid substrate. At acti-
vation, enzyme and substrate are mixed by me-
chanically breaking the barrier that separates the 
two compartments. Hydrolysis of the substrate 
causes acid release and the pH drop is translat-
ed in a color change of the pH indicator from deep 
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green to bright yellow. He reported that VItSAb® 
has much wider range of activation energy, 12-
27 kcal/mol. In VItSAb, color change is followed 
which is related to pH changes. In our new ttI sys-
tem, change in color is visible and can be seen di-
rectly and the activation energy ranges (11.7-29.4 
kcal/mol) show the possibility of using this new 
ttI system for various food systems. 

coNcLUSIoN

time temperature indicators are useful devic-
es to monitor the cold chain and/or correlate the 
shelf life of food products. because each product 
have its own temperature dependency and shelf 
life, it is necessary to develop ttIs with wider 
range of activation energy and also to develop 
specific ttI for specific food product. the basic 
goal of this study is to develop new enzymatic 
time temperature indicator. to use ttI as qual-
ity indicator of foods, activation energy and ki-
netics of food and ttI should match each other. 
color change was used as the response parame-
ter for ttI and activation energy was calculated 
from the kinetics of color change. range of acti-
vation energy values of developed ttI well corre-
late with the activation energy of foods. response 
time of the ttI changed with the tyrosine con-
centration and it can be suitable for the moni-
toring of refrigerated foods like poultry and meat.

AcKNoWLEDGEMENtS

We wish to thank the Scientific research Projects Execu-
tive council of Gaziantep University (Project No: MF.08.07) 
for financial support.

rEFErENcES

Ahvenainen r. and Hurme E. 1997. Active and smart pack-
aging for meeting consumer demands for quality and safe-
ty. Food Add cont. 14: 753.

cabral J.M.S. and Kennedy J.F. 1993. In: “thermostabili-
ty of enzymes”. M.N. Grupta (Ed.) p. 162. Springer Ver-
lag, India.

Koutsoumanis K., Stamatiou V., Skandamis P. and Nych-
as G.E. 2006. Development of a microbial model for 
the combined effect of temperature and pH on spoil-
age of ground meat, and validation of the model un-
der dynamic temperature conditions. App. Environ. 
Microb. 72: 124.

Kreyenschmidt J., christiansen H., Hübner A., raab V. and 
Petersen b. 2010. A novel photochromic time-tempera-
ture-indicator (ttI) system to support cold chain man-
agement. Int. J. Food Sci. tech. 45: 208.

Labuza t.P. 1982. “Shelf-life dating of foods”. Food and Nu-
trition Press, Westport, ct.

Labuza t.P. 1984. Application of chemical kinetics to dete-
rioration of foods. J. chem. Ed. 61: 348.

Labuza t.P. and Fu b. 1995. Use of time/temperature inte-
grators, predictive microbiology, and related technologies 
for assessing the extent and impact of temperature abuse 
on meat and poultry products. J. Food Safety. 15: 201.

Labuza t.P. and Kamman J.F. 1983. reaction kinetics and 
accelerated tests simulation as a function of temperature. 
In: “computer-aided techniques in food technology”. I. 
Saguy (Ed.) p. 71. Marcel Dekker, New York.

Pault H. 1995. brain boxes or simply packed. Food Proces. 
UK, 64: 23.

raviyan P., tang J., orellana L. and rasco b. 2003. Phys-
icochemical properties of a time-temperature indicator 
based on immobilization of Aspergillus oryzae α-amylase 
in polyacrylamide gel as affected by degree of cross-link-
ing agent and salt content. J. Food Sci. 68: 2302.

Shimoni E., Anderson E.M. and Labuza t.P. 2001. relia-
bility of time temperature indicators under temperature 
abuse. J, Food Sci. 66: 1337.

Smolander M.. Alakomi H-L.. ritvanen t.. Vainionpää J. and 
Ahvenainen r. 2004. Monitoring of the quality of mod-
ified atmosphere packaged broiler chicken cuts stored 
in different temperature conditions. A. time-tempera-
ture indicators as quality-indicating tools. Food cont. 
15: 217.

Sun Y.. Huawei c.. Limin Z.. Fazheng r.. Luda Z. and Heng-
tao Z. 2007. Development and characterization of a new 
amylase type time-temperature indicator. Food cont. 
19: 315.

taoukis P.S. and Labuza t.P. 1989a. Applicability of time-
temperature indicators as shelf life monitors of food prod-
ucts. J, Food Sci. 54: 783.

taoukis P.S. and Labuza t.P. 1989b. reliability of time-tem-
perature indicators as food quality monitors under noni-
sothermal conditions. J. Food Sci. 54: 789.

taoukis P.S., Fu b. and Labuza t.P. 1991. time-tempera-
ture indicators. Food tech. 45: 70.

tsoka S., taoukis P.S., christakopoulos P., Kekos D. and 
Macris b.J. 1998. time temperature integration for chilled 
food shelf life monitoring using enzyme-substrate sys-
tems. Food biotech. 12: 139.

Wells J.H. and Singh r.P. 1988. Application of time-tem-
perature indicators in monitoring changes in quality at-
tributes of perishable and semiperishable foods. J. Food 
Sci. 53: 148.

Wells J.H., Singh r.P. and Noble A.c. 1987. A graphical in-
terpretation of time-temperature related quality chang-
es in frozen food. J. Food Sci. 52: 435.

Paper received January 30, 2013  Accepted June 28, 2013

Fig. 6 - Arrhenius plots of ttI’s with 0.1 mM (-❍-) (r2=0.90), 
0.5 mM (-●-) (r2=0.98) and 1 mM L-tyrosine (-▼-) (r2=0.99).
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AbStrAct

the croatian autochthonous hazelnut variety Istarski Duguljasti and two introduced varie-
ties romische Zellernuss and Hallesche riesen were characterized with respect to their fatty acid 
composition as well as their squalene, tocopherols and minerals content. oleic acid was the most 
abundant fatty acid ranging from 78.13% in Istarski Duguljasti to 82.98% in romische Zellernuss, 
followed by linoleic acid, which showed the largest variation in the content between varieties. α-, 
β- and γ-tocopherol were identified in all three varieties. the level of squalene ranged from 201.2 
to 243.6 mg/kg and potassium was the most abundant mineral varying between 6.81-7.77 g/kg. 
obtained results highlight the nutritional characteristics of hazelnut and the influence of hazel-
nut variety on studied nutrients.

mailto:mpetrovic%40ckn.pbf.hr?subject=
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INtroDUctIoN

Hazel (Corylus avellana L.) is valuable species 
whose fruit, the hazelnut, has extensive usage 
in food processing and cosmetics industry. It is 
consumed raw or roasted. Its ingredients are 
part of many industrial food products. In con-
fectionary industry hazelnut is primarily used in 
chocolate production, as well as for confection-
ery products fillings and nougats, and for spe-
cialty products such as coated candies (oLIVEr 
cHEN and bLUMbErG, 2008; ALASALVAr et al., 
2009a). Hazelnut oil can be recovered from ker-
nel effectively by pressing, due to high fat con-
tent. It is used for flavoring confectionery, as 
salad oil and as a source of cooking oil (MIrAL-
IAKbAr and SHAHIDI, 2008). Due to higher de-
mand for diesel fuel, production of biodiesel from 
hazelnut oil has been studied recently (XU and 
HANNA, 2009; MoSEr, 2012). According to FAo 
(FAo-StAt, 2011) data, the most significant ha-
zelnut producers are Mediterranean countries. 
turkey is the world’s largest producer followed 
by Italy and croatia was ranked at twelfth place. 
In croatia, the majority of production is located 
in Istria where autochthonous variety Istarski 
Duguljasti originates from. In recent years, the 
number of intensive hazelnut plantations has 
increased significantly in the continental part of 
croatia. one of the most represented varieties is 
the autochthonous variety Istarski Duguljasti.

Hazelnut varies in content of nutritional com-
ponents depending on a variety, harvesting year, 
origin and agro-ecological conditions (KoKSAL et 
al., 2006; SEYHAN et al., 2007; boStAN and GU-
NAY, 2009; bEYHAN et al., 2011; LocAtELLI et al., 
2011). the hazelnut contains 54.6-69.0% of fat, 
which is characterized by high content of unsat-
urated fatty acids (UFA). their positive effects on 
prevention of cardiovascular diseases were con-
firmed (ALASALVAr et al., 2009a; roS, 2010). 
Several epidemiological and clinical studies sug-
gested that frequent nut consumption is associ-
ated with reduced risk of coronary heart diseas-
es, stroke and arteriosclerosis influencing plas-
ma lipids profile. the main reason for this is fa-
vourable fatty acid composition (KrIS-EtHErtoN 
et al., 1999; MErcANLIGIL et al., 2007; DJoUSSE 
et al., 2010). Fat content and fatty acid compo-
sition varies depending on a variety and grow-
ing conditions (SEYHAN et al, 2007; ALASAL-
VAr et al., 2009b; bEYHAN et al., 2011). Mono-
unsaturated fatty acids (MUFA) constitute the 
majority of fatty acids present in hazelnut and 
oleic acid (c18:1n-9) is the predominant (73.8-
84.1%). High amount of polyunsaturated fatty 
acids (PUFA) was found in hazelnut also. Dur-
ing fruit development the content of MUFA in-
creases as the content of PUFA decreases while 
SFA shows no changes (SEYHAN et al., 2007).

Hazelnut also contains other potentially car-
dio protective constituents including tocophe-
rols, squalene, phytosterols and phytostanols 

(MAGUIrE et al., 2004; ALASALVAr et al., 2009a; 
roS, 2010). tocopherols and squalene are pow-
erful antioxidants and radical scavengers since 
they bond with free radicals thus giving the sta-
ble molecules, which protect cell membranes 
from harmful environmental effects. their con-
centration in hazelnut depends on a variety, 
growing conditions and fruit quality (AMArAL et 
al., 2006; ALASALVAr et al., 2009a). It is also re-
ported that hazelnut is a good source of miner-
als, being particularly rich in potassium, phos-
phorus, calcium and magnesium. Mineral com-
position is largely dependent on hazelnut varie-
ty and other growing conditions (oZDEMIr and 
AKIHcI, 2004; KoKSAL et al., 2006; ALASALVAr 
et al., 2009b). 

In the present study, the croatian autoch-
thonous variety Istarski Duguljasti, as well as 
romische Zellernuss and Hallesche riesen were 
characterized with respect to fatty acid compo-
sition, squalene, tocopherols and minerals con-
tent. these are the three major commercial ha-
zelnut varieties cultivated in croatia and their 
nutrient composition has not been described in 
the literature yet.

MAtErIALS AND MEtHoDS

Samples

the study was carried out on the hazelnut 
plantation in orahovica (croatia). the planta-
tion is located in a typical fruit growing position 
on 140-160 AMLS (45° 33´ 30˝ N and 17° 52´ 
30˝ E). All required agro-technological measures 
are applied regularly. the variety Istarski Du-
guljasti is a predominant variety in the planta-
tion, while romische Zellernuss and Hallesche 
riesen are ancillary varieties. For each variety, 
6 trees were randomly selected, the fruits were 
handpicked after most of them had fallen on the 
ground (September 2010) and were air-dried in 
net plastic bags for 5-7 days, protected from di-
rect sunlight. three representative samples of 2 
kg fruits were taken for each variety for analy-
sis. After drying, the fruits were unshelled and 
kept in plastic bags in the refrigerator at 5°-8°c. 
Analytical samples were prepared by quartering 
and grinding with Microtron Mb 550 (Kinemat-
ica AG, Littau-Lucerne, Switzerland). the skins 
were not removed before grinding and grinded 
samples were kept in the refrigerator for maxi-
mum five days prior to analysis. the total lipids 
were extracted with petrol ether in a Soxhlet ap-
paratus according to the AoAc method 948.22 
(AoAc, 2000) and used for analyses of fatty acid 
composition, squalene and tocopherol content.

Reagents and standards

Hexane, isooctane, isopropanol and meth-
anol gradient grade were purchased from J.t. 
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backer, (Devanter, Holland). Petrol ether, p.a., 
nitric acid, 65%, p.a., potassium hydroxide, 
p.a., and sodium hydrogensulphate monohy-
drate, p.a., were purchased from Kemika (Za-
greb, croatia). Analytical standards were: Food 
Industry FAME, 37 components in methylene 
chloride (restek, bellefonte, PA, USA), squalene 
(Merck KG, Damstadt, Germany), α-tocopherol, 
β-tocopherol, γ-tocopherol and δ-tocopherol 
(all Sigma-Aldrich chemie GmbH, taufkirch-
en, Germany), and mineral standard solutions, 
1,000 mg/L certiPUr (Merck KG, Damstadt, 
Germany). 

Fatty acid and squalene contents

Extracted triacylglycerols were converted to 
corresponding fatty acid methyl esters (FAME) 
by trans-esterification with methanolic solution 
of potassium hydroxide. Approximately 60 mg 
of the sample was weighed into test tube with 
glass stopper and dissolved by 4 mL of isooc-
tane. After that, 200 μL of potassium hydroxide 
solution in methanol (2 mol/L) was added and 
the reaction was carried out at room tempera-
ture with vigorous shaking (2 x 30 s). the solu-
tion was neutralized by addition of 1 g of sodi-
um hydrogensulphate monohydrate and trans-
ferred into 2 mL vial. Fatty acid composition 
and squalene content were determined on cP-
3800 gas chromatograph (Varian, Palo Alto, cA, 
USA) equipped with the flame ionization detector, 
capillary column Db-23 60 m x 0.25 mm, 0.25 
μm film thickness (Agilent technologies, Palo 
Alto, cA, USA) and split/splitless injector. the 
injector temperature was 250°c and the injec-
tions were performed with split ratio 1:30. Heli-
um was used as carrier gas at a flow rate of 1.5 
mL/min and the temperature program of the 
column oven was: 60°c (1 min) rising to 220°c 
at the rate of 7°c/min. FAMEs and squalene 
were identified by comparison with the reten-
tion times of standards listed in reagents and 
standards section and calculated by normali-
zation procedure. A detailed description of the 
method and its suitability was given previously 
(PEtroVIc’ et al., 2010).

Tocopherol contents

the tocopherol content of hazelnut oil sam-
ples, extracted in Soxhlet apparatus, was de-
termined according to European Norm 12822 
(European Norm, 2000). 2 g of sample was ac-
curately weighed into 25 mL volumetric flask, 
dissolved in n-hexane on ultrasonic bath and 
the flask was filled to the volume with n-hex-
ane. the obtained sample solutions were an-
alyzed by normal phase HPLc on SpectraSys-
tem 2000 (thermo, bellefonte, PA, USA). the 
chromatographic separation was achieved 
with Supelcosil Lc-Si column, 250 mm x 4.6 
mm, 5 μm (Supelco, bellefonte, PA, USA) at 

room temperature. the mobile phase was n-
hexane:isopropanol 99:1 at 1 mL/min and the 
injection volume was 20 μL. Detection was per-
formed on fluorescence detector with excitation 
wavelength of 296 nm and the emission wave-
length of 330 nm. tocopherols were identified 
by comparing retention times of obtained peaks 
with retention times of peaks in chromatogram 
obtained by injection of tocopherol standard so-
lution. the results were calculated by external 
standard method.

Mineral contents

Prior to analysis of mineral content, samples 
were ashed by microwave digestion. Approx-
imately 500 mg of homogenized sample was 
transferred to polytetrafluoroethylene vessel fol-
lowed by addition of 8 mL of 65% nitric acid. Di-
gestion was performed in Ethos 1600 Microwave 
Digester (Milestone corp., Sorisole, Italia) using 
the following program: microwave power was 
programmed in three steps (250, 400 and 600 
W) at 5 min intervals. Digests were diluted to 20 
mL with deionized water. calcium and magnesi-
um were analyzed according to the AoAc meth-
od 975.03 (AoAc, 2000) on Solaar thermo Sci-
entific Spectrometer GF 95 (thermo, bellefon-
te, PA, USA) in an air-acetylene flame. Potassi-
um was analyzed according to the AoAc meth-
od 980.83 (AoAc, 2000) on PFP7 Jenwav (bib-
by Scientific Limited, Stone, Staffordshire, UK) 
by flame photometric method. Phosphorus was 
analyzed according to the AoAc method 986.24 
(AoAc, 2000) on PU 8600 series UV/VIS (Pye 
UNIcAM, cambridge, UK).

Statistical analysis

the results were expressed as mean ± stand-
ard deviation (SD) of six replicates for each sam-
ple. the statistical significance of obtained re-
sults was tested by t-test (two samples with 
equal variance, two-tailed distribution) using 
SAS statistical software, version 8.2 (SAS Insti-
tute Inc., cary, Nc, USA). A p-value of <0.05 was 
considered statistically significant.

rESULtS AND DIScUSSIoN

Fatty acids composition

the pomological traits and proximate chemi-
cal composition of the most represented hazel-
nut varieties cultivated in croatia were report-
ed in the previous study (VUJEVIc’ et al., 2010) 
where the data on fat content were also given. 
results of the research indicated that fat was 
predominant component of the hazelnut (61.60-
67.59%). In this research fatty acid composition 
of hazelnut oil obtained from three hazelnut va-
rieties was studied (table 1).
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MUFA were predominant among sixteen fat-
ty acids identified in the samples. oleic acid 
was the most abundant fatty acid ranging from 
78.13% in Istarski Duguljasti to 82.98% in 
romische Zellernuss. the second most abound-
ed fatty acid was linoleic acid, which showed 
the largest variation in the content of varie-
ties. Fig. 1 shows the content of oleic acid com-
pared to linoleic acid. It is evident that the con-
tent of these two fatty acids was inversely de-
pendent and the obtained correlation coefficient 
(r=-0.9855, p>0.05) was significant. SEYHAN et 
al. (2007) that the ratio between oleic and lin-
oleic acid was inversely related during fruit de-
velopment. Grouping of the data is also notice-
able mainly due to large differences between 
varieties in the linoleic acid content. this has 
substantially affected the ratio of oleic and li-
noleic acid content as well as MUFA/PUFA ra-
tio. MUFA/SFA ratio is less dependent on va-
rieties and the obtained correlation coefficient 
(r=0.5390, p<0.05) was not significant. Palmit-
ic acid, stearic acid and vaccenic acid (isomer 
of oleic acid, c18:1n-7) were also present rang-
ing from 0.75 to 5.87%, while the amount of all 
other fatty acids was less than 0.3%.

Presented data clearly show that fatty acid 
content differs among hazelnut varieties. this 
is in agreement with other reports, and the ob-
tained values were within ranges reported in the 
literature (oZDEMIr et al., 2004; KoKSAL et al., 
2006; oLIVEIrA et al., 2008; LocAtELLI et al., 

2011). PArcErISA et al. (1998) confirmed the 
important influence of varieties on fatty acid 
composition and confirmed grouping of hazel-
nut varieties according to their origin by discri-
minant analysis of individual fatty acid content 
as a variable. the study of crEWS et al. (2005) is 
the only study that deals with the croatian ha-
zelnuts. compared to our results, the main dif-
ferences are in the content of palmitic and lino-
lenic acid. besides the possible difference that 
could arise from not identified hazelnut varie-
ty in the report, a possible reason for this could 
be the difference in harvesting season and grow-
ing conditions (ALASALVAr et al., 2009a; bEY-
HAN et al., 2011).

Antioxidants

tocopherols and squalene are the main lipo-
philic compounds with antioxidant activity in ha-
zelnut. Antioxidant composition of studied ha-
zelnut varieties was presented in table 2. the 
results indicated that the α-tocopherol had the 
highest content among tocopherol isomers rang-
ing from 268.0 mg/kg in Istarski Duguljasti to 
329.8 mg/kg in Hallesche riesen. All samples 
contained β- and γ-tocopherol but in significant-
ly smaller amounts. δ-tocopherol found in oth-
er studies was not detected in our samples and 
the limit of detection of the method was 1.0 mg/
kg of oil. total tocopherol ranged between 277.7 
and 335.6 mg/kg of oil.

table 1 - Fatty acid composition (%) of oil extracted from hazelnut samples.

Fatty acids (%) Istarski duguljasti  Romische Zellernuss Hallesche Riesen

C12:0 Tr Tr Tr
C14:0 0.04±0.01a 0.04±0.01a 0.03±0.01b

C15:0 Tr Tr Tr
C16:0 5.87±0,32a 5.44±0.25b 5.48±0.18b

C16:1n-9 0.04±0.01a 0.03±0.01a .03±0.01a

C16:1n-7 0.23±0.01a 0.16±0.02b 0.17±0.01b

C170 0.05±0.00a 0.05±0.00a 0.05±0.00a

C17:1n-10 0.09±0.01a 0.07±0.01b 0.07±0.01b

C18:0 2.42±0.21c 3.49±0.30a 2.84±0.14b

C18:1n-9 78.13±1.73c 82.98±0.62a 80.92±0.67b

C18:1n-7 1.13±0.03a 0.75±0.02c 0.90±0.04b

C18:2n-6 11.59±2.01a 6.59±0.30c 9.10±0.59b

C18:3n-3 0.10±0.01a 0.10±0.01a 0.11±0.01a

C20:0 0.12±0.01b 0.15±0.03a 0.13±0.01ab

C20:1n-9 0.16±0.01a 0.13±0.01c 0.15±0.01b

C22:0 0.02±0.01a 0.02±0.01a 0.03±0.01a

Total SFA 8.52±0.49b 9.19±0.38a 8.55±0.16b

Total MUFA 79.77±1.74c 84.12±0.60a 82.23±0.68b

Total PUFA 11.69±2.03a 6.69±0.31c 9.21±0.59b

C18:1n-9/C18:2n-6 6.95±1.47c 12.62±0.68a 8.93±0.67b

MUFA/PUFA 7.03±1.49c 12.60±0.68a 8.97±0.65b

MUFA/SFA 9.39±0.47ab 9.17±0.44b 9.62±0.24a

Fatty acid contents are expressed as means ± SD (n=6). Means ± SD followed by the same letter are not significantly different (p>0.05).
Tr: trace, detected values were less than quantification limit of the method (LOQ=0.01%).
SFA, saturated fatty acids, MUFA, monounsatured fatty acids, PUFA, polyunsatured fatty acids.
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the results of our study were in agreement 
with the range of values obtained by other au-
thors, although the results are dependent on 
variety and growing conditions (crEWS et al., 
2005; ALASALVAr et al., 2006; AMArAL et al., 
2006). the average content of total tocopherols 
ranged between 298 to 513 mg/kg in hazelnut 
oil from turkey and α-tocopherol was predom-
inant. our results are in the closest agreement 
with the research of hazelnut grown in Portu-
gal (AcKUrt et al., 1999; AMArAL et al., 2006) 
due to the similar ratio between α-tocopherol 
content and the content of β- or γ-tocopherol. 
they also reported δ-tocopherol content in the 
range of 0.7-1.5 mg/kg, which is at the detec-
tion limit of our method. In the study of crEWS 
et al. (2005) the hazelnut sample from Unije, 
croatia was included also. total tocopherols 
level was 405 mg/kg, γ-tocopherol level was 
65 mg/kg, while β-tocopherol was not found. 
In comparison with our results, total tocophe-
rols were significantly higher. the percentage 
of γ-tocopherol in total amount of tocopherols 
contained in the sample was higher for ap-
proximately one order of magnitude: 16.0% in 
comparison to the range 1.0-2.8% that we ob-

tained. that difference could be explained by 
variation in harvest year, growing conditions 
and variety of the sample from Unije which 
was not mentioned. AcKUrt et al. (1999) re-
ported the average value of total tocopherols 
in hazelnut of 353 mg/kg, with no significant 
differences observed per varieties. In our re-
search, however, differences among varieties 
were observed. 

Apart from high tocopherol content, high con-
tent of squalene was determined in hazelnut 
as well. Although hazelnut is a rich source of 
squalene, such data is limited. According to bE-
NItEZ-SANcHEZ et al. (2003) research, squalene 
content in hazelnut oil ranges from 146-245 
mg/kg. this makes them a significant source of 
squalene, even though the amount is 20 times 
less than in olive oil. MAGUIrE et al. (2004) test-
ed chemical composition of frequently consumed 
nuts and reported 186.4 mg/kg of squalene in 
hazelnut. the results of this study, presented in 
table 2, were in agreement with results reported 
in the literature. the highest level was found in 
romische Zellernuss and the results for Istarski 
Duguljasti and Hallesche riesen were not sig-
nificantly different. 

Fig. 1 - correlation between oleic acid 
content and linoleic acid content.

table 2 - tocopherol and squalene composition (mg/kg) of oils extracted from hazelnut samples.

Tocopherols (mg/kg) Istarski duguljasti  Romische Zellernuss Hallesche Riesen

α-Tocopherol 268.0±23.7c 290.5±23.8b 329.8±14.7a

β-Tocopherol 1.9±0.7a 2.5±0.4a 2.4±0.6a

γ-Tocopherol 7.8±1.4a 5.6±0.8b 3.3±0.4c

Total Tocopherols 277.7±25.5b 298.6±23.5b 335.6±14.1a

Squalene 201.2±39.4b 243.3±28.6a 208.6±40.2b

Tocopherol contents are expressed as means ± SD (n=6). Means ± SD followed by the same letter are not significantly different (p>0.05).
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Mineral composition

Mineral content of hazelnut varieties was sig-
nificantly dependent on the variety (table 3). Po-
tassium was the most abundant mineral rang-
ing from 6.81 g/kg in Istarski Duguljasti to 7.77 
g/kg in romische Zellernuss which also had the 
highest content of phosphorus. calcium content 
was the highest in Istarski Duguljasti which had 
the lowest content of magnesium. contrary to 
this, Hallesche riesen had the lowest mean val-
ue for calcium content and the highest mean val-
ue for magnesium content. correlation between 
calcium and magnesium content was tested and 
the obtained correlation coefficient (r=0.2641, 
p<0.05) was not significant.

the influence of varieties and production pa-
rameters on mineral content was investigated in 
several studies (AcKUrt et al., 1999; oZDEMIr 
et al. 2004; KoKSAL et al., 2006; SEYHAN et al., 
2007; ALASALVAr et al., 2009b). SEYHAN et al. 
(2007) reported that content of all studied min-
erals decreased significantly during fruit devel-
opment and that the mineral content in the har-
vest stage was within the range obtained by oth-
er authors. their values were quite different from 
ours. the content of all minerals except phos-
phorus was lower than our values. our results 
were in accordance with the study of oZDEMIr 
et al. (2004) although they did not get a signifi-
cant difference among studied varieties for calci-
um and phosphorus content. A close agreement 
was also obtained with the results of ALASALVAr 
et al. (2009b) and with the results of KoKSAL et 
al. (2006) who reported the greatest differences 
in mineral content among samples in their study 
on 17 different hazelnut varieties.

coNcLUSIoN

the results of this study confirm that hazel-
nut is an abundant source of nutrients, and is 
rich in unsaturated fatty acids, antioxidants and 
minerals. Statistical analysis of the obtained 
data pointed out that there was significant dif-
ference in chemical composition among varieties 
grown in the same field. this confirms that dif-
ferences in varieties affect the chemical compo-
sition, since all three varieties were grown un-

der the same conditions. oleic acid was predom-
inant fatty acid in hazelnut. Its content and the 
content of linoleic acid were inversely depend-
ent. Antioxidant composition of studied hazel-
nut varieties was in accordance with the range 
of values reported in other studies, which could 
be concluded for mineral composition as well. 
this paper contributes to updating databases 
on hazelnut chemical composition. 
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AbStrAct

In this study, the probiotic characteristics of Lactobacillus spp. (75 strains) isolated from tradi-
tional Kargi tulum cheese were determined. First, their acid (pH 1-3), bile (0.3-1%) and simulated 
gastric juice (pepsin 0.3% w/v, Nacl 0.5% w/v, pH=2) tolerances were determined, and 11 strains 
(7 L. paracasei, 3 L. plantarum, and 1 L. brevis) that survived in these conditions were selected for 
further examination. API 50cH and API-ZYM test results showed that these 11 strains could fer-
ment numerous sugars and had a wide range of enzyme activities, including β-galactosidase. In 
addition, bacteriocins obtained from L. plantarum Kt45, Kt68 and Kt110 inhibited Escherichia 
coli, E. coli o157:H7, B. cereus, Salmonella sp. and MrSA. Disk diffusion test results showed that 
L. plantarum Kt45, Kt68 and Kt110 and L. paracasei Kt39 were sensitive to streptomycin, eryth-
romycin, gentamicin, chloramphenicol, tetracycline, rifampicin, amoxicillin, vancomycin and pen-
icillin and were resistant to nalidixic acid. these strains were also relatively hydrophobic (48.1-
58.6%), and they produced EPS and H2o2 (0.5-2.9 µL/mL). It was concluded that the most prom-
ising probiotic strains were L. plantarum Kt45, Kt68 and Kt110 and L. paracasei Kt39.
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INtroDUctIoN

Probiotics are living microorganisms that, 
when consumed in adequate amounts, have 
a positive influence on the health of a host 
(FAo/WHo, 2002). Species belonging to the 
genera Bifidobacterium and Lactobacillus are 
commonly used probiotics (HArISH and VAr-
GHESE, 2006). Probiotics should have the fol-
lowing characteristics: resistant to acid or bile, 
viable in the gastrointestinal system, adher-
ent to mucosal surfaces, antimicrobial activity 
against pathogenic bacteria, good biotechno-
logical properties (remain viable in food, feed 
and dietary supplements, resistant to phage, 
strain stability, culturable on a large scale, re-
sistant to oxygen, no negative effects on the 
flavor of the product) and do not harbor any 
transferable antibiotic resistance genes (oU-
WEHAND et al., 1999; oUWEHAND et al., 2001; 
VoN WrIGHt, 2005). In addition, the probiotic 
bacterium should have been isolated from the 
same host in which it is intended to be used, 
and it should have demonstrable positive ef-
fects for the host and not be pathogenic (HAr-
ISH and VArGHESE, 2006). However, there is 
no requirement that a potential probiotic spe-
cies should have all these mentioned proper-
ties (oUWEHAND et al., 1999). 

there are number of studies that address 
probiotics and their benefits for health. the 
proposed beneficial health effects of probiot-
ics include managing lactose intolerance, im-
proving the immune system, preventing co-
lon cancer, reducing cholesterol and triacylg-
lycerol plasma concentrations, lowering blood 
pressure, reducing inflammation, reducing al-
lergic symptoms, yielding beneficial effects on 
mineral metabolism (in particular, enhancing 
bone density and bone stability), reducing Hel-
icobacter pylori infection, inhibiting pathogenic 
microorganisms, preventing osteoporosis, pre-
venting urogenital infections and treating he-
patic encephalopathy (HE) (FAo/WHo, 2002; 
PArVEZ et al., 2006).

one of the notable properties of probiotic mi-
croorganisms is that they produce compounds 
with antagonistic effects against pathogens and 
saprophytes. Among these compounds are most 
of the metabolites produced by lactic acid bac-
teria (LAb), including organic acids (lactic acid, 
acetic acid, propionic acid), carbon dioxide, hy-
drogen peroxide, diacetyl, low molecular weight 
antimicrobial compounds, and bacteriocins, 
which have antimicrobial activity (oUWEHAND 
and VEStErLUND, 2004; ŠUŠKoVIc et al., 2010). 

bacteriocins are ribosomally synthesized 
peptide or protein metabolites that are pro-
duced by bacteria and generally have antimi-
crobial activity against closely related species 
(NES et al., 2007). the genes that encode bac-
teriocin biosynthesis pathways may be located 
on the chromosome, on plasmids or on trans-

posons (cHEN and HooVEr, 2003). bacterioc-
ins differ from most therapeutic antibiotics in 
being proteinaceous compounds that are rap-
idly digested by proteases in the human diges-
tive tract (SAAVEDrA et al., 2004). In contrast 
to the antibiotics currently being used, bacte-
riocins are often considered more “natural” be-
cause they are thought to have been present in 
many foods eaten since ancient times (cLEVE-
LAND et al., 2001). there has been much in-
terest in bacteriocins derived from Gram-posi-
tive bacteria because they are frequently found 
in many commercially useful LAb (e.g., lacto-
cocci, lactobacilli, and pediococci), and they 
are GrAS for human consumption. Moreover, 
they are non-toxic to eukaryotic cells and have 
a much broader inhibitory spectrum than bac-
teriocins derived from Gram-negative bacteria 
(NES et al., 2007). the only bacteriocin cur-
rently approved by the FAo and WHo for use 
in certain foods is nisin, produced by Lactococ-
cus lactis subsp. lactis (MILLS et al., 2011; NEL 
et al., 2004). In 1988, the Food and Drug Ad-
ministration (FDA) included nisin on the list of 
GrAS metabolites (FDA, 1988). 

In turkey, numerous traditional ferment-
ed dairy products are produced without using 
starter cultures. Kargi tulum cheese is an ar-
tisanal cheese manufactured in the high pla-
teau of Çorum, in the Middle Anatolian region 
of turkey. this cheese is manufactured in the 
summer months and marketed in public ba-
zaars during the autumn (DINKcI et al., 2007). 
It is produced by small-scale dairies using raw 
whole milk from sheep, goats, cows and buffalo 
or a mixture of milk from these animals. curds 
are obtained with the natural microflora of the 
milk. then, the curds are compressed into goat-
skin bags to release trapped air. Goat-skin bags 
are traditionally used to package tulum cheese. 
tulum cheese prepared in this way is then ma-
tured for at least 3 months (at 4° to 6°c) in the 
uplands of Kargi.

Within the scope of our project, natural LAb 
of Kargi tulum cheese were previously iden-
tified on a species level using species-specific 
Pcr primers, and their starter culture char-
acteristics were reported (KUNDUHoGLU et al., 
2012). the objective of the current study was 
to evaluate some in vitro probiotic character-
istics of Lactobacillus spp. isolated from tulum 
cheese. therefore, tolerance to acid, bile and 
simulated gastric juice (GJ), hydrophobicity, 
ability to produce H2o2, bacteriocins and ex-
opolysaccharides (EPS), ability to hydrolyze ca-
sein, antibiotic susceptibilities, enzymatic ca-
pacity and carbohydrate fermentation profiles 
of the Lactobacillus spp. (75 strains) were de-
termined. consequently, the findings obtained 
from this study may help to select strains with 
probiotic potential to act as starter cultures 
for manufacturing functionally probiotic Kar-
gi tulum cheese. 
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MAtErIALS AND MEtHoDS

Isolation and maintenance 
of Lactobacillus spp.

the Lactobacillus spp. used in this study were 
isolated and identified at the species level with 
species-specific Pcr primers as part of our pre-
vious study (bAP-Project number: 2007-19027). 
Stock cultures of Lactobacillus strains were 
maintained in MrS broth containing 15% (v/v) 
glycerol (Merck, Darmstadt, Germany) at -20°c.

Survival at different pH levels

Depending on the type and quantity of food, 
digestion can last up to 2-4 hours in the stom-
ach (pH 1.0-2.5), 5-6 hours in the small intes-
tine (pH=6.6 ±0.5), and 12-24 hours in the large 
intestine (pH 7.0±0.7) (EVANS et al., 1988; Mo-
rELLI, 2000). In other words, the pH in the GI 
environment ranges from pH 1 to pH 8 during 
the digestive process. therefore, our Lactobacil-
lus strains need to survive in the acidic environ-
ment of the stomach. to simulate the pH condi-
tions of the stomach, the pH of the MrS broth 
was adjusted to 1.0, 2.0 and 3.0 with 1N Hcl. 
these broths were inoculated with each strain 
at a final concentration of 108 colony forming 
units per milliliter (cFU/mL) and incubated at 
37°c for 4 h. After the incubation period, a 1 
mL sample was removed from each culture tube 
and serially (1/10) diluted in phosphate buffer 
(pH 6.5). the dilutions were plated on MrS agar 
(Merck, Darmstadt, Germany). the plates were 
incubated at 37°c for 48 h, and then the colo-
nies were counted. Lactobacillus strains culti-
vated in MrS broth at the standard pH (pH 5.7) 
served as a control. the survival (%) was calcu-
lated by comparing the final cell numbers in MrS 
broth at different pH levels (pH 1.0, 2.0 and 3.0) 
to those in MrS broth at the standard pH level.

Each Lactobacillus strain that survived in the 
acidic MrS broth (pH 1.0-3.0) was inoculated 
into MrS broth at pH 6.0 and 8.0. culture tubes 
were incubated at 37°c for 24 h. After the incu-
bation period, a 1 mL sample was removed from 
each tube and serially diluted in phosphate buff-
er (pH 6.5). colony counts were determined as 
described above.

Survival in bile

Lactobacillus strains were cultured in 10 mL 
MrS broth at 37°c for 24 h. then, the cultures 
were centrifuged at 6,000 rpm for 10 min and 
resuspended in MrS broth. Each strain was in-
oculated (108 cFU/mL) into MrS broth supple-
mented with 0.3, 0.5 or 1.0% (w/v) bile (Merck, 
Darmstadt, Germany) and incubated for 6 h at 
37°c. Following the incubation, a 0.1 mL sam-
ple was removed from each culture tube, and 
decimal dilutions were prepared. the dilutions 

were plated on MrS agar and incubated at 37°c 
for 48 h. the percentage survival in bile was de-
termined as described above.

Survival in simulated GJ

Simulated GJ was prepared by suspending pep-
sin (0.3% w/v) in 100 mL of 0.5% Nacl and ad-
justing the pH of the medium to 2.0 with concen-
trated Hcl. the preparation was sterilized with a 
filter (0.22 µm pore size, Millipore, bedford, MA, 
USA). to prepare inocula, Lactobacillus strains 
were cultured in 10 mL MrS broth at 37°c for 24 
h. cultures were then centrifuged at 6,000 rpm 
for 10 min and washed twice in sterile saline (Nacl 
0.85%, pH 6.5). Pellets were resuspended in saline 
and inoculated (108 cFU/mL) into 10 mL of GJ. 
After incubation at 37°c for 6 h, a 1 mL sample 
was removed from each culture tube and serial-
ly diluted in phosphate buffer. the dilutions were 
plated on MrS agar and incubated at 37°c for 48 
h. then, colony counts and percentage survival in 
GJ were calculated as described above.

EPS production

to determine the EPS production capabili-
ty of the Lactobacillus strains, MrS broth was 
prepared using sucrose (20 g/L) instead of glu-
cose. Sucrose-MrS agar plates were inoculat-
ed with each Lactobacillus strain and incubat-
ed at 37°c for 24 to 72 h. Following the incu-
bation period, strains that produced slimy, mu-
coid colonies on the agar medium were regard-
ed as EPS producers.

H2O2 production

A standard curve of H2o2 was prepared. A 
stock solution of H2o2 (0.01 µL/mL) was pre-
pared using a 30% H2o2 (Merck, Darmstadt, 
Germany) solution. then, two-fold dilutions 
were made from this stock solution, and their 
absorbance was read at a wavelength of 350 
nm. A standard curve was obtained by plotting 
the absorbance of samples containing known 
concentrations of the H2o2. Each Lactobacillus 
strain was cultured in MrS broth (37°c for 24 
h). then, 5 mL of sterile, distilled water was add-
ed to each culture tube. the tubes were centri-
fuged for 10 min at 6,000 rpm, and the super-
natants were filtered through cellulose acetate 
membrane filters (0.45 µm pore size, Millipore). 
then, 0.5 mL of a citric acid solution, 0.5 mL of 
an ammonium molybdate solution and 0.5 mL 
of a potassium iodide solution was added to 4 
mL of each filtrate. the optical density of these 
mixtures was determined spectrophotometrical-
ly at a wavelength of 350 nm. the concentration 
of H2o2 present in the culture supernatant was 
calculated as µL H2o2/mL supernatant using 
the standard curve.
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Ability to hydrolyze casein

Skim milk agar (10% w/v skim milk; 2% w/v 
agar) was used to determine the ability of our 
Lactobacillus strains to hydrolyze casein (PAILIN 
et al., 2001). briefly, Lactobacillus strains incu-
bated in MrS broth for 24 h at 37°c were cen-
trifuged at 6,000 rpm for 10 min, washed with 
peptone water (0.1%), and resuspended in 1 mL 
of peptone water. then, 2 μL of these concen-
trated culture solutions were pipetted onto skim 
milk agar plates and incubated for 24-48 h at 
37°c. clear halos around the colonies indicat-
ed the hydrolysis of casein.

Cell surface hydrophobicity

the in vitro cell surface hydrophobicity was 
measured according to the method described 
by tAMANG et al. (2007). briefly, Lactobacillus 
strains were grown in MrS broth at 37°c for 
18-24 h. bacterial cultures were harvested by 
centrifugation at 6,000 rpm for 10 min, washed 
twice and resuspended in 50 mM K2HPo4 buff-
er (pH 6.5) to an optical density (oD560) of 0.8-
1.0 (A0) as measured spectrophotometrically. 
then, 0.6 mL of n-hexadecane was added to 3 
mL of each bacterial suspension. the mixture 
was vortexed for 2 min. the tubes were allowed 
to stand at 37°c for 30 min to separate the two 
phases. the aqueous phase was carefully re-
moved, and the oD580 of the aqueous phase (A) 
was measured. Hydrophobicity was calculated 
from three replicates as the percent decrease in 
the optical density of the initial aqueous bacte-
rial suspension due to cells partitioning into the 
hydrocarbon layer. the percent cell surface hy-
drophobicity (H%) of an isolate partitioning into 
hexadecane was calculated using the equation:

H% = [(A0 – A)/A0) x 100]

Ability to produce bacteriocins

the antimicrobial activities of bacteriocins 
produced by Lactobacillus strains against indi-
cator test bacteria, which consisted of the path-
ogens and LAb isolates listed in table 4, were 
tested using the agar well diffusion method. 
Lactobacillus strains were cultured in 5 mL of 
MrS broth at 37°c for 24 h. cultures were cen-
trifuged at 6,000 rpm for 10 min to obtain the 
cell free supernatants (cFSs). the pH of the cFS 
was adjusted to 6.5 using 5 N NaoH to elimi-
nate the antimicrobial effect of organic acids, 
and catalase was added at a final concentration 
of 1 mg/mL to eliminate the inhibitory activity 
of H2o2. the catalase-treated cFSs were filtered 
through membrane filters (0.45 μm pore size), 
incubated for 2 h at 37°c, heated at 70°c for 20 
min and stored at 4°c. the remaining activities 
of the cFSs were determined against the indi-
cator test bacteria.

Indicator test bacteria were grown in MrS (for 
LAb strains) or brain heart infusion broth (bHIb, 
for pathogenic strains) and incubated for 24-
48 h at the optimum temperature of the indica-
tor bacteria used. Prepoured MrS agar or bHI 
agar plates were overlaid with 7 mL of MrS or 
bHI soft agar (0.8% agar) containing 0.1 mL of 
the indicator cultures (108 cFU/mL). Wells (10 
mm diameter) were cut into the agar plate using 
a sterile borer (6 mm diameter), and 100 μL of 
cFS was placed in each well and stored at 4°c 
for 1 h. the plates were subsequently incubat-
ed for 24-48 h at the optimum temperature of 
the indicator bacteria used. Finally, the diameter 
of the inhibition zones on the plates was meas-
ured in millimeters.

Partial characterization of bacteriocins

All the enzymes used in this study were pur-
chased from Sigma. cFSs were treated with the 
following enzymes at a final concentration of 1 
mg/mL: lipase, amylase, α-chymotrypsin, pep-
sin, trypsin, and proteinase K. the cFS samples 
(1 mL) were treated with 1 mL of each enzyme for 
2 h at 37°c. these cFS + enzyme mixtures were 
heated at 70°c for 20 min. After enzymatic treat-
ments, the remaining activities of the cFSs were 
determined against the indicator test bacteria.

Antibiotic susceptibility

the disc diffusion method (NccLS, 2002) was 
used to determine the sensitivity of the Lactoba-
cillus strains to therapeutic antibiotics. ten dif-
ferent antibiotics were used in this study includ-
ing, streptomycin, erythromycin, gentamicin, 
chloramphenicol, tetracycline, rifampicin, amox-
icillin, penicillin G, vancomycin and nalidixic 
acid. MrS agar plates were swabbed with cul-
ture suspensions (108 cFU/mL) of Lactobacil-
lus strains using a sterile cotton swab. Antibi-
otic discs were placed onto the surface of the in-
oculated agar plate. the diameter of the inhibi-
tion zone around the disk was measured after 
the plate was incubated for 24 h at 37°c. re-
sistance was defined as the absence of a zone of 
inhibition around the disk.

Carbohydrate fermentation and enzyme 
activity profiles of Lactobacillus spp.

carbohydrate fermentation and enzyme ac-
tivity profiles of isolates were determined using 
API 50cH and API-ZYM (bioMérieux, Inc., Mar-
cy l’Etoile, France) kits according to the manu-
facturer’s instructions.

Statistical analysis

Experiments were replicated at least three 
times. one-Way Analysis of Variance (ANoVA) 
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was used to calculate standard deviations of test 
results using SPSS software version 17.0 (SPSS 
Inc., chicago, IL, USA).

rESULtS AND DIScUSSIoN

the Lactobacillus spp. used in this study were 
isolated from tulum cheese and identified on a 
species level using species-specific primers. the 
starter culture potential of these isolates was 
reported in a previous study. In this study, the 
probiotic potential of a total of 75 Lactobacillus 
isolates was evaluated.

the selection of probiotic isolates has gen-
erally been based on their in vitro tolerance of 
several physiologically relevant stresses, in-
cluding acidic pH and bile salts. therefore, our 
Lactobacillus strains needed to survive in the 
acidic conditions of the stomach and in the low 
bile salt concentrations in the small intestine. 
of the 75 isolates, only 17 were resistant to 
acid conditions (pH 2 to pH 3); however, only 
L. plantarum Kt45, Kt68 and Kt110 and L. 
paracasei Kt39 survived at pH 1 (table 1). to 
simulate the pH of the small and large intes-
tine, the growth of the 17 Lactobacillus strains 
that were resistant to acid was checked at pH 
6 and 8, and they all showed good growth. In 
addition, their tolerance to bile and GJ was 
examined. bile tolerance test results showed 
that all of the isolates were resistant to 0.3-
1% bile salts. However, the percentage of sur-
vivors decreased as the bile concentration in-
creased. As a result, 11 Lactobacillus strains 
that were able to survive in acid (pH 2-3), bile 

and simulated GJ were selected for use in sub-
sequent experiments.

It has been reported that some LAb isolates 
produce H2o2 in the presence of oxygen, which 
has an inhibitory effect on numerous micro-
organisms (ŠUŠKoVIc et al., 2010). therefore, 
H2o2 producing LAb isolates could be beneficial 
in preventing the growth of food-borne patho-
gens and act as probiotics in human and animal 
health (KANG et al., 2005). In our study, the Lac-
tobacillus strains produced varying levels (0.5-
2.9 µL/mL) of H2o2 (table 2).

casein constitutes more than 80% of the total 
milk protein, and the remaining 20% is predom-
inately whey protein (VArNAM and SUtHErLAND, 
1994). Among the many health-related proper-
ties of fermented foods, casein hydrolysis medi-
ated by lactic acid bacteria has been described as 
having an effect on blood pressure. Peptides de-
rived from casein have also been shown to have 
antimicrobial activity, primarily against Gram-
negative bacteria (HAUSEr et al., 2007). In our 
study, casein hydrolysis test results showed that 
our Lactobacillus strains were able to hydrolyze 
casein (table 2).

cell surface hydrophobicity and EPS produc-
tion are the primary factors that affect the at-
tachment of microbial cells to different surfac-
es (DoNLAN, 2002). the EPS may both strength-
en adhesion to the substratum and lead to cell-
cell attachment. the composition and quantity 
of EPS often vary based on the type of microor-
ganism (PAtEL et al., 2010). In addition, it has 
been reported that the EPS from probiotic bac-
teria adsorbs heavy metal ions (bHAKtA et al., 
2012) and mycotoxins (EL NEZAMI et al., 2002; 

table 1 - the survival of Lactobacillus strains (n=17) under different pH conditions and their tolerance to GJ and bile.

 Survival (%) of isolates under different conditions

Isolate No. Species names 4 h 24 h 6 h 6 h

  pH 1 pH 2 pH 3 pH 6 pH 8 0.3%bile 0.5%bile 1%bile GJ

KT10 L. plantarum − + +++ +++ ++ ++ ++ + −
KT15 L. paracasei − + +++ +++ ++ ++ ++ + −
KT36 L. paracasei − + +++ +++ ++ +++ +++ ++ ++
KT37 L. brevis − + +++ +++ ++ +++ +++ ++ ++
KT38 L. paracasei − +++ +++ +++ ++ +++ +++ +++ +++
KT39 L. paracasei + ++ +++ +++ ++ +++ +++ ++ ++
KT42 L. plantarum − + +++ +++ ++ +++ +++ + −
KT43 L. paracasei − + +++ +++ ++ +++ ++ + −
KT44 L. paracasei − + +++ +++ ++ +++ +++ ++ ++
KT45 L. plantarum + +++ +++ +++ ++ +++ +++ +++ +++
KT51 L. brevis − + +++ +++ ++ +++ ++ ++ −
KT62 L. paracasei − + +++ +++ ++ +++ +++ ++ ++
KT65 L. paracasei − + +++ +++ ++ ++ − − +
KT68 L. plantarum + +++ +++ +++ ++ +++ +++ ++ +++
KT71 L. plantarum − + +++ +++ ++ +++ +++ ++ −
KT85 L. paracasei − +++ +++ +++ ++ +++ +++ ++ +++
KT110 L. plantarum + ++ +++ +++ ++ +++ +++ +++ ++

+: 20-30%; ++: 40-49%; +++: 50-60%; −: no growth.
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StYrIAK and coNKoVA, 2002). Microbial adsorp-
tion to hexadecane drops has been experimen-
tally validated as a method to estimate quali-
tatively the adsorption of isolates to epithelial 
cells (KIELY and oLSEN, 2000). All of the Lacto-
bacillus strains produced EPS, and some of the 
strains had high hydrophobicity values (table 
2). L. plantarum Kt68 had the highest hydro-
phobicity value (58.6%) followed by L. plantarum 
Kt45 (55.7%), and L. plantarum Kt110 (52.2%).

one of the most sought after properties of pro-
biotic LAb is the production of antimicrobial ac-
tivity against pathogens. In our study, all the 
supernatants derived from L. plantarum Kt45, 
Kt69 and Kt110 cultures showed antimicrobi-
al activity against pathogens, including B. cere-
us, E. coli, E. coli o157:H7, Salmonella sp., and 
MrSA (table 3). these supernatants also had 
good antimicrobial activity against all the oth-
er LAb isolates used as indicators except for L. 

table 2 - EPS and H2o2 production, casein hydrolysis and hydrophobicity of Lactobacillus strains (n=11).

Species Isolate No. H2O2 Casein hydrolysis EPS Hydrophobicity
  production (zone of hydrolysis in cm)a production (%)a

  (µL/mL)a

L. paracasei KT36 1.2±0.5 1.6±0.3 + 20.2±3.1
L. brevis KT37 0.5±0.3 1.2±0.2 + 22.9±5.5
L. paracasei KT38 1.3±0.3 1.0±0.2 + 46.9±4.2
L. paracasei KT39 1.5±0.4 1.6±0.1 + 48.1±0.5
L. paracasei KT44 0.5±0.3 1.3±0.1 + 50.4±3.0
L. plantarum KT45 2.9±0.6 1.0±02 + 55.7±2.2
L. paracasei KT62 1.1±0.4 1.1±0.3 + 53.2±1.3
L. paracasei KT65 0.9±0.3 1.5±0.5 + 54.3±0.6
L. plantarum KT68 0.9±0.3 1.4±0.1 + 58.6±0.5
L. paracasei KT85 1.0±0.2 0.8±0.2 + 45.3±2.2
L. plantarum KT110 1.1±0.2 0.8±0.4 + 52.2±3.1

a: mean and standard deviation (n=3). 

table 3 - Inhibition zones of supernatants obtained from Lactobacillus strains (n=11).

 Inhibition zone diameter range of supernatants (mm)a

Indicator strains L. paracasei L. plantarum L. brevis
 (n=7) (n=3) (n=1)

Escherichia coli (LMG 8223) b − 8−12 −
E. coli O157:H7 (ATCC 35150) c − 8−23 −
Bacillus subtilis (NRRL 744) d − 12 −
B. cereus (LMG 8821) 12 8−15 −
Salmonella sp. (clinical isolate) e 10−15 8−14 10
Listeria monocytogenes (LMG 13305) − − −
Enterococcus faecium (NRRL 2354) − − −
Staphylococcus aureus (ATCC 25923) − − −
MRSA (clinical isolate) e − 19 −
VRE (clinical isolate) e − − −
Lactobacillus bulgaricus (NRRL 548) 17 16 −
L. plantarum (NRRL 4560) 10 19 −
L. paracasei (NRRL 4562) 8−10 25 −
L. casei (NRRL 1922) − 17 −
L. paramesenteroides (NNRL 3252) 11−15 18 15
L. buchneri (NRRL 1837) 8−18 8 −
L. curvatus (NRRL 4562) 9−15 18 −
L. rhamnosus (NRRL 442) 8−14 − −
Lactococcus lactis ssp. lactis (NRRL 633) − 19 −

−: no activity.
aStrains that have antimicrobial activity against at least one indicator strain indicated in the table. The averages (n=3) of the inhibition zones each active strains 
are given.
bBCCM/LMG: Bacteria Collection. Laboratorium Voor Microbiologie-Universiteit Gent, Gent-Belgium.
cATCC: American Type Culture Collection, Manassas, VA 20110-2209, USA. 
dNRRL: Agricultural Research Service, Culture Collection, Peoria. IL 61604, USA.
eObtained from University of Eskisehir Osmangazi, Faculty of Medicine, Eskisehir-Turkey.
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rhamnosus. the antimicrobial spectrum of the 
L. paracasei strains was relatively narrow; they 
inhibited only B. cereus and Salmonella sp. Sim-
ilarly, culture supernatants of L. brevis Kt37 
only inhibited two test bacteria (Salmonella sp. 
and L. paramesenteroides). Lactobacillus strains 
that inhibited Gram-negative indicator test bac-
teria may be effective in reducing the urease ac-
tivity in the large intestine by inhibiting Gram-
negative bacteria. 

After being treated with enzymes, including 
proteinase K, trypsin, α-chymotrypsin, lipase, 
and α-amylase (1 mg/mL), the activity of the cul-
ture supernatants (derivied from 11 strains) was 
again tested on some indicator bacteria. All the 
culture supernatants that were treated with pro-
teinase K, trypsin, or α-chymotrypsin lost their 
antimicrobial activity, indicating that the anti-
microbial activity in the supernatants is most 
likely the result of peptide or protein-derived 
compounds. Additionally, lipase or α-amylase 
treatment did not affect the antimicrobial activ-
ity of the supernatants, indicating that the an-
timicrobial effect did not stem from lipid or car-
bohydrate moieties.

When considering the safety of probiotics, 
their sensitivity to commonly used antibiotics 
is quite important because potential probiot-
ics may harbor antibiotic-resistant genes that 
can be transferred to pathogenic bacteria in 
the host. thus, the resistance of potential pro-
biotic isolates to various therapeutic antibiot-
ics was determined in our study (table 4). With 
the exception of L. paracasei Kt62 and Kt85, 
all of our potential probiotic isolates were sen-
sitive to all the protein synthesis inhibitor an-
tibiotics we used in our experiments. Addition-
ally, all of the strains were resistant to nalidixic 
acid, which is a nucleic acid synthesis inhibi-
tor. Among 11 strains, 6 strains were resistant 
to vancomycin, but all of the strains were sen-
sitive to other cell wall synthesis inhibitor an-
tibiotics tested. Vancomycin resistance in the 
lactobacilli is commonly encountered. In our 
study, only 5 Lactobacillus strains were found 
to be sensitive to vancomycin. this result was 
most likely related to the high concentration 
of the vancomycin (30 μg/disk) used in this 
study. Although the minimum inhibitory con-
centrations (MIc) are defined for clinically im-
portant microorganisms, internationally valid 
MIc breakpoints or inhibition zone breakpoints 
for lactobacilli have not been determined yet. 
therefore, we could not compare our suscepti-
bility test results to the clinical and Laborato-
ry Standards Institute (cLSI, 2011) or Europe-
an committee on Antimicrobial Susceptibility 
testing (EUcASt, 2013) criteria. 

of the many advantages of fermented milk 
products, the most well known is their ability to 
counteract lactose intolerance (brUNSEr et al., 
2007). to determine the carbohydrate fermenta-
tion profile of our Lactobacillus spp., API cH50 t
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test kits were used (table 5). these tests showed 
that all of the isolates were capable of metab-
olizing numerous sugars. Except L. paracasei 
Kt36 and L. plantarum Kt110, all the strains 
fermented lactose, or in other words, they had 
β-galactosidase activity (table 6).

Prebiotics represent an energy source that 
may be metabolized by the intestinal or probiot-
ic microbiota (toMASIK, 2003). the fermentation 

table 5 - carbohydrate fermentation profiles of Lactobacillus strains (n=11).

 Isolate No.

Carbohydrates KT 36 KT 37 KT 38 KT 39 KT 44 KT 45 KT 62 KT 65 KT 68 KT 85 KT 110

 1. Glycerol − − − − − − − − − − −
 2. Erythritol − − − − − − − − − − −
 3. D-Arabinose − − − − − − − − − − −
 4. L-Arabinose − + + + + + + + − + −
 5. D-Ribose + + + + + + + + + + +
 6. D-Xylose − + + + + + + + − + −
 7. L-Xylose − − − − − − − − − − −
 8. D-Adonitol − − − − − − − − − − −
 9. Inositol − − − − − − − − − − −
10. D-Galactose + + + + − + + + + − +
11. D-Glucose + − + + − + + + + − +
12. D-Fructose + − + + − + + + + − +
13. D-Mannose + − + + − + + + + − +
14. L-Sorbose − − − − − − − − − − −
15. L-Rhamnose + − − + − − − + − − −
16. Dulcitol − − − − − − − − − − −
17. Salicin − − − − − − − − − − −
18. D-Cellobiose + − + + − + + + + − +
19. D-Maltose + − + + − + + + + − +
20. D-Lactose − + + + + + + + + + −
21. D-Melibiose − − − − − − − + − − −
22. D-Saccharose + − + + − + + + + − +
23. D-Trehalose − − + + − + + + + − +
24. Inulin + − + + − + + + + − +
25. D-Melezitose + − + + − + + + + − +
26. D-Raffinose + − + + − + + + + − +
27. Amidon (starch) + − + + − + + + + − +
28. Glycogen − + + + − + + + + + +
29. Xylitol + − + + − + + + + − +
30. Gentiobiose − + + + − + + + + + +
31. D-Turanose + + + + − + + + + − +
32. D-lyxose + − + + − + + + + − +
33. D-Tagatose + − − − − − − − − − −
34. Esculin (ferric citrate) + − + + − + + + + − −
35. Methyl-α D-Mannopyranoside − − − − − + − + + − +
36. Methyl-α D-Glucopyranoside − − − − − − − − − − −
37. N-Acetylglucosamine − − − − − − − − − − −
38. Amygdalin − − − − − − − − − − −
39. Arbutin + − − − − − − + − − −
40. D-Arabitol + − + + − + + + + − −
41. L- Arabitol − − − − − − − − − − −
42. Potassium Gluconate + − + + − + + + + − −
43. Potassium 2-Ketogluconate − − − − − − − − − − −
44. Potassium 5- Ketogluconate − − − − − − − − − − −
45. D-Mannitol − − − − − − − − − − −
46. D-Sorbitol − − − − − − − − − − −
47. D-Fucose − − − − − − − − − − −
48. L-Fucose − − − − − − − − − − −
49. Methyl-βD-Xylopyranoside − − − − − − − − − − −

+: fermented; −: not fermented.

of prebiotics that cannot be digested by the host 
but can be fermented by bacteria in the large 
intestine yields various fermentation products, 
predominantly short chain fatty acids (ScFA). 
these ScFA create an acidic environment that 
can stimulate the proliferation of probiotic bac-
teria in the large intestine (robErFroID, 2007; 
MAcFArLANE et al., 2006). Fructooligosaccha-
rides (FoS), including inulin, and galactooligo-
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saccharides (GoS) have such a prebiotic effect 
(SWENNEN et al., 2006). Another reported ad-
vantage of an acidic environment in the large in-
testine is the inhibition of some Gram-negative 
bacteria, especially those with urease enzymat-
ic activity. Antibiotics are currently being used 
to treat HE to prevent the urease enzymatic ac-
tivity of Gram-negative bacteria in the large in-
testine (SoLGA, 2003). In our study, Lactobacil-
lus strains had the ability to ferment a broad 
spectrum of sugars (table 5) including inulin. 
therefore, inulin could be tested as a prebiot-
ic in probiotic food formulations used with our 
promising probiotic strains.

coNcLUSIoNS

Kargi tulum cheese is an artisanal cheese pro-
duced by traditional methods without the addi-
tion of starter cultures in small local dairies in 
Çorum-turkey. to the best of our knowledge, 
there is no previous study of the probiotic char-
acteristics of its natural fermentative microflo-
ra. In our study, we found that the natural fer-
mentative microflora of Kargi tulum cheese con-
tains probiotic members. L. plantarum Kt45, 
Kt68, and Kt110 and L. paracasei Kt39 exhib-
ited many of the desired probiotic characteris-
tics. these strains are resistant to bile, GJ and 
extreme acidity, able to produce bacteriocins, 
EPS and H2o2, sensitive to several antibiotics 
used in treating diseases, and have the poten-
tial to adhere to epithelial cells. therefore, it can 
be concluded that these strains warrant further 

table 6 - Enzymatic profiles of Lactobacillus strains (n=11).

Enzymes Isolate No.

 KT 36 KT 37 KT 38 KT 39 KT 44 KT 45 KT 62 KT 65 KT 68 KT 85 KT 110

 1. Alkaline phosphatase − − − − + − − − − − −
 2. Esterase − + + − + − + + + − −
 3. Esterase lipase − + + − + − + + + + +
 4. Lipase − − − − − − − − − − −
 5. Leucine arylamidase + + + + + + + + + + +
 6. Valine arylamidase + + + + + + + + + + −
 7. Cystine arylamidase − − − + + − − − − + +
 8. Trypsin − − − − − − − − − − −
 9. α-Chymotrypsin − − − − − − − − − − −
10. Acid phosphatase − + + + + − + + + + −
11. Naphthol-AS-BI-phosphohydrolase + + + + + + + + + + +
12. α-galactosidase − + + + − − + + + + −
13. β-galactosidase − + + + + + + + + + −
14. β-glucuronidase − + + − − − + + + + −
15. α-glucosidase − + + + + + + + + + −
16. β-glucosidase + + + + + + + + + + −
17. N-acetyl-β-glucosaminidase − − + − + + + + − − −
18. α-mannosidase − − − − − − − − − − −
19. α-fucosidase − − − − − − − − − − −

+: enzyme activity present; -: no activity.

examination, including in vivo tests. Additional-
ly, more detailed research is needed on the bac-
teriocins produced by our Lactobacillus strains 
that have antimicrobial effects on food-borne 
and clinical pathogens.
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AbStrAct

the phenolic profiles of selected Sicilian wines, produced from grapes that differed from one an-
other in techniques of breeding and cropping methods, were investigated. Phenolics were identi-
fied in Sicilian young red wines from autochthonous and allochthonous grapes by a rapid HPLc-
DAD/MS method. the effect of cultivation techniques used in vineyard on the phenolic composi-
tion was confirmed. this study allowed verifying such dependence considering three techniques 
of breeding and two horticultural cropping methods. In order to detect tendencies in the analysed 
samples according to the phenolic compound contents, Principal components Analysis (PcA) and 
canonical Discriminant Analysis (cDA) were used.
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INtroDUctIoN

current oenological research is oriented at de-
fining wine quality in relationship to its chem-
ical composition, pharmacological properties 
and safety; in fact, some wine micro-constit-
uents, such as phenols, are known as healthy 
compounds.

Phenolic compounds constitute one of the 
most important quality parameters of wines 
since they contribute to their organoleptic char-
acteristics, particularly colour, astringency, and 
bitterness. Wine phenolics belong to two main 
groups, non-flavonoid (hydroxybenzoic and hy-
droxycinnamic acids and their derivatives, stil-
benes and phenolic alcohols) and flavonoid (an-
thocyanins, flavanols, flavonols and dihydro-
flavonols) compounds. Anthocyanins are the 
main phenolic compounds involved in the col-
our of red wines. the astringency and bitterness 
of young wines is mainly due to phenolic acids 
and flavanols (rIbIcHAUD and NobLE, 1990). 
Hydroxycinnamic acids and flavanols, together 
with flavonols, act as co-pigments of anthocya-
nins (EIro and HEINoNEN, 2002). Phenolic com-
pounds, especially flavonoids and stilbenes, have 
been recognized as responsible for several ben-
eficial physiological effects associated with red 
wine consumption, mostly due to their antioxi-
dant and anti-inflammatory properties (StocLEt 
et al., 1999). However, despite much interest in 
the antioxidant activity of red wine, it is uncer-
tain which of phenols exhibit the greatest anti-
oxidant effect (KErrY and AbbEY, 1997).

In recent years, numerous research studies 
affirmed the moderate consumption of wine pro-
duces beneficent effects to prevent cardiovascu-
lar diseases, certain types of cancer and other 
diseases related to aging (FrIEDMAN and KIMbAL, 
1986; ScALbErt et al., 2005). It has been hy-
pothesized that the phenolic substances of wine 
might be responsible for these preventive benef-
icent effects on degenerative illnesses as those 
cardiovascular, inflammatory, cancer, Alzheimer 
and ageing. the great advantage of wine as a ma-
trix for phenols in the diet is that in wines they 
are present in the soluble state and are hence 
more biologically available, in contrast with plant 
foods that contain their phenol compounds in 
polymeric, insoluble or strongly bonded forms, 
and are thus less available for absorption (bor-
bALÁN et al., 2003).

Wine may have very complex phenolic compo-
sition and contents that are affected by several 
factors such as grapes variety, ripening stage, 
climate, soil, place of growing and vine cultiva-
tion (KLAUtSKY and ArMStroNG, 1993). In ad-
dition, winemaking processes and reactions that 
take place during maturation also modify it. Not 
all the phenolic compounds have the same bi-
ological activity (ArNoUS et al., 2001), and the 
phenolic composition of the wines can be con-
ditioned both from environmental factors and 

from technological treatments (VILLAÑo et al., 
2006). besides, it was verified that the natural 
antioxidants decrease on account of the treat-
ments and during the maintenance (ScHWArZ 
et al., 2004). Moreover, experimental evidences 
have even shown that, in some cases, the tech-
nological treatments are able to influence the 
content of compounds with antioxidant proper-
ties (IVANoVA et al., 2011). 

Phenolic compounds greatly contribute to the 
composition, the microbial stability, the phys-
ical-chemical and sensory qualities of all the 
wines (rIbÉrEAU-GAYoN et al., 1982). During 
vinification, alcoholic fermentation and aging, 
these compounds gradually modified owing to re-
action among anthocyanins, flavan-3-ol, proan-
thocyanidins and other compounds such as fla-
vonols themselves (FULcrAND et al., 1998).

owing to an important role of phenolic com-
pounds in determining wine quality, a great 
number of studies have been done on the ef-
fects of climate factors, soil type, vine maturity, 
oenological techniques (LorrAIN et al., 2011). 
the phenolic composition of wines has yielded 
extensive literature, especially for wines pro-
duced in Spain, France and Greece. Particular-
ly for the wines produced in Sicily, to the best of 
our knowledge, apart from few report (DUGo et 
al., 2000; LA torrE et al., 2006), the analytical 
polyphenolic composition is largely unknown.

Sicily is considered one of the oldest European 
viticultural regions, and with its warm tempera-
tures, hilly terrain, sea breezes and rich soil, it 
has more area under vine production than any 
other major winemaking region in Italy. Sicily 
produces at least 17% of all the Italian wines, 
most of which are now protected by controlled 
Denomination of origin (Doc) regulation. In re-
cent years, wine has been one of the few Sicilian 
agricultural products that has seen a rise in ex-
port levels, both in quality and average unit val-
ue compared to previous years (crEScIMANNo et 
al., 2002). Among the Sicilian white wines, the 
most distinctive ones are Insolia, Damaschino 
or Grillo, sometimes blended with chardonnay. 
Among the red wines, the most diffused native 
varieties are Nero d’Avola and Nerello Mascalese 
that are vinified in their purest varietal form or 
blended with allochthonous varieties such as ca-
bernet Sauvignon, Merlot and Syrah. Particular-
ly, the variety Nero d’Avola is the most diffused 
in the island and wines are widely commercial-
ised on the national market.

considering that wineries usually rely on glob-
al chemical determinations, together with senso-
ry analysis, to make decisions concerning prod-
uct quality improvements, the aim of the pre-
sent work was to verify the influence of three dif-
ferent techniques of breeding and two different 
horticultural cropping methods on the phenol-
ic composition of selected wines. We chose four 
historical varieties that, thanks to the energies 
and experience of the vine-dressers, have a good 
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chance of not succumbing to the wave of flat-
tening that threatens the production from time, 
removing the viticulture and cultural jewels of 
Italian heritage.

For that purpose, red wines from autoch-
thonous  vitis vinifera var. Nero d’Avola, Nerel-
lo Mascalese, Frappato and Perricone grown in 
Sicily, have been analyzed. this study included 
also red wine cultivars Merlot, Petit Verdot, ca-
bernet Sauvignon and cabernet Franc that are 
grown world-wide and that are among the main 
allochthonous cultivars in Sicily. In this study, 
HPLc-DAD coupled with ESI-MS technique and 
spectrophotometric assays (LA torrE et al., 
2006) have been applied for analysis of wines 
obtained from grapes of vines under different 
techniques of breeding horticultural cropping 
methods. the data obtained for the investigat-
ed varieties have been compared evaluating the 
influence of the varietal factor and the different 
treatment in the vineyard.

MAtErIALS AND MEtHoDS

Chemicals

the solvent used for HPLc-MS analyses 
(cH3cN, H2o and formic acid) were HPLc grade 
(from Sigma-Aldrich; Milan, Italy) and were de-
gasified in an ultrasound bath before analyses. 

Polyphenolic standards tested included: (-)-ep-
icatechin, (+)-catechin, gallic acid, 3,4dihy-
droxybenzoic acid (protocatechuic acid), 4-hy-
droxy-3-methoxybenzoic acid (vanillic acid), 
4hydroxy3,5dimethoxybenzoic acid (syringic 
acid), 3,4-dihydroxycinnamic acid (caffeic acid), 
4hydroxy-3-methoxycinnamic acid (ferulic acid), 
4-hydroxycinnamic acid (p-coumaric acid), tyro-
sol (2-(4-hydroxyphenil) ethyl alcohol) and trans-
resveratrol (Sigma-Aldrich, Milan, Italy).

the other phenolic compounds were procyan-
idin b1, procyanidin b2, ethylgallate, quercetin, 
isoquercitrin (quercetin-3-o-glucoside), kaemp-
ferol, kaempferol 3-o-glucoside, isorhamnetin, 
isorhamnetin 3-o-glucoside, rutin (quercetin-
3-o-rutinoside), myricetin and were purchased 
from Extrasynthese (Genay, France).

the standards were dissolved in aqueous for-
mic acid (pH=3)/methanol (90:10), and inject-
ed to determine individual retention times. the 
stock solution of the individual standards were 
prepared by dissolving 100 mg standard into 
100 mL aqueous formic acid (pH=3)/methanol 
(90:10). the stock solutions of the standards 
were diluted to obtain five different concentra-
tions. these solutions were injected for lineari-
ty range and detection limit tests.

the stock solution of cis-resveratrol was pro-
duced by UV irradiation of trans-resveratrol in 
methanol for 120 min at 366 nm (trELA and 
WAtErHoUSE, 1996). A five points calibration 
curve for the quantitative analysis of cis-resver-

atrol was obtained as described by romero-Pé-
rez (roMEro-PÉrEZ et al., 1996).

resveratrol glucosides were quantified after 
enzymatic hydrolyses with β-glucosidase at 50°c 
(LA torrE et al., 2004).

All the solutions were filtered through a 0.45 
μm glass-microfiber GMF Whatman chromato-
graphic filter, before the HPLc analysis, and mo-
bile phase solvents were degassed before use.

Samples

the study was carried out on wine samples 
that were elaborated from four autochthonous  
vitis vinifera variety (Nero d’Avola, Frappato, 
Nerello Mascalese and Perricone) and four al-
lochthonous vitis vinifera variety (Merlot, Pet-
it Verdot, cabernet Sauvignon and cabernet 
Franc) harvested in the 2011 vintage in Sicily. 
Each sample was obtained from the most rep-
resentatives red varieties of autochthonous and 
allochthonous Sicilian grapes and the samples 
include most of the wine cultivars that are com-
mercially available. 

All the plants were cultivated in level grounds 
(200 m asl) located in five different Sicilian prov-
inces (trapani, ragusa, Agrigento, Siracusa and 
catania). the wines of var. Nero d’Avola, Frappa-
to and cabernet Sauvignon were three for each 
cultivar and differed for techniques of breeding, 
while the wines of var. Nerello Mascalese, Perri-
cone, cabernet Franc and Petit Verdot were two 
for each cultivar and differed for horticultural 
cropping methods only. the wines of var. Mer-
lot were obtained both according different tech-
niques of breeding and horticultural cropping 
methods. the vines of var. Nero d’Avola, Frappa-
to, cabernet Sauvignon and Merlot were main-
tained under three different techniques of breed-
ing (cortina: hanging down training system; con-
trospalliera: vertical-trellised training system; al-
berello: the plant is scaffolding at a height var-
ying from 20 to 30 cm and ends with a system 
of three or four short branches, bearing spurs 
cut in one or three buds, and sometimes, fruit), 
while the vines of var. Nerello Mascalese, Perri-
cone, cabernet Franc, Petit Verdot and Merlot 
were bred alberello and kept under two differ-
ent horticultural cropping methods (with prun-
ing and without pruning of bunch of grapes). 
the vines of the same variety had the same age; 
the grapes of this study were manually harvest-
ed at maturity but harvest time was made ac-
cordingly to the different variety grapes; detail 
of the grapes and musts analysed are given in 
table 1a,b. All the grapes were transported to 
the same wineproduction centre and were pro-
cessed separately in the same way.

Vinification

to eliminate the influence of the vinification 
procedure and to guarantee that the results only 
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table 1b) - Details on grapes and musts analysed.

Must of grape Agronomic technique Sugar concentration Titrable acidity pH
  (g/L) (g/L of tartaric acid)

Nero d’Avola CRT 170.2 11.43 2.99
Nero d’Avola  ALB 176.7 9.43 3.16
Nero d’Avola CSP 185.8 9.21 3.17
Frappato CRT 200.4 8.97 3.54
Frappato ALB 211.3 8.38 3.35
Frappato CSP 203.5 8.21 3.41
Nerello Mascalese DRD 200.5 7.91 3.87
Nerello Mascalese LED 178.5 8.08 3.69
Perricone DRD 178.5 8.37 3.31
Perricone LED 205.3 8.21 3.35
Cabernet Sauvignon CRT 201.4 7.88 3.31
Cabernet Sauvignon ALB 231.3 8.60 3.37
Cabernet Sauvignon CSP 205.3 7.40 3.29
Merlot CRT 214.4 5.16 3.58
Merlot ALB 210.5 6.14 3.53
Merlot CSP 214.3 5.34 3.64
Merlot DRD 224.8 5.64 3.65
Merlot LED 223.5 6.34 3.52
Cabernet Franc DRD 201.4 6.90 3.31
Cabernet Franc LED 184.5 6.88 3.35
Petit Verdot DRD 167.6 10.06 3.18
Petit Verdot LED 198.8 10.40 3.11

table 1a) -  Details on grapes and musts analysed.

Wine Grape Comment

1 Nero d’Avola - Grapes grown cortina (CRT) in Siracusa
  - The must was obtained from 750 quintals of grapes
2 Nero d’Avola - Grapes grown alberello (ALB) in Siracusa
  - The must was obtained from 750 quintals of grapes
3 Nero d’Avola - Grapes grown controspalliera (CSP) in Siracusa
  - The must was obtained from 550 quintals of grapes
4 Frappato - Grapes grown cortina (CRT) in Ragusa
  - The must was obtained from 300 quintals of grapes
5 Frappato - Grapes grown alberello (ALB) in Ragusa
  - The must was obtained from 300 quintals of grapes
6 Frappato - Grapes grown controspalliera (CSP) in Ragusa
  - The must was obtained from 300 quintals of grapes
7 Nerello Mascalese - Grape cropped DRD in Catania 
  - The must was obtained from 300 quintals of grapes
8 Nerello Mascalese - Grape cropped LED in Catania
  - The must was obtained from 300 quintals of grapes
9 Perricone - Grape cropped DRD in Agrigento
  - The must was obtained from 300 quintals of grapes
10 Perricone - Grape cropped LED in Agrigento
  - The must was obtained from 300 quintals of grapes
11 Cabernet Sauvignon - Grapes grown cortina (CRT) in Trapani
  - The must was obtained from 450 quintals of grapes
12 Cabernet Sauvignon - Grapes grown alberello (ALB) in Trapani
  - The must was obtained from 450 quintals of grapes
13 Cabernet Sauvignon - Grapes grown controspalliera (CSP) in Trapani
  - The must was obtained from 450 quintals of grapes
14 Merlot - Grapes grown cortina (CRT) in Trapani
  - The must was obtained from 500 quintals of grapes
15 Merlot - Grapes grown alberello (ALB) in Trapani
  - The must was obtained from 500 quintals of grapes
16 Merlot - Grapes grown controspalliera (CSP) in Trapani
  - The must was obtained from 500 quintals of grapes
17 Merlot - Grape cropped DRD in Trapani 
  - The must was obtained from 350 quintals of grapes
18 Merlot - Grape cropped LED in Trapani
  - The must was obtained from 350 quintals of grapes
19 Cabernet Franc - Grape cropped DRD in Agrigento 
  - The must was obtained from 300 quintals of grapes
20 Cabernet Franc - Grape cropped LED in Agrigento
  - The must was obtained from 300 quintals of grapes
21 Petit Verdot - Grape cropped DRD in Ragusa 
  - The must was obtained from 300 quintals of grapes
22 Petit Verdot - Grape cropped LED in Ragusa
  - The must was obtained from 300 quintals of grapes
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reflect the agronomic choices, the condition of 
vinification was the same for all the grape varie-
ties. Moreover, to reduce the influence of the fer-
mentation conditions and to guarantee that the 
results are the consequences of the agronomic 
technique, three independent fermentation pro-
cesses were investigated.

the vinification was carried out from a well-
known Sicilian wine industry. Newly cropped  vi-
tis vinifera were crushed and destemmed, then 
spiked with So2 (5 g/hL) and selected commer-
cial yeasts (30 g/hL) (Saccharomyces cereviseae 
phylum Ellipsoideus, FErMoL MEDItErrANÉE) 
provided by AEb Spa (brescia, Italy) and macer-
ated in a 25,000-L stainless-steel vat in contact 
with the marcs for 10 days at 28°c, effecting three 
fullings a day. the wine was drawn from the vat 
and the grape wastes were crushed by hydrau-
lic press. In all cases, the malolactic fermenta-
tion was spontaneous and fully completed, which 
was facilitated by the low levels of sulphur diox-
ide used (GoNZÀLEZ-NEVES et al., 2004).

After 4 weeks, the lees were removed and the 
wine was spiked with So2 (2-3 g/hL) and bottled.

Each sample was separately vinified in tripli-
cates, following the protocol mentioned above. 
All wines were not aged after alcoholic and malo-
lactic fermentations and fresh wines of about 
1,000 mL were sampled. 

After respectively sampling, each sample was 
divided into three parts and then stored in the 
dark at -20°c before analyses. the analyses were 
carried out without any prior purification of the 
sample; the wine samples were filtered through 
a 0.45 μm glassmicrofiber GMF Whatman chro-
matographic filter, before the HPLc analysis.

Analysis of phenolics by HPLC-MS

the determination of phenolics was carried 
out using a direct injection chromatographic 
method (LA torrE et al., 2006). the analyses 
were performed by a Shimadzu system equipped 
with two pumps Lc10-A, a controller ScL-10A, 
with a photodiode array detector SPD M10Avp 
equipped with a semi microcell and operating at 
wavelengths between 200 and 600 nm. the sys-
tem was coupled with a MS detector Shimadzu 
2010 with an ESI interface.

the separation was performed through a c18 
Supelco Discovery column (15 cm x 2.1 mm I.D., 
5 μm particle size), protected by a Supelco guard 
column packed with the same stationary phase. 
the mobile phase was a gradient consisting of 
water (pH=3 by formic acid, solvent A) and ace-
tonitrile (pH=3 by formic acid, solvent b): 0.01-
20.00 min 5% b isocratic; 20.01-50.00 min, 
5-40% b; 50.01-55.00 min, 40-95% b; 55.01-
60.00 min 95 % b isocratic. the flow rate was 
0.2 mL/min and the analyses were performed 
at 20°c. the samples were directly injected into 
the column using a rheodyne (model 7725i) in-
jection valve.

Negative-ion mode electrospray ionization 
mass spectrometry (ESI-MS) spectra were re-
corded using the following condition: probe high 
voltage, 4 kV; nebulizing gas (N2) flow rate, 4.5 
L/min; curved desolvation line (cDL) voltage, 10 
V; cDL temperature, 250°c; acquisition mode, 
ScAN, 50-700 m/z and deflector voltage at -20 
and -80 V. the SIM (selected ion monitoring) 
mode was used when a search for some particu-
lar ions should be done. UV and MS data were 
acquired and processed using operating system 
Windows Nt 4.0.

Statistical analysis

the results obtained from the analysis of phe-
nolic compounds in different wine samples were 
submitted to statistical elaboration using the 
SPSS 13.0 software package for Windows (SPSS 
Inc., chicago, IL). three data matrices were built 
to establish relations between samples and phe-
nolic compounds. the first matrix, wherein rows 
are the 22 different wines analyzed and wherein 
columns are the 29 variables, was used in order 
to investigate the differences between autoch-
thonous and allochthonous samples according 
to the phenol content. the data were subdivided 
into two groups: the first (10 cases) consisting of 
samples obtained from autochthonous vines and 
the second (22 cases) obtained from allochtho-
nous vines. the second matrix (10x29) was ex-
ploited to describe the distribution data of each 
phenolic compound analyzed in wine samples 
from autochthonous vines: the cases are divid-
ed into four groups in agreement to autochtho-
nous  vitis vinifera variety (Nero d’Avola, Frappa-
to, Nerello Mascalese and Perricone). the third 
matrix (12x29) was constructed with the phenol-
ic compounds of wines obtained from allochtho-
nous vines, wherein the cases are divided into 
four groups according to allochthonous variety 
of  vitis vinifera (Merlot, Petit Verdot, cabernet 
Sauvignon and cabernet Franc). It was used to 
check differences among wines obtained from 
allochthonous vines. Initially, the non-paramet-
ric Mann-Whitney U or Kruskal Wallis tests were 
applied to study the significance of differences. 
Successively, data sets were normalized in or-
der to achieve independence on the scale fac-
tors of the different variables and Factor Analy-
sis with Principal components extraction were 
performed to decrease the number of descrip-
tors retaining the maximum amount of variabili-
ty present in the experimental data. Finally, ca-
nonical Discriminant Analysis (cDA) was further 
conducted to classify different wine samples.

rESULtS AND DIScUSSIoN

 the polyphenols included in this study 
were selected based on their molecular weight 
and for the reason that, even if they are pre-
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sent in low amounts in wines, however they 
play important role in influence their senso-
ry qualities (rEVILLA and GoNZÁLEZ-SANJoSÉ, 
2003). In particular, hydroxycinnamic acids 
and flavonols, together with flavan-3-ols act 
as copigments of anthocyanins, participating 
in the colour stabilization of red wine (boUL-
toN, 2001; PUÉrtoLAS et al., 2009). Sensori-
al properties such as astringency, bitterness 
and structure of young red wines are largely 
due to monomeric flavan-3-ols, proanthocya-
nidins and phenolic acids (SINGLEtoN and ES-
SAU, 1969; FIScHEr and NobLE, 1994; GAWEL, 
1998; SArNI-MANcHADo et al, 1999). Among 
the phenolic compounds, flavonoids and stil-
benes have been recognized as the mainly re-
sponsible compounds for the beneficial phys-
iological effects associated with red wine con-
sumption (EStrUcH, 2000). Furthermore, it 
has been reported that the interaction between 
quercetin and resveratrol plays a significant 
role in the health effects of red wine, especial-
ly with respect to their effect on the inhibition 

of the inducible nitric oxide synthase pathway 
(MAN-YING cHAN et al., 2000).

In all the samples analysed, 25 phenolic com-
pounds were clearly identified according to their 
retention time compared with those of the phe-
nols tested, as well as their spectral charac-
teristics (LA torrE et al., 2006). the quantita-
tive study was performed, for all the samples, 
at wavelengths that show more sensitivity to 
each phenolic compound and was carried out 
directly, by the external standard method, in-
terpolating the peak area in the correspondent 
linear calibration curve. A calibration curve for 
each phenolic compound was obtained by ana-
lyzing the standard solutions diluted at differ-
ent concentrations. these standard solutions, 
obtained from stock solutions, were injected 
for the linearity range and detection limit tests. 
In this study, each analysis was carried out in 
triplicate and each value present in the table 
2,3 is the mean of nine data + 95% confidence 
interval. the wines were grouped according to 
grape variety.

table 2 - occurrence of phenolic compounds in Sicilian wines from a) autochthonous grapes of Vitis vinifera var. Nero d’Avo-
la and Frappato and b) allochthonous grapes of Vitis vinifera var. Cabernet Sauvignon and Merlot  maintained under three 
different techniques of breeding (cortina = crt. controspalliera = cSP and alberello = ALb). Values are expressed as mean val-
ues of nine data (mg/L) ± 95 % confidence interval (n=9).

a)
 Nero d’Avola Frappato

Compound ALB CSP CRT ALB CSP CRT

Gallic Acid 44.24 ± 1.43 41.83 ± 1.40 46.91 ± 1.55 30.50 ± 1.02 29.92 ± 0.97 38.74 ± 0.12
Protocatechuic Acid 2.54 ± 0.11 3.00 ± 0.13 3.15 ± 0.14 2.51 ± 0.11 2.31 ± 0.10 2.78 ± 3.13
Tyrosol 44.63 ± 3.88 22.33 ± 1.83 46.28 ± 3.73 36.66 ± 3.00 33.12 ± 2.88 38.81 ± 0.37
Vanillic Acid 7.22 ± 0.63 6.79 ± 0.62 7.29 ± 0.61 4.45 ± 0.41 4.37 ± 0.38 4.49 ± 0.26
Syringic Acid 3.77 ± 0.34 2.69 ± 0.23 3.48 ± 0.30 2.81 ± 0.24 2.77 ± 0.25 2.99 ± 0.27
Caffeic Acid 3.86 ± 0.29 3.97 ± 0.29 6.43 ± 0.49 2.74 ± 0.2 2.7 ± 0.20 3.46 ± 0.02
Ferulic Acid 0.45 ± 0.02 0.57 ± 0.02 0.65 ± 0.02 0.42 ± 0.02 0.49 ± 0.02 0.58 ± 0.02
p-Coumaric Acid 0.41 ± 0.02 0.44 ± 0.02 0.68 ± 0.03 0.50 ± 0.03 0.37 ± 0.02 0.33 ± 1.89
Procyanidin B 1 42.06 ± 1.88 58.91 ± 2.49 62.35 ± 2.86 39.3 ± 1.66 40.00 ± 1.79 41.12 ± 0.48
Procyanidin B 2 18.07 ± 0.67 22.41 ± 0.83 23.59 ± 0.94 6.94 ± 0.26 9.84 ± 0.37 12.11 ± 1.24
(±)-Catechin 50.21 ± 1.12 53.29 ± 1.32 64.37 ± 1.60 32.48 ± 0.81 38.93 ± 0.87 49.84 ± 0.43
(-)-Epicatechin 33.72 ± 0.59 31.95 ± 0.62 33.37 ± 0.62 28.42 ± 0.55 29.97 ± 0.52 23.29 ± 0.24
Ethyl gallate 7.31 ± 0.20 7.86 ± 0.20 7.93 ± 0.23 6.13 ± 0.15 5.74 ± 0.16 8.45 ± 0.47
Rutin 7.82 ± 0.41 18.32 ± 0.91 12.57 ± 0.64 8.70 ± 0.43 9.47 ± 0.49 9.15 ± 0.41
Isoquercitrin 10.21 ± 0.23 23.61 ± 0.59 17.45 ± 0.37 11.24 ± 0.28 13.68 ± 0.31 19.21 ± 0.03
Isorhamnetin-3-O-glucoside 1.15 ± 0.03 1.56 ± 0.04 1.35 ± 0.04 0.84 ± 0.02 1.28 ± 0.03 0.96 ± 0.07
Kaempferol-3-O-glucoside 3.71 ± 0.08 5.83 ± 0.14 6.63 ± 0.15 3.30 ± 0.08 3.14 ± 0.07 3.05 ± 0.08
Myricetin 3.37 ± 0.07 5.68 ± 0.14 4.56 ± 0.10 3.27 ± 0.08 4.78 ± 0.09 3.50 ± 0.23
Quercetin 3.12 ± 0.11 10.47 ± 0.39 6.22 ± 0.22 6.10 ± 0.23 11.62 ± 0.40 6.34 ± 0.02
Kaempferol 0.20 ± 0.01 0.45 ± 0.02 0.31 ± 0.02 0.32 ± 0.02 0.29 ± 0.02 0.43 ± 0.01
Isorhamnetin  0.14 ± 0.01 0.23 ± 0.01 0.19 ± 0.01 0.32 ± 0.02 0.16 ± 0.01 0.18 ± 0.05
trans-Resveratrol  0.89 ± 0.06 1.26 ± 0.05 1.01 ± 0.05 0.75 ± 0.04 1.42 ± 0.07 0.91 ± 0.02
cis-resveratrol 0.12 ± 0.01 0.14 ± 0.02 0.14 ± 0.02 0.23 ± 0.03 0.16 ± 0.02 0.20 ± 0.06
trans-Piceid 1.17 ± 0.07 1.92 ± 0.09 1.59 ± 0.11 0.87 ± 0.05 1.65 ± 0.10 0.98 ± 0.06
cis-Piceid 0.59 ± 0.05 1.00 ± 0.08 0.75 ± 0.06 0.78 ± 0.06 0.86 ± 0.07 0.71 ± 0.06

Total content
Simple phenols (mg/L gallic acid) 123.31 93.28 131.64 94.15 88.36 108.10
Flavan-3-ols (mg/L catechin) 114.10 127.81 140.86 84.10 93.91 99.84
Flavonols (mg/L myricetin) 21.49 48.34 35.76 25.51 34.89 31.57
Stilbenes (mg/L resveratrol) 2.28 3.11 2.52 1.94 3.05 2.10
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b)
 Cabernet Sauvignon  Merlot

Compound ALB CSP CRT ALB CSP CRT

Gallic Acid 91.24 ± 2.94 83.83 ± 2.81 114.18 ± 3.77 98.30 ± 3.25 97.49 ± 3.27 120.82 ± 3.93
Protocatechuic Acid 3.69 ± 0.16 2.83 ± 0.13 2.44 ± 0.11 6.70 ± 0.30 6.79 ± 0.30 6.34 ± 0.27
Tyrosol 64.62 ± 5.62 63.96 ± 5.24 67.24 ± 5.43 82.80 ± 7.19 71.76 ± 5.79 90.07 ± 7.38
Vanillic Acid 7.40 ± 0.64 6.58 ± 0.60 9.08 ± 0.76 4.40 ± 0.40 4.84 ± 0.40 6.44 ± 0.57
Syringic Acid 4.08 ± 0.36 4.99 ± 0.42 5.17 ± 0.45 2.01 ± 0.17 2.56 ± 0.22 2.45 ± 0.22
Caffeic Acid 9.04 ± 0.67 10.93 ± 0.79 13.55 ± 1.04 7.04 ± 0.51 9.37 ± 0.70 9.32 ± 0.71
Ferulic Acid 0.94 ± 0.04 1.19 ± 0.05 1.51 ± 0.06 0.54 ± 0.04 0.64 ± 0.02 0.96 ± 0.04
p-Coumaric Acid 1.11 ± 0.06 0.93 ± 0.05 0.70 ± 0.04 1.10 ± 0.06 1.04 ± 0.05 1.00 ± 0.05
Procyanidin B 1 66.64 ± 2.98 47.16 ± 1.99 66.76 ± 3.06 58.81 ± 2.48 70.26 ± 3.14 77.10 ± 3.54
Procyanidin B 2 12.86 ± 0.48 26.25 ± 0.98 22.43 ± 0.89 20.23 ± 0.75 20.16 ± 0.75 30.67 ± 1.22
(±)-Catechin 41.91 ± 0.94 54.71 ± 1.36 78.44 ± 1.95 47.18 ± 1.05 48.68 ± 1.21 65.52 ± 1.63
(-)-Epicatechin 41.99 ± 0.73 65.13 ± 1.26 86.69 ± 1.61 60.13 ± 1.16 67.51 ± 1.17 71.55 ± 1.33
Ethyl gallate 10.54 ± 0.29 4.25 ± 0.11 8.86 ± 0.25 7.49 ± 0.21 6.03 ± 0.16 9.95 ± 0.25
Rutin 5.61 ± 0.29 10.99 ± 0.56 8.53 ± 0.42 5.39 ± 0.27 7.78 ± 0.39 6.47 ± 0.34
Isoquercitrin 6.58 ± 0.15 11.97 ± 0.30 7.22 ± 0.15 6.36 ± 0.13 5.01 ± 0.12 3.22 ± 0.07
Isorhamnetin-3-O-glucoside 0.32 ± 0.01 0.62 ± 0.02 0.60 ± 0.02 0.57 ± 0.01 0.76 ± 0.02 0.98 ± 0.02
Kaempferol-3-O-glucoside 0.15 ± 0.00 1.96 ± 0.04 2.14 ± 0.05 1.32 ± 0.03 3.20 ± 0.08 3.15 ± 0.07
Myricetin 16.01 ± 0.32 19.19 ± 0.48 18.58 ± 0.42 15.28 ± 0.34 18.79 ± 0.47 17.75 ± 0.35
Quercetin 16.55 ± 0.82 23.53 ± 0.62 17.92 ± 0.64 14.04 ± 0.51 31.21 ± 1.16 30.03 ± 1.06
Kaempferol 0.42 ± 0.02 0.34 ± 0.02 0.30 ± 0.02 0.10 ± 0.01 0.26 ± 0.01 0.42 ± 0.02
Isorhamnetin  0.50 ± 0.02 0.56 ± 0.03 0.47 ± 0.02 0.35 ± 0.02 0.65 ± 0.03 0.83 ± 0.04
trans-Resveratrol  1.75 ± 0.09 2.55 ± 0.13 1.79 ± 0.09 3.28 ± 0.17 3.88 ± 0.19 3.62 ± 0.19
Cis-resveratrol 0.84 ± 0.10 1.42 ± 0.18 1.01 ± 0.13 2.13 ± 0.26 2.73 ± 0.34 2.84 ± 0.35
trans-Piceid 0.53 ± 0.03 0.84 ± 0.05 0.65 ± 0.04 1.55 ± 0.09 2.64 ± 0.16 1.89 ± 0.11
cis-Piceid 0.43 ± 0.04 0.52 ± 0.04 0.65 ± 0.05 1.51 ± 0.13 1.50 ± 0.12 1.30 ± 0.11

Total content
Simple phenols (mg/L gallic acid) 205.48 192.67 235.77 228.57 216.15 266.61
Flavan-3-ols (mg/L catechin) 123.78 156.67 209.83 146..96 161.56 191.14
Flavonols (mg/L myricetin) 49.50 60.63 49.57 50.49 88.37 83.70
Stilbenes (mg/L resveratrol) 3.15 4.76 3.56 7.20 9.03 8.32

In order to perform the quantization of the 
two resveratrol glycosides, because we did 
not compare the results with authentic sam-
ples since they are not commercial products, 
we operated an enzymatic hydrolysis with 
β-glycosidase (LA torrE et al., 2004). So af-
ter hydrolysis, cis and trans-resveratrol signal 
area increased and we determined the concen-
tration of cis and trans-piceid subtracting the 
values obtained before hydrolyses to those af-
ter hydrolyses.

to better understand the influence of tech-
niques of breeding and cropping methods on the 
phenolic profiling and to compare the total con-
tent of the phenolic compound studied, for each 
wine sample these antioxidant compounds were 
pooled into four parts: simple phenols (they in-
clude hydroxybenzoic acids, hydroxycinnam-
ic acids and esters), flavan-3-ols (that are cate-
chins and procyanidins), flavonols and stilbenes. 
Simple phenols were quantified using gallic acid 
as standard, and flavan-3-ols, flavonols and stil-
benes using (+)-catechin, myricetin and resver-
atrol, respectively.

(continued table 2).

Phenols comparison in wines obtained 
from grapes of vines under different 
techniques of breeding

A total of 9 simple phenols were identified in 
all the wine samples (table 2) including four hy-
droxybenzoic acids, three hydroxycinnamic ac-
ids, one hydroxyphenyl alcohol and one ester. 
to better understand the phenolic profiling of 
the wines, they were divided into autochthonous 
and allochthonous; the obtained data confirm 
that the amounts of the phenolic compounds 
vary considerably in different types of wine, de-
pending on the grape variety and these results 
are in agreement with all the available literature. 
All wines shared a few common characteristic: 
the presence of high concentrations of gallic acid 
that in red wines would be expected since this 
phenolic acid is principally formed by hydrolysis 
of flavonoid gallate esters, which are largely ab-
sent in white wines, due to the lack of skin ex-
traction (FrANKEL et al., 1995). the data regard-
ing the concentration of individual phenolic ac-
ids demonstrated that, excepted gallic acid that 
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was one of the most important hydroxybenzoic 
acids in wines, vanillic acid was the highest in 
Nero d’Avola, Frappato, Nerello Mascalese and 
Perricone wines (autochthonous vines) and caf-
feic acid in those from Merlot, Petit Verdot, ca-
bernet Sauvignon and cabernet Franc (alloch-
thonous vines), as expected from previous stud-
ies (DUGo et al., 2006). 

the first objective of the present paper was to 
investigate the techniques of breeding impact 
on the phenolic profile of the wines obtained. 
As seen in table 2, all the wines obtained from 
vines bred cortina (crt) had the highest level of 
gallic, vanillic and ferulic acid. All the samples 
had high levels of tyrosol and compared with 
the wines from the vines bred alberello (ALb) 
and controspalliera (cSP), the wines from vines 
crt contained higher content of this compound. 
conversely, all the wines from vines bred cSP 
contained lower content of tyrosol and gallic and 
vanillic acids. All the wines had high content 
of ethyl gallate but it showed the highest level 
only in three wines from vines bred crt (Mer-
lot, Frappato and Nero d’Avola). Particularly, 
differences were not so evident for Nero d’Avola 
wines while for cabernet Sauvignon wines the 
ALb sample showed a considerable difference 
with the other ones, especially the wine from 
vines bred cSP. 

With regards to the total content of simple 
phenols quantified using gallic acid as stand-
ard, all the wines obtained from vines bred 
crt presented the most important concentra-
tion; reversely, the wines from vines bred cSP 
showed the lowest simple phenols compounds 
concentration in all the samples. From this 
point of view, the phenolic content of all the 
wines from vines bred ALb can be considered 
as intermediate in comparison with the oth-
er two groups of wines. Even if the differenc-
es among the three groups of samples (ALb, 
crt and cSP) were not emphatic, to under-
stand this effect, we considered that the dif-
ferent techniques of breeding could affect the 
flowering and on this degree exert their relat-
ed impact on phenolic biosynthesis. 

In the present study four flavan-3-ols were 
observed in all the wine samples (table 2), in-
cluding two monomers ((+)-catechin and (-)-ep-
icatechin) and two dimers (procyanidins b1 and 
b2). the levels of procyanidin b1 and (+)-cate-
chin were the highest for the wines from vines 
bred crt; however, considering the procya-
nidins b1 content, the differences among the 
three groups of samples were not so categor-
ical. More significant were the differences for 
(+)-catechin: the highest content was obtained 
in all the wine samples from vines bred crt. 
the content of procyanidn b2 varied among the 
different samples but generally, with the excep-
tion of the Merlot wines, it had the lowest level 
in the wines from vines bred ALb. About (-)-ep-
icatechin, its content varied remarkably in ca-

bernet Sauvignon wines so that the sample ob-
tained from vines bred crt had the highest lev-
el of (-)-epicatechin, which was almost 2 times 
that in the wines from vines bred ALb. Howev-
er, though (-)-epicatechin presented the highest 
level in crt Merlot wine also, its content in wine 
samples from autochthonous grapes showed dif-
ferent trend, even if the differences among the 
three groups of samples (ALb, crt and cSP) 
were not emphatic. As table 2 shows, (-)-epicat-
echin was higher in ALb Nero d’Avola wine and 
in the cSP Frappato wine.

In spite of the differences evidenced among 
all the wine samples for each flavan-3-ol detect-
ed, considering the total flavan-3-ols content, 
quantified using (+)-catechin as standard, we 
can observe (table 2) that the wine samples with 
the highest content were those one from vines 
bred crt and this trend was evident for wines 
obtained from allochthonous grapes (Merlot 
and cabernet Sauvignon). Some differences in 
the contents of the individual flavan-3-ols com-
pounds, observed among these regional wines, 
depend largely on the genotypes of the grape 
cultivar (tIAN et al., 2008); moreover, it is well 
known that the accumulation of phenolic com-
pounds in grape berries is strongly affected by 
terroir factor (GoNZALEZ-SAN et al., 1990; rAS-
tIJA et al., 2009). Furthermore, it is well known 
that leucoanthocyanidin is one common pre-
cursor for the synthesis of catechins, epicate-
chins, and cyanidins, while cyanidins can syn-
thesize epicatechins and cyanidins derivatives. 
therefore, a competitive mechanism inevitably 
exists between catechins and epicatechins or 
better epicatechins and cyanidins derivatives 
(cAStELLArIN et al., 2007). However, since the 
wine-growing region for each grapevine culti-
var was geographically the same, the obtained 
data for total flavan-3-ols content could suggest 
that the different techniques of breeding could 
regulate the gene expression related to the fla-
van-3-ols metabolism, especially for the alloch-
thonous grapes. therefore, the vines bred cor-
tina (crt) provide specific characteristics for 
light exposition or temperature differences be-
tween daytime and nighttime that might stim-
ulate the flavan-3-ols metabolism, and thus in-
crease their content, especially in Merlot vine.

In all the wines were identified 9 flavonols. As 
shown in table 2, the highest level of total fla-
vonols was observed in all the wines from vines 
bred cSP. In particular, these wines contained 
the highest content of rutin, myricetin and 
quercetin. A high content of isoquercitrin was 
also detected but the data are not homogeneous 
as those one related to other flavonols identified. 
So, Merlot (ALb), cabernet Sauvignon (cSP), 
Frappato (crt) and Nero d’Avola (cSP) wines 
contained much higher content of isoquercitrin 
than the other wines, while kaempferol-3-o-glu-
coside had the highest level in Nero d’Avola and 
cabernet Sauvignon (crt), Frappato (ALb), and 
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Merlot (cSP) wine samples. Particularly, in Mer-
lot (cSP) and (crt) wine samples the differenc-
es were not so important. concerning the oth-
er individual flavonols, isorhamnetin-3-o-glu-
coside had the highest level in Frappato, Nero 
d’Avola and cabernet Sauvignon (cSP) and in 
Merlot (crt). Moreover, Frappato and Merlot 
(crt), Nero d’Avola (cSP), and cabernet Sauvi-
gnon (ALb) showed the highest level of kaemp-
ferol while higher isorhamnetin content existed 
in Nero d’Avola and cabernet Sauvignon (cSP), 
Frappato (ALb) and Merlot (crt).

It is difficult to rationalise these results so 
heterogeneous for many flavonols; rutin, myri-
cetin and quercetin only showed a similar 
trend. Probably, since several enzymes regu-
late the flavonoids biosynthesis in grape ber-
ries (LI et al., 2011); we can suppose that the 
cortina technique of breeding could promote 
the directional flow of carbon to the synthetic 
branch of rutin, myricetin and quercetin only. 
As result, these three flavonoids were probably 
accumulated at a higher level in grape berries, 
which could explain the high level of these com-
pounds in wines from vines bred cSP. consid-
ering the other flavonoids, the breeding condi-
tion might provide grapevine with high activi-
ty of a specific enzyme branch pathway in the 
flavonoid metabolism of grape berries. conse-
quently, different branch pathway could par-
ticipate in the regulation of the flavonoid com-
pounds biosynthesis in grape berries, deter-
mining the feature of wines.

Stilbenes are one of the minor non-flavonoid 
phenolic classes of compounds in red wine, with 
resveratrol being the principal stilbene. Four stil-
benes were quantified, two resveratrol geometric 
isomers and the correspondent glucoside deriv-
atives. As table 2 shows, the highest level of to-
tal stilbenes was observed in all the wines bred 
crt and in the Merlot wine the content was par-
ticularly high in comparison with the other crt 
wine samples; specifically, the total content in 
crt Merlot wine was about three times more 
than that in Frappato and Nero d’Avola crt 
wines. the lowest level of total stilbenes was in 
all the wines from vines bred cSP. the content 
of the individual stilbenes varied significantly in 
different types of wine, depending on the grape 
variety and these results are in agreement with 
all the available literature. the content of trans-
resveratrol and the correspondent trans-piceid 
were the highest in all the wines from vines bred 
cSP; different were the results for cis-resvsratrol 
and cis-piceid. their data were discordant and 
varied from a sample to another. With regard to 
Merlot wine samples, cis-piceid had levels com-
parable in ALb and cSP samples, similarly cis-
resveratrol had the same content in Nero d’Avola 
in cSP and crt samples.

From the results discussed above, it is evident 
a positive effect of the controspalliera technique 
of breeding that is reflected in an increase in the 

levels of trans-resveratrol and trans-piceid. No 
proportionality between the levels of free isomers 
of resveratrol and their glucosides is reported 
(WAtErHoUSE and LAMUELA-rAVENtÒS, 1994). 
As resveratrol, is a naturally occurring phyto-
alexin produced by some spermatophytes, such 
as grapevines, in response to injury (bAVArESco 
et al., 1999), probably the wines from vines bred 
cSP presented the highest level of these two com-
pounds because cSP characteristics promoted 
much high activity of spermatophytes. thus, the 
accumulation of trans-resveratrol and trans-pi-
ceid is enhanced. regarding cis-resveratrol and 
the correspondent cis-piceid, it is difficult to ra-
tionalise the obtained data, because heteroge-
neous for many wine samples. However, con-
sidering that the synthesis of some phenolics, 
such as stilbenes, in plants can be induced not 
only by microbial infections, but also by UV ra-
diation, (bAVArESco et al., 1999), we suppose 
that the different techniques of breeding could 
be correlated with heterogeneous environmen-
tal and microclimatic conditions. therefore, the 
vine status are directly related to the levels of 
these phenols and consequently to the phenols 
biosynthesis in grapes.

Phenols comparison in wines obtained 
from grapes of vines under two different 
horticultural cropping methods 

the productions for the winemaking cannot 
ignore the cultivation methods of the vine. It has 
to be paid particular regard to the planting of 
vines taking care of the necessary distance from 
plant to plant and from one row to another so 
that both guarantees exposition to the sun nec-
essary to the ripening of the grapes. to facilitate 
exposure to sunlight as well as the collection of 
fruits, during the winter months the plants are 
subject to a peculiar technique of pruning the 
old branches, and no clusters are thinned, while 
the fruiting branches are bent and attached to 
proper supports.

the thinning of the branches can only be per-
formed manually and can be execute as follows: 
1) after fruit thinning (or setting), 2) at the clos-
ing of clusters or 3) at the grape’s changing col-
our (veraison), comparing with a sample that 
has not been thinned.

Early thinning accounts for less in terms of 
quantitative reduction, while the best quality re-
sults are obtained operating near the veraison. 
In addition, intervening near the grape’s chang-
ing colour it is possible to prevent that the phys-
iological adaptation of the growth results in an 
excessive amount of the berries that could cause 
pest problems.

this study was conducted to assess the thin-
ning of the branches effect on the phenolic com-
position of wines from grapes of vines that were 
subjected to this treatment near the veraison 
(DrD). For each sample the obtained data were 
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table 3 - occurrence of phenolic compounds in Sicilian wines from grapes of Vitis vinifera var. Perricone, Nerello Mascalese, 
Petit Verdot, cabernet Franc e Merlot kept under two different horticultural cropping methods (with pruning (DrD) and with-
out pruning (LED) of bunch of grapes). Values are expressed as mean values (mg/L) ± 95% confidence interval (n=3).

 Perricone Nerello Mascalese Petit Verdot Cabernet Franc Merlot

Compound DRD LED DRD LED DRD LED DRD LED DRD LED

Gallic Acid 66.34±2.14 63.96±2.14 87.60±2.83 76.67±2.57 81.13±2.62 66.39±2.72 83.71±2.70 64.75±2.17 107.50±3.47 98.57±3.18
Protocatechuic Acid 2.59±0.11 2.16±0.10 5.27±0.22 4.46±0.20 1.86±0.08 1.96±0.08 3.76±0.16 2.06±0.09 9.09±0.38 6.83±0.31
Tyrosol 44.06±3.83 39.00±3.20 43.43±3.77 36.72±3.01 61.82±5.37 51.92±5.06 39.62±3.44 29.00±2.38 88.66±7.70 82.31±6.74
Vanillic Acid 7.69±0.67 6.74±0.62 5.45±0.47 4.31±0.40 6.06±0.53 3.98±0.56 4.62±0.40 3.58±0.33 5.23±0.45 4.60±0.42
Syringic Acid 4.22±0.38 3.57±0.30 1.91±0.17 1.54±0.13 4.51±0.40 2.36±0.38 4.40±0.39 2.48±0.21 2.83±0.25 2.02±0.17
Caffeic Acid 2.95±0.22 2.02±0.15 2.59±0.19 1.82±0.13 9.47±0.71 9.96±0.68 9.48±0.71 5.89±0.42 9.23±0.69 7.15±0.51
Ferulic Acid 0.88±0.03 0.74±0.03 0.73±0.03 0.40±0.02 0.74±0.03 0.73±0.03 1.13±0.04 1.05±0.04 0.86±0.03 0.58±0.02
p-Coumaric Acid 0.38±0.02 0.34±0.02 0.42±0.02 0.32±0.02 1.30±0.07 1.15±0.07 0.62±0.03 0.49±0.03 0.96±0.05 0.92±0.05
Procyanidin B 1 64.69±2.89 63.19±2.67 37.40±1.67 31.67±1.34 44.60±1.99 31.44±1.88 51.85±2.32 34.93±1.47 78.65±3.51 59.10±2.49
Procyanidin B 2 36.94±1.38 25.03±0.93 14.64±0.55 11.59±0.43 29.21±1.09 19.37±1.09 24.18±0.90 15.38±0.57 45.78±1.70 21.25±0.79
(+)-Catechin 105.65±2.36 99.21±2.46 62.76±1.40 51.59±1.28 55.70±1.24 48.83±1.38 61.96±1.38 50.15±1.24 68.04±1.52 45.00±1.12
(-)-Epicatechin 60.14±1.05 56.64±1.10 33.77±0.59 26.75±0.52 60.92±1.06 83.94±1.18 80.01±1.39 75.56±1.46 73.06±1.27 65.39±1.27
Ethyl gallate 13.81±0.38 12.87±0.32 20.18±0.55 16.06±0.40 9.11±0.25 9.02±0.23 13.02±0.36 6.26±0.16 11.23±0.31 7.41±0.18
Rutin 17.63±0.92 17.44±0.87 12.95±0.68 9.94±0.49 13.88±0.72 12.65±0.69 5.98±0.31 3.07±0.15 8.79±0.46 5.35±0.27
Isoquercitrin 33.28±0.74 32.01±0.79 18.89±0.42 15.79±0.39 7.05±0.16 11.06±0.17 6.88±0.15 3.62±0.09 4.35±0.10 5.99±0.12
Isorhamnetin-3- 2.24±0.06 2.15±0.05 3.56±0.09 1.36±0.03 3.59±0.09 2.39±0.09 0.28±0.01 2.67±0.07 1.35±0.03 0.68±0.02
O-glucoside
Kaempferol-3- 6.27±0.14 5.78±0.14 1.47±0.03 1.40±0.03 2.66±0.06 3.30±0.07 0.83±0.02 2.13±0.05 2.93±0.07 1.36±0.03
O-glucoside
Myricetin 5.78±0.11 5.66±0.14 3.86±0.08 2.56±0.06 19.68±0.39 17.00±0.49 4.46±0.09 4.22±0.10 17.15±0.34 15.08±0.34
Quercetin 14.40±0.50 14.16±0.53 15.69±0.55 13.25±0.49 5.10±0.18 5.33±0.19 1.74±0.06 1.72±0.06 15.22±0.53 14.11±0.53
Kaempferol 0.53±0.03 0.51±0.03 0.53±0.03 0.49±0.02 0.15±0.01 0.18±0.01 0.15±0.01 0.05±0.00 0.15±0.01 0.14±0.01
Isorhamnetin  0.23±0.01 0.22±0.01 0.21±0.01 0.19±0.01 0.20±0.01 0.25±0.01 0.25±0.01 0.07±0.00 0.55±0.02 0.40±0.02
trans-Resveratrol  3.08±0.15 2.94±0.15 0.54±0.03 0.43±0.02 2.08±0.09 1.88±0.09 2.02±0.10 1.65±0.08 6.63±0.33 3.37±0.17
cis-Resveratrol 0.81±0.10 0.68±0.08 0.14±0.02 0.12±0.01 0.79±0.10 0.52±0.10 0.32±0.04 0.18±0.02 3.12±0.39 2.20±0.27
trans-Piceid 4.59±0.28 4.13±0.25 1.74±0.11 1.66±0.10 1.32±0.08 1.16±0.08 2.37±0.15 1.78±0.11 1.99±0.12 1.65±0.10
cis-Piceid 3.51±0.30 3.44±0.27 0.88±0.07 0.83±0.07 0.75±0.05 0.63±0.05 1.02±0.09 0.68±0.05 1.75±0.15 1.45±0.12

Total content
Simple phenols 150.69 138.22 174.92 148.62 188.30 157.67 166.88 120.87 254.58 228.46
(mg/L gallic acid)
Flavan-3-ols 216.78 200.34 122.64 100.01 153.65 158.26 180.12 150.96 203.53 150.70
(mg/L catechin)
Flavonols 59.70 58.32 41.26 38.18 45.92 45.53 16.74 14.93 56.88 50.34
(mg/L myricetin)
Stilbenes 8.63 8.05 2.21 2.01 4.08 3.45 4.32 3.27 11.93 7.38
(mg/L resveratrol)

compare with those one of a sample that has not 
been thinned (LED).

the results from the analysis of 10 wines 
are presented in table 3; in all the DrD sam-
ples phenols generally resulted higher than in 
the control (LED). However, there were varietal 
differences. As for the other wines considered 
before, in both wine varieties, gallic acid was 
the major hydroxybenzoic acid and in Merlot 
wine the values were higher than in those re-
ported for the other red wines tested. the var-
iation between DrD and LED was marked in 
Petit Verdot and cabernet Franc wines, but it 
resulted scarcely outlined in Perricone wines. 
the hydroxycinnamic acids profile was in good 
agreement with the general trend and normal-
ly in the DrD samples their content resulted 
higher than in the control (LED). caffeic acid 
was predominant in all the wines from alloch-
thonous grapes. the data concerning hydroxy-

benzoic and cynnamic acids were distinctive for 
protocatechuic and caffeic acids in Petit Verdot 
wine in which the general trend was reversed, 
even if the differences between the DrD and 
LED samples were not so significant. these 
results suggest that other factors besides vit-
icultural treatment can have a significant in-
fluence on grape development in this variety. 
In spite of the differences evidenced, consider-
ing the total simple phenol profile quantified 
using gallic acid as standard, we can observe 
(table 3) that the wine samples with the high-
est content were those one from vine’s grapes 
that were subjected to thinning of the branch-
es near the veraison (DrD). 

the amount of (+)-catechin, (-)-epicatechin 
and procyanidin b1 and b2 were the highest in 
all the wines from vine’s grapes that were sub-
jected to thinning of the branches near the ve-
raison (DrD), confirming that this treatment in-
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creases the level of these phenolic compounds 
into the grape and than their extraction into the 
wine. (+)-catechin was the major flavan-3-ol in 
all the wines from autochthonous grapes and 
it was predominant in Perricone wine (DrD). 
the distinctive flavan-3-ol of the allochthonous 
wines was (-)-epicatechin and only in Merlot 
wine (DrD) its content was close to procyanidin 
b1 level that appeared slightly higher. (-)-Ep-
icatechin was distinctive in Petit Verdot wine 
since its content was predominant in LED wine 
sample, once again. Higher concentrations of 
procyanidin b1 and b2 were noticed for Mer-
lot (DrD) wine sample. It is interesting to evi-
dence that their concentrations in DrD samples 
were about two times higher than in the corre-
spondent control wine samples (LED). the var-
iation in results suggest that other factors be-
sides viticultural treatment can have a signifi-
cant influence on grape development and reg-
ulate the gene expression related to the flavan-
3-ols metabolism.

the highest content of total flavonols (es-
timated using myricetin as standard) was 
reached in Perricone (DrD) wine sample even if 
the difference with the (LED) sample was tenu-
ous and this trend was a common denominator 
among all the wine tested. Looking at the con-
tent of each flavonol it emerges that the wines 
contained appreciable values of rutin, isoquer-
citrin, myricetin and quercetin; however, their 
contents were not substantially different be-
tween DrD and control wine sample (LED) and 
were not constantly higher in the DrD samples. 
In fact, for example, the maximum level of iso-
quercitrin was reached in Petit Verdot and Mer-
lot wines (LED). this indicate that the flavonol 
content suffer significant variation; probably it 
was due to the hydrolysis of flavonol glycosides 
that were more unstable than aglycon flavonols. 
Moreover as observed before for the other wine 
samples, several enzymes regulate the flavo-
noids biosynthesis in grape berries (LI et al., 
2011), consequently, different branch pathway 
could participate in the regulation of the flavo-
noid compounds biosynthesis in grape berries, 
determining the feature of wines.

the stilbenes profile was in good agreement 
with what observed so far, so the highest level 
of total stilbenes was observed in all the DrD 
wine samples. the amounts of the four tested 
stilbenes varied considerably in the different 
types of wine, depending on the grape variety 
and confirming the literature data (DUGo et al., 
2006; roMEro-PÉrEZ et al., 1996). the content 
of trans-resveratrol was about two times higher 
in Merlot wine sample (DrD) than in the corre-
spondent LED one; moreover, in this wine trans 
and cis-resveratrol showed the highest level. 
Perricone (DrD) wine sample had the highest 
level of trans and cis-piceid while the wine Pet-
it Verdot (LED) presented the lowest level. of 
the wine tested, only in Merlot wine samples it 

was appreciable a difference for trans-resvera-
trol between the DrD and LED treatment. For 
the other stilbenes this variation between the 
wine sample from grapes of vines in which the 
thinning of the branches was performed (DrD), 
and the sample that has not been thinned (LED) 
was not so categorical. All of the results present-
ed may be explained, because trans-resveratrol 
and other stilbenes are produced by grapes in 
response to mould infections and physiological 
stresses, and their levels in grapes and wines 
may be different if those phenomena do not ap-
pear or appear with different intensity.

Differentiation between autochthonous 
and allochthonous wines

An attempt to differentiate the autochthonous 
samples from the allochthonous one was carried 
out by using the Principal component Analy-
sis (PcA) and canonical Discriminant Analysis 
(cDA) statistical methods. In the present work, 
the significance of differences in phenolic com-
pound contents between wines obtained from 
autochthonous and allochthonous vines were 
estimated by Mann-Whitney U test. the results 
showed p-level below 0.05 for 17 phenols (gal-
lic acid, tyrosol, caffeic acid, ferulic acid, p-cou-
maric acid, (-)-epicatechin, rutin, isoquercitrin, 
kaempferol-3-o-glucoside, myricetin, kaempfer-
ol, isorhamnetin, trans-resveratrol, cis-resvera-
trol, total phenols, total catechins, and total stil-
benes) which suggested a difference between the 
two group samples. A Factor Analysis by Prin-
cipal components extraction was conducted in 
order to find a possible discrimination, consid-
ering only these 17 variables, which were previ-
ously normalized.

before to perform the Principal components 
Analysis, the suitability of the data for factor 
analysis was checked. the Kaiser-Meyer-olkin 
Measure of Sampling Adequacy revealed a val-
ue of 0.670, greater than recommended val-
ue of 0.500. the bartlett’s test of Sphericity 
showed approximate chi-square value equal 
to 571.039, with a statistical significance at p-
values < 0.001. both suggest that the correla-
tion matrix is factored and appropriate for PcA. 
thus, the analysis of this matrix showed that 
the 70% of coefficients presented values with 
significance higher than 95%. therefore, all 
variables have a significant correlation with at 
least another variable. the highest positive cor-
relations were observed for total phenols/gal-
lic acid (0.962), total stilbenes/trans-resvera-
trol (0.957), total phenols/tyrosol (0.925), cis-
resveratrol/tyrosol (0.907), myricetin/p-cumar-
ic acid (0.896), cis-resveratrol/trans-resveratrol 
(0.888), total catechins/caffeic acid (0.867) and 
total stilbenes/trans-resveratrol (0.853), while 
negative correlations were observed for isoquer-
cetin/caffeic acid (-0.653) and isoquercetin/p-
cumaric acid (-0.633).
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According to Kaiser criterion, four princi-
pal components with eigenvalues exceeding one 
(9.607, 2.588, 1.577 and 1.190), which explained, 
respectively, the values of 56.512, 15.225, 9.275 
and 7.001% of total variance, were extracted. 
these components were able to well reproduce all 
the variables because variables with low satura-
tion in each factor were not identified and com-
munality was always h2 ≥0.672. the 3D Scatter-
plot for the 22 wine samples showed two clus-
ters clearly distinguished according to autochtho-
nous or allochthonous variety of vines (Fig. 1). 
All samples from autochthonous Sicilian grapes 
showed negative Pc1; thus they were charac-
terized by four flavonols, which had the largest 
negative coefficients in Pc1 (rutin, isoquerce-
tin, kaempferol-3-o-glucoside and kaempferol), 
while total phenols, tyrosol, gallic acid, myri-
cetin, cis-resveratrol and total catechins were 
the variables with the greatest positive associa-
tion with Pc1 and they are characteristic com-
pounds in wines obtained from allochthonous 
Sicilian grapes.

only for wine samples obtained from autoch-
thonous vines, the results of Kruskal Wallis test 
indicated levels significantly different (with p < 
0.05) for 4 phenolic compounds (gallic acid, cis-
resveratrol, b1 and b2 procyanidins) in Nero 
d’Avola, Frappato, Nerello Mascalese and Per-
ricone varieties. the relative correlation matrix 
was suitable for PcA (KMo value of 0.541 and 
approximate chi-square value equal to 18.777, 
with a statistical significance equal to 0.005) and 
shows that the 50% of coefficients values had 
significance higher than 95%. the highest pos-
itive correlations were observed for procyanidin 
b1/procyanidin b2 (0.870), procyanidin b2/cis-

Fig. 1 - 3D Scatterplot of factor scores categorized by typologies. Insert: loading plot for Pc1, Pc2 and Pc3 obtained by Prin-
cipal components extraction.

resveratrol (0.728) and procyanidin b1/cis-res-
veratrol (0.640), while important negative cor-
relations were not observed. two Pcs were ex-
tracted with eigenvalues exceeding one (2.561 
and 1.013), accounting for 89.370% of the cu-
mulative variance. the contributions for Pc1 
and Pc2 were 64.034 and 25.336%, respective-
ly. Variables with low saturation in each factor 
were not identified and communalities were al-
ways greater than 0.750. Procyanidin b1, b2 
and cis-resveratrol had strongly positive cor-
relation with the first component, while gallic 
acid was the dominant variable in the second 
component. A typology separation was obtained 
in the score plot of Pc2 against Pc1 (Fig. 2A). 
observing the loading factors, gallic acid was 
more abundant in wines obtained from Nerello 
Mascalese, while cis-resveratrol, procyanidin b1 
and b2 in those obtained from Perricone grapes. 
Wines obtained from Frappato and Nero d’Avola 
varieties showed the lower contents of gallic 
acid among all autochthonous, but the wines 
obtained from Nero d’Avola were characterized 
by higher content of procyanidin b1 and b2.

Also, the data set constituted by phenolic com-
pound contents of wines obtained from alloch-
thonous vines (Merlot, Petit Verdot, cabernet 
Sauvignon and cabernet Franc) was subjected 
to Kruskal Wallis test to study the significance 
of differences, and, in addition, was subjected 
to PcA in order to check the separation among 
samples different for the  vitis vinifera variety. 
For these data, variables associated with a sig-
nificant p-level (<0.05) were gallic and protocat-
echuic acids, tyrosol, cis and trans-resveratrol, 
cis and trans-piceid, total phenols, flavonoids 
and stilbenes. When PcA was applied to the au-
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toscaled data, two principal components with ei-
genvalues exceeding one (7.186 and 1.716) were 
extracted according to the Kaiser criterion. the 
Pcs explain up 89.026% of the total variance 
(71.862 and 17.164%, respectively). the commu-
nalities were always greater than 0.849, except 
for total flavonoids (0.669). the correlation ma-
trix showed highest positive values for trans-res-
veratrol/total stilbenes (0.969), gallic acid/total 
phenols (0.952), tyrosol/total phenols (0.949), 
protocatechuicacid/total stilbenes (0.944), cis-
resveratrol/total stilbenes (0.939), protocatechu-
icacid/cis-piceid (0.926), and cis-piceid/ total 
stilbenes (0.918). All variables were dominant in 
the first component excluding trans-piceid which 
had positive correlation with the second com-
ponent. Fig. 2b shows the Pc2/Pc1 score plot 
where can be observed the tendency of group-
ings for the samples of the same type of wines. 

Fig. 2 - 2D Scatterplots of factor scores categorized by varieties of wines obtained from autochthonous (A) and allochthonous 
(b) vines. Inserts: relative loading plots for Pc1 and Pc2 obtained by Principal components extraction.

Pc2 axis split wine samples between Merlot and 
the others obtained from allochthonous grapes 
analyzed. the first ones showed always positive 
Pc1 scores while the remaining showed nega-
tive Pc1 scores. Moreover, samples of cabernet 
Franc were separated from the samples of cab-
ernet Sauvignon by Pc1, while samples of Pet-
it Verdot were positioned in an area really near 
to this axis. Samples of Merlot presented high 
contents of protocatechuic acid, tyrosol, trans-
resveratrol, cis-resveratrol, cis-piceid and total 
stilbenes. Samples of cabernet Franc presented 
high contents of trans-piceid and low amounts 
of tyrosol, cis-resveratrol and total phenols. ca-
bernet Sauvignon wines were characterized by 
low contents of cis- and trans-piceid. Whereas, 
samples of Petit Verdot showed the lowest pro-
tocatechuic acid levels compared with all wines 
obtained from allochthonous variety.
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to verify the discrimination of wine samples 
obtained by PcA, the phenolic compounds, 
which had significant p-values, were employed 
for cDA, after converting the values into their 
natural logarithms. About the differentiation be-
tween autochthonous and allochthonous sam-
ples, the canonical discriminant function ob-
tained using stepwise method showed a high dis-
criminative power, given high correlation value 
(0.989) and low value of Wilks’ lambda (0.022). 
thus, it was applied to data set, and each case 
was assigned to group in which it had achieved 
the highest value of group membership proba-
bility. the classification results indicated that 
the 100% of total samples were correctly classi-
fied. A cross-validation procedure was applied 
to evaluate the robustness of the classification 
model. Each sample was in turn omitted from 
the model estimation, and then its membership 
was determined from the resulting model. the 
cross-validation was again 100% correct. Again, 
similar procedures were applied both for autoch-
thonous and allochthonous data sets. In each 
case, three canonical discriminant functions, 
obtained using stepwise methods, contribut-
ed to differentiate into classes with high corre-
lation values (0.998, 0.974, and 0.768, 0.990, 
0.981 and 0.908, respectively) and low values 
of Wilks’ lambda (0.0001, 0.021, and 0.409, 
0.0001, 0.007 and 0.175, respectively). Scatter-
plots relative to the first two functions for sam-
ples obtained from autochthonous (Fig. 3A) and 
allochthonous (Fig. 3b) vines showed the sepa-
ration degree among different wine varieties. In 
fact, the classification results had always indi-
cated that the 100% of samples were correct-
ly classified, with the cross-validation values of 
80% and 100%, respectively. therefore, canon-
ical Discriminant Analysis had fully confirmed 
the separation among different wine types.

coNcLUSIoNS

the characteristics of the variety itself are 
important; the compositions in phenolic com-
pounds, observed among these regional wines, 
indicate that the biosynthesis of these com-
pounds depends not only on the genotypes of the 
grape cultivar but on the techniques of breeding 
and cropping methods also. 

this preliminary study has provided detailed 
information on the distribution of 25 bioac-
tive phenolic constituents in selected Sicilian 
red wines. to the best of our knowledge, for 
the first time the phenolic composition of red 
wines from grapes of vines bred alberello was 
compared with those one of other red wines ob-
tained from grapes of vine breed according more 
conventional and diffused techniques of breed-
ing (cortina and controspalliera). the results 
demonstrated substantial differences among 
the three breeding techniques: the crt sam-
ples had the highest phenolic contents and the 
cSP ones the lowest; conversely, the flavonols 
reached the highest values in the cSP samples. 
the DrD samples had higher phenolic contents 
than the LED ones. All the different cultivars 
could be differentiated by PcA and cDA using 
the phenolic values.

the extension of these works amongst future 
vintage should refine these conclusions and will 
constitute additional data to elucidate the phe-
nolic metabolism in grapes.
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AbStrAct

this investigation was carried out on fatty acid compositions and total lipid quantities in select-
ed tissues (gonad, mantle, digestive gland, cephalopedal and whole body) of Helix lucorum with the 
aim of evaluating biochemical and nutritional value of edible snail parts. c16:0, c18:0, c18:1ω9, 
c18:2ω6, c20:2ω6 and c20:4ω6 were found as dominant components. c18:2ω6 (24.44%) and 
c20:4ω6 (17.49%) were present in fair amounts in the digestive gland and gonad, respectively. the 
gonad and mantle had a good proportion of c20:2ω6 and the cephalopedal contained significant 
amount of c20:1ω9. ΣPUFA levels were higher than ΣSFA and ΣMUFA levels in all tissues. overall 
ratio of Σω6/Σω3 was defined as follow: gonad, 9.07; mantle, 7.26; cephalopedal, 6.02; whole body, 
4.86; digestive gland, 4.06. Among the organs, digestive gland and gonad showed the highest pro-
portion of total lipid. consequently, the study revealed that tissues of the snail are a good source 
for PUFA (polyunsaturated fatty acids), essential fatty acids c18:2ω6, c20:4ω6 (precursors of ei-
cosanoids) and other omega 6 family fatty acids, however the total lipid contents were not found 
at the expected amount. In numerous studies, it is stated that snail meat has several advantag-
es including rich minerals, essential amino and fatty acids and high content of PUFA. their meat 
is believed to be a factor affecting higher life span and lower cancer rate in some countries. High 
amount of c18:2ω6, c20:4ω6 and PUFA make them important nutrition due to preventing cardi-
ovascular disease, inflammatory disorders and retina and brain development.
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INtroDUctIoN

Human beings have been consumed snails 
for thousands of years and recently snails have 
been used as food for millions of people world-
wide, particularly in some European coun-
tries (JESS and MArKS, 1995; MUrPHY, 2001). 
France imports edible snails to a certain extent 
to meet the needs of its market. turkey is one 
of the important countries which export snails 
to France (ÖZoĞUL et al., 2005) and other Eu-
ropean countries; Greece, Germany, Italy and 
Spain (YILDIrIM and KEbAPÇI, 2004). Some 
commercially important edible snails including 
Cryptomphalus aspersus (Helix aspersa), The-
ba pisana, Eobania vermiculata, Cantareus ap-
ertus, Helix asemnis, Helix cincta and Helix lu-
corum (YILDIrIM and KEbAPÇI, 2004) are living 
in turkish territories.

Nowadays, fatty acids gain more and more 
importance because of the nutritional and 
health aspects. Especially, the consumption 
of marine products rich in omega 3 fatty ac-
ids such as c20:5ω3 and c22:6ω3 has in-
creased due to researches demonstrating the 
beneficial effect of these fatty acids in prevent-
ing diseases including cardiovascular disease, 
inflammatory disorders, retina and brain de-
velopment (MILEtIc et al., 1991; ÖZoĞUL et 
al., 2005; MILINSK et al., 2006). Snail meat is 
found to be a factor affecting higher life span 
and lower cancer rate in cretan People com-
pared with those of continental Europe (YILDI-
rIM and KEbAPÇI, 2004).

In addition to basic information about the cul-
tivation and harvesting of edible snails is neces-
sary, their nutritional composition also should 
be well illuminated. the protein content of ed-
ible snail is well documented (ÇAĞILtAY et al., 
2011); however there is only limited informa-
tion on their tissues’ lipids and fatty acids com-
position. the purpose of the present study was 
to provide quantitative and qualitative informa-
tion about the lipid and fatty acid composition 
of some important tissues of H. lucorum from the 
Southeast of turkey.

MAtErIALS AND MEtHoDS

Sampling

Helix lucorum snails were collected in April 
2012 from the region of Hevsel Gardens located 
in Diyarbakır (Altitude: 583 m, coordinate: N 37° 
55.2’ / E 40° 13.8’), turkey. Individually, twelve 
snails (three for tissues, three for whole body, 
six for total lipid) similar size (length: 5 ± 0.50 
cm, wet flesh weight: 14 ± 0.80 g) were sampled 
for each tissue lipid analysis. the snails’ shells 
were removed and divided into five groups and 
their organs (gonad, mantle, digestive gland, 
cephalopedal and whole body) were dissect-

ed out. then, tissues of each experimental set 
were conditioned in polyethylene bags and kept 
at -80°c until chemical analysis.

Chemical analysis

Dissected tissues such as gonad, mantle, di-
gestive gland, cephalopedal and whole body 
were analyzed in triplicate for proximate com-
position: lipid content of the snails by the bLIGH 
and DYEr (1959) method. Autoxidation of un-
saturated fatty acids was minimized by adding 
50 μL of 2% butylated hydroxytoluene in chloro-
form to each sample during the extraction pro-
cess. N2 was used for drying process of lipid ex-
tracts. total lipids were put into reaction vials 
and the fatty acids were transmethylated by re-
fluxing the fractions in acidified (sulfuric acid) 
methanol for 90 minute at 85°c. FAMEs (fatty 
acid methyl esters) of the tissues were extract-
ed from the reaction vials three times with hex-
ane and concentrated (StANLEY-SAMUELSoN and 
DADD, 1983). the total lipid quantities of the tis-
sues were performed according to the method of 
FoLcH et al. (1957).

FAMEs were analyzed by capillary gas chro-
matography (Gc) using Hewlett Packard (Wilm-
ington, DE) gas chromatograph (model 6890), a 
Db-23 capillary column (60 m × 0.25 mm i.d. 
× 0.250 μm film thickness and bonded 50% 
cyanopropyl) (J. & W. Scientific, Folsom, cA), 
a flame ionization detector, and Hewlett-Pack-
ard chemStation software. the injection port 
and the detector temperatures were 270° and 
280°c, respectively. the split ratio was 1:20. 
the flow rates of compressed air and hydrogen 
were 300 mL/min and 30 mL/min, respective-
ly. carrier gas was helium (2.8 mL/min). the 
oven temperature was programmed at a rate of 
6.5°c/min from 130°c (1 min hold) to 170°c, 
then increased at a rate of 2.75°c/min to a 
215°c, then again increased at a rate of 40°c/
min to 230°c, was held for 12 min. Each tis-
sue fatty acids percentages and spectra of FA-
MEs are obtained by HP 3365 chemStation 
computer program. FAMEs existence and re-
tention times were determined by comparing 
the spectra of authentic standards (Sigma-Al-
drich chemicals). Individual FAME was identi-
fied by comparisons with the chromatographic 
behaviors of authentic standards.

Statistical analyses

the results were expressed as mean values ± 
S.D. (Standard Deviation). All analytical deter-
minations were performed in triplicate and the 
mean values were reported. the analyses were 
performed using a commercial statistical pro-
gram (SPSS 20). the percentages of fatty acid 
were compared by Anova variance analysis with 
5% significance level. tukey’s test was used for 
cooperation of average values.
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rESULtS AND DIScUSSIoN

Nutrient content of edible and nonedible snails 
was studied up to some extent. compared with 
information on fatty acid composition, lipid data 
correlated with physiological and environmen-
tal factors in the snails is notably limited in the 
literature. Some of the commercially impor-
tant edible and wild snails including H. aspersa 
(ÇAĞILtAY et al., 2011), H. aspersa maxima (MI-
LINSK et al., 2006), H. pomatia (ÖZoĞUL et al., 
2005), E. vermiculata (StAVrAKAKIS et al., 1989), 
Helix sp., Haplotrema sportella, Vespericola co-
lumbiana (ZHU et al., 1994) and land slugs Arion 
ater, Limax maximus, Prophysaon andersoni (ZHU 
et al., 1994) have been studied in terms of fatty 
acid contents. Almost all data included in mol-
luscan lipid study concern the entire organism 
and only few reports on the tissue fatty acids are 
available (rAKSHIt et al., 1997). Telescopium tel-
escopium (rAKSHIt et al., 1997), Bellamya ben-
galensis, Pila globosa (MISrA et al., 2002), Unio 
elongatulus (EKİN and bAŞHAN, 2010), Macoma 
balthica (WENNE and PoLAK, 1989), Argopecten 
purpuratus (cAErS et al., 1999) are some of the 
tissue studied mollusc species. Although H. lu-
corum, H. cincta, H. asemnis, T. pisana, E. ver-
miculata, C. asperses and C. apertus are most-
ly distributing edible snails of turkey (YILDIrIM 
and KEbAPÇI, 2004), there is not enough study 
on their total lipid and fatty acid composition.

c16:0 (6.7-10.1%), c18:0 (9.1-10.7%), 
c18:1ω9 (12.1-15.7%), c18:2ω6 (11.6-15.2%), 
c20:4ω6 (13.5-14.3%) were the major fatty ac-
ids in P. andersoni, A. ater, L. maximus slugs and 
c16:0 (7.1-9.6%), c18:0 (8.9-10.6%), c18:1ω9 
(10.0-12.2%), c18:2ω6 (11.0-15.7%), c20:2ω6 
(9.1-12.1%), c20:4ω6 (13.8-16.9%) were major 
fatty acid in Helix sp. H. sportella, V. columbiana 
snails (ZHU et al., 1994). the high percentages of 
these fatty acids also found in some other fresh 
water snails Theodoxus jordani, Pyrigula barroi-
si, Melanopsis praemorsum, Melanoides tubercu-
lata, (Go et al., 2002), M. praemorsa (EKİN et al., 
2011), in edible land snails H. aspersa (ÇAĞILtAY 
et al., 2011), H. pomatia (ÖZoĞUL et al., 2004) 
and in nonedible snail T. telescopium (rAKSHIt 
et al., 1997). In comparison with above studies, 
the major fatty acid profiles of H. lucorum shown 
similarities. c16:0 (8.95-14.04%), c18:0 (8.39-
11.65%), c18:1ω9 (11.23-18.20%), c18:2ω6 
(16.21-24.44%), c20:2ω6 (4.78-10.52%) and 
c20:4ω6 (8.89-17.49%) were found to be pre-
dominant component in all tissues (table 1). the 
highest value of c20:4ω6 (17.49%) and c18:2ω6 
(24.44%) were detected in the gonad and di-
gestive gland, respectively (table 2). c18:1ω9 
acid was found in high amount in whole body 
(18.20%) and in the digestive gland (17.18%) 
(table 2). However c20:2ω6 was detected in 
high percentage in the gonad (10.52%) and in 
the mantle (10.09%) (table 2). the mostly im-
portant essential fatty acid, c18:2ω6 was found 

in high concentration in the digestive gland 
(24.44%) (table 2). Animals (except some inver-
tebrates) cannot synthesize c18:2ω6 from other 
components, they are obliged to take it from di-
ets and must consume for proper health. A diet 
only deficient in c18:2ω6 causes most abnor-
malities such as poor growth, skin lesions, hair 
loss, poor wound healing, fatty liver and repro-
ductive failure. In T. telescopium snail, c16:0 was 
12.9% in the digestive gland, 26.2% in the man-
tle, 21.1% in the cephalopedal and c16:1ω7 was 
11.3% in the digestive gland, 6.1% in the man-
tle, 4.9% in the cephalopedal. Moreover, there 
were also some strange results in T. telescopium 
snail, for instance c18:3ω3 was not detected in 
the digestive gland and mantle, but it was found 
10.7% in the cephalopedal tissue. Additional-
ly, c20:4ω6 was 7.6% in the digestive gland; it 
was very high comparing to mantle (rAKSHIt et 
al., 1997). In edible snail H. aspersa maxima, 
c18:2ω6 was rather a lot, between 44.79-51.19% 
(MILINSK et al., 2006). In contrast, a comparison 
between the components acids of the cephalo-
pedal, digestive gland and whole body of H. lu-
corum showed some points of interest; c18:3ω3 
was at high percentages in the digestive gland; 
the percentages of c22:0 varied from 2.10% (in 
the digestive gland) to 4.19% (in the whole body); 
c12:0, c13:0, c14:0, c15:0, c20:0, c14:1ω7, 
c17:1ω7 and c22:6ω3 were detected less than 
1% in all tissues; c20:1ω9 is present in signif-
icant amount (4.47%) in the cephalopedal tis-
sue (table 1). Snail cephalopedal is considered 
as a storage organ (JoHNS et al., 1979), proba-
bly, the cephalopedal stored this fatty acid for 
further metabolic activities. c20:1ω9 was also 
obtained in high percentages in U. elongatulus 
cephalopedal (EKİN and bAŞ HAN, 2010).

the Σω6/Σω3 ratio has been suggested to be 
useful indicator for comparing nutritional val-
ues of tissues lipids. the ratio of ω6/ω3 was 
9.07 (in the gonad), 7.26 (in the mantle), 6.02 (in 
the cephalopedal), 4.86 (in the whole body) and 
4.06 (in the digestive gland) (table 1). the per-
centages of ω6 was 50.27, 45.42, 41.04, 42.81 
and 41.54% in the gonad, mantle, digestive 
gland, cephalopedal and whole body, respec-
tively (table 1). In addition, L. maximus, P. an-
dersoni, A. ater slugs and H. sp. H. sportella, V. 
columbiana (ZHU et al., 1994) species contained 
high amount of Σω6 than Σω3. However, in the 
most of the previous studies, it was reported 
that the percentage of Σω6 was lower than Σω3 
in marine molluscs (AbAD et al., 1995; PAZoS 
et al., 2003). Fish is well known to be the major 
source of ω3 fatty acids in the diet and people 
have been aware of the health benefits associ-
ated with consuming fish. the useful ω3 in fish 
flesh are c20:5ω3 and c22:6ω3 (ÖZoĞUL et al., 
2005). Unlike fish and marine gastropods, lev-
el of ω3 in H. lucorum accounted for low quan-
tity. c22:6ω3 level varied from 0.03% (in the 
gonad) to 0.22% (in the whole body) and level 
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table 1 - Fatty acid profiles of selected tissues from edible snail Helix lucorum.

Fatty  Gonad Mantle Digestive gland Cephalopedal Whole body
acids (Mean•±S.D.)•• (Mean•±S.D.)• (Mean•±S.D.)• (Mean•±S.D.)•• (Mean•±S.D.)••

Saturated
C12:0 0.07±0.01a 0.03±0.01b 0.04±0.01b - 0.09±0.02a
C13:0 - 0.02±0.01a 0.03±0.01a 0.06±0.01b 0.07±0.01b
C14:0 0.30±0.03a 0.66±0.05b 0.89±0.08c 0.40±0.05a 0.52±0.04d
C15:0 0.19±0.02a 0.31±0.03b 0.36±0.04b 0.25±0.03a 0.72±0.06c
C16:0 10.94±0.86a 14.04±1.19b 13.17±1.13b 8.95±0.81c 12.55±1.07ab
C17:0 1.44±0.13a 1.25±0.11a 2.13±0.19b 2.19±0.20b 0.70±0.07c
C18:0 10.78±0.88a 11.65±1.01a 8.39±0.78b 11.42±1.12a 8.92±0.75b
C20:0 0.14±0.02a 0.24±0.03b 0.22±0.03b 0.19±0.02b 0.16±0.02a
C22:0 3.01±0.18a 3.05±0.22a 2.10±0.16b 3.45±0.25a  4.19±0.32c
ΣSFA 26.87±1.33a 31.25±1.65b 27.33±1.43a 26.91±1.27a 27.92±1.39a

Monoenoic
C14:1ω7  0.04±0.01a 0.10±0.02b 0.06±0.01a  - 0.11±0.02b
C16:1ω7  3.82±0.33a 3.72±0.29a 3.53±0.26a 3.22±0.24a 2.98±0.23a
C17:1ω7  0.21±0.03a 0.08±0.01b 0.06±0.01b 0.11±0.02c 0.12±0.02c
C18:1ω9 13.14±1.01a 11.23±0.92b 17.18±1.18c 15.76±1.12ac 18.20±1.27c
C20:1ω9  0.27±0.03a 1.79±0.15b 0.29±0.04a 4.47±0.34c 0.52±0.05d
ΣMUFA 17.48±1.15a 16.92±1.13a 21.12±1.20b 23.56±1.26c 21.93±1.18b

Polyenoic
C18:2ω6  16.12±1.17a 18.77±1.35b 24.44±1.56c 19.21±1.43bc 20.78±1.48bc
C18:3ω3  2.83±0.22a 4.34±0.37b 7.30±0.54c 4.99±0.31b 6.41±0.53bc
C20:2ω6  10.52±1.04a 10.09±1.17a 4.78±0.31b 8.28±1.14c 6.55±0.62d
C20:3ω6  4.25±0.37a 3.09±0.22b 1.76±0.15c 1.86±0.16c 2.09±0.17c
C20:4ω6  17.49±1.26a 12.25±1.05b 8.89±0.77c 12.76±1.12b 11.23±1.02b
C20:5ω3  2.68±0.24a 1.88±0.16b 2.70±0.21a 2.03±0.19b 1.91±0.13b
C22:5ω6 1.89±0.19a 1.22±0.09a 1.17±0.16a 0.70±0.08b 0.89±0.10b
C22:6ω3 0.03±0.01a 0.04±0.01a 0.10±0.02b 0.09±0.02b 0.22±0.03c

ω6 50.27 45.42 41.04 42.81 41.54
ω3 5.54 6.26 10.10 7.11 8.54
ω6 / ω3 9.07 7.26 4.06 6.02 4.86
ΣPUFA 55.81±2.12a 51.68±2.03b 51.14±2.03b 49.92±1.99b 50.08±2.08b

Results expressed as percentage of total fatty acids methyl esters.
*Values are means ± S.D (Standard Deviation) for three samples of triplicate analysis.
**Means followed by different letters in the same line are significantly different (P < 0.05) by Tukey’s test.
ΣSFA: Saturated Fatty Acids, ΣMUFA: Monounsaturated Fatty Acids, ΣPUFA: Polyunsaturated Fatty Acids, ω6: Total of omega 6 fatty acids, ω3: Total of ome-
ga 3 fatty acids.

of c20:5ω3 was between 1.88% (in the mantle) 
and 2.70% (in the digestive gland) (table 1). the 
highest value of ω3 was found to be 10.10% in 
the digestive gland because of relatively high 
percentage of c18:3ω3 (7.30%) (table 1). the 
differences in the level of ω3 and ω6 fatty acids 

table 2 - Major fatty acids compositions (%) of the tissues from Helix lucorum.

Tissues Predominant six fatty acids of Helix lucorum and their percentages (%) Total percentages (%)

Gonad C20:4ω6 C18:2ω6 C18:1ω9 C16:0 C18:0 C20:2ω6 78.99
 (17.49) (16.12) (13.14) (10.94) (10.78) (10.52)

Mantle C18:2ω6 C16:0 C20:4ω6 C18:0 C18:1ω9 C20:2ω6 78.03
 (18.77) (14.04) (12.25) (11.65) (11.23) (10.09)

Digestive gland C18:2ω6 C18:1ω9 C16:0 C20:4ω6 C18:0 C18:3ω3 79.37
 (24.44) (17.18) (13.17) (8.89) (8.39) (7.30)
Cephalopedal C18:2ω6 C18:1ω9 C20:4ω6 C18:0 C16:0 C20:2ω6 68.10
 (19.21) (15.76) (12.76) (11.42) (8.95) (8.28)
Whole body C18:2ω6 C18:1ω9 C16:0 C20:4ω6 C18:0 C20:2ω6 78.23
 (20.78) (18.20) (12.55) (11.23) (8.92) (6.55)

of species is potentially due to dietary  factors 
because marine plankton are rich in ω3 fatty 
acids, while terrestrial and freshwater  plank-
tons are rich in ω6 acids (SArGENt, 1976). Ad-
ditionally, endogenous factors such as genet-
ic, physiology, biochemical reaction etc. may 
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affect accumulation of ω3 and ω6 fatty acids 
in the species tissues.

the maximum amount of ΣSFA (saturated fat-
ty acids), ΣMUFA (monounsaturated fatty acids) 
and ΣPUFA (polyunsaturated fatty acids) were 
found in the mantle (31.25%), in the cephalo-
pedal (23.56%) and in the gonad (55.81%), re-
spectively. It is of the interest that a considera-
ble amount of ΣPUFA was detected in all tissue 
analyses. ΣPUFA level of each tissue was higher 
than 50% (except cephalopedal tissue which is 
49.92%) nearly equal to sum of ΣSFA and ΣMUFA 
levels. ΣPUFA levels of the tissues detected high 
because of high concentration of c18:2ω6, 
c20:2ω6 and c20:4ω6 (table 1). It was report-
ed that ΣPUFA level was higher than ΣMUFA and 
ΣSFA levels in L. maximus, P. andersoni and A. 
ater slugs (ZHU et al., 1994). In edible snail H. 
aspersa, sum of ΣMUFA and ΣPUFA was 55.02% 
and ΣPUFA was at the highest level (ÇAĞILtAY et 
al., 2011). In an another edible snail H. aspersa 
maxima, ΣPUFA levels were also obtained at high 
percentages (between 46.40-54.97%) (MILINSK 
et al., 2006). on the other hand, it has been ex-
pressed that high ΣSFA (37.87%) and low ΣPUFA 
(25.83%) level were found in edible snail H. po-
matia (ÖZoĞUL et al., 2005). briefly, tissues of 
H. lucorum are characterized by high percentag-
es of PUFA. However, lipid and fatty acid con-
tent of a snail tissue mostly depends on sever-
al factors such as seasonal changes, nutrition-
al availability, environmental factor, physiology, 
reproduction, tissue functions, etc. the notable 
difference being the high level of ΣPUFA with a 
somewhat decreased relative concentration level 
of ΣSFA and ΣMUFA in the snail tissues proba-
bly relative to temperature conditions because, 
the samples were collected during April when 
temperature is still low (approximately 15°c).

Prostaglandins are considerably important 
molecules in mollusc physiology such as possi-
ble renal function, ion regulation in gill, and re-
productive functions in gonad (StANLEY-SAMUEL-
SoN, 1987). It is empathized that egg production 
in freshwater snail Helisoma durgi was stimulat-
ed by prostaglandins (KUNIGELIS and SALEUD-
DIN, 1986). In comparison with other fatty ac-
ids, c20:4ω6 (precursors of prostaglandins) was 
in fair amount in the tissues particularly in the 
gonad (17.49%). Probably, this high value is re-
lated to reproduction activity or accelerated feed-
ing activities after emerging from hibernation. 

the digestive gland (3.54%) and gonad (2.52%) 
of the snail exhibited maximum reserve of total 
lipid whereas mantle (0.93%) and cephalopedal 

(1.21%) contained relatively low quantities (ta-
ble 3). this signifies that digestive gland and go-
nad are more active organs. It was declared that 
these organs had major proportion of total lipid 
in gastropod (VooGt, 1983). In the study of T. 
telescopium, total lipid amount was found to be 
36.91% in the digestive gland, 13.44% in the 
mantle, 11.67% in the cephalopedal (rAKSHIt et 
al., 1997). the results are very high for an edible 
land snail. the most of the studies mentioned 
that land snails contain low quantities of lipid 
(ÖZoĞUL et al., 2005; MUrPHY, 2001). total li-
pid percentages of H. aspersa maxima varied be-
tween 0.45% and 2.66% (MILINSK et al., 2006).

In conclusion, given improved cultural tech-
niques, H. lucorum become the potential a rich 
source of unsaturated fatty acids; c18:1ω9, 
c18:2ω6, c20:2ω6 and c20:4ω6 (ω6 fatty acids) 
that the snail meet contains significant amount 
of essential fatty acid (c18:2ω6). PUFAs with 
more than 20 c atoms are indicating that the 
use of this food is good for diets, irrespective of 
total lipid content. In addition, the results can 
be important guide for further investigation on 
physiological, biochemical and systematic stud-
ies of molluscs.
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AbStrAct

Dates Pits Powder (DPP) was added to bread flour intended for formulations contained 4, 8, and 
12% DPP. the enriched bread could deliver 1.33, 0.88, and 0.44 g of soluble fiber / per serving 
which meets FDA requirement for health claim. Higher Farinograph water absorption and mix-
ing tolerance (MtI) was increased due to DPP addition, as well as the water holding capacity. the 
dough resistance to extension (rE) of the control flour has significantly increased (p≤0.5) at all 
DPP contents. bread loaf volume was significantly dropped whereas the color of the crumb be-
came darker in color. bread staling increased as a function of DPP levels, but this effect was lim-
ited to storage temperature and DPP level rather than storage time. the 0% DPP blend stored at 
25°c showed the least firmness, while the greatest firmness recorded was the control stored at 
room temperature for 5 days.
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1. INtroDUctIoN

Dates palm trees (Phoenix dactylifera) are 
common in the Middle East. the seed consti-
tutes about 10-15% of the fruit and mostly 
used as animal feed (HUSSEIN et al., 1998). 
the chemical composition of the date seeds 
is about 5% moisture, 6% proteins, 11% fat, 
1.5% ash, 52% dietary fiber and high level of 
phenolics (33102-4430 mg/100 g) (ALFArSI 
et al., 2007; HAMADA et al., 2002). MoHAM-
ED et al. (2010) reported the addition of de-
fatted dates seed fiber concentrate to replace 
wheat flour in bread at 1 and 3%. Doughand 
bread evaluation revealed that, fine concen-
trate caused decrease in bread loaf-volume, 
change in crumb color and slightly increase 
in bread crumb firmness. on the other hand, 
the addition of coarse material significantly 
affected dough mixing characteristics, de-
creased loaf volume, bread crumb firmness 
(P < 0.05) and increased the fiber content 
of bread. AL-FArSI (2008) optimized dietary 
fiber, antioxidants extraction using different 
organic solvents, and showed that dates pits 
can be an in-expensive source of dietary fib-
er and antioxidants. the thermal analysis of 
defatted date pits revealed no sign for glass 
transition which means very low molecular 
mobility or high crystallinity of the carbo-
hydrates content (rAHMAN et al., 2007). the 
mathematical modeling of water absorption 
by date pits reached its saturation at 41.5% 
after 10 days (JI et al., 2004). compared to 
oven and sun drying, freeze drying gave the 
maximum date-fiber concentrate with the 
highest swelling, water holding and oil ca-
pacities (cHEMA et al., 2011). 

Many reports in the literature referring 
to dietary fiber-enrich bread and the effect 
of fiber on the dough and the final quality 
of bread (ANIL, 2007; coLLAr et al., 2007; 
UYSAL et al., 2007; YUtHANA et al., 2008). 
Scientists have described soluble fiber com-
ponent as cholesterol lowering agent when 
consumed in a low fat diet (WU et al.,1994). 
A health claim can be made as allowed by 
FDA when soluble fiber is consumed at 3 g 
per day (Food & Drug Administration, 1997) 
or 0.72 g per serving (one bread serving is 
30 g as is or 21 g dry basis). the objectives 
of the study were (a) to introduce a new local 
source of soluble fiber by using dates pits, 
a by-product of the dates industry in Sau-
di Arabia, the largest producer of dates in 
the world. (b) increase the amount of solu-
ble fiber in bread by adding the appropriate 
amount of dates pits powder to bread for-
mulation to a minimum of 0.75 g per serv-
ing (2.5% as is or 3.5% dry basis), and (c) to 
examine the effect of dates pits powder on 
flour dough rheological properties and over 
all fresh and stored bread quality.

2. MAtErIALS AND MEtHoDS

2.1. Collection and preparation 
of raw materials

Wheat flour (Qatar Flour Mills co.) was pur-
chased from a local market. the composition 
of wheat flour provided by the supplier as, fat 
1.3%, total carbohydrates 72.6%, protein 12.5% 
and crude fiber 0.2%. the berhi date pits were 
obtained from the dates processing unit of the 
Dates Industries and research chair, King Saud 
University, riyadh, Saudi Arabia. Pits were col-
lected the dates processing at three different 
processing periods which was based on new in-
coming load of fresh dates. Each pits batch was 
treated separately and considered a rep. the 
date pits were washed thoroughly to remove all 
types of mucilaginous material then dried un-
der shade and stored. the milling of date pits 
was done in two steps using two different mills 
to obtain date pits powder (DPP). At first, date 
pits were coarsely ground using retsch mill, 
5657 HAAN, Germany. the coarsely ground date 
powder grits were further reduced in size using 
Perten Laboratory Mill 3100, Perten Instruments 
Sweden. the powder obtained from Perten mill 
was then sieved through 60 and 80 mesh sieves 
and stored separately at 4°c till further use. the 
baking ingredients like salt, sugar, shortening, 
yeast, milk powder and improver were also pur-
chased from a local market.

2.2. Preparation of wheat flour 
and DPP blends

Date pit powder/wheat flour blends were pre-
pared by replacing wheat flour with 60 or 80 
mesh DPP at 4, 8 and 12% levels in triplicates. 
the levels were chosen after a trial for up to 20% 
replacement, but the dough handling was im-
possible beyond 12%. this level was also deliv-
ered enough fiber to make health claim as men-
tioned above. Wheat flour without DPP was used 
as a control in all types of analysis.

2.3. Dough Properties

2.3.1. Farinograph studies

Wheat flour and blends were tested using 50 
g mixing bowl on a computerized Farinograph 
according to the AAccI (2000) approved meth-
od No. 54-21. the results were reported for wa-
ter absorption (%), development time (minutes), 
dough stability time (minutes), mixing tolerance 
index (bU), time to break down (minutes) and 
Farinograph quality number (FQN).

2.3.2. Water holding capacity

Water holding capacity (WHc) of wheat flour/
blends was determined according to the method 
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adopted by trAYNHAM et al. (2007) with some 
modifications. Wheat flour or blends (1.5 g) were 
dispersed in 28.5 mL of distilled water in a 50 
mL centrifuge tube. tubes were agitated for 10 
min, let to rest for 1 h, and then centrifuged at 
4,500 rpm for 30 min. After decanting the su-
pernatant, each tube was weighed and WHc (g 
of water/g flour) was calculated as:

WHc= [(wt of tube after decanting - wt of dry 
tube) - total flour wt (g)] / total flour wt (g)

2.3.3. Extensograph testing

Stretching properties of wheat flour and 
blends were determined using a computerized 
brabender extensograph (brabender, Duisburg, 
Germany). Flour doughs were prepared in Fa-
rinograph, cut into three parts of 150 g each, 
and passed through the balling unit of the ex-
tensograph following the short method with re-
duced proofing time. After 30 min resting in the 
fermentation cabinet, the dough was stretched. 
After this first test, the balling and moulding 
operations were repeated and the dough was 
tested after another resting time of 30 min (to-
tal 60 min). the same procedure was repeated 
for a third time after 90 min rest time. the re-
sults were expressed as: (a) energy (E), the work 
applied for stretching the dough and is an in-
dex of the flour quality (expressed in cm2); (b) 
resistance to constant deformation after 50 mm 
stretching (r50); (c) extensibility (Ex), is indicat-
ed by the length of the curve expressed in mil-
limeters (mm); (d) maximum bU is the maximum 
height of the curve; (e) r/Ex ratio indicates the 
balance between dough strength (resistance to 
extension) and the extent to which the dough 
can be stretched before breaking (extensibility).

2.4. Bread properties

2.4.1. Baking procedure

the quantities of dry ingredients were calcu-
lated as percent based on flour weight. baking 
performance of the control flour and blends was 
determined on pup loaves using AAccI (2000) 
Method No. 10-09. the 100 g blends were mixed 
with 3 g instant dry yeast, 6 g sugar, 0.015 g im-
prover (High Power Improver: wheat flour, anti-
oxidant E 300, alpha amylase, hemicellulase), 
4 g fat free instant milk powder, 1.5 g salt and 
5 g shortening. the amount of water used for 
making the dough was in the range of 63% (con-
trol) to 66% for various blends as determined by 
mixing and feeling the dough. the mixing time 
was 9 and 11 min for the control and blends, 
respectively. the dough was proofed for 60 min, 
punched and proofed for another 30 min. Af-
ter second proofing and punching, the dough 
was sheeted, moulded, placed in the pan, and 
proofed for another 30 min prior to baking. All 

loaves were baked at 220°c for 20 min. the 
baked breads were allowed to cool at room tem-
perature for two hours before loaf volume was 
recorded. breads were then sliced and used for 
other analysis.

2.4.2. Crumb color

bread crumbs of the control and the blends 
were dried at room temperature and powdered 
in coffee grinder. the color values: L*(Lightness), 
a* (redness) and b* (Yellowness) of dried bread 
crumb powders were determined using SA-
tAKE color Grader, NcGA, Japan with a D65 
light source.

2.4.3. Bread firmness

bread firmness was determined using a tex-
ture analyzer (tA HDI ® Stable Micro system tex-
ture Analyzer) following the AAccI (2000) Meth-
od 74-09. bread slices were stored at three dif-
ferent temperatures: room temperature, 5° and 
-20°c for 7 days. Firmness using 3 center slic-
es (30 mm thick) was determined on day 2, 5, 
and 7 using 5 mm cylindrical Probe with 50 kg 
load cell. the only sample tested after one day 
of storage is the room temperature while the all 
samples were tested at all DPP levels and tem-
peratures. the data was processed using tex-
ture Expert Exceed ®software.

2.5. Rapid Visco-Analyzer 
measurements (RVA)

2.5.1. Pasting properties

Pasting properties of the wheat flour blends 
were determined using a rapid Visco Analyzer 
(Newport Scientific, Sydney, Australia). Wheat 
flour or blends (3.5 g at 14% moisture basis) 
were directly weighed into aluminium rVA can-
isters and distilled water was added to achieve 
a total weight of 28.5 g. the obtained slurry was 
held at 50°c for 50 s, heated to 95°c in 3:42 min 
(at 12.16°c/min) and held at 95°c for 2 hr and 
30 min. It was then cooled to 50°c in 2 min (at 
11.84°c/min) and held at 50°c for 2 min. the 
rotating speed of paddle was 960 rpm for the 
first 10 s and then reduced and kept at 160 rpm 
throughout the remainder of the experiment. All 
measurements were done in triplicate and the 
thermocline window software was used to pro-
cess the data.

2.5.2. Gel texture

Gel texture parameters were determined on 
the gels prepared in the rVA as described above. 
the gels (35 mm in height) were transferred into 
25 mLbeakers having internal diameters of 30 
mm and stored overnight at room temperature. 
Gels were compressed using brookfield ct3 tex-
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ture Analyzer (brookfield Engineering Laborato-
ries, Inc. Middleboro, USA) in two penetration 
cycles at a speed of 0.5 mm/s to a distance of 
10 mm using 12.7 mm wide and 35 mm high 
cylindrical probe. Gel hardness, springiness, 
cohesiveness and adhesiveness were recorded. 
the gumminess was calculated as a product of 
hardness and cohesiveness while chewiness as 
a product of gumminess and springiness.

2.6. Statistical analysis

All measurements were done in triplicate. one 
way analysis of variance technique was used to 
study the effect of DPP levels on wheat flour rhe-
ological and baking properties. Duncan’s Multi-
ple range (DMr) test at p≤0.05 was used to com-
pare means using PASW® Statistics 18 software.

3. rESULtS AND DIScUSSIoN

3.1. Dates pits fiber contents distribution

the proximate fiber composition of wheat flour 
(hard red spring wheat) were; 0.66, 0.97, and 
1.63% for soluble fiber, insoluble fiber and to-
tal dietary, respectively (MoHAMED et al., 2008). 
the dates pits fiber content was determined for 
the samples taken from the same Dates Indus-
tries and research chair, King Saud Universi-
ty, riyadh, Saudi Arabia and tested according 
to AoAc method 962.09 (AoAc 190) (Huthail 
Najib and Yousef M. Al-Yousef). the soluble fib-
er content of dates pits powder (DPP) (60 or 80 
mesh) was calculated by subtracting the sum of 

cellulose (40%), hemicellulose (15%) and lignin 
(8%) from the total dietary fiber content of DPP 
(100%) which was turn out to be 37%. the sol-
uble fiber content of the 12% DPP, 8% DPP, and 
4% DPP-containing bread samples were 1.33, 
0.888, and 0.444 g / bread serving as is (one 
bread serving is about 30 g), respectively. the 
term “as is” when it is used for bread, it means 
that one bread serving is 30 g as is or 21 g dry 
basis considering the bread moisture content 
is 30% on the average. based on these results, 
the requirements set by the FDA (0.75 g/serv-
ing as is or in 21 g dry basis), the 12 and 8% 
DPP breads can be considered as meeting the 
FDA requirement for health claim. these calcu-
lations were made without including the soluble 
fiber naturally exists in the bread flour.

3.2. Farinograph

the water absorption of the blends has in-
creased by about 1.5% compared to the con-
trol in the presence of both pit powder (60 or 80 
mesh). As seen in table 1, samples containing 
12% DPP exhibited lower water absorption than 
the control, which could be due to the increase 
in oil content naturally found in DPP (about 11% 
oil content). the presence of oil could accelerate 
gluten network formation thus the overall water 
distribution dynamics in the dough.

Mixing flour and water for dough formation 
is the most critical step of dough development 
that requires precise mixing time and exact 
amount of available water. the significance of 
dough mixing is evident in the di-sulphide bond 
formation between gluten (wheat proteins) frac-

table 1 - Farinograph data of Hard red Spring wheat flour blended with different levels of dates pits powder of 60 and 80 
mesh particle size.

 Wheat flour + Date pit powder 60 mesh

 0% 4% 8% 12%

Water absorption (%) 63.77±0.15b 64.17±0.21c 64.63±0.06a 63.07±0.31d
Development time (min) 8.43±0.15d 10.23±0.96c 10.90±0.36b 15.80±0.53a
Dough stability time (min) 17.16±1.06b 16.43±0.97b 18.70±0.69a 19.07±0.21a
Mix tolerance index (BU1) 21.33±4.16c 29.67±6.66bc 34.67±8.08ab 46.00±7.21a
Time to break down (min) 16.80±2.55ab 16.00±0.62b 18.47±2.66ab 20.00±0.00a
FQN2 168.00±25.53ab 160.00±6.24b 184.67±26.56ab 200.00±0.00a

 Wheat flour + Date pit powder 80 mesh

Water absorption (%) 63.77±0.15c 64.27±0.15b 64.57±0.15a 63.20±0.17d
Development time (min) 8.43±0.15b 9.20±0.26b 10.70±0.44b 14.30±2.46a
Dough stability time (min) 17.16±1.06ab 15.07±2.70b 17.80±1.99ab 18.83±0.15a
Mixing tolerance index (BU) 21.33±4.16b 26.67±8.08b 27.00±3.61b 39.33±5.03a
Time to break down (min) 16.80±2.55ab 15.40±2.07b 18.20±2.38ab 20.00±0.00a
FQN 168.00±25.53ab 154.00±20.66b 182.00±23.81ab 200.00±0.00a

Means carrying same letters in rows are statistically non-significant.
1BU=Brabender Units;
2FQN=Farinograph Quality Number.
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tions. Mixing results in gluten film formation, 
which is essential for enfolding dough compo-
nents together, thus forming a viscoelastic mate-
rial (dough). Farinograph testing was employed 
to determine the effect of DPP on the water ab-
sorption and the mechanical properties of the 
formed dough. the water required for dough 
maximum consistency in the Farinograph was 
different from that needed for the dough used 
for baking. that is due to the presence of addi-
tional ingredients to the bread formulation be-
side the flour/water used for Farinograph in ad-
dition to the different type of mixing used rel-
ative to the Farinograph mixing (table 1). De-
spite the difference in the amount of water re-
quired for dough formation, the Farinograph is 
an appropriate tool to test the effect of DPP on 
the mechanical rheology of wheat flour. DPP 
presence has increased the Farinograph water 
absorption of the control by 3% for the blends. 
the dough mixing tolerance index (MtI) is de-
fined as the difference in brabender Units (bU) 
between the top of the Farinograph-profile peak 
and 5 min later, where larger differences indi-
cate increasing DPP influence on the control. 
MtI of wheat flour had increased in the presence 
of the 60 and 80 mesh DPP, where MIt of the 4, 
8, and 12% 60 mesh DPP were increased from 
21.3 bU (the control) to 29.7, 34.7, and 46 bU, 
respectively. the 80 mesh DPP added at 4, 8, 
and 12% has increased MIt form 21.3 to 26.7, 
27.0, and 39.3 bU, respectively (table 1). Fur-
ther increase in DPP content resulted in addi-
tional increase in MIt of the control but, there 
was slight difference between 4 and 8% blends. 
Dough stability has significantly increased at 8 
and 12% DPP (p≤0.5) compared to the control 
(control 17.2 min and blends 18.7 or 19.1 min) 
due to high oil content of the DPP. Dough sta-
bility is defined as the difference in min between 
the time when the top of the curve reaches 500 
bU and the time where it departs the 500 bU. 
once again, particle size of DPP has different ef-
fect on the dough stability, where 60 mesh has 
more influence than the 80 mesh. the effect of 
DPP on the Farinograph profile of the control 
could be attributed to the presence of fiber and 
the relatively high oil content. the influence of 
these components on MIt and dough stability is 
due to their ability to either compete with glu-
ten for water (fiber) or help gluten to spread and 
form the network needed for dough formation 
(oil) thus influencing the overall dough mechan-
ical rheology. this way, the quality of the final 
product, such as loaf volume and crumb quality, 
will be influenced. the arrival time is also one of 
the dough quality parameters obtained from the 
Farinograph testing and described as is the time 
needed for the curve to reach the 500 bU mark, 
where longer arrival time indicates slower glu-
ten development during mixing. consequently, 
this will increase dough mixing time and delay 
bread production. the arrival time for the con-

trol flour was 1 min while the 12% blend need-
ed 2.2 min to arrive. the overall dough devel-
opment time of the control has significantly in-
creased from 8.5 min to 15.8 min for the 12% 
blend (table 1). this increase is attributed to the 
competition between the flour and DPP compo-
nents for water as well as the high oil content 
in DPP. the 80 mesh sample required 14.3 min 
development time for the 12% blend.

3.3. Water holding capacity

Water-holding capacity (WHc) is an important 
protein–water interaction that occurs in different 
types of food systems which was defined as the 
ability of a protein network to absorb and retain 
bound, hydrodynamic, capillary, and physical-
ly entrapped water (DAMoKArM, 1997). Several 
wheat flour components are documented to in-
fluence water-retention potential, including pen-
tosans, damaged starch, and glutenin. the wa-
ter holding capacity of the control flour has sig-
nificantly increased at all DPP blends, where the 
8% DPP exhibited the highest value. the 12% 
blend showed lower value than the 8% possibly 
due to the high oil content of this blend which 
contains more oil than the 8%. the particle size 
difference between 60 and 80 mesh seems to be 
too narrow to cause significant difference in the 
water holding capacity of the control flour (Fig 
1). the drop in water holding capacity at higher 
DPP could be due to higher oil content interac-
tion with glutenin which prevented gluten from 
water absorption.

3.4. Extensograph properties

the data collected from an Extensograph in-
cludes a force-time curve for a piece of dough 
stretched until it breaks. the measured param-

Fig. 1 - Water holding capacity of control wheat flour blends 
with different levels of date pit powder of 69 and 80 mesh 
particle size.
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eters help describe gluten strength and dough 
extensibility characteristics of flour for a wide 
range of products. Extensograph test can also 
evaluate the effects of ingredients and fermenta-
tion time on dough functionality. the addition of 
fiber, such as non-starch polysaccharides, was 
observed to either positively or negatively influ-
ence wheat flour dough properties. Although 
non-starch polysaccharides are less viscous, its 
higher molecular weight might allow a better in-
teraction with starch–gluten complex thus im-
prove dough properties. Addition of water-insol-
uble non-starch polysaccharides was shown to 
decrease dough extensibility (KULP and bEcH-
tEL, 1963). However, addition of water-soluble 
non-starch polysaccharides increased both re-
sistance to extension and extensibility in a way 
similar to the effect observed with dough im-

provers (bLoKSMA, 1971). the resistance to ex-
tension (rE) of the control flour has significant-
ly increased (p≤0.05) at the 4 and 8% DPP lev-
els, where the rE of the 12% DPP dropped rel-
ative to 8%, but it was still significantly high-
er than the control (table 2a and b). the differ-
ent behavior of the 12% was also noticed dur-
ing the discussion of the Farinograph data pos-
sibly due to the presence of oil as well as the 
fiber. the behavior of the 60 and 80 mesh was 
similar except that the 80 mesh showed higher 
rE values. rAo et al. (2007) reported similar be-
havior of water soluble non-starch polysaccha-
rides related to rE of dough. Dough extensibili-
ty (DE) has significantly and linearly dropped as 
a function of DPP level (table 2a and b), where 
the 60 mesh kept DE at higher levels compared 
to the 80 mesh.

table 2a) - Extensograph data of Hard red Spring wheat flour blended with different levels of dates pits powder of 60 mesh 
particle size.

Dough rest time DP Level Energy (cm2) Resistance to extension (BU) Extensibility (mm) Max (BU) Ratio No.

30 minutes 0% 104.3±4.9a 456.3±42.5b 136.3±5.0a 570.7±57.6a 3.3±0.5c
  4% 94.3±13.8b 458.3±24.8b 129.3±10.1a 534.7±47.1a 3.6±0.1c
  8% 90.0±4.6b 558.0±17.4a 111.3±5.5b 595.3±18.9a 5.0±0.4b
  12% 60.0±2.0c 538.0±33.2a 80.7±2.1c 546.3±30.1a 6.7±0.6a

60 minutes 0% 128.7±6.5b 596.3±2. 9c 130.7±6.5a 768.0±9.8c 4.6±0.2c
  4% 135.3±18.2a 704.0±58.9b 122.3±4.6a 865.3±89.8b 5.8±0.4c
  8% 133.3±4.2ab 901.7±25.7a 104.3±4.0b 1021.3±17.6a 8.7±0.5b
  12% 89.7±5.5c 897.3±28.2a 77.0±3.6c 898.3±28.2b 11.6±0.8a

90 minutes 0% 137.3±7.6a 670.3±32.0c 127.0±2.0a 866.7±40.6b 5.3±0.3d
  4% 151.0±9.5a 841.3±44.9b 119.7±4.2a 995.7±40.5b 7.1±0.4c
  8% 140.3±14.6a 1045.7±42.5a 100.3±10.5b 1174.3±8.5a 10.5±1.5b
  12% 94.7±11.9b 1034.0±71.9a 72.3±4.9c 1043.0±69.1b 14.3±0.5a

Means carrying same letters in columns for particular dough rest time are non- significantly different;
DPP=Date Pits Powder.

table 2b) - Extensograph data of Hard red Spring wheat flour blended with different levels of dates pits powder of 80 mesh 
particle size.

Dough rest Time DP Level Energy (cm2) Resistance to extension (BU) Extensibility (mm) Max (BU) Ratio No.

30 minutes 0% 104.3±4.9a 456.3±42.5b 136.3±5.0a 570.7±57.6a 3.3±0.45c
 4% 104.3±8.0a 579.0±30.6b 116.7±7.2b 666.3±23.0a 5.0±0.4c
 8% 79.0±5.3b 666.0±36.0a 87.3±3.8c 675.3±4a 7.7±0.5a
 12% 63.0±6.2c 539.7±30.9b 84.7±5.1c 540.7±30.6b 6.4±0.4b

60 minutes 0% 128.7±6.5a 596.3±2.9d 130.7±6.5a 768.0±9.8c 4.6±0.2c
 4% 140.7±21.5a 851.3±21.1c 111.3±11.6b 1002.0±26.8b 7.7±0.7b
 8% 119.3±4.9ab 1089.3±108.1a 85.7±3.8c 1119.3±98.6a 12.8±1.8a
 12% 102.3±5.1b 977.7±29.6b 81.0±2.6c 990.3±35.6b 12.1±0.3a

90 minutes 0% 137.3±7.6a 670.3±32.0c 127.0±2.0a 866.7±40.6b 5.3±0.3d
 4% 146.0±19.1a 986.3±90.5b 103.7±6.7b 1147.0±132.6a 9.5±0.9c
 8% 117.0±19.2a 1273.0±108.9a 75.7±7.0c 1281.7±108.04a 16.9±2.0b
 12% 115.7±16.8a 1163.7±54.1a 79.7±7.2c 1170.7±63.1a 14.7±0.7a

Means carrying same letters in columns for particular dough rest time are non significantly different.
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3.5. Rapid Visco-Analyzer (RVA)

the rapid Visco-Analyzer (rVA) data showed 
that flour peak viscosity (PV) was significantly 
dropped (p≤0.05) as a function of DPP content 
in the blends. the cause of PV drop could be at-
tributed to the less flour content in the blend, 
but looking at the extent of drop in PV, it is ap-
parent that some of the drop is due to DPP pres-
ence (table 3). For instance, the addition of 4% 
DPP should reduce PV by 4% due to less starch 
in the blend i.e., PV of flour was 3457 cen-
tipoise (cP) should drop to 3318, but it dropped 
to 3076 indicating that 242 cP (3318-3076) is 
due to DPP presence. the 3318 cP drop is the 
theoretical drop of the control by 4% due to the 
absence of flour and the 3076 cP is the actual 
rVA reading of the sample. the presence of 8% 
and 12% exhibited a drop of 462 and 569 cP 
due to DPP. cHAISAWANG and SUPHANtHArIKA 
(2006) and GoNErA and corNNILLIoN (2002) re-
ported a mechanism in regards to PV decrease 
at higher xanthan gum. this can be accredited 
to xanthan gum capacity to completely cover 
starch granules and alleviate granules associa-
tion and restrict swelling as shown by the con-
focal microscope and scanning electron micro-
scope. the limited granules swelling resulted in 
lower peak viscosity. Previous reports showed 
increase in PV of rice starch blended with okra 
gum which could possibly be due to adequate 
granules swelling and okra gum ability to pro-
mote granule association which resulted in high-
er gum concentration located in the continuous 
phase (ALAMrI et al., 2012). In the presence of 
DPP, the drop in PV can be interpreted by its 
ability to prevent starch granules association 

Fig. 2 - rapid visco analyzer profile of wheat flour blends 
with different levels of date pits powder of 60 and 80 mesh 
particle size.

table 3 - rapid visco-analysis data of wheat flour blended with different levels of dates pits powder of 60 or 80 mesh parti-
cle size.

 Wheat flour + Date pit powder 60 mesh

 0% 4% 8% 12%

Peak Viscosity 3457±77.1a 3076±3.5b 2718±14.8c 2473±15.6d
Breakdown 1353±76.4a 1214±120.2ab 1125±26.2b 1038±61.5b
FinalViscosity 3916±24.4a 3500±24.7b 3101±29.7c 2780±15.6d
Set back 1813±129.4a 1639±99.0ab 1508±41.0bc 1345±61.5c
Peak Time 6.2±0.10a 6.2±0.18a 6.1±0.04a 6.03±0.14a
Peak Temp 68.125±0.46a 68.4±1.06a 68.5±0.07a 68.15±0.64a

 Wheat flour + Date pit powder 80 mesh

Peak Viscosity 3457±77.1a 3040±6.4b 2709±89.8c 2370±103.2d
Breakdown 1353±76.4a 1238±50.2a 1056±57.3b 997±59.4b
FinalViscosity 3916±24.4a 3452±29.7b 3075±73.5c 2666±83.4d
Setback 1813±129.4a 1650±73.5a 1422±41.0b 1293±39.6b
Peak Time 6.2±0.10a 6.165±0.05a 6.24±0.05a 6.07±0.00a
Peak Temp 68.125±0.46a 68.175±0.53a 69.27±0.11a 68.92±0.67a

Means carrying same letters in rows are statistically non significant.
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and reduce swelling by covering starch granules 
(table 3 and Fig. 2). DPP effect can be attributed 
to two factors, the presence of soluble fiber that 
might prevent granules association or the pres-
ence of oil that could prevent granules swelling 
(AZIZI and rAo, 2005), thus reducing the peak 
viscosity. the effect of DPP on the starch set-
back (Sb) could be discussed in the same man-
ner as PV, where the overall significant drop in 
Sb was shown to be due both, absence of starch 
and action of DPP (table 3). the effect on Sb 
due to the 60 mesh DPP was 101.5, 159.9, and 
250.4 cP for the 4, 8, and 12% DPP, respective-
ly. the 80 mesh DPP exhibited 90.5, 245.9, and 
302.4 cP for the 4, 8, and 12% DPP, respective-
ly. the larger surface area of the 80 mesh DPP 
appeared to reduced Sb more than the 60 mesh 
(table 3). the final viscosity showed compara-
ble trends as the PV and Sb.

the data in table 4 illustrate values for hard-
ness of wheat flour gels and blends containing 
4, 8, and 12% of the 60 mesh DPP. Hardness is 
the force required to compress a food between 
molars and defined as force necessary to achieve 
given deformation. An interesting observation 
is the fact that the firmness of the control gels 
was slightly lowered by the 8 and 12% DPP. Al-
though the rVA peak viscosity, setback, and fi-
nal viscosity were significantly reduced by DPP, 
gel hardness appears to be less influenced by 
DPP presence. this can be attributed to the fact 
that gel hardness test was done at room temper-
ature and rVA data was collected at tempera-
tures higher than 50ºc and under mixing. In es-
sence, changes in starch gelatinization parame-
ters are due to the presence of components other 
than starch in the control (wheat flour), but DPP 
components appeared to make up for the lost 
amylose due to less starch and maintained gel 

hardness closer to the control. In other words, 
the replacement of wheat flour with DPP caused 
reduction of starch in the blend which in turn 
reduces amylose content in the sample (amyl-
ose is main controller of gel hardness). Previous 
researchers reported the addition of guar gum 
among other gums to wheat flour and noticed 
that guar gum maintained gel hardness closer 
to the control in a replacement study (brENNAN 
et al., 2008). the effect of DPP on gel hardness 
was similar to guar gum, where other gums, 
such as Arabic gum, caused softer gel. the tex-
ture of gels could not be correlated with their fi-
nal or peak viscosity and appeared to be inde-
pendent of pasting characteristics observed by 
the rVA. the 80 mesh DPP showed significant 
reduction on gel hardness at all three replace-
ments levels (4, 8, and 12%), while all three lev-
els required same deformation force (table 4). 
It is apparent that DPP particle size influenced 
gel characteristics as it did on the final quality 
of bread as a similar trend reported by MoHAM-
ED et al. (2010) regarding the correlation be-
tween gel characteristics and final bread qual-
ity. cohesiveness, which is the strength of in-
ternal bonds making up the body of the gel, ex-
hibited no significant change in the presence of 
DPP, whereas springiness, which is ratio of the 
height when the sample springs back after the 
compression compared to the maximum defor-
mation, showed no significant change compared 
to the control. Adhesiveness is the work neces-
sary to overcome the attractive forces between 
the surface of the food and the surface of other 
materials with which the food comes into con-
tact. In the presence of DPP, adhesiveness was 
significantly higher at 8 and 12% DPP indicat-
ing stronger gel body, while gumminess was not 
significantly changed. the 80 mesh DPP exhib-

table 4 - Gel texture analysis of wheat flour blended with different levels of dates powder of 60 and 80 mesh particle size.

 Wheat flour + Date pit powder 60 mesh

 0% 4% 8% 12%

Hardness (g) 110.50±10.61a 110.00±10.61a 102.00±0.00a 97.00±4.24a
Cohesiveness 0.47±0.01a 0.47±0.01a 0.43±0.04a 0.47±0.00a
Springiness(mm) 10.95±3.04a 8.90±3.04a 9.30±1.27a 10.15±0.07a
Adhesiveness (mJ) 0.75±0.07a 0.65±0.07ab 0.80±0.14b 1.25±0.21ba
Gumminess (g) 51.38±4.15a 51.15±4.15a 43.35±3.61a 45.59±1.99a
Chewiness (g) 562.64±110.67a 455.24±110.67a 403.155±88.71a 462.74±23.46a

 Wheat flour + Date pit powder 80 mesh

Hardness (g) 110.50±10.61a 91.00±1.41b 83.00±1.41b 81.00±1.41b
Cohesiveness 0.47±0.01a 0.47±0.01a 0.48±0.02a 0.49±0.00a
Springiness(mm) 10.95±3.04a 9.25±0.64a 9.80±0.28a 9.90±0.14a
Adhesiveness (mJ) 0.75±0.07a 0.95±0.21a 0.85±0.21a 1.05±0.21a
Gumminess (g) 51.38±4.15a 42.32±1.30b 39.43±2.43ba 39.69±0.69b
Chewiness (g) 562.64±110.67a 391.41±38.97a 386.37±34.99a 392.93±1.25a

Mean carrying same letters in rows are statistically non significant.
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ited no significant change on the cohesiveness, 
springiness, and adhesiveness (table 4). Gum-
miness of the 80 mesh containing samples was 
significantly reduced (p≤0.05). overall, softer gel 
compared to the control is due to the absence of 
amylose due to less starch in the blends, while 
more influence of the 60 mesh could be due to 
the less surface area that may allow more con-
trol on water mobility thus gels exhibit harder 
texture than the 80 mesh.

3.6. Bread quality

one of the good measures of wheat flour 
quality as well as the effect of added ingredi-
ents on the final bread quality characteristics 
is the bread loaf volume. the presence of DPP 
(both mesh sizes) significantly reduced bread 
loaf volume due to gluten dilution by DPP. In 
addition to other components, DPP powder 
contained around 52% fiber, 11% oil. Due to 
their structure, fiber absorbs a large amount 
of water, therefore interfering with gluten de-
velopment during dough mixing. Lack of com-
pletely developed gluten has a direct effect on 
dough formation, mixing time, and bread fi-
nal quality. In general, the greatest drop in 
loaf volume was at highest DPP content (ta-
ble 5). the presence of high oil and soluble 
fiber, in the formulation used here, appeared 
to have effect on the dough mechanical prop-
erties which was tested at (30°c) during Fa-
rinograph testing and not during the baking 
process. this could partially explain the high-
er dough stability results which did not match 
with the lower loaf volume for the same dough. 
Since the baking process is a hydro-thermal 
process, the behaviour of the dough system 
with altered formulation must be different at 

table 5 - Volume and instrumental color of bread prepared from wheat flour blended with different levels of dates pits pow-
der of 60 or 80 mesh particle size.

 Wheat flour + Date pit powder 60 mesh

 0% 4% 8% 12%

Bread volume (cm3) 663.47±11.58a1 509.13±3.93b 496.16±8.56b 370.62±3.14c
L*2 91.80±0.03a 78.26±0.02b 71.78±0.01c 66.75±0.01d
a*3 -0.44±0.03d 4.70±0.01c 6.29±0.00b 7.53±0.01a
b*4 6.41±0.01d 7.53±0.01c 7.60±0.03b 8.40±0.01a

 Wheat flour + Date pit powder 80 mesh

Bread volume (cm3) 663.47±11.58a 585.54±17.89b 509.32±10.12c 375.39±2.65d
L* 91.80±0.03a 77.31±0.01b 72.11±0.01c 65.75±0.00d
a* -0.44±0.03d 4.74±0.01c 6.40±0.03b 7.68±0.01a
b* 6.41±0.01d 7.74±0.01c 8.46±0.01b 8.89±0.01a

1Predicted mean values followed by the same letter within a row are not statistically significant; significantly different based on overlap of the 95% confidence 
intervals.
2L* = lightness, higher values indicate lighter color.
3a* = redness.
4b* = yellowness; higher color intensity is indicated by higher values.

the Farinograph temperature than at the bak-
ing temperature. In addition, the critical role 
of starch on the final loaf volume is well doc-
umented, because gelatinized starch forms a 
gel that maintains the final loaf volume, where-
as less starch in the bread formulation could 
lead to lower loaf volume. one of the ways to 
deal with the low loaf volume was to add vi-
tal gluten so that to counter the negative ef-
fect of DPP as reported in previous work (Mo-
HAMED et al., 2010), but that will increase the 
cost as well as it will darkens the color of the 
bread because of increase in Millard reaction 
due to higher protein content. considering the 
dark colored DPP in the blends, it was expect-
ed that bread color will be darker than the con-
trol (lower L* value). Similarly, samples with 
more DPP powder will be darker. the bread 
crust data in table 5 showed just that, where 
the L* value decreased significantly and in ac-
cordance to the DPP powder content, where the 
12% blend was the darkest. the crumb showed 
similar pattern with significant differences be-
tween blends. the redness (a*) and yellowness 
(b*) values of the crumb have significantly in-
creased relative to the DPP content compared 
to the control and in agreement with DPP lev-
el (table 5). the mesh size of DPP appeared to 
have less influence on bread color.

bread staling is one of the important char-
acteristic of stored bread, where bread aroma 
becomes less desired by consumers. Staling 
can be quantified by determining bread hard-
ness (texture). In the course of storage, am-
ylose and amylopectin retrogradation are be-
lieved to be the main cause of staling. Mono-
acylglycerols complexation with amylose was 
found to be effective in reducing staling (WILL-
HoFt, 1971). So that to ascertain the effect of 
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Fig. 3 - Firmness quality of breads made from wheat flour blends with different levels of date pit powder of 60 and 80 mesh 
particle size after 2, 5 and 7 days of storage at room temperature (25°c), 5° and -20°c  (Statistical significance is shown in 
table 6).

storage time and temperature on bread firm-
ness, testing was done at 25, 4.0, and -20°c 
for 2, 5, and 7 days. the time and tempera-
ture were chosen to mimic supermarket’s stor-
age conditions. on the first 2 days of storage 
only room temperature was tested for the con-
trol and the blends because the 4°and -20°c 
did not equilibrate at the respective tempera-
ture. Significantly at p≤0.05, the control (0% 
DPP) exhibited the lowest firmness compared 

to the blends (Fig. 3 and table 6). In addition 
to the increase in firmness of the control with 
time, the five days indicated uneven firmness 
increase while the 7 days indicated gradual in-
crease as a function of DPP level. Lower tem-
perature reduced bread firmness at both 5 and 
7 days storage time, but higher DPP content 
lead to higher firmness. the ANoVA results 
shown in table 6 also showed that higher DPP 
content increased bread firmness due to the 
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high fiber content. It is also worth mentioning 
that lower storage temperatures lead to statis-
tically insignificant difference between samples 
with different DPP content (table 6). Elevat-
ed amounts of fiber had direct effect on water 
migration from other bread components, such 
as protein and gelatinized starch, thus caus-
ing bread stiffness. this moisture distribution 
and trapping by fiber are the cause of higher 
firmness. bread enriched with soluble fiber is 
one of the popular products in the baking in-
dustry, where high soluble fiber and protein 
content were found to reduce bread firmness 
(MoHAMED et al., 2008). It is apparent from 
Fig. 3 and table 6 the greater influence of tem-
perature on bread firmness than storage time. 
the effect of particle size of DPP showed that 
bread with 80 mesh exhibited lower firmness 
compared to 60 mesh, but the overall trend of 
bread firmness was similar in the case of 60 
and 80 mesh. the 0% DPP blend stored at 25°c 
showed the least firmness, while the greatest 
firmness recorded was the control stored at 
room temperature for 5 days. It is noticeable 
that, blends with 12% DPP exhibited signifi-
cantly higher firmness within the same stor-
age time.

4. coNcLUSIoNS

Even though fiber enriched bread is consid-
ered specialty bread, the final bread loaf vol-
ume was as good as the control. the presence 
of DPP increased the fiber content of the 8 and 
12% blends to higher than the recommended 
levels by FDA for health claim. the rheological 
properties of the blends represented by Farin-
ograph and showed that mechanical properties 
are a good predictor of the blends baking perfor-
mance. this bread is a readily obtainable source 
for the daily recommended soluble fiber intake 
per bread serving.

table 6 - texture analyzer (50 kg cell load) bread firmness data of wheat flour blended with different levels of dates powder 
of 60 and 80 mesh particle size. this table is the detailed statistical analysis of the data presented in Fig. 3. 

 60 mesh 80 mesh

 2 daysa 5 days 7days 2 days 5 days 7 days

% DPPb 25c 4 -20 25 4 -20 25 4 -20 25 4 -20 25 4 -20 25 4 -20
0 c -d - c c c d c c c - - d c c d b c
4 b - - b b b c b b b - - c c b c b b
8 b - - a b a b b b b - - b b b b b b
12 a - - a a a a a a a - - a a a a a a

astorage days;
b% date pits powder;
cstorage temperature °C;
dsamples were left to equilibrate and not tested on the first 2 days; p≤0.05.
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AbStrAct

the commerce of fresh chestnuts deserves special attention due to the postharvest storage pro-
cesses that are intended to guarantee quality and shelf life maintenance. the aim of this work was 
to store fresh chestnuts for a maximum period of 90 days at 1 (±1°c) and 90-95% relative humid-
ity (rH) using a modified-atmosphere (MA; 80% co2) technology. the hybrid variety bouche de 
betizac (C.sativa Mill. x C.mollissima blume) and the European chestnut Garrone Nero (C.sativa 
Mill.) were stored in pallet bags in a co2-enriched (80%) atmosphere. to maintain the MA, two 
different types of materials a traditional polyethylene film (120 µm) and a biodegradable film de-
rived from starch (180 µm) were used.

Each treatment was compared with chestnuts treated with a cold-water bath (sample test) and 
stored under normal atmosphere (NA) conditions.

Postharvest storage was evaluated based on chestnut respiration, the gas composition (%) of the 
storage environment, the water content (%), the marketable fruits (%) and the starch content (%).

A high co2 level in the storage environment decreased the metabolic activity of the chestnut 
fruits, which, in general, exhibited a physiology unlike that of dried fruits, both varieties exhib-
ited a low  water content (%) under MA storage conditions. the starch content appears to not be 
influenced by the treatments used in postharvest. thus, the use of a modified atmosphere is an 
interesting alternative to a cold-water bath for storing fresh chestnut fruits. 

mailto:cristiana.peano@unito.it
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1. INtroDUctIoN

After remaining static for some years, the glob-
al production of chestnuts has grown since the 
late 1980s. currently, the main European pro-
ducers are Italy, turkey and Portugal, followed 
by Greece, France and Spain (FAoStAt, 2010).

Similar to other major agricultural products, 
the chestnut market is influenced by the over-
whelming importance of the retailers, which af-
fect the organization of the entire supply chain. 
As a consequence of this modern agrifood prac-
tice, new commercial and technological advanc-
es are required to meet the present needs of the 
industry.

Fresh chestnuts have a short shelf life (NAZ-
ZAro et al., 2011), and the fruits are highly 
perishable because of their high carbohydrate 
(starch and simple sugars) and moisture con-
tents.

thus, to improve the market, it is essential to 
offer a product that maintains a high standard 
of quality after a long period of storage.

the postharvest management of chestnut 
fruits is closely related to the physiology of the 
fruits, which is similar to that of a seed (brE-
IScH,1993). relative to other nuts, the chest-
nut embryo is very porous, and its water con-
tent tends to decrease quickly during storage. 
Like all seeds, the chestnut produces little eth-
ylene (<0.01 μL/kg-1h-1); however, the synthe-
sis of this hormone may increase as a result of 
stress, such as attacks by pests (insects and/
or fungi),which can induce the early germina-
tion of the seed (JErMINI et al., 2006).

HArDENbUrG et al. (1986) have reported res-
piration rates equal to 2.5-3.5 mLco2 kg-1h-1 at 
0°c and 7.5 mLco2 kg-1 h-1 for temperatures of 
+20°c.

Decreases in quality may be caused by mois-
ture loss and the consequent fermentation pro-
cesses due to continuous gas exchange with the 
environment via the porosity and high metabol-
ic activity of the fruits in the days immediate-
ly following detachment (GIAcALoNE and boU-
NoUS, 1993). Studies on the effect of a cold-
water bath treatment on chestnut metabolism 
have been conducted in an effort to plan the 
ideal timing and method of application and to 
define the appropriate technological parame-
ters for fruit storage postharvest (botoNDI et 
al., 2009). As with the majority of fruits and 
vegetables, the maintenance of high quality 
throughout the postharvest supply chain and 
a long shelf life for chestnuts depend on the in-
tegrated control of several factors, such as the 
moisture content in the fruit tissues, the stor-
age temperature, the relative humidity (rH) 
and the presence of oxygen and insect controls 
(MENcArELLI, 2004).

Published data indicate that the ideal stor-
age conditions for fresh fruits are from −1° to 
−2°c (roUVES and PrUNEt, 2002; JErMINI et 

al., 2006) and 90%rH (MENcArELLI, 2004). the 
management of the environmental gas compo-
sition is also reported to be a good complement 
to a low-temperature postharvest method (KAD-
Er, 2001).

Along with traditional chestnut treatments 
such as hydrotherapy (cold-water baths) and 
thermo-hydrotherapy (warm-water baths) (JEr-
MINI et al., 2006), techniques for the storage of 
large quantities of fresh chestnuts have been 
developed. controlled-atmosphere (cA) stor-
age maintains the product in co2-enriched (10-
40%) and o2-depleted (3-5%) environments for 
the entire postharvest period (60 days). this 
treatment slows the metabolic activity of fruits 
and vegetables and delays sprouting posthar-
vest (MENcArELLI, 2004; WANG et al., 2008). In 
contrast to cA systems, modified-atmosphere 
(MA) technologies can be more flexible in ex-
tending the benefits of the co2 increase for im-
proving the shelf life of a larger number of fresh 
products during their distribution and storage 
(LEE et al., 1996).

the present study was conducted to evaluate 
the quality of a fresh chestnut storage meth-
od for bouche de betizac and Garrone Nero, 
two typical chestnut varieties of cuneo (Italy), 
during storage in MA at a low temperature for 
90 days. this postharvest storage method was 
evaluated based on the respiration rate of the 
fruit, the evolution of gases (o2 and co2) in-
side the storage environment, the water con-
tent (%), the fruits’ marketability (%) and the 
starch content (%).

2. MAtErIALS AND MEtHoDS

2.1 Plant material

bouche de betizac and Garrone Nero chest-
nuts were obtained from the bassi Vivai com-
mercial orchard (Piedmont- Italy). these vari-
eties are representative of the cuneo area. the 
fruits were picked by hand during the end of 
September at the ripe stage of maturity and im-
mediately transferred to the laboratory under 
cold conditions. Damaged and mouldy fruits 
were eliminated (by hand) prior to the analysis. 

the chemical characteristics of the fresh fruits 
for both varieties are shown in table 1.

2.2 Storage methods

the experimental storage units consisted of 
a pallet bag (thermically sealed at the base) of 
two different types of film, polyethylene (120 
µm) and a biodegradable film (180 µm). Accord-
ing to AStM F 2622-08 and AStM F 2476-05, 
the oxygen (o2) and the carbon dioxide (co2) 
transmission rates, which were measured at 
38°c and at 90% rH, were, 2,642 [cm3/(m2*24 
h)] and 10,654 [cm3/(m2*24 h)], respectively, 
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for the polyethylene film and 645 and 5,984 
[cm3/(m2*24 h)], respectively, for the biode-
gradable film. All pallet bags were injected with 
80% co2, 15% N2 and 5% o2. the gas compo-
sition of the MA was chosen based on a pre-
vious report (ANELLI and MENcArELLI, 1988), 
with some modifications. the system used to 
modify the atmosphere was a flow-through 
type that operates with high and low pres-
sure sides using carbon dioxide and oxygen 
gas. the air present in the envelope was par-
tially removed and substituted with the de-
sired gas mixture. A manual timer regulated 
both the time of evacuation and filling with the 
gas. there was one pallet bag (with a volume 
of 480,000 cm3) for each treatment. the fruits 
were stored for a maximum period of 90 days in 
a cold room 1 (±1°c) and at 85-90%rH. Each 
treatment was compared with a control stored 
under a normal atmosphere (NA) and treated 
with a cold-water bath (JErMINI et al., 2006) 
(approx.+15°c), maintaining a chestnut/wa-
ter ratio of 1:3. For the trials in MA, the fruits 
were placed in a plastic box (5 kg per box) and 
wrapped with different pallet bags according 
to the scheme in table 2.

2.3 Methods of analysis

2.3.1 Respiration rate

before the storage period, the respiration rates 
(mg kg-1 h-1) were determined for both sample 
varieties that were (treatment bw and Gw) and 
were not (treatment b and G) subjected to the 
cold-water bath. chestnuts (100 g with three 
replicates) of both varieties were placed in air-
tight glass jars (1,000 mL) with a lid containing 
a rubber septum in the middle for withdrawing 
gas. Monitoring was performed at 1 (±1°c).

the rates of oxygen consumption (ro2) and 
carbon dioxide production (rco2) for the fruits 
were measured using a gas chromatograph (Gc 
Varian 450, Italy) equipped with a capillary col-
umn (Molsieve 5A PLot 30 µm× 30 m × 0.53 
mm) and the closed-system method (FoNSEcA 
et al., 2002). this method presents some limi-
tations (FoNSEcA et al., 2002) but is a simple 
and rapid method to initially screen for varie-
ties of interest.

After 90 days of storage, 100 g of chestnuts 
(three replicates) of both varieties and both treat-
ments were placed in airtight glass jars (1,000 
mL), with a lid containing a rubber septum in 
the middle to withdraw gas, to evaluate the re-
sidual metabolic activities of the fruits (using the 
same method described above). the respiration 
rates were not determined immediately; how-
ever, the fruits were maintained for 24 h under 
the NA at 20°±1°c.

2.3.2 Headspace composition 

the carbon dioxide and oxygen concentra-
tions inside the pallet bag were measured using 
a portable co2 and o2 gas analyzer (PbI Dansen-
sor, Italy). the composition values were meas-
ured 24 hours after the constitution of the pal-
let bags to verify the tightness of the bags and 
every 15 days over the entire period of the tri-
al. the same air volume was maintained in the 
pallet across the trial period because the ana-
lyzer introduced the same quantity of air that it 

table1 - chemical characteristics of the fresh bouche de 
betizac and Garrone Nero chestnuts at harvest.

Content (unit of measure) Bouche de Betizac Garrone Nero

Energetic value (kcal/100 g) 299 310
Energetic value (kJ/100 g) 1.258 1.307
Protein (g/100 g) 5.18 4.87
Carbohydrate (g/100 g) 56.59 57.46
Sugars (g/100 g) 13.06 13.95
Glucose (g/100 g) 0.59 0.84
Fructose (g/100 g) 0.67 0.73
Sucrose (g/100 g) 10.53 11.39
Lactose (g/100 g) N.R.< 0.10 N.R.< 0.10
Maltose (g/100 g) 1.27 0.99
Starch (g/100 g) 43.53 43.51
Fat (g/100 g) 2.17 3.59
Fiber (g/100 g) 15.98 14.33

table 2 - treatments for chestnuts stored at 1 (±1°c).

Treatment Variety Storage unit

Bw Bouche de Betizac Water bath (sample test)
2B Bouche de Betizac Modified-atmosphere (MA) pallet wrapped with polyethylene
  (PE) film at 80% CO2
3B Bouche de Betizac Modified-atmosphere (MA) pallet wrapped with biodegradable
  film at 80% CO2
Gw Garrone Nero Water bath (sample test)
2G Garrone Nero Modified-atmosphere (MA) pallet wrapped with polyethylene
  (PE) film at 80% CO2
3G Garrone Nero Modified-atmosphere (MA) pallet wrapped with biodegradable
  film at 80% CO2
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removed for the analysis. Each value is the av-
erage of three measurements and is expressed 
as a percentage.

2.3.3 Determination of water content 

At 0, 30, 60 and 90 days, ten chestnut fruits 
(three replicates for each treatment) were cut, 
and the peel was removed. Each sample was 
weighed, placed in an oven at 60°c for 72 
hours and then weighed again. the difference 
in weight corresponded to the water content 
and is expressed as a proportion of the fresh 
weight (%).

2.3.4 Determination of marketable fruits

the chestnuts (100 fruits per replicate (three 
replicates) for each treatment) were peeled, 
and the healthy nuts were selected for visu-
al analysis (to detect mould species). Market-
able fruit was calculated as the percentage of 
healthy fruits.

2.3.5 Determination of starch

the control used for the starch evolution for 
these two varieties is preliminary. For this rea-
son, only the cold-water bath treated chestnuts 
(bw and Gw) and fruit stored under MA in the 
polyethylene bag (treatments 2b and 2G) were 
compared.

Soluble sugars were extracted from each sam-
ple after grinding the peeled chestnut fruits lack-
ing the episperm and incubated at 60°c for 12 h.

Samples (2 g) of flour were diluted in 50 mL 
Hcl to 1.128%. After stirring at 100°c for 15 
minutes, 10 mL of the internal standards car-
rez 1 (cH3coo2Zn and cH3cooH) and carrez 
2(K4[Fe(cN)6]), which were diluted in 250 mL 
of distilled water, were added to a final vol-
ume of 100 mL. the optical rotation of the re-
sulting solution was measured using an op-
tical polarimeter (digital model PoLAX Atago 
2-LSAVAtEc- Italy), and the starch content 
(g/100 g) was calculated using the following 
equation (Ec, 2009):

Starch content (g/100 g)=[2,000×(2.5×P’)/
/P] - [(2,000×0.0010) /(α)D20°c],

Where:

P = the sample weight
P’= the rotatory power of the solution
(α)D20°c = the specific rotatory power of the 
pure starch matrix analyzed.

2.4 Data analysis

All statistical analyses were performed using 
SPSS for Windows (Version 17.0). the obtained 
data were treated using a two-way analysis of 

variance (ANoVA), and the means were separat-
ed using tukey’s test (P ≤ 0.05). It was possible 
to perform parametric tests for the percentages 
because the sample sizes were identical.

3. rESULtS

the conditions under which this monitoring 
was performed had the aim of simulating the 
supply chain of the product after storage. In fact, 
before being included in the circuit for commer-
cial distribution, the fruits undergo a process of 
stasis at stores to be processed and packaged 
for the consumer unit.

3.1 Respiration rate

In accordance with botoNDI et al. (2009), ta-
ble 3 indicates that the respiration rate was lower 
for those fruits treated with the cold-water bath 
(bw and Gw) than the untreated fruits (b and G).

After 90 days of storage, the measured res-
piration rate (table 4) indicated a low residu-
al metabolic activity for the bouche de betizac 
and Garrone Nero for all the considered treat-
ments. In particular, for the bouche de betizac, 
the lower value was for the bw treatment (0.49 
rco2 – 0.53 ro2), whereas there were no dif-
ferences between the pallet bags (2b and 3b). 
For the Garrone Nero, the cold-water bath (Gw) 
and storage in the polyethylene bag (2G) showed 
similar values.

table 3 - respiration rates of fresh chestnuts before storage 
in the modified atmosphere (MA).

Treatment 24 h at 1 (±1°C)

 RCO2 RO2
 (mg kg-1 h-1) (mg kg-1 h-1)

B 11.92 15.12
Bw 28.82 29.54
G 22.42 22.89
Gw 27.86 28.27

table 4 - respiration rates after 90 days of storage in the 
modified atmosphere (MA).

Treatment 90 days of storage at 1 (±1°C) 
 + 24 h in NA at room temperature

 RCO2 RO2
 (mg kg-1h-1) (mg kg-1 h-1)

Bw 0.49 0.53
2B 0.81 0.81
3B 0.79 0.81
Gw 0.18 0.24
2G 0.18 0.22
3G 0.67 0.73



78 Ital. J. Food Sci., vol. 26 - 2014

table 5 - Pallet bag headspace composition.

 O2%
 Days of storage 

Treatment 0  1 15 29 30 31 45 59 60 61 75 90

2B 5.0 ±0.1 8.2 ±0.4 9.1 ±0.3 6.3 ±0.4 5.0 ±0.1 3.6 ±0.3 10.1 ±0.4 9.3 ±0.5 5.0 ±0.1 4.4 ±0.5 13.4 ±0.5 12.8 ±0.4
3B 5.0 ±0.1 17.5 ±0.5 14.4 ±0.5 16.3 ±0.3 5.0 ±0.1 2.2 ±0.5 14.4 ±0.3 14.3 ±0.5 5.0 ±0.1 5.5 ±0.4 16.3 ±0.4 17.7 ±0.8
2G 5.0 ±0.1 2.2 ±0.3 12.6 ±0.4 9.2 ±0.5 5.0 ±0.1 2.1 ±0.3 2.2 ±0.4 16.3 ±0.6 5.0 ±0.1 4.0 ±0.5 14.1 ±0.5 16.8 ±0.3
3G 5.0 ±0.1 18.1 ±0.5 12.0 ±0.5 17.1 ±0.4 5.0 ±0.1 2.5 ±0.5 18.9 ±0.4 19.0 ±0.4 5.0 ±0.1 5.5 ±0.4 14.5 ±0.5 6.9 ±0.5
                        
 CO2%
 Days of storage 

Treatment 0  1 15 29 30 31 45 59 60 61 75 90

2B 80.0 ±1.2 52.0 ±0.5 12.2 ±0.5 12.3 ±0.5 80.0 ±1.2 72.0 ±0.6 11.3 ±0.5 11.0 ±0.5 80.0 ±1.2 69.0 ±0.8 12.0 ±0.4 9.5 ±0.3
3B 80.0 ±1.2 11.0 ±0.7 5.7 ±0.3 3.4 ±0.4 80.0 ±1.2 80.0 ±0.7 5.7 ±0.3 5.5 ±0.5 80.0 ±1.2 66.0 ±0.7 4.2 ±0.4 2.4 ±0.5
2G 80.0 ±1.2 79.0 ±0.7 21.7 ±0.4 10.4 ±0.5 80.0 ±1.2 78.0 ±0.5 78.0 ±0.4 12.0 ±0.4 80.0 ±1.2 72.0 ±0.8 25.0 ±0.5 17.0 ±0.5
3G 80.0 ±1.2 15.0 ±0.6 7.9 ±0.3 3.5 ±0.3 80.0 ±1.2 76.0 ±0.5 2.3 ±0.4 1.4 ±0.4 80.0 ±1.2 65.0 ±0.7 5.5 ±0.5 3.4 ±0.4
 

3.2 Headspace composition

to maintain a high level of co2 inside of the 
pallet bag, the pallets were injected every 30 
days with the initial gas mixture (80% co2:15% 
N2:5% o2). table 5 shows the trend of the gas 
in the headspace of the bag. In the case of bi-
odegradable film, after the first 24h, there was 
a decrease in the co2 values to the 10-15% 
range for both varieties, and the samples placed 
in polyethylene had the highest co2 values af-
ter 29 days.

3.3 Water content

At harvest, the fruits treated with the cold-
water bath had the highest value (table 6), like-
ly owing to water absorption during the treat-
ments, as previously demonstrated by brEIScH 
(1993). the treatment and duration of storage 
had a significant effect on the water content of 
both varieties of fruit.

After 90 days of storage, the bouche de beti-
zac, particularly those fruits stored under MA in 

the polyethylene bag, had the highest water con-
tent values (2b),whereas for the Garrone Nero, 
all treatments under MA had the highest water 
content values (2G and 3G), with these values 
likely influenced by the high rH (95%) inside of 
the pallet bag.

3.4 Marketable fruits

the quality of the chestnuts is also related to 
defects and disease, and good postharvest man-
agement is important to reduce the incidence 
of mould contamination and growth. Penicilli-
um spp. and Mucor spp. were the most com-
mon moulds (JErMINI et al. 2006) found on the 
chestnuts of both cultivars in this study, where-
as infections of living larvae were not found. 
the proportion of mouldy chestnuts among the 
diseased fruits was generally high. treatment 
and duration of storage (table 7) had signifi-
cant effects on the development of the moulds. 
For both chestnut varieties, the percentage of 
healthy fruits decreased as the storage time in-
creased. 

table 6 - bouche de betizac and Garrone Nero water contents (%).

 Days of storage

Chestnuts variety Treatment Harvest 30 60 90

Bouche de Betizac Bw 53 aaαβb 50 bβ 58 n.s.α 54 bαβ
 2B 48 bβ 54 aαβ 57 n.s.α 60 aα
 3B 48 bγ 50 bγ 53 n.s.αβ 55 bα

Garrone Nero Gw 50 aα 46 aαβ 48 n.s.αβ 45 bβ
 2G 40 bγ 39 bγ 49 n.s.β 59 aα
 3G 40 bγ 40 bγ 48 n.s.β 57 aα

aFor each variety, the means in a column followed by different letters are significantly different at p ≤ 0.05 according to Tukey’s test;
bFor each treatment, the means in a row followed by different letters are significantly different at p ≤ 0.05 according to Tukey’s test.
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In general, the bouche de betizac was more 
sensitive to damage than the Garrone Nero. In 
fact, a reduced quantity of marketable fruits was 
observed starting at 60 days. However, under the 
3G treatment, low-quality fruits were only ob-
served for the Garrone Nero at 90 days.

3.5 Starch

Among the treatments, differences for both 
varieties were detected during storage (table 8). 
For the bouche de betizac, the treatments sig-
nificantly affected the starch value at the end of 
the storage treatment. During the MA treatment, 
no differences could be detected during storage. 
For the Garrone Nero, the duration of storage, 
but not the treatment, had a significant overall 
effect on the starch content. Starch was metab-
olized faster in the cold-water bath (Gw), but the 
reduction in the starch content was of the same 
magnitude for all the treatments.

4. coNcLUSIoNS

this study demonstrates the validity of MA 
treatments, which have the dual effect of main-
taining fruit quality and protecting fruits from 
spoilage due to moulds. A low temperature 1 
(±1°c) and high co2 level (80%) regimen was par-
ticularly efficient for the storage of the bouche 
de betizac and Garrone Nero fruits compared to 
the traditional cold-water bath treatment. Even 

table 7 - bouche de betizac and Garrone Nero marketable fruit (%).

    Days of storage

Days of storage Treatment Harvest 30 60 90

Bouche de Betizac Bw 62 n.s.aαb 41 aβ 18 aγ 13 aγ
 2B 60 n.s.α 25 bβ 19 aβγ 16 aγ
 3B 60 n.s.α 22 bβ 10 bγ 9 bγ

Garrone Nero Gw 67 bα 34 bβ 26 bβ 25 bβ
 2G 74 aα 56 aβ 55 aβ 46 aβ
 3G 74 aα 42 bβ 47 aβ 24 bγ

aFor each variety, the means in a column followed by different letters are significantly different at p ≤ 0.05 according to Tukey’s test;
bFor each treatment, the means in arrow followed by different letters are significantly different at p ≤ 0.05 according to Tukey’s test.ù

table 8 - bouche de betizac and Garrone Nero starch (%).

    Days of storage

Days of storage Treatment Harvest 30 60 90

Bouche de Betizac Bw 56 n.s.aαb 53 n.s. β 44 bγ 52 b β
 2B 55 n.s. n.s 56 n.s. n.s 53 a n.s. 54 a n.s.

Garrone Nero Gw 53 n.s.α 49 n.s. α 44 b β 43 n.s. β
 2G 50 n.s.n.s. 47 n.s. n.s. 50 a n.s. 45 n.s. n.s

aFor each variety, the means in a column followed by different letters are significantly different at p ≤ 0.05 according to Tukey’s test;
bFor each treatment, the means in a row followed by different letters are significantly different at p ≤ 0.05 according to Tukey’s test.

if the cold-water bath (water absorption and an-
aerobic conditions) reduces the respiration rate 
of the fruits immediately after harvesting, the 
MA, with high levels of co2, reduces the meta-
bolic activity of the fruits during the entire stor-
age period. For the management of pallets in a 
modified atmosphere, the polyethylene bag dem-
onstrated the best features. the biodegradable 
film used here displays a low barrier to humidity 
and gas (DoNHoWE and FENNEMA, 1994; ForS-
SELL et al., 2002).

It is important to emphasize that the 2011 
(in Piedmont, Italy), the chestnut growing sea-
son was characterized by high rates of fungal 
diseases, particularly in early varieties at the 
time of picking, and that such infections cer-
tainly negatively affected the storage potential 
of these fruits.

For this reason, the current amount of mar-
ketable fruits at the time of picking is not more 
than 70%. In particular, the MA treatments 
maintained significant quantities of marketa-
ble Garrone Nero.

the total starch content, which was deter-
mined using an optical polarimeter, is in agree-
ment with values reported in the literature (JEr-
MINI et al., 2006; PErEIrA-LorENZo et al., 2006; 
DE VAScoNcELoS et al., 2009; bottA et al., 
2008; cHENLo et al., 2009). this method repre-
sents an objective, simple, rapid, accurate and 
economical alternative for measuring the starch 
content of fruits. As shown by NoMUrA et al. 
(1995), starch degradation is influenced by the 
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varietal component, and, in general, the starch 
content of the Garrone Nero fruit is always low-
er than that of the bouche de betizac fruit dur-
ing all periods of storage.

the choice between postharvest treatments 
depends on various factors, including the busi-
ness structure and the requirements of the mar-
ket. therefore, the proposed modified atmos-
phere storage conditions for pallets of fruits area 
promising strategy for satisfying the demand for 
chestnuts, particularly during the offseason, and 
for diversifying their consumption.

rEFErENcES

Anelli M. and Mencarelli F.1988. Aspetti innovativi dei trat-
tamenti conservativi delle castagne. Atti del convegno Na-
zionale sulla castanicoltura da frutto. camera di com-
mercio Industria. Artigianato. Agricoltura. Avellino. 21-
22 october 343-350.

botondi r., Vailati M., bellincontro A., Massantini r., For-
niti r. and Mencarelli F. 2009. technological parameters 
of water cold-water bath  affect postharvest physiology 
and storage of marrons (Castanea sativa Mill.. Marrone 
fiorentino). Postharvest biol. technol. 51: 97.

botta r., beccaro G., Sartor c. and bounous G. 2008. ca-
stanicoltura da frutto: scelte tecniche e problematiche 
emergenti. Italus Hortus.15: 32.

breisch H.1993. Harvest, storage and processing of chest-
nuts in France and Italy. In: Antognozzi. E. (Ed.). Inter-
national congress on chestnuts. Spoleto. Italy. 20-23 oc-
tober 1993. University of Perugia. Pp. 429-436.

chenlo F., Moreira r. and torres M.D. 2009. theoretical 
determination of sorption isotherms applied to process 
chestnut with osmotic pre-treatments based on its chem-
ical composition. Acta Hort. 866. 627.

De Vasconcelos M.c.b.M., richard N., bennett r.N., rosa 
E.A.S. and Ferreira-cardoso J.V. 2009. Industrial pro-
cessing effects on chestnut fruits (Castanea sativa Mill.). 
1. Starch. fat. energy and fibre. Int. J. Food Sci. tech-
nol.44: 2606.

Donhowe I. G. and Fennema o. 1994. Edible films and coat-
ings: characteristics, formation, definitions, and testing 
methods. In: Krochta J.M., baldwin E.A. and Nisperos-
carriedo N.o. (Eds.). Edible coatings and Films to Im-
prove Food Quality. technomic Pub. co..Lancaster. Pp. 
1-24.

Ec, 2009. European community regulation No. 152/2009  

on laying down the methods of sampling and analysis 
for the official control of feed. off. J. European Union n. 
L 54/1, 26.2.2009.

FAoStAt. 2010. Food and Agriculture organization of the 
United States. [online]. Available: http://faostat.fao.org/
site/339/default.aspx.

Fonseca S.c., oliveira F. A.r. and brecht J.K.2002. Mod-
elling respiration rate of fresh fruits and vegetables for 
modified atmosphere packages: A review. Journal of Food 
Engineering 52: 119.

Forssell P., Lahtinen r., Lahelin M. and Myllärinen P. 2002. 
oxygen permeability of amylose and amylopectin films. 
carbohydr. Polym. 47: 125.

Giacalone G. and bounous G. 1993. tradizioni ed  inno-
vazioni nella trasformazione e nell’utilizzo delle castagne. 
Monti e boschi 44: 33.

Hardenburg r.E., Watada A.E. and Wang c.Y. 1986. the 
commercial Storage of Fruits. Vegetables. and Florist 
and Nursery Stocks. USDA-ArS Handbook. 66: 12-62.

Jermini M., conedera M., Sieber t. N., Sassella A., Schär-
er H.,  Jelmin G. and Höhn. E. 2006. Influence of fruit 
treatments on perishability during cold storage of sweet 
chestnuts. J. Sci. Food Agric.86: 877.

Kader A.A. (Ed.). 2001. Post-harvest technology of Hor-
ticultural crops. University of california Division of 
Agriculture and Natural resources. Publication 3311. 
Pp. 5-30.

Lee L., Arul J., Lencki r. and castaigne F. 1996. A review on 
modified atmosphere packaging and preservation of fresh 
fruits and vegetables: physiological basis and practical 
aspects. Part 2. Packaging technol. Sci. 9: 1.

Mencarelli F. 2004. Postharvest handling and storage of 
chestnuts- compendium. FAo. InPHo. http://www.fao.
org/inpho/.

Nazzaro M., barbarisi c., La cara F. and Volpe M.G.. 2011. 
chemical and biochemical characterisation of an IGP 
ecotype chestnut subjected to different treatments. Food 
chem. 128: 930.

Nomura K., ogasawara Y., Uemukai H. and Yoshida M.1995. 
change of sugar content in chestnut during low temper-
ature storage. Acta Hortic. 398: 265.

Pereira-Lorenzo. S., ramos-cabrer A. M., Díaz-Hernández 
M. b., ciordia-Ara M. and ríos-Mesa D. 2006. chemical 
composition of chestnut cultivars from Spain. Sci. Hor-
tic. 107: 306.

rouves M. and Prunet J. P. 2002. New technology for chest-
nut storage: controlled atmosphere and its effects. Infos-
ctifl 186: 335.

Wang G., Liang. L. and Yang X. 2008. Effects of low o
2 or 

high co2 concentrations on the quality changes of chi-
nese chestnut (Castanea mollissima blume) during cold 
storage. Acta Hortic. 768: 349.

Paper received July 31, 2012  Accepted September 9, 2012



PaPer

Ital. J. Food Sci., vol. 26 - 2014 81

- Keywords: food technology, consumer attitude, neophobia, psychometric scale -

nEOPhOBIA In FOOD COnSuMPTIOn:
An EMPIRICAL APPLICATIOn OF ThE FTnS SCALE

In SOuThERn ITALy

A. COPPOLA, F. VERnEAu* and F. CARACCIOLO
Department of Agricultural Science, University of Naples “Federico II”, 

Via Università 96, Portici, NA, Italy
*Corresponding author: Tel. +39 081 2539063,

email: verneau@unina.it

AbStrAct

through the Food technology Neophobia Scale (FtNS) proposed by cox and Evans (2008) this 
work investigates the role of consumer attitudes to food technology in determining the probabili-
ty of purchasing innovative products by using a set of commonly purchased food. 

Six food categories with different processing levels were analyzed. consumer choices were em-
pirically modeled through a simultaneous system of three equations. the results confirm the 
strength of the FtNS scale, reflecting the dichotomy between neophobia and neophilia attitudes 
even in southern Italy, characterized by a very different socio-cultural context from that analyzed 
by cox and Evans. the model highlights the role of both consumer attitudes to technology and 
socio-demographic characteristics in determining the probability of buying innovative products, 
providing some initial elements to define ideal customer profiles for the products considered.
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INtroDUctIoN

Diet is the most intimate form of consump-
tion: according to anthropologists, eating means 
incorporating, taking food inside oneself, with-
in the confines of one’s own body (FIScHLEr, 
1990). For this reason, diet and food are also 
characterized by a simultaneous connotation 
of demand for novelty (neophilia) and by a great 
caution, at times aversion, concerning the new, 
the unknown (neophobia). roughly speaking, 
it could be said that food choice is a seeming-
ly simple, but in fact very complicated, behav-
iour, influenced by many interacting factors 
(KoStEr, 2009). 

consistent with this approach, modern food 
consumption seems to follow two different and 
contrasting patterns: while there is a growing de-
mand for modernity (functional foods, conveni-
ence foods, healthy foods, such as low calories 
and low-sodium foods), on the other hand con-
sumers are increasingly demanding for natural-
ness (organic foods, natural foods, local prod-
ucts and typical products) (GoLDSMItH and Ho-
FAcKEr, 1991; roZIN et al., 2004; roZIN, 2005; 
roLLIN et al., 2011; o’brIEN, 2012).

In recent years, consumers’ fears of modern 
food technologies have been well document-
ed and several studies have analyzed consum-
er acceptance of new technologies, pointing out 
that consumers show high levels of concern to-
ward novel food (toUrILA et al., 2001; MAtIN 
et al., 2012; boNANNoXS, 2012; bArrENA and 
SÁNcHEZ, 2013), genetic modification (HU et al., 
2004, 2006; LArUE et al., 2004) and more gener-
ally toward foods that have undergone a consid-
erable degree of industrial processing (roZIN et 
al., 2004; roZIN, 2005; roZIN, 2006). Also fac-
tors that can influence consumer acceptance 
have been analyzed, focusing on the risk-bene-
fit perception, socio-demographic and economic 
factors, the role and source of information and 
finally public trust (MAcFIE and MEISELMAN, 
1996; SIEGrISt, 2000; SIEGrISt et al., 2005; 
VISScHErS et al., 2007; coStA-FoNt et al., 2008; 
roLLIN et al., 2011; FrEWEr et al., 2011; cHoE 
and cHo, 2011; coX et al., 2012; UELAND et al., 
2012). At the same time, different psychometric 
scales were set and tested to analyze consum-
er attitudes towards modern and new technol-
ogy (GoLDSMItH and HoFAcKEr, 1991; StEEN-
KAMP and bAUMGArtNEr, 1995; SPArKS and 
SHEPHErD, 1994; EISEr et al., 2002; KIrK et al., 
2002; coX et al., 2007; coX and EVANS, 2008). 
these scales can be particularly useful in iden-
tifying population segments that have greater or 
lesser neophobia-neophilia attitudes, thus ena-
bling identification of early adopters of innova-
tive products (coX and EVANS, 2008; EVANS et 
al., 2010b).

Psychometric techniques involve several sets 
of statements, usually formulated through the 
use of qualitative methods, such as focus groups 

and in-depth interviews. the statements are 
submitted to the sample of respondents called 
to express their degree of agreement-disagree-
ment using Likert scales. this process generates 
a large amount of information and can be syn-
thesized in correlation and covariance matrices. 
consumers’ preferences, analyzed by means of 
factor analysis, multidimensional scaling, clus-
ter analysis, path analysis and structural equa-
tions, provide the main outcome of the psycho-
metric analysis (WEbEr et al., 2002; SIEGrItS 
et al., 2008).thus the adoption of psychomet-
ric scales may provide accurate analysis of the 
consumer preferences structure (bEKEr, 1976; 
LUSK and brIGGEMAN, 2009).

At least two psychometric applications con-
cerning consumer food preferences are of great 
relevance today: first the perception of risk and 
how it affects the markets in the event of a haz-
ard; secondly, the acceptance of novel food tech-
nologies.

this paper, following the second line of re-
search, investigates the relationship between 
the acceptance of modern technology and con-
sumption choices. 

the latest proposed scale for the assessment 
of the neophobia-neophilia dichotomy is the 
Food technology Neophobia Scale (coX and EV-
ANS, 2008; EVANS et al., 2010b). the FtNS is pre-
sumed to be a better instrument for predicting 
consumers’ willingness to try novel food technol-
ogies than an earlier food neophobia scale (FNS) 
(PLINEr and HobDEN, 1992) because of its spe-
cific focus on technology rather than food (MA-
tIN et al., 2012).

 It has been mainly applied on specific food 
technologies or on food specifically related to 
new and sophisticated technological process-
es (coX and EVANS, 2008; EVANS et al., 2010a). 
However it seems worth adopting the cox scale 
using, first of all, a set of food products instead 
of food technologies and, secondly, taking into 
account a set of commonly used products that 
can be easily ranked by consumers on higher/
lower perceived technology content.

this paper wants to contribute to the debate 
using a psychometric scale, in particular the 
Food technology Neophobia Scale (FtNS), to 
analyze the relationship between attitude to-
ward food technologies, intention and behav-
ior. According to well-known psychological the-
ories (e.g. theory of reasoned action, planned 
behavior theory), the most important anteced-
ent of people’s behaviour is the intention to act 
in a certain way, which, in turn, is predicted by 
their attitude towards the target of that behavior 
(FISHbEIN and AJZEN, 1975; AJZEN, 1991). At-
titudes are defined as people’s cognitive and af-
fective orientations towards relevant social tar-
gets and can be measured directly (explicitly) or 
indirectly (implicitly).

the paper explores the neophobia-neophilia 
dichotomy by carrying out an empirical analy-
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sis on a sample of 355 people interviewed short-
ly after their shopping trip to super- and hyper-
markets in campania, a region in southern Ita-
ly. A questionnaire was used to obtain respons-
es to the FtNS statements and to collect infor-
mation about the perception of six food catego-
ries with different processing degrees, the per-
ception of naturalness and its role in determin-
ing consumer preferences for each food category.

to assess how neophobia-neophilia attitudes 
affect purchasing intentions, a Principal com-
ponent Analysis (PcA) was carried out on the 
FtNS statements followed by an econometric 
model. the econometric model was focused on 
three food categories, i.e. those with the high-
est degree of food processing, namely functional 
foods, low-calorie foods, and convenience (ready-
to-eat) foods. the willingness to purchase them 
was related to factors synthesizing consumers’ 
attitudes toward modern technologies (EISEr et 
al., 2002; bäcKStrÖM et al., 2004; brUNEL and 
PIcHoN, 2004; HWANG et al., 2005; crANFIELD 
et al., 2012).

the article is organized as follows. After a brief 
review of psychometric scales (section 2), data 
analysis and the main research findings of the 
research are presented in section 3. Finally, in 
section 4 some conclusions are drawn.

2. MAtErIAL AND MEtHoD

2.1 The survey

A field survey using a three-part questionnaire 
was carried out during summer 2010 on a sam-
ple of 355 people interviewed after shopping at 
super- and hyper-markets in the Italian region 
of campania. the survey in campania region 
represents a first attempt to validate the FtNS 
scale in Italy. the 13 items of cox and Evans 
scale were, then, translated to Italian.

the sample is a representative distribution of 
the regional population in territorial and socio-
economic terms (table 1).

the first section of the questionnaire aimed 
to define the way consumer perceives six food 
categories with different degrees of processing 
that were briefly defined prior to the interview: 
functional, low-fat, frozen and ready-to-eat prod-
ucts, all involving more processing, on the one 
hand, and products with a perceived lower level 
of technology content, such as organic, typical 
and short-chain products, on the other. these 
last ones were considered in order to better test 
whether the consumers clearly distinguish be-
tween the two food categories as the technolog-
ical content is concerned. For each type of food, 
four main items of information were sought:

– whether consumers trusted it;
– a characteristic that would best represent 

it among a set relating to safety, environmental 
impact, naturalness and taste attributes;

– the intensity level of the previous attrib-
utes, on a scale from 1 to 7 (from minimum to 
maximum);

– buying frequencies and the willingness to 
purchase it.

the second section of the questionnaire aimed 
to assess consumer attitudes toward technology 
using the 13 statements taken from the work of 
coX and EVANS (2008), referring to:

the perception of the consumer about tech-
nology, its uses and benefits;

the way consumers feel in new situations and 
behave when facing unknown circumstances;

food habits and the propensity to taste new 
products. 

While coX and EVANS apply the Food tech-
nology Neophobia Scale (FtNS) to a set of dif-
ferent technologies, in our work the same scale 
is applied to food categories. this is because:

Since consumers are more knowledgeable 
about products than technologies, they can ex-
press their opinions more fully;

Asking a question on technology is more like-
ly to affect the response negatively because of 
the negative relation between knowledge and 
risk perception (FIFE-ScHAN and roWE, 1996);

Finally, the third section collects socio-eco-

table 1 - Distribution of main socio-economic indicators: 
comparison of survey sample and the campania region data.

 Campania region Sample

Province
Avellino 8% 10%
Benevento 5% 7%
Caserta 15% 11%
Napoli 54% 54%
Salerno 18% 18%

Gender
Male 49% 48%
Female 51% 52%

Education
Primary school 22% 21%
Middle school 29% 27%
High school 22% 28%
Graduation 15% 24%

Legal status
Married 38% 37%
Separated 2% 2%
Cohabitant 10% 12%
Single 50% 49%

Professional status
Self employed 5% 9%
Manager 1% 2%
Employee 20% 20%
Student 18% 15%
Housewife 26% 24%
Retired 12% 9%
Unemployed 11% 9%
Precarious/part time 7% 12%
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nomic, psychographic and demographic infor-
mation on the interviewees and their families, 
and tries to assess their general approach toward 
the environment, naturalness and traditions.

2.2 Exploratory analysis 
and Principal Component Analysis

An exploratory analysis and t-tests were car-
ried out on collected data in order to:

Evaluate how the consumers associate each 
food category to the attributes relating to safety, 
environmental impact, naturalness and taste;

Investigate general attitudes toward technol-
ogy and the perception of its benefits and risks 
analyzing answers to the cox & Evans psycho-
metric statements.

Moreover, in order to synthesize consumer at-
titudes toward technologies and more processed 
products, Principal component Analysis (PcA) 
was performed on the scores to the FtNS ques-
tions. In fact, PcA is a statistical technique whose 
basic assumption is that underlying dimensions, 
or factors, can be used to explain more complex 
phenomena. then, the relationship among FtNS 
statements could give information on some not-
directly-observable factors, relating to attitude to-
ward technology that could lead consumers’ be-
haviour. to test whether the observed variables 
(the FtNS statements in our case) share common 
factors the Kaiser-Meyer-olkin measure of sam-
pling adequacy and the bartlett’s test of Spheric-
ity can be computed. In our case KMo was 0.746 
and bartlett’s test was 853 (df = 70; p < 0.0001), 
indicating that the dataset was factorable.

the analysis was carried out using SPSS (ver-
sion 18.0). A varimax rotation was used that al-
lows extraction of components that are highly 
correlated with a low number of variables and 
hence results in more interpretable factors.

2.3 The econometric model

to formally assess to what extent the percep-
tion of risk affects the consumer’s decision to 
buy food products obtained with modern tech-
nologies an analytical approach was developed. 
the work is based on the hypothesis that the in-
tention of purchasing food products with differ-
ent technological contents mainly depends on 
the attitude of consumers toward food technol-
ogies measured using the FtNS scale.

this hypothesis is developed by means of a 
three-equation multivariate Probit model where 
consumer choice to take part in three markets, 
namely those with the highest degree of food 
processing (functional food, light products and 
ready-to-eat products), is related to the neopho-
bia-neophilia attitudes of consumers (crANFIELD 
et al., 2012).

the dependent or response variable is repre-
sented by the event that the consumer is interest-
ed in the purchase and consumption of a set of 

three processed food products that are based on 
the use of modern technology, namely functional 
foods (y1), low-calorie foods (y2) and ready-to-eat 
food (y3). In empirical terms, the three-equation 
multivariate Probit model supposes that:

 y1*=(Xβ1+Zγ1+e1),
 y2*=(Xβ2+Zγ2+e2), (1)
 y3*=(Xβ3+ Zγ3+e3) 

with
 

 

  
 

  (2)

X is the matrix of exogenous variables relative 
to the respondent’s socio-economic and demo-
graphic characteristics, such as education lev-
el, income, age, gender, residency and so forth;

Z is a matrix of exogenous variables that in-
clude the consumer’s attitudes to technology in 
relation to food (FtNS scale). these last varia-
bles are represented by factors extracted from 
Principal component Analysis;

β and γ are parameter vectors.
the error terms are assumed to be indepen-

dently and identically distributed as trivariate 
normal:

 

Each equation estimates the probability of the 
consumer purchasing one of the three proposed 
product categories that are based on the use of 
modern technology; in this context the Pr[y1 = 
0, y2 = 0, y3 = 0] is equal to:

  (3)

where φ3(⋅) is the trivariate standard normal dis-
tribution and ρij is the correlation coefficient be-
tween the error terms of the equation, i and j. In 
the estimation, if the null hypothesis H0: ρij = 0 
cannot be rejected, this implies that the equa-
tions need not be estimated as a system and can 
be estimated separately1.

1 the condition ρij = 0 can be tested using a Lr test. In or-
der to approximate the trivariate normal cDF, we use the 
GHK (Geweke-Hajivassiliou-Keane) smooth recursive sim-
ulator (MArIANo et al., 2000).
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the proposed empirical model jointly assess-
es three hypotheses:

H1) consumption intention (y1; y2; y3) might be 
linked to the consumer’s attitude to technology in 
relation to the food (FtNS factors). this hypoth-
esis can be tested through the estimation of pa-
rameters γ, underlying a causal relation of Z on 
y1 and y2 and y3.

H2) consumption intention (y1; y2; y3) might de-
pend on the complex of socio-economic and de-
mographic characteristics that define the pro-
file of the consumers surveyed. this hypothe-
sis can be tested through the estimation of pa-
rameters β. 

H3) consumption intention (y1; y2; y3) might be 
intercorrelated by the effect of unobserved char-
acteristics or compounding variables. this event 
can be taken into account and controlled through 
the estimation of the coefficients ρ (ρ12, ρ13, ρ23).

3. rESULtS

From preliminary analysis of the data a clear 
dichotomy emerges when confidence in different 
food types is investigated (table 2). over half the 
interviewees have no confidence in what are per-
ceived as more processed products (functional, 
low-fat, and frozen and ready-to-eat food). this 
percentage drops to 10-17% when organic, typi-

cal and short-chain products are concerned. the 
dichotomy is even more evident when scores for 
different product characteristics are considered. 
According to the interviewees, organic, typical 
and short-chain products are all well defined 
by naturalness and safety attributes, while very 
few individuals believe that functional, low-fat 
and ready-to-eat food can be defined as natural.

by means of t-tests (WELcH, 1947) on the dif-
ferences of scores given to each attribute and 
for each pair of food products, more information 
on the way consumers perceive the investigat-
ed products can be obtained. First, functional, 
low-fat and ready-to-eat products are perceived 
as very different in respect to organic, typical 
and short-chain categories for each of the at-
tributes considered. Secondly, the consumer is 
able to distinguish within the category of more 
processed products, each of which has its own 
characteristics. For example, functional food is 
considered more nutrient, rewarding and tasty 
than low-fat products. Moreover, while organ-
ic and typical products differ in terms of taste, 
safety and environmental impact, a more clear-
cut distinction exists between these two cate-
gories, on the one hand, and short-chain prod-
ucts, on the other.

In table 3, the scores represent the mean lev-
el of agreement stated on a scale from 1 to 7. 
In the sample as a whole, a widespread sense 

table 2 - consumer product confidence and product characteristics.

Food category Confidence Product characteristics (mean score)

 (% of the interviewees) Natural Safe Nutrient Rewarding Tasty Environmental friendly
 Yes No

Functional food 56 44 3.3 3.9 4.4 4.5 4.1 3.3
Light products 51 49 3.3 3.7 3.7 3.6 3.8 3.2
Frozen and ready to eat products 46 54 3.3 3.7 3.7 4.3 4.4 3.4
Organic products 79 19 5.8 5.8 5.9 5.8 5.7 5.9
Typical products 88 12 5.9 5.6 5.7 5.9 5.9 5.5
Short chain products 87 13 5.6 5.2 5.2 5.5 5.4 5.5

table 3 - Level of agreement with the cox psychometric questions: mean scores on a 1 to 7 scale (1= strongly disagree; 7= 
strongly agree).

Question Score

It can be risky to switch to new food technologies too quickly  4.63
New food technologies may have long-term negative environmental effects  4.75
Society should not depend heavily on technologies to solve its food problems 4.71
There are plenty of tasty foods around, so we do not need to use new food technologies to produce more 4.62
New foods are not healthier than traditional foods  4.72
The benefits of new food technologies are often grossly overstated  4.95
New food technologies are something I am uncertain about  4.89
New food technologies decrease the natural quality of food  4.71
There is no sense trying out high-tech food products because the ones I eat are already good enough 4.89
New food technologies give people more control over their food choices  4.15
New products using new food technologies can help people have a balanced diet 4.25
New food technologies are unlikely to have long-term negative health effects 3.69
The media usually provide a balanced, unbiased view of new food technologies 3.00
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of uncertainty on the technology effects emerg-
es, together with the belief that its benefits are 
overstated. Moreover, the feeling seems to pre-
vail that innovation in the food sector is some-
what futile since traditional products are good 
enough and healthier.

the PcA carried out on the FtNS statements 
resulted in a four-factor solution that explains 
56% of the whole variance and identifies four 
thematic areas, quite similar to those already 
pointed out by coX and EVANS (2008).

In table 4, the factor loading matrix is pre-
sented, which is the basis to interpret the mean-
ing of each component.

the first component explains 25.7% of the to-
tal variance and allows identification of the con-
nection between perceived risk and technolo-
gies (perceived risk): as the first component in-
creases, shifting from negative to positive val-
ues, consumers increasingly perceive technol-
ogy as a hazardous factor. the component can 
then be read as a scale of risk. the perception of 
technology as risky is further characterized by 
the uncertainty that is associated to food tech-
nologies, a statement that is more strongly cor-
related with component 2.

the meaning of the first component is also 
linked to the belief that society should not de-
pend heavily on technologies to solve its food 
problems. Even this statement could in some 
way be related to risk perception: food security is 
a strategic matter for society and should not de-
pend upon technologies, which are seen as frag-
ile and unreliable. the statement that “there are 
plenty of tasty foods around, so we do not need 
to use new food technologies to produce more” 
defines an adverse attitude towards technology, 
adding an ideological connotation to this first 
component, even if it shows a more transversal 
correlation with three of the four components.

the second factor extracted (12.2% of ex-
plained variance) summarizes the opinion of re-
spondents concerning the usefulness of adopting 

table 4 - Factor loading matrix.

 Components

 1 2 3 4

It can be risky to switch to new food technologies too quickly  0.777 0.122 0.003 -0.141
New food technologies may have long-term negative environmental effects  0.707 -0.045 -0.144 0.026
Society should not depend heavily on technologies to solve its food problems 0.669 0.145 0.123 -0.027
There are plenty of tasty foods around, so we do not need to use new food technologies to produce more 0.479 0.353 -0.341 0.114
New foods are not healthier than traditional foods  -0.136 0.736 0.049 -0.107
The benefits of new food technologies are often grossly overstated  0.141 0.673 -0.120 -0.042
New food technologies are something I am uncertain about  0.447 0.563 0.039 0.124
New food technologies decrease the natural quality of food  0.439 0.514 -0.258 -0.003
There is no sense trying out high-tech food products because the ones I eat are already good enough 0.315 0.510 -0.067 0.395
New food technologies give people more control over their food choices  0.026 -0.091 0.792 0.080
New products using new food technologies can help people have a balanced diet -0.054 -0.152 0.689 0.250
New food technologies are unlikely to have long-term negative health effects -0.071 0.193 0.621 -0.432
The media usually provide a balanced, unbiased view of new food technologies -0.136 0.002 0.167 0.804

new technologies and, more generally captures 
the level of uncertainty (Uselessness of technol-
ogy component). When positive, the second com-
ponent identifies consumers who do not recog-
nize any real benefit stemming from the intro-
duction of new technologies in food sector. this 
approach is reinforced by the perception of un-
certainty (“New food technologies are something 
I am uncertain about”) (HANSEN et al., 2003; 
FrEWEr and SALtEr, 2003). on the contrary, 
negative values of the component occur when 
consumers believe that new technologies can 
produce more benefit in terms of healthy nutri-
tion, taste and food quality. the third component 
(9.5% of the total variance) is positively corre-
lated with the perception of benefits of new food 
technologies in terms of control over food choic-
es; capacity to have a balanced diet and health 
effects (benefits and health effects).

Aspects referring to the role of media in con-
veying information on food technology are shown 
by the fourth component (trust in media role). 
Positive values of the fourth component (8.5% of 
the total variance) identify those consumers who 
think that the media usually provide balanced, 
unbiased information. this kind of trust is par-
ticularly important as new food technologies are 
thought to have long-term negative health ef-
fects (negative correlation of the related state-
ment with the fourth component).

the t-test (WELcH, 1947) on the means of the ex-
tracted factors scores across groups of consumers 
according to their socio-economic characteristics 
provides an initial characterization of consumers’ 
attitudes. Scores of all the components are signifi-
cantly different according to gender: females have 
a higher perception of the risk and uncertainty as-
sociated with new technologies, and perceive the 
futility of new products more greatly, in terms of 
taste and quality. However, at the same time, fe-
males believe to a greater extent than males that 
new food technologies can contribute to diet con-
trol and health. Having children is associated with 
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table 5 - Descriptive statistics of the variables used in the model – (n = 355).

Variable Variable description Mean Std. Dev

Gender Assumes the value 1 for male interviewees and 2 for females 1.51 0.50
Education Educational level of the interviewees 2.21 0.82
Children Takes the value 1 when there are children under 12 years, 0 otherwise. 0.28 0.45
Income Categorical variable (1-4) assuming the value 1 for low consumer income 2.55 0.90
 and 4 for high consumer income
Urban Identifies the respondents living in urban areas.  0.53 0.50
 It takes the value 1 if respondents live in the metropolitan area of Naples, 0 otherwise.
Farm holidays Takes the value 1 when the consumer likes to go on farm holidays, 0 otherwise. 0.56 0.51
Traveling Takes the value 1 when the consumer likes travelling outside the EU, 0 otherwise. 0.35 0.66
Family size Takes the value 1 when there are more than 3 family members, 0 otherwise 0.45 0.50
Risk Summarizes the level of perceived risk associated with the use of technology 
 in the food industry 0 1
Uselessness  Summarizes the assessment of respondents about the usefulness of adopting technologies 
of Technology and, more generally, captures the level of uncertainty 0 1
Benefits Summarizes perception of benefits of modern food technologies 
and health effects in terms of control over food choices; capacity to have a balanced diet and health effects 0 1
Trust in media role Summarizes the consumer perception that the media usually provide balanced 
 and unbiased information 0 1

a higher level of risk perception and trust in the 
role of media (bArrENA and SÁNcHEZ, 2010). Liv-
ing in an urban area increases the level of risk per-
ception and the level of belief in the benefits and 
health effects of new technologies, while it is neg-
atively related to trust in the media. 

table 5 reports definitions and the main sta-
tistics of the variables in the econometric mod-
el. the system estimation results are listed in 
tables 6 and 7. overall, the model shows a good 
explanatory capacity. Indeed, prediction index-
es, which measures the relation between y val-
ues correctly determined and total y values ob-
served, are 77.2, 98.3 and 93.5, respectively for 
system equations 1, 2 and 3.

According to the results, hypothesis H1 can-

table 6 - regression results from the multivariate probit.

Equation Functional food  Light Product Frozen and ready to eat

 Coefficients t Coefficients t Coefficients t

(Constant) -2.014*** -4.9 -5.913*** -6.8 -0.195 -0.4
Gender 0.503*** 2.95 1.501*** 4.79 0.217 0.88
Education 0.009 0.09 -0.812*** -3.4 -0.308*** -2.6
Children -0.217 -1.1 0.193 0.45 -1.198*** -3.1
Income 0.089 0.97 0.727*** 3.41 -0.243 -1.6
Urban 0.871*** 5.26 -0.277 -0.7 -0.671*** -2.8
Farm holidays -0.453*** -2.8 0.169 0.53 -0.643*** -3
Travelling 0.223** 2.07 -0.246 -0.6 0.138 1.29
Family size -0.18 -1 0.315 0.81 0.541** 2.33
Risk -0.384*** -4.7 -0.841*** -3.9 -0.113 -1.2
Uselessness of technology -0.132 -1.6 -0.568*** -2.9 -0.148* -1.7
Benefits and health effects -0.006 -0.1 -0.049 -0.3 0.071 0.62
Trust in media role 0.031 0.37 0.191 0.82 0.116 1.08

*significant at the 10% level; **significant at the 5% level; ***significant at the 1% level.

table 7 - Model Diagnostics.

Observation 355
LogLikelihood -243.2
ρ(1/ 2) -0.409***
ρ(1/3) -0.487**
ρ(2/3) -0.138
Wald χ2 (d.f) 252.9(36)
Prob>χ2 0.000
L.R χ2 (d.f) 11.7(3)
Prob>χ2 0.008

not be rejected. the probability of entering the 
market of proposed food categories depends on 
consumer attitudes to technology. Nevertheless, 
the adopted model shows a wide range of results 
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in terms of the relationship between consump-
tion propensity and consumer attitude.

Specifically, our estimate provides evidence 
for the existence of a direct relationship between 
the perception of risk and consumer participa-
tion in the market of “Functional” and “Light” 
products. Moreover, respondents showing great-
er skepticism toward food technologies and their 
usefulness are associated with a low probabili-
ty of buying “Light” and “Frozen or ready to eat” 
products. by contrast, the third and fourth com-
ponents were not found to be statistically signif-
icant and they do not seem to affect consumer 
intention. However, the latter two components 
account for the least explanatory power in terms 
of the proportion of total variance. 

therefore, the propensity to purchase more 
processed food products is mostly affected by 
the perception of risk and by the judgment 
about the usefulness of technologies. When 
perceived risk and the feeling of uselessness 
of technology are high, consumers tend not to 
participate in the market. the above result is 
confirmed by the computed marginal effects as 
reported in table 8, demonstrating and quan-
tifying the role of the factors for each selected 
food category.

Among the three products considered, the 
consumption of functional food seems to be more 
influenced by the consumer’s attitude to tech-
nology, presenting a higher marginal impact.

the model results highlight the role of the so-
cio-demographic characteristics of the respond-
ents in determining the probability to purchase 
innovative products, validating the second hy-
pothesis H2. the value of the coefficients can 
provide initial elements to depict the ideal cus-
tomer profile for the various goods considered. 
With respect to functional foods, we can assume 
that a typical consumer is female; she lives in a 
city, and has a passion for travelling. the typical 
consumer of light food is also female; she has a 
high income and her level of education is below 
average. the consumer of frozen and ready to 
eat foods has a large family and both the income 
and the level of education are below average.

the particular behaviour of women, however, 
is not in contradiction with what we described 
in the previous section: from cross-comparisons 
with the presence of children, women seem to 
perceive more risk, but at the same time, in the 

absence of children they are more likely to con-
sume functional foods and light products.

the proposed model also confirms the H3 hy-
pothesis. the correlation coefficients between 
the error terms among the equations (ρ1/2 and 
ρ1/3) are significantly different from zero. com-
pounding factors influencing consumption of 
functional food are negatively correlated with the 
compounding factors influencing consumption 
both of light products and frozen and ready-to-
eat food. this outcome confirms the empirical 
efficacy in modelling consumer choices simul-
taneously; it improves the estimation efficiency, 
including in the analysis the impact of valuable 
non-observable information.

Since its development the FtNS scale was 
tested as predictor of the willingness to try foods 
produced by novel technologies. coX and EV-
ANS (2008) provide information on the FtNS 
predictive validity by means of Pearson correla-
tion with the willing to try foods produced using 
novel technologies. other studies focused on dif-
ferent food technologies (MAtIN et al., 2012; EV-
ANS et al., 2010a; cHEN et al. 2013). In all these 
studies the predictor was the total score of the 
FtNS, while in the current application the pre-
dictors were the 4 components extracted from 
the factor analysis. In this way, the multidimen-
sional nature of the FtNS, is taken into account 
and it has been possible to analyze the different 
roles played by the four components in address-
ing the purchase behaviour toward each specif-
ic food category.

5. coNcLUSIoN

the present study adopted a psychometric 
scale proposed by coX and EVANS (FtNS) to re-
late the consumption of specific food categories 
with the attitude of consumers towards tech-
nology.

our results confirmed the strength of the 
FtNS scale. First of all, the survey confirms that 
the psychometric scale used by coX and EVANS 
can reflect the dichotomy between neophobia 
and neophilia attitudes. PcA analysis extracted 
4 factors: the first two factors (risk and useless-
ness of technology) are strictly linked to the more 
or less innovative behaviour of the interviewees.

consumer choices were empirically modelled 
through a simultaneous system of three equa-
tions. the model highlighted the role of both con-
sumer attitudes to technology and socio-demo-
graphic characteristics in determining the prob-
ability of purchasing products with a higher de-
gree of processing. It also provided some initial 
elements to define ideal customer profiles for the 
products in question. the most important find-
ing concerns the propensity to purchase more 
processed food products which is mostly affect-
ed by the perception of risk and the opinion of 
the usefulness of technologies.

table 8 - Average marginal effects of observed consumer at-
titudes toward technology on consumption probability (%).

 Functional  Light Frozen
 food Product and ready to eat

Risk -9.8 -2.5 -1.1
Uselessness of technology -3.4 -1.7 -1.5
Benefits and health effects -0.2 -0.1 0.7
Trust in media role 0.8 0.6 1.2
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this evidence may influence future devel-
opments of the research in question. the joint 
use of the coX and EVANS scale and a large set 
of socio-demographic, behavioural and psych-
ographic data could allow identification of the 
early adapters segment most willing to join mar-
kets for innovative products. this would provide 
useful insights for marketing strategies, effec-
tively targeting communication techniques and 
new product launches.
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AbStrAct

Nanotechnology has the potential to manipulate matter at the nanometre scale, creating and 
assembling substances at a molecular level with new and interesting properties. this has offered 
opportunities for applications in different sectors. recently, nanotechnology has received partic-
ular attention due to its promising applications in animal nutrition, drugs and nutrients delivery, 
animal reproduction, disease diagnosis and treatment. In the food sector, nanotechnology is ap-
plied to the improvement of food packaging, processing, monitoring and the development of food 
with new functional properties that can respond to the needs of consumers. this review will focus 
on the advances of nanotechnology in food sector and animal science with particular attention to 
animal nutrition. the implications for safety and regulation will be also discussed.
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1. INtroDUctIoN

1.1 Nanotechnology background 
and definition

Nanotechnology is a new emerging multidis-
ciplinary field, which is expected to revolution-
ize both science and society, and provides sev-
eral long term benefits. In the last years nano-
science was applied to create new tools for mo-
lecular biology, new materials in optics, new de-
livery systems of drugs, new sensors for disease 
detection. More recently, nanotechnology has 
received particular attention due to its promis-
ing agricultural and food applications. Accord-
ing to the National Science Foundation and Na-
tional Nanotechnology Initiative (NNI), nano-
technology is the ability to understand, control, 
and manipulate matter at the level of individual 
atoms and molecules, as well as at the “supra-
molecular” level, involving clusters of molecules 
(in the range of about 0.1 to 100 nm), in order 
to create materials, devices, and systems with 
new properties and functions because of their 
small structure (tANIGUcHI, 1974; DoWLING et 
al., 2004). these particular features were used 
from the ancient time. Indeed, nanotechnolo-
gy have been unknowingly applied from the 4th 
century bc , when gold nanoparticles (NPs) were 
used in the manufacture of porcelain in china 
and Egypt (DANIEL and AStrUc, 2004) and for 
medical purposes (such as the treatment of ar-
thritis or the elixir of youth) (rEAD, 1961). An 
example of the application of their optical prop-
erties was (GoNELLA and MAZZoLDI, 2000; PA-
DoVANI et al., 2003) the Lycurgus cups, which 
were made during the roman empire by using 
colored glasses containing silver and gold NPs 
(HArDEN and toYNbEE, 1959). the cup is char-
acterized by a dichroic effect: the glass is green if 

the cup reflects light and red if it transmits it. In 
1959, the physicist richard Feynman proposed 
to study the matter at a molecular scale, stim-
ulating the interest of many people. the famous 
talk called “there’s plenty of room at the bottom” 
was given by Feynman at the annual meeting of 
the American Physical Society and is a corner-
stone in the short history of the nanotechnolo-
gies (FEYNMAN, 1960).

From the beginning of this century, there 
has been a great increase in scientific publica-
tions regarding applications of nanotechnolo-
gies (Fig. 1).

the interest in this discipline is due to the 
unique biological, physical and chemical prop-
erties of the Nanomaterials which can be ap-
plied to new and useful products (SArGENt and 
JoHN, 2010). For example, in the second half of 
the eighties new Nanomaterials such as fuller-
enes (c60) and carbon nanotubes (ctS) were 
developed and widely applied. In particular, the 
interest in cNts is due to their property to in-
teract with macromolecules and nanostructures 
of biological interest having similar size such as 
viruses, nucleotides and DNA, aminoacids, pro-
teins, membranes, including also the water mol-
ecules (HAMAD et al., 2002; o’coNNELL et al., 
2002; WANG et al., 2002; PAUNESKU et al., 2003; 
ZHANG et al., 2009). today nanotechnology has 
different industrial applications and is more de-
veloped in areas such as pharmaceutical scienc-
es, microelectronics, chemistry, material and 
aerospace sciences (WEISS et al., 2006) (Fig. 2). 
More recently, nanotechnology has also received 
considerable attention for its promising agricul-
tural and food applications. In the food sector, 
nanotechnology has been applied to the improve-
ment of food packaging, processing, monitoring 
and the development of foods with new func-
tional properties that can respond to the needs 

Fig. 1 - Web of Science (search keyword: nanotechnology): Number of publication in the last 10 years.
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of consumers. the continuous development of 
this new discipline has led to an increased pro-
duction and release in the environment of car-
bon nanotubes (cNts) and nanoparticles (NPs) 
by different industries. In this way the popula-
tion was exposed to high levels of these products 
that caused severe problems to human health. 
therefore, different studies evaluated the tox-
icity of these compounds at molecular level, al-
though the results were often conflicting (LIU et 
al., 2012; SHVEDoVA et al., 2012; SAYES et al., 
2011). In the next sections, advances of nano-
technology in food sector and animal science will 
be presented. their implications for safety and 
regulations will be also discussed.

2. APPLIcAtIoN oF NANotEcHNoLoGY 
IN ANIMAL HEALtH AND ProDUctIoN

For a long period, nanotechnology studies 
were focused on the medical field and in particu-
lar on the evaluation of new drugs in vivo (otIL-
IA et al., 2005). More recently, the research has 
focused on animals of zootechnical interest. Al-
though there are not many studies on this top-
ic, many advantages can be obtained by apply-
ing this technology to animal production (Scott, 
2005). Several types of nanostructures and NPs 
have been developed and have revolutionized the 
approach to animal sciences. Examples of NPs 
applied to animal sciences are reported in ta-
ble 1. In particular, nanotechnologies were ap-
plied to the development of novel drug delivery 
systems and nanosensors for the diagnosis and 
treatment of diseases. thus, the effective cure 

Fig. 2 - Web of Science (search keyword: nanotechnology): % of publication in the last 10 years/research topic

of infections, metabolic diseases, and nutrition-
al disorders was achieved by acting at the na-
nometer level, through the control of the matter 
at the nanometer scale, excellent results in ani-
mal health and production were also achieved.

2.1 Administration of medications 
and vaccines to animals

the health of animals is very important and 
several efforts have been aimed to afford a high 
level of protection from pathogens and also avoid 
infections in humans. Animals are vaccinated 
by using antigens and adjuvants that stimulate 
the immune response against a specific virus. 
However, some adjuvants can produce negative 
side effects. Nanotechnology represents a prom-
ising approach that can allow to reduce such 
adverse reactions. A new formulation with NPs 
constituted by calcium phosphate as adjuvant 
was successfully tested in a murine model for 
its capacity to induce antiviral immunity (HE et 
al., 2000). there are also several ongoing stud-
ies regarding the encapsulation of vaccines with 
novel nanocarriers, such as spore based nano-
vaccines, NPs bound to antigens and synthet-
ic virus-like particles. these formulations allow 
to transport a drug in the specific site of action 
with low parental invasion, thus decreasing of 
the stress of the animal (KALKANIDIS et al., 2006). 
In this way, the efficacy of the vaccine is in-
creased and the inflammatory response is avoid-
ed (SINGH et al., 2007; cAPUto et al., 2009). At 
the moment, one of the most important issues 
of vaccine distribution is the need to maintain 
the cold chain, which an extension of the good 
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manufacture practice of the pharmaceutical in-
dustry (GMP). In order to bypass this require-
ment, vaccines were formulated in tablets in-
stead of using liquid formulations stored in re-
frigerator. Moreover, other routes of administra-
tion are under evaluation. Nanotechnology rep-
resents a promising new approach that allows 
to improve the vaccine distribution by increas-
ing their shelf-life (PEEK et al., 2008). 

2.2 New drug delivery systems

Normally drugs and probiotics are delivered 
to animals by injection or through the diet. the 
administration of drugs is realized when the first 
symptoms appear or in advance, as prophylax-
es. Nanodevices can afford a controlled release 
of drugs , thus avoiding the problem of drug re-
sistance, which arises following the extensive ex-
posure to the drug. Antibiotics administered to 
animals can reach the consumer. For this rea-
son, there is the need of a technology that could 
decrease the dose maintaining the same effica-
cy (HUH and KWoN, 2011). In order to achieve 
this aim, the use of nanoparticles bound to an-
tibiotics was evaluated. According to Huh and 
Kwon’s studies, Ampicilline bound to NPs was as 

table 1 - overview of NPs and their application in animal science. revisited by DE JoNG and borM, 2008.

Particle class Materials Application References

Natural materials or derivatives Chitosan Drug/Gene delivery Damascelli et al., 2003
 Dextrane  Dyer et al., 2002
 Gelatine  Huang et al., 2004
 Alginates  Mura et al., 2011
 Liposomes  Murata et al., 1998
 Starch  Roy et al., 1997
 Vicillin 

Dendrimers Branched polymers Drug delivery Meredith et al., 2011

Fullerenes Carbon based carriers Photodynamics Yamakoshi et al., 2003
  Drug delivery

Polymer carriers Polylactic acid Drug/gene delivery Du et al.,, 1998
 Poly(cyano)acrylates  Xu et al., 2009
 Polyethyleinemine
 Block copolymers
 Polycaprolactone

Ferrofluids SPIONS Imaging (MRI)  Bernardi et al., 2008
 USPIONS  Stern et al., 2007

Quantum dots Cd/Zn-selenides Imaging Cho et al., 2007
  In vitro diagnostics Liu et al., 2011

Various Silica-nanoparticles Gene delivery Kawano et al., 2006
Gold nanoparticles Mixtures of above  Li et al., 2010
Gold nanorods Solid lipid formulations  Liu et al., 2007
Gold nanoshells   Amarnath et al., 2010
Gold nanocages   Ankamwar et al., 2005
   Salem et al., 2003
   Stem et al., 2007

effective as the unbound Ampicilline in reduc-
ing the growth of Salmonella typhimurium at a 
40 times lower concentration of antibiotic. Such 
a decrease of dose was due to the NPs, which al-
lowed a better and more specific distribution of 
the drug in the tissue. controlled delivery sys-
tems were also created to deliver and monitor the 
delivery of vaccines or pharmaceuticals and nu-
trients in animals (cHEN et al., 2005; MoZAFArI 
et al., 2006; DE JoNG and borM, 2008). these 
formulations can be used to deliver drugs in a 
specific site. other applications regards the use 
of NPs for gene therapy (MArSAN et al., 2009; 
SHArMA et al., 2011), tumor inhibition, as gene 
delivery vectors or as new engineered nanomate-
rials for the coating of implants (AJMoNE et al., 
2007; KAtrAGADDA et al., 2010; KUZMA, 2010).

2.3 Nanosensors for diagnosis 
and treatment of diseases

Nanoparticles can also be used to improve the 
detection of microbial and chemical contami-
nants in animals. Examples of this application 
are the detection of E. coli by using a mannose 
targeting nanobiomolecule that links the path-
ogen (ZUccHErI and ASProULIS, 2012), detec-
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tion of Listeria monocytogenes in spiked milk 
(DE LA torrE et al., 2005; YANG et al., 2007) or 
campylobacter (LAtoUr et al., 2003; FrANKLIN 
et al., 2003) frequently found in poultry as con-
taminant, or polymeric NPs that are able to bind 
the pathogens in the gut of livestock and then 
are eliminated in the animal waste through the 
intestine (KEENEr et al., 2006). For the eradi-
cation of nematodes such as Trichinella spira-
lis, a frequent contaminant of pork meat, NPs 
composed of adjuvants, which stimulate the im-
mune response in mice, were used and a de-
crease of the larvae concentration in the mus-
cle tissue was obtained (DEVILLE et al., 2005). 
Furthermore, nanosized sensors composed of 
carbon nanotubes were successfully used to de-
tect toxic compounds and to monitor health and 
physiological conditions of animals (DrAbU et 
al., 2010). Nanomaterials can be used to create 
new kits for an early detection of contaminants 
with high precision. WEI et al. (2010) reported 
a specific application for the rapid detection of 
melamine in whole milk mediated by unmodi-
fied gold nanoparticles. 

In biomedical science, one of the current chal-
lenges in disease diagnosis is the in vivo appli-
cation of ultrasensitive image analysis of biolog-
ical targets under noninvasive conditions in or-
der to precisely detect early-stage diseases and 
monitor the responses to drug therapies. Nano-
particles are now emerging as novel and prom-
ising candidates for high-performance molecular 
imaging agents. Nanostructures, such as shells, 
quantum dots, NPs, dendrimers and fullerenes, 
were used to improve potential application in 
cancer imaging by magnetic resonance imaging 
(MrI), in order to improve cancer diagnosis and 
treat target tumors in vivo (ZHANG et al., 2008; 
roSENbErG et al., 2010).

2.4 Nanotechnology for reproduction

At the moment, there is particular interest in 
the sustainable production of animals and new 
solutions are required to obtain an improvement 
in this field. Nowadays, the use of assisted re-
productive technique still presents shortcomings 
and new technologies, which could improve it, 
are required (VErMA et al., 2012). In particular, 
nanotechnologies are used for the monitoring of 
the fertile period, which is the major problem in 
farm animals. Nanotubes were applied to the de-
tection of estrus in real time by implanting them 
under the animal skin. Variations of estradiol 
levels in the blood of animals were monitored 
in real time (LIU and WoNG, 2007). Nanostruc-
tured immunosensors were created in order to 
detect progesterone in cow milk and evaluate its 
release during the ovulation period (cArrALE-
ro et al., 2007). the biosensor should allow to 
detect changes of the physiological level of the 
progesterone concentration with fertility tests. 
Silver nanoparticles were evaluated for their an-

tibacterial properties (GArDEA et al., 2003) on 
chicken embryos. Unfortunately, the treatment 
was not effective and toxic effects affecting num-
ber and size of embryo lymph nodes were found 
(GroDZIK and SAWoSZ, 2006). Microfluidic de-
vices were developed with the aim of physically 
mixing sperm and eggs, thus obtaining a cheap, 
reliable and quick embryos production (StUD-
NIcKA et al., 2009; PAtIL et al., 2009). the fu-
ture plan is the in vivo implant of nanocapsules 
containing the male semen, which should be re-
leased in a controlled manner during the ovula-
tion period in order to fertilize an egg. 

2.5 Animal nutrition

Emerging evidences indicate that nanotech-
nology may represent a promising approach to 
develop new and specific products for animal 
nutrition. In particular nanotubes linked to nu-
trients can be administered to animals and re-
leased in specific sites, thus allowing the main-
tenance of high levels for a long time. this ap-
proach should avoid the degradation of nutrients 
and increase their availability (roSS et al., 2004). 
Sodium selenite NPs coated with metacrylate 
copolymers, sensitive to variations of pH, were 
orally administrated to ruminants and the im-
provement of selenium absorption was evaluat-
ed (roMEo-PErEZ et al., 2010). Silver NPs and 
cu-montmorillonite NPs were used as feed ad-
ditives to increase the average daily weight gain 
of pigs (toNG et al., 2007; FoNDEVILA et al., 
2009). Iron or selenium NPs were successfully 
tested as feed additives in aquaculture and im-
provement in animal growth performance was 
reported (ZHoU et al., 2009). the administra-
tion of copper and zinc (HAN and bAKEr, 1993; 
SMItH et al., 1997) as growth promoters in pigs 
were restricted to the only improvement of an-
imal health status. the use of nanotechnology 
permits a specific administration of micromin-
erals avoiding their excessive use, which could 
lead to toxic effects for animals, consumers and 
environment (FoNDEVILA et al. 2009 a,b). Min-
erals, supplements and vitamins are important 
in animal nutrition; for example iron is essen-
tial in animal diet during particular periods of 
life, such as parasite infestations, gestation and 
in the early stage of life (ZIMMErMAN, 1980; o’ 
NEILL et al., 2010). However, the administra-
tion of ferrous sulfate in food produces a metal-
lic taste due to the increase of rancidity of cere-
als caused by acceleration of fat oxidation, thus 
inducing the refuse of food by animals (HUrrEL, 
2002). Ferric phosphate is an alternative to fer-
rous sulfate but its instability and low availa-
bility limit the use as iron source. However, na-
noparticles of this compound overcome the sta-
bility issue, thus increasing the nutritional val-
ue of this source and allowing the administra-
tion to animals (FIDLEr, 2008; roHNEr et al., 
2007). Moreover, nanosized vitamins are used in 
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poultry and livestock feed. Nanotechnology can 
also provide applications for medication, nutri-
ents and veterinary care that target specific cas-
es, such as aged animals.

3. APPLIcAtIoN oF NANotEcHNoLoGY 
IN FooD ProDUctIoN

the application of nanotechnology in food 
systems can lead to several advantages. the 
food safety has been improved by using sen-
sors for pathogen detection, remote controls of 
food, smart systems for product tracking, en-
capsulation of functional food ingredients con-
taining medicines and supplements, which are 
released in a specific site (WEISS et al., 2006). 
by mean of nanotechnology, the inclusion of 
nano supplements or nutrients in food can im-
prove the nutritional value of food or change its 
taste, color and texture. According to GArbEr 
(2007) and ScrINIS (2007), nanofood can be de-
fined as the manipulation of seeds, feed, pesti-
cides and packaging at the nanometer scale or 
when nanotechnologies are used during culti-
vation, production and processing of the food. 
Due to the possibility to create new useful and 
interesting products, the food industry has ap-
plied this technology to the encapsulation and 
emulsion of nutrients, probiotics, supplements 
and to sensor development (FSAI, 2008). In ad-
dition to the needs of the industry, the interest 
of the consumers is to follow the path of the ani-
mal and its products throughout all the produc-
tion and distribution chain giving particular at-
tention to their safety. New compounds for ag-
riculture were also produced by using nanofer-
tilizers composed of hydrogels or zeolites, which 
improve water catchment in the soil and absorb 
toxic compounds at the same time (GoNZALES-
MELENDI et al., 2008). All these possible appli-
cations can lead to an improvement of food pro-
duction linked to a cost effectiveness.

3.1 Application to the food industry

the food industry is the largest manufactur-
ing sector in the world and new technologies 
are necessary for its innovation. the applica-
tion of nanotechnology to the food industry in-
volves several benefits, such as products with 
new properties (less sugars and fats, new tex-
tures, colors, nutrients, flavors and tastes), im-
proved food security, processing and traceabili-
ty, new packaging and products having extend-
ed shelf life and improved microbial food safe-
ty (AVELLA et al., 2005; cHAUDHrY et al., 2008; 
GArbEr, 2007; rHIM, 2007). It has been estimat-
ed that the market of nanotechnology will reach 
1 trillion USD by 2015. In particular, packaging 
is considered the main commercial application 
of nanotech in food sector. As estimated by rich-
ardson and PIEHoWSKI (2008), nanotechnology 

will be used in 25% of food packaging within the 
next decade. Due to the large economic interest, 
large industries, such as Kraft foods, founded 
a nanotech consortium (15 University and re-
search labs) with the aim of obtaining food prod-
ucts that fit the tastes and needs of consumers 
(SANGUASNSrI and AUGUStIN, 2006). 

3.2 Food safety and decontamination

In term of food safety, one of the main issues 
is the contamination of cereals with mycotoxins 
due to its relevance for human/animal health 
and the economic impact on the global trade of 
cereal. the FAo has estimated a contamination 
of 25% of worldwide cereals stockpile by myco-
toxins each year with an enormous economic 
effect (JELINEK et al., 1989; LINDEMANN et al., 
1993). regarding this topic, nanoabsorbents 
composed of magnesium oxide and embedded 
by silica nanoparticles has been used as effec-
tive adsorbent agents as a way to remove afla-
toxins from wheat flour (LUo et al., 2004; MA-
SoEro et al., 2007; MoGHADDAM et al., 2010). 
SHI et al. (2009) reported the use of a modified 
montmorillonite to decrease the toxicity in feeds 
of chicks. the development of nanodevices for 
food safety and preservation and for the detec-
tion of biological contaminants of food, such 
as bacteria, fertilizers or pesticides, is very im-
portant (DINGMAN, 2008). Indeed, food patho-
gens can be detected with nanosensors placed 
in packaging materials as a sort of electron-
ic noses or tongues, which are able to detect 
spoilage and contamination of food. these sys-
tems allow to detect even just one bacterium lo-
cated in food in real time with a quick, simple 
and sensitive procedure (DAS et al., 2009; LIL-
IE and cANtINI, 2011). the advantages of these 
systems consists in placing thousands of na-
nostructures in a nanosensor, which is able to 
detect the presence of any number of patho-
gens because it can be introduced in tiny places 
where pathogens hide. Different systems were 
applied also to drinking water. recent studies 
suggest that many of the issues involving water 
quality could be resolved or greatly improved 
by using nanoparticles, nanofiltration or other 
products resulting from the application of na-
notechnology. Innovations in the development 
of novel technologies to desalinate water are 
among the most exciting and promising targets 
(SAVAGE and DIALLo, 2005).

3.3 Food processing and monitoring

Food traceability is important in order to fol-
low all steps of the production and distribution 
of animal products and guarantee their quality. 
Some procedures are illustrated in SHEFEr and 
SHEFEr (2003 a,b) and cHAKrAVArtHI and bAL-
AJI (2010). the application of nanotechnology in 
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food processing includes the use of nano-ingre-
dients that change texture and taste of food. the 
dispersibility of additives in food is improved by 
their encapsulation in nanostructures, such as 
micelles or liposomes, that can mask the taste 
of some additives or protect them from degrada-
tion (cHAUDHrY and cAStLE, 2011). In this way, 
the bioavailability of nutrients is increased too, 
thus reducing the use of additives and preser-
vatives and obtaining a better food storage. Li-
posomes in particular can be used to encapsu-
late hydrophobic or hydrophilic ingredients. by 
adjusting their internal pH, the stability of the 
substances incorporated is increased. Different 
materials and shapes can be obtained, such as 
multiple vesicles with an onion-shaped struc-
ture. As illustrated by WEISS (2006), liposomes 
were successfully used to encapsulate antibac-
terials, thus obtaining improvement in the inhi-
bition of bacteria growth when compared to the 
standard methods. this effect may be related 
to the delivery properties of nano-encapsulated 
drugs, which are released for a prolonged peri-
od of time due to a controlled release (cHEN et 
al., 2005). Future perspectives of nanotechnol-
ogy application in food processing are the pro-
duction of functional food providing health ben-
efit or products tailored to satisfy specific nutri-
tional needs or problems, such as allergies. re-
cently, omega-3 microcapsules, like many oth-
er nano-ingredients, have been added to sever-
al food products (MoZAFArI et al., 2006). At the 
moment, more than 100 nanofoods and others 
products containing nano-ingredients are sold 
in the market (table 2) (FoE, 2008). In these 
products, nanotechnology has found applica-
tion in primary production, stock, monitoring 
and retail level. 

3.4 Food packaging

Food packaging represents an important cat-
egory of nanotechnology application in the food 
sector. Several nanomaterials have been used in 
the food packaging for different purposes, such 
as antibacterial activity (nano-zinc and nano-sil-
ver oxide), control of spoilage in orange juice 
(EMAMIFAr et al., 2011), UV protection (nano-ti-
tanium dioxide), gas barrier (plastic polymers 
with nanoclay), improvement of the mechani-
cal strength (nano-titanium nitride), hydropho-
bic surface coating (nano-silica), etc. (cUSHEN 
and cUMMINS, 2012). thus, the shelf life of the 
food was increased by improving the mechani-
cal, thermal and gas properties of packaging and 
using environmental friendly materials (PErcH, 
2007; SoZEr and KoKINI, 2009). ‘Intelligent’ food 
packaging incorporating nanosensors or indica-
tors that monitor the condition of the food have 
been previously described. these products give 
an added value to animal products, thus obtain-
ing an overall benefit for the production and dis-
tribution chain of food products.

4. rISK ASSESSMENt

besides the advantages of nanotechnology ap-
plications, the possible health hazard linked to 
increasing exposure to nanotechnology prod-
ucts and the consumption of food produced with 
this technology must be considered. With the in-
creased production of NPs by many industries, 
the population may be exposed to high levels 
of these products, which may have hazardous 
effects on animals, humans and environment. 
Nanotechnology may guarantee improvement 
of hygienic conditions in food processing, good 
food quality, safety and decrease of foodborne 
illnesses (cHAUDHrY and cAStLE, 2011 b, bHAt-
tAcHArYA et al., 2007). However, the different 
pathway that nanomaterials can undertake in 
eukaryotic cells must be evaluated in order to 
have a better understanding of the correlation 
between the health hazard of these products 
and their dimensions (McKNIGHt et al., 2003). 
For example, studies reported in the literatures 
proved that silver NPs, which are commercially 
used in packaging materials, transfer from the 
packaging to the food and a certain level of tox-
icity was demonstrated (ASHArANI et al., 2008; 
HUANG et al., 2011). the pathway of nanopar-
ticles in the organism is not well known but 
some studies have demonstrated that NPs can 
enter in the gastrointestinal tract through trans 
membrane segments and can cross the placen-
ta (bHAttAcHArYA et al., 2011; ELSAESSEr and 
HoWArD, 2012). by interaction with living sys-
tems, nanomaterials may be accountable for un-
expected toxicity and for this reason their use in 
food or food packaging may be a reason of health 
hazard (DAS et al. 2009; cHEFtEL, 2011). other 
studies (bArcELo and FArrè, 2012; IJAbADENI-
YI, 2012) claim that people have been exposed 
to NPs in the diet for long time and that food in-
gredients are reduced to the nanometer scale by 
the digestive processes in order to obtain energy 
and maintain physiological processes. Accord-
ing to this opinion, the hazard is not due to the 
dimensions but to the nature of the materials, 
which can be harmful to human and animals. 
the toxicity of nanomaterials at molecular level 
is the topic of more recent studies and the results 
are often conflicting (LIU et al., 2012; SHVEDo-
VA et al., 2012; SAYES et al., 2011). At the mo-
ment, there is not enough information about the 
risks for human, animal and environment (DoW-
LING et al., 2004; WILLIAMS et al., 2005; cASA-
boNA et al., 2010). Several researchers state 
that regulators do not respond to this issue to 
safeguard the big companies that are investing 
on this new technology (boSSo, 2010). A major 
concern is related to the consumption of foods 
containing nano-additives that are indigestible, 
insoluble and potentially bio-persistent, there-
fore not beneficial for consumer health. More-
over, the exposure to nanomaterials may consti-
tute a risk for consumer because they may con-
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table 2 - Examples of foods, food packaging and agriculture products that contain nanomaterials (modified by FoE, 2008).

Type of product Product name manufacturer Nano content Purpose

Functional beverage Oat Chocolate and Oat 300 nm particles of iron (SunActive Fe) Fortified flavoured waters and milk with vitamin, mineral and other functional ingredients
 Vanilla Nutritional Drink Mixes Solid hydrophobic nanospheres using nanoemulsion technology for incorporation and controlled release of bioactives.
 Toddler Health composed of a blend of food-approved Food that can adjust its colour, flavour or nutrient content to accommodate a person’s taste
  hydrophobic materials encapsulated or health condition. Nano-sized iron particles have increased reactivity and bioavailability
  in moisture-sensitive or pH-sensitive (Fidler et al., 2004.)
  bioadhesive microspheres to enable
  controlled release of active ingredients.

Food additive Aquasol preservative; AquaNova Nanoscale micelle (capsule) of lipophilic Nano-encapsulation increases absorption of nutritional additives, increases effectiveness of
  or water insoluble Substances preservatives and food processing aids. Used in wide range of foods and beverages.
   http://www.aquanova.de

Food additive Bioral™ Omega-3 nanocochleates;  Nano-cochleates as small as 50 nm Effective means for the addition of highly bioavailable Omega-3 fatty acids to cakes,
 BioDelivery Sciences International  muffins, pasta, soups, cookies, cereals, chips and confectionery.
   http://www.nanobiotech.org/

Food additive Synthetic lycopene; BASF LycoVit 10% (<200 nm Bright red colour and potent antioxidant. Sold for use in health supplements, soft drinks,
  synthetic lycopene) juices, margarine, breakfast cereals, instant soups, salad dressings, yoghurt, crackers etc.
   http://www.basf-chemtrade.de

Food contact material Nano silver cutting board;  Nanoparticles of silver The surfaces of these cutting boards are coated with nano-silver.
 A-Do Global  Pure silver particles only a tiny fraction of a millimeter in size, combat bacteria
   and kill 99.9% of all germs. This safely protects your sliced food against microbes,
   and odorous substances won’t gain a foothold. http://www.nanotechproject.org

Food contact material Antibacterial kitchenware; Nanoparticles of silver Ladles, egg flips, serving spoons etc have increased antibacterial properties.
 Nano Care Technology/NCT  Nano-coatings are exceedingly water-resistant on outdoor materials; keeping them
   drier longer. Oil, coffee and other frequent stains belong to the past, if the material
   is treated with our protective products. http://www.nanocare-ag.com

Food packaging Food packaging Durethan® Nanoparticles of silica in a Nanoparticles of silica in the plastic prevent the penetration of oxygen and gas
 KU 2-2601 plastic wrapping; polymer-based nanocomposite of the wrapping, extending the product’s shelf life. To wrap meat, cheese, long-life juice etc
 Bayer  www.marmarapolimer.com

Food packaging Imperm (from Nanocor Inc.) It Is used in multi-layer PET bottles Used to minimise the loss of CO
2 from the drink and the ingress of O2 into the bottle,

  and sheets for food and beverage packaging thus keeping beverages fresher and extending shelf-life. www.nanocor.com

Food packaging Aegis OXCE (Honeywell) Polymerized nanocomposite film. The resins It is an oxygen-scavenging barrier resin formulated for use in co-injection PET bottle
  are a blend of active and passive nylon using applications e.g. beer, fruit juice and soft drinks.
  O2 scavengers and passive nanocomposite http://www51.honeywell.com/sm/aegis/products-n2/aegis-ox.html
  clay particles to enhance the barrier properties
  for retaining CO2 and keeping O2 out.

Plant growth PrimoMaxx, Syngenta 100 nm particle size emulsion Very small particle size means mixes completely with water and does not settle out
   in a spray tankurf treated results in grass which is healthier, has a more durable blade
   with a higher tolerance to weather extremes. http://www.syngenta.com

Smart filters DOW™FILMTEC™ reverse The filter consists of a polycarbonate Selective nanofilters that can distinguish molecules based on shape as well as size
 osmosis and nanofiltration elements membrane etched with tiny, evenly-sized enabling the removal of toxins or adjustment of flavour.
  pores less than 10 nanometers. The thiols http://www.dowwaterandprocess.com
  spontaneously arrange themselves into
  a membrane one molecule deep, with all
  the thiol molecules pointing the same way.

Water sanitation systems Nevada-based Altair It uses 40 nm particles of a lanthanum- Nanotechnologies makes a water-cleaning product for swimming pools and fishponds
  based compound which absorbs phosphates called NanoCheck. Besides, nanoscale delivery of weedicides and soil-wetting agents may
  from the water and prevents growth of algae be very useful for aquatic weed control in large water bodies, and mitigation of stress due
   to climate change and aquatic pollution.
   http://www.azonano.com/article.aspx?ArticleID=663

Smart sensors RFID technology, Sygenta sensors Track real time stresses of perishable goods Packaging with nanosensors that indicate when a product is compromised and not safe
 University Innnovation center from farm gate to retailer’s shelf for consumption. http://www.foodproductiondaily.com

Sanitizer Packaging Nano ZnO Plastic Wrap  Nanoemulsion of vegetable oil, surfactant surrounded by trace amounts of alcohol
   suspended in water with properties to kill bacteria. Packaging with nanosensors
   that indicate when a product is compromised and not safe for consumption.
   Nanoemulsion of vegetable oil, surfactant surrounded by trace amounts of alcohol
   suspended in water with properties to kill bacteria.
   http://www.google.com/patents/EP1411913A4?cl=en
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tain organic moieties that can carry foreign sub-
stances in the blood (MUKUL et al., 2001) and 
can enter in the gastrointestinal tissue. the ex-
posure to these components of nanomaterials 
could produce abnormal concentrations of reac-
tive oxygen species and activate an inflammato-
ry response (PoWELL et al., 2010). considering 
all these risks, an extensive study that correlate 
the application of nanotechnology in the food 
packaging with the health hazard must be car-
ried out. At the moment, only few studies have 
been carried out (DAS et al., 2009), but there 
is the need to evaluate these nanomaterials by 
using different assays in order to establish the 
risk related to their uptake. Furthermore, gov-
ernments should regulate the commercialization 
of these products and label them, thus making 
the consumers aware of the presence of nano-
foods in the products (SoZEr and KoKINI, 2009). 
Following these considerations, nanomaterials 
should be used only after rigorous tests that es-
tablish their safety for the environment and the 
health of humans, fishes and animals (DoWL-
ING, 2004; MEDINA et al., 2007; bLASEr et al., 
2008; ELSAESSEr and HoWArD, 2012).

coNcLUSIoNS

Nanotechnology has the potential to revo-
lutionize the field of animal science and food 
production in terms of diagnostics, discovery 
of new drugs, drug delivery, vaccine develop-
ment. the application in food production and 
packaging can potentially improve the nutritive 
value, quality and shelf life of several feed and 
food products with different advantages for the 
safety of consumers. At the moment, many of 
these products are either under development or 
at the experimental stages. At the same time, 
nanotechnology applications may be account-
able for harmful effects for animals, humans 
and environment. therefore, one of the main 
concerns regarding this new technology is the 
fear of the unknown. For this reason, further 
investigations are necessary in order to reas-
sure the consumer, fill the knowledge gap about 
nano-toxicity and, at the same time, improve 
the risk assessment and evaluate their econom-
ic advantages.
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AbStrAct

the content of dietary fiber and its fraction in barley (br) and buckwheat (bW) groats and sorp-
tion of selected bile acids were examined. the groats were boiled in water at the water to product 
ratio of 1.5:1 (v/v). the content of neutral detergent fiber (NDF), cellulose (c), lignin (L) and hemi-
celluloses (H) was determined according to Van Soest, while the total dietary fiber (tDF), insolu-
ble (IDF) and soluble (SDF) dietary fiber according to ASP et al., (1983, 1996). the sorption of se-
lected bile acids was determined by the colorimetric method. the br groats were characterized 
by a significantly higher NDF content in comparison to bW groats, i.e. 6.8 and 5.6%, respective-
ly. the tDF content was higher in the br groats than in the bW groats, amounting to 13.5 and 
8.4%, respectively. contents of NDF, tDF and fractions of dietary fiber in the groats were lower 
after boiling. the adsorption of bile acids by plant material depended on the type and concentra-
tion of bile acids.
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1. INtroDUctIoN

cereals, vegetables, fruits and legume seeds, 
are a rich food source of dietary fibers that pro-
mote various beneficial physiological effects for 
human health. 

Dietary fiber does not constitute a chemical-
ly defined compound or a homogenous group of 
compounds, but it is a complex of heterogene-
ous substances, such as hemicelluloses, pec-
tins, cellulose and lignin. Moreover, dietary fib-
er contains also non-structural polysaccharides 
connected with the endosperm and intercellu-
lar space, as well as several other compounds, 
such as polyfructans, indigestible dextrins, poly-
dextrose, methyl cellulose, hydroxypropyl me-
thyl cellulose and resistant starch (ASP, 1996; 
DEVrIES, 2001; GUNNES et al., 2012; MEYEr, 
2004; MILLEr JoNES, 2000; toScH and YADA, 
2010).

Dietary fiber and its fraction shows various 
functions in the human organism and differ-
ent functional properties, and thus has a dif-
ferent effect in the human intestinal tract (Mc-
coNNELL and EAStWooD, 1974; PEErAJIt et 
al., 2012; SILVA et al., 2012; toScH and YADA, 
2010). Dietary fiber shows different physical 
and chemical properties like water holding ca-
pacity (WHc), water binding capacity (Wbc), 
cation exchange capacity (cEc) absorption of 
metals, but also affects the rate of passage of 
chyme through the intestines, lowers blood 
glucose and cholesterol levels, increases fec-
es mass and binds bile acids (corNFINE et 
al., 2010; GÓrEcKA et al., 2002; KAHLoN and 
cHoW, 2000).

Depending on the source of its origin, die-
tary fiber is characterized by varying capacity 
to bind bile acids and their salts in the intes-
tines, thus contributing to increased excretion 
of these substances and accelerated cholesterol 
metabolism. bile acids may be adsorbed on di-
etary fiber or dissolved and retained in the wa-
ter trapped in the fiber (EAStWooD et al., 1976; 
toScH and YADA, 2010). According to cAPALDI 
et al., (2009) and DZIEDZIc et al., (2012), pec-
tins and lignin lower blood cholesterol and li-
pid levels in the higher degree, than cellulose 
fractions.

cereals belong to the most concentrated 
sources of dietary fiber. In cereal products the 
content of dietary fiber varies considerably and 
depends on the amounts of individual kernel 
components they contain. During cereal pro-
cessing to produce groats the seed coat and the 
germ are removed, as well as a part of the aleu-
rone layer, depending on the milling grade. ce-
real products, including groats due to their con-
tents of biologically active substances, may be 
a raw material for the production of functional 
food (bAUbLIS et al., 2000; MEHtA, 2005). bar-
ley and buckwheat groats are widely used in 
Polish cuisine.

2. MAtErIAL AND MEtHoDS

2.1. Material

Grains of barley namely Antek was obtain 
from breading Station Danko (Poland) and was 
used for production of barley groats. buckwheat 
grains (Fagopyrum esculentum Moench), namely 
Kora was obtain from breading Station Palikije 
(Poland) and was used for production of buck-
wheat groats.

Groats were boiled in water, at the water to 
product ratio of 1.5:1 (v/v). the products were 
lyophilized and next ground in a cyclotec mill 
(Foss, tecator) for 10 seconds. Analyses chol-
ic acid (cA) and deoxycholic acid (DcA) were 
selected at the concentrations of 1 and 6 mM. 
the selection of bile acid concentrations (1 and 
6 mM) was based on the fact that in the intes-
tines these acids are found at the concentra-
tions from 1 to 12 mM (DZIEDZIc et al., 2012; 
XIANG et al., 2010).

2.2. Determination of dietary fiber content

2.2.1. Contents of neutral detergent fiber (NDF) 
and its fraction

contents of neutral dietary fiber (NDF), acid 
detergent fiber (ADF), lignin (L) and cellulose 
(c) were determined by the detergent method 
according to VAN SoESt (VAN SoESt, 1963; 
1967). Starch was digested using thermostable 
α-amylase (termamyl 120 L, Novozymes) (Mc-
QUEEN and NIcHoLSoN, 1979). contents of 
hemicelluloses (H) were calculated as the differ-
ence between NDF and ADF. the analysis were 
made using FIbErtEc apparatus produced by 
tecator.

2.2.2. Contents of soluble and insoluble fibre

contents of total dietary fiber (tDF), solu-
ble (SDF) and insoluble (IDF) dietary fiber were 
determined using the Asp method (ASP et al., 
1983). 

2.3. Measurement of bile acid sorption

the capacity to bind bile acids (cholic and de-
oxycholic, Sigma Aldrich, Germany) by groats 
was determined using the colorimetric method 
(HUANG and DUrAL, 1995). In this method the 
factor inducing the colour reaction is a furfural 
solution (Merck, Germany). the principle of the 
measurement is to determine bile acid concen-
trations in the supernatant after incubation at 
the temperature of 37°c and the reaction char-
acteristic for the gastric juice. Analyzed sub-
stance (0.5 g) and bile acids (20 mL) dissolved 
in a phosphate buffer (pH 6.9) were placed in a 
conical flask. two samples were prepared: one 
containing bile acids with no plant material add-
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ed as a standard sample and the other, contain-
ing 0.5 g plant material and 20 mL buffer, as 
the blank test. Samples were shaken in a wa-
ter bath at the temperature of 37°c for 2 h and 
subsequently they were filtered. 

A total of 5 mL supernatant were collected for 
analysis and mixed with 5 mL 70% sulfuric acid. 
After 2 minutes 1 mL furfural solution (25%) was 
added (pink colouring appeared after 5 minutes). 
Absorbance was measured at wave length of 510 
nm. cellulose, binding bile acids to a slight de-
gree, was used for comparison.

2.4. Statistics

All analytical determinations were performed 
at least in triplicate. Values of different param-
eters were expressed as the mean ±SD. the re-
sults of the study were verified statistically with 
the Scheffe test at p < 0.05 significance level 
(Statistica 9).

3. rESULtS AND DIScUSSIoN

3.1. Contents of dietary fiber

the analyzed groats were characterized by 
differing contents of dietary fiber expressed as 
NDF (table 1). Dietary fiber content in raw bar-
ley groats was higher in comparison to raw buck-
wheat groats, amounting to 6.75 and 5.63%, re-
spectively. 

the dominant fraction in the analyzed groats 
was the H fraction, which in br constituted 
4.62%, while in raw bW 3.42%. the analyzed 
groats contained the smallest amount of the c 
fraction, whereas bW contained more of this 
fraction than br, i.e. 1.04 and 0.70%, respec-
tively. A significant effect was observed of ther-
mal processing (boiling) on dietary fiber con-
tent and its fractions. In br the content of die-
tary fiber decreased by 42.5%, while in bW by 
33.4%, respectively. In boiled br groats the con-
tent of H and L fractions decreased by 59.5 and 
67.1%, respectively, while c fraction content in-
creased by 120%. In boiled bW groats the con-
tent of H and c fractions decreased by 43.6 and 
59.6%, respectively, and the lignin fraction in-
creased by 19.7%. 

table 1 - the content of neutral detergent fibre and its fraction composition in groats (g/100 g of product).

Kind of groats NDF ADF H L C

Raw BR 6.75±0.09c 2.13±0.20b,c 4.62c 1.43±0.08c 0.70±0.03b

Boiled BR 3.88±0.14a 2.01±0.08b 1.87a 0.47±0.02a 1.54±0.07d

Raw BW 5.63±0.12b 2.21±0.18c 3.42b 1.17±0.05b 1.04±0.05c

Boiled BW 3.75±0.1a 1.82±0.09a 1.93a 1.40±0.03c 0.42±0.01a

a-d Values (means ± SD) within a column with different letters differ significantly at P < 0.05 (n = 3).
NDF: Neutral Detergent Fibre: ADF, Acid Detergent Fibre; H: hemicelluloses; L: lignin; C: cellulose; BR: barley groats; BW: buckwheat groats.

Fig. 1 - Percentage content of fractions dietary fiber of buck-
wheat and barley groats.
br: barley groats; bW: buckwheat groats; c: cellulose; H: 
hemicellulose; L: lignin.
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Percentages of individual fractions in dietary 
fiber of raw and boiled groats are presented in 
Fig. 1. taking into consideration the fractional 
composition of dietary fiber, the groats demon-
strating similar proportions of fractions L and H 
are raw br (21 and 68%, respectively) and raw 
bW groats (21 and 61%, respectively). boiled 
groats br and bW were characterized by similar 
content of fraction H (48 and 52%, respectively).

In the opinion of many authors the primary 
components of fiber in cereals are hemicellulos-
es, constituting 65% of total fiber expressed as 
NDF, while the percentage of cellulose amounts 
to less than 25%, lignin content is the smallest 

table 2 - the content of total dietary fibre, soluble and in-
soluble dietary fibre in groats (g/100 g of product).

Kind of groats SDF IDF TDF

Raw BR 4.74±0.12d 8.73±0.20c 13.47±0.42c

Boiled BR 1.16±0.08b 4.61±0.10a 5.78±0.13a

Raw BW 2.46±0.10c 5.94±0.12b 8.40±0.20b

Boiled BW 0.84±0.05a 4.93±0.27a 5.77±0.08a

a-d Values (means ± SD) in a column with different letters are significant-
ly different at P≤0.05.
SDF: soluble dietary fibre; IDF: insoluble dietary fibre; TDF: total dietary fi-
bre; BR: barley groats; BW: buckwheat groats.

in fiber of the analyzed cereals (DZIEDZIc et al., 
2012; WEStENbrINK et al., 2013).

contents of total dietary fiber (tDF), its soluble 
(SDF) and insoluble (IDF) fractions are present-
ed in table 2. the analyzed groats showed vary-
ing tDF levels, ranging from 5.8 to 13.5% in raw 
br. Insoluble dietary fiber constituted the dom-
inant fraction in all groats. In raw barley groats 
IDF content was 8.7%, while in raw buckwheat it 
was 5.9%. SDF amounted to 4.7% in raw br and 
2.46% in bW groats. According to DIcKIN et al. 
(2011), the content of β-glucans in barley grain 
varies and ranges from 3 to 7%, although in most 
cases it is 4-7%. thermal processing significantly 
decreased the content of tDF, as well as SDF and 
IDF fractions. In case of boiled br the SDF frac-
tion decreased by 75%, while that in boiled bW 
by 66%. the content of IDF fractions in boiled br 
and bW dropped to a smaller level, i.e. by 47 and 
17%, respectively. the ratio of SDF to IDF in raw 
br was 1:1.8, while in bW groats it was 1:2.4 (ta-
ble 3). the SDF:IDF ratio changed as well, as it 
was 1:4 for boiled br groats, whereas for boiled 
bW groats it was 1:6. According to GrIGELMo et 
al.. (1999), dietary fiber exhibits the best phys-
iological properties at the ratio of soluble to in-
soluble fractions of 1.0-2.3.thermal processing 
modifies the structure of dietary fiber. Extrusion 
cooking can increase the total dietary fiber con-
tent, while pressure cooking causes a reduction 
in the cellulose and hemicellulose content by de-
grading polysaccharides into simple sugars (EL-
LEUcH et al., 2011).

3.2. Sorption of bile acids

the performed analyses showed sorption 
properties of the investigated groats to vary. 
Adsorption of bile acids was dependent on the 
type of acid and also its concentration. Among 
the analyzed acids DcA was bound to a high-
est degree. the acids at the concentration of 6 
mM was bound to a higher degree than acid at 
the concentration of 1 mM (table 4). raw br 
groats bound the highest amount of 6 mM DcA 

table 3 - Proportion between fractions in groats.

Kind of groats Proportions of fractions

 H/L C/L H/C SDF/IDF

Raw BR 3.23 0.49 6.6 0.54
Boiled BR 3.97 3.28 1.21 0.25
Raw BW 2.92 0.89 3.29 0.41
Boiled BW 1.37 0.30 4.59 0.17

H: hemicelluloses; C: cellulose; L: lignin; SDF: soluble dietary fibre; IDF: in-
soluble dietary fibre; BR: barley groats; BW: buckwheat groats.

table 4 - Adsorption of bile acids by groats depending on type of bile acid and its concentration (g/100 g of product).

Kind of groats  Kind and concentration of bile acids

 CA DCA
 1 mM 6 mM 1 mM 6 mM

Raw BR 17.64±0.15b 39.70±0.28c 35.97±0.25d 55.28±0.21d

Boiled BR 18.02±0.31c 27.50±0.15b 23.85±0.13b 32.78±0.17a

Raw BW 18.21±0.28c 43.43±0.28d 26.30±0.15c 50.98±0.28c

Boiled BW 12.02±0.25a 26.24±0.10a 18.70±0.10a 35.82±0.21b

Cellulose 3.16±0.05 4.18±0.08 2.19±0.03 2.75±0.06

a-d Values (means ± SD) in a column with different letters are significantly different at P≤0.05.
CA: cholic acid; DCA: deoxycholic acid; BR: barley groats; BW: buckwheat groats.
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(55.28%), followed by 6 mM cA and 1 mM DcA, 
i.e. 39.7 and 35.97%, respectively, while the low-
est binding capacity was observed in the case 1 
mM cA (17.64%). Sorption of DcA, both at 1 and 
6 mM, by bW groats was lower than br groats, 
and amounted to 26.30 and 50.98%, respective-
ly, while for cA it was higher and corresponded 
to 18.21% (1 mM) and 43.43% (6 mM). Groats 
after thermal processing showed much lower 
sorption in comparison to raw groats. boiled 
br and bW groats bound the greatest amount 
of 6 mM DcA (35.82% bW groats and 32.78% 
br groats) and the lowest amount of 1 mM cA 
(18.02% br groats, 12.02% bW groats). In com-
parison to raw br groats sorption of 1 mM and 
6 mM DcA was lower by 34 and 35%, respec-
tively. Similarly, boiled bW groats showed low-
er sorption of both acids by 29 and 36%, re-
spectively. In comparison to cellulose sorption 
of 6 mM DcA was by approx. 92% higher. Ac-
cording to corNFINE et al. (2010), DZIEDZIc et 
al. (2012), KAHLoN et al. (2007), KAHLoN et al. 
(2008) the highest sorption capacity was found 
for lignin, while the lowest for cellulose. consid-
erable sorption capacities were also observed for 
pectins, whereas these capacities increase along 
with the degree of their esterification (bArbANA 
et al., 2011; DoNGoWSKI, 2007; KAHLoN et al., 
2008). In contrast, hemicelluloses have a neg-
ative effect on the sorption capacity of bile ac-
ids (AMAroWIcZ et al., 1993). Higher sorption 
of 6 mM cA by raw bW groats in comparison 
to boiled br groats may probably be connected 
with a much higher percentage of the lignin and 
hemicellulose fraction in dietary fibre (HU and 
YU, 2013). chemical composition of fibre is not 
the only factor affecting the adsorption of bile 
acids. other factors, such as porosity, surface 
area and adsorption force are also very signifi-
cant (corNFINE et al., 2010; HUANG and DUr-
AL, 1995; KAHLoN et al., 2007). Food process-
ing may alter physico-chemical properties of di-
etary fiber, and thus also the capacity of fiber 
to absorb water and other organic components. 
Studies conducted so far indicate a hydrophobic 
character of secondary bile acid bound by dietary 
fiber. Authors of those studies showed that the 
rate of bile acid sorption decreases along with 
the increase in the number of hydroxyl groups 
in the steroid ring. this is connected with the 
varying numbers of hydroxyl groups it contains. 
the more hydroxyl groups, the lower the binding 
capacity of secondary bile acids (AMAroWIcZ et 
al., 1993; corNFINE et al., 2010; DoNGoWSKI, 
2007; HUANG and DUrAL, 1995). cholic acid is 
a trihydroxyl acid, i.e. one with lower sorption 
capacity, and it is a primary acid, while deoxy-
cholic acid is a secondary acid, formed through 
metabolism of primary acids. Mutagenic prop-
erties have been attributed to secondary bile ac-
ids, thus their adsorption by dietary fiber seems 
to be of special importance from the nutritional 
point of view (bArrASA et al., 2013).

4. coNcLUSIoNS

the groats were characterized by different 
dietary fiber contents. barley groats are char-
acterised by higher dietary fiber content than 
buckwheat groats. the dominant fraction in all 
groats was hemicelluloses, while the smallest 
fraction was celluloses. the IDF level was high-
er than the SDF content. the groats were char-
acterized by differing bile acid sorption capac-
ity. barley groats bound bile acids to a higher 
degree in comparison to buckwheat groats. De-
oxycholic acid appeared to be more suscepti-
ble to binding than cholic acid. Acid at a high-
er concentration (6 mM/L) was better absorbed. 
taking into consideration significant contents of 
dietary fiber in groats and sorption capacity in 
terms of bile acids, enrichment of everyday diet 
with these products is highly recommended, es-
pecially for people suffering from lipid disorders.
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AbStrAct

the effect of storage on the composition and bioactivities of polyphenols in bijia tea (Camellia 
sinensis [L.] Kuntze) was evaluated. bijia tea samples were stored for 1, 3, or 6 years under iden-
tical conditions. As storage time increased, the polyphenol extraction yield, total polyphenol con-
tent, and amount of catechins decreased. Assays for polyphenol antioxidant activity and superox-
ide radical scavenging showed that both decreased with storage time. the inhibition ratio of bijia 
tea polyphenols on histamine release from rat basophilic leukemia rbL-2H3 cells also decreased 
as storage time increased. this report provides the first description of bijia tea polyphenols and 
their bioactivities as they change during storage.
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INtroDUctIoN

Second only to water, tea is the most ancient 
and popular beverage in the world for its refresh-
ing and stimulating effects, as well as health ben-
efits (KANWAr et al., 2012; WU and WEI, 2002; de 
MEJLA et al., 2009). to understand the mecha-
nisms underlying these effects, the isolation and 
analysis of the active components in various teas 
have been conducted (ZUo et al., 2002). In par-
ticular, there is great interest in the abundance of 
polyphenols such as catechins, flavonoids, antho-
cyanins, and lignans, which occupy 20-30% of the 
dry weight of tea leaves (KNAGGS, 2003; boUDEt, 
2007). these are well known for numerous bio-
activities (LEoPoLDINI et al., 2006), and are con-
sidered the main contributors to the antioxidant, 
anti-inflammatory, and antimutagenic proper-
ties of tea (MooN and SHIbAMoto, 2009; GAL-
LEANo et al., 2010; LAMbErt and ELIAS, 2010). 
Differences in the taste of various teas, e.g., rip-
ened and aged Pu’er teas (stored for less or more 
than one year, respectively), are believed to be 
caused by variations in their polyphenol content 
(ZHANG et al., 2011). Moreover, there are many 
reactions that can affect the polyphenol pattern 
during storage, including oxidation, polymeriza-
tion, decomposition, and isomerization (ZHANG 
et al., 2011; ZUo et al., 2002).

Differences in methods of manufacture ac-
count for the many and varied commercial teas, 
including green, black, and oolong tea. An ex-
ample of the latter is the bijia tea, a traditional 
drink in Guangdong province, china. It is made 
with the tender leaves of Camellia sinensis (L.) 
Kuntze grown on the island of bijia Mountain, 
Qingyuan. the manufacturing process of bijia 
tea is significantly different from that of other 
oolong teas (DoU et al., 2007). Simply, the leaves 
are cured in a wok, smoked by an open fire built 
from old pine tree branches, and then baked in a 
bamboo basket over a charcoal fire. the raw bijia 
tea is stored in ventilated bags for 1 to 2 years. 
Finally, the leaves are steamed over boiling wa-
ter for several minutes, and baked again. After 
all these steps, the bijia tea is ready for sale.

bijia tea has been famous for many years for 
its refreshing flavor and for its health-promot-
ing features. It is often used as an expectorant 
to induce the production of fluids and soothe 
breathing passages. Aged bijia tea develops a 
taste that is more complex, smooth, and mel-
low compared with that of newly ripened bijia 
tea. Although there have been many studies of 
the chemical components, biological activities, 
and fermentation processes of various other teas 
(cooPEr et al., 2005; HoU et al., 2009; QIN et al., 
2012; WANG et al., 2008), there is little known 
about the chemical composition and in particu-
lar that of the phenolic compounds, of bijia tea 
and how it is influenced by storage time. 

the extraction, characterization, stability of 
pigments, and effects of storage time on the al-

kaloids of bijia tea have been reported previously 
(WANG et al., 2010; WU et al., 2010). In the present 
study, an analysis of the polyphenols of bijia tea 
and evaluation of the effects of storage time on 
their composition and bioactivity was carried out.

MAtErIALS AND MEtHoDS

Materials

three bijia teas were selected which had been 
stored at room temperature for 1 (b-I), 3 (b-II), 
or 6 years (b-III) in a cool, dry, and ventilated 
place. the leaves were harvested from the field 
on about tomb Sweeping Day (Qingming Fes-
tival, ~March 8) at bijia Mountain, Qingyuan, 
Guangdong, china.

Mast cells of the rat basophilic leukemia cell 
line rbL-2H3 were cultured at Shenzhen Key 
Laboratory of Microbial and Genetic Engineer-
ing, Shenzhen University, Shenzhen, china. All 
the biochemical reagents and chemicals were 
commercially available.

Extraction of polyphenols

crude extracts were prepared by hot wa-
ter reflux extraction at 90°c (1:50, w/w) for 30 
min, and filtered (JIANG et al., 2010). the com-
bined filtrate for each experimental group was 
separated by column chromatography (packed 
with pretreated resin). to obtain polyphenols, 
the 80% ethanol/water eluent was concentrat-
ed under a vacuum at 45°c with a rotary evap-
orator (rV06-ML 1-b; IKA, Staufen, Germany), 
and then freeze-dried. All preparations were per-
formed in triplicate. the extract yields were cal-
culated as a percentage of the dry tea weight: 
extract yield, % = (weight of the extract / bijia 
tea leaves, dry weight) × 100%.

Qualitative assay of polyphenols 
by chromogenic reactions

the presence of polyphenols in the extracts 
was proved by a qualitative chromogenic assay. 
on spot plates, 0.5 mL (5 mg/mL) of polyphe-
nols of b-I, b-II, or b-III in water were added to 
0.1 mL of ferric chloride, ferric chloride-potassi-
um ferricyanide agent, or vanillin agent (WAtEr-
MAN and MoLE, 1994; FINE et al., 2006; SUM-
bELE et al., 2012). color changes were observed 
and described after 2 min.

Estimation of total phenolic content

total phenols of b-I, b-II, and b-III were quan-
tified using Folin-ciocalteau’s reagents as de-
scribed (ZHU et al., 2002). Gallic acid was used 
as the standard reference and water was the con-
trol. All tests were performed in triplicate and 
expressed as mg/g of dry tea.
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Quantitative analysis of polyphenols 
by high-performance liquid 
chromatography (HPLC)

the principal polyphenol components epicat-
echin (Ec), epigallocatechin (EGc), and epigal-
locatechin gallate (EGcG; all from Sigma, USA) 
were quantitatively determined using HPLc (Ag-
ilent 1100, Agilent, USA) at 278 nm (Agilent PN 
880952-702 column, SN USF0056126, 4.6 mm 
× 250 mm; flow rate 1.0 mL/min; mobile phase 
methanol [0.6% acetic acid/water]; gradient elu-
tion). All tests were performed in triplicate.

Analysis of free radical-scavenging activities

the ability of bijia tea polyphenols to scavenge 
2,2-diphenyl-1-picrylhydrazyl (DPPH) radicals 
was assessed by the method described previous-
ly (ZHU et al., 2002). Absorbance was measured 
at 517 nm (SpectraMax M2 Multi-Mode Micro-
plate reader, Molecular Devices, USA). Vitamin 
c was used as a positive control and methanol 
was the negative control. the antioxidant activ-
ity of polyphenols was defined as the clearance 
rate (crDPPH, %):

( )DPPH+MeOH DPPH+Sample MeOH+Sample
DPPH

DPPH+MeOH

OD OD OD
CR % 100%

OD
=  

the effect of bijia tea polyphenols on super-
oxide anion was detected with a superoxide an-
ion detection kit (Superoxide Anion Free radi-
cal Detection Kit, 50t, Nanjing Jiancheng bio-
engineering Institute, Nanjing, china) and per-
formed in accordance with the protocol of the 
manufacturer. All the above tests were per-
formed in triplicate.

Histamine release analysis

the inhibitory effect of bijia tea polyphenols 
on histamine release was analyzed as previous-
ly described (KIrItA et al., 2010) with a slight 
modification. rbL-2H3 cells were seeded into 
24-well plates (2 × 105 cells/mL, 1 mL/well) and 
cultured for 48 h. the cells were washed three 
times with tyrode’s buffer and treated with poly-
phenols (1.25, 2.5, 5, or 10 mg/mL) for 10 min 
after sensitization overnight with dinitrophenyl-
specific IgE antibody (1 μg/mL). then the cells 
were stimulated with antigen dinitrophenyl-bo-
vine serum albumin for 90 min. After centrifu-
gation, histamine release in the supernatants 
was determined with a mouse histamine en-
zyme-linked immunosorbent assay (ELISA) kit. 
All the above tests were performed in triplicate.

Cell treatment and assay 
of proliferation inhibition

the effect of bijia tea polyphenols on the pro-
liferation of rbL-2H3 cells was assessed by the 

method reported in Mosmann (1983) and in 
DENIZot and LANG (1986) with minor mod-
ifications. the medium was removed and the 
cells were washed three times with PbS after 
incubation overnight in 96-well plates (2 × 105 
cells/mL). rbL-2H3 cells were treated with tea 
polyphenols (0.625, 1.25, or 2.5 mg/mL) for 3 
h. the medium was removed and the cells were 
washed again. Finally, the cells were incubated 
with a solution of 100 μL PbS and 20 μL MtS 
(3- [4,5-dimethylthiazol-2-yl] -5- [3-carboxym-
ethoxyphenyl] -2- [4-sulfophenyl] -2H- tetrazo-
lium) in each well for 4 h. the optical density 
was determined by measuring the absorbance 
at 490 nm using a microplate reader (GENios 
tecanAustria GmbH, Austria). Proliferation in-
hibition rates were quantified as a percentage 
relative to the blank. the test was performed in 
triplicate for each sample.

Statistical analyses

the mean value and standard deviation of an-
alytes were calculated from the data obtained 
from the experiments. the statistical software 
package, SAS v9.1 (SAS Institute, cary, Nc, 
USA), was used for the analysis. the half-max-
imal inhibitory concentration (Ic50) was deter-
mined using origin software (ver. 8.1).

rESULtS

Extraction of polyphenols

bijia tea polyphenols were prepared using a 
combination of hot water reflux extraction and 
column chromatography. the reagents ferric 
chloride, ferric chloride-potassium ferricyanide, 
and vanillin were used to confirm that polyphe-
nols were present in extracts from b-I, b-II, and 
b-III. the presence of polyphenols was indicated 
by brown, green, or red precipitates in response 
to these three reagents, respectively (Fig. 1).

the extraction yields of polyphenols from b-I, 
b-II, and b-III were 19.20, 17.56, and 15.67%, 
respectively, of the total weight of the original dry 

Fig. 1 - chromogenic reactions of bijia tea polyphenols.
Fc = ferric chloride agent, Fc-PF = ferric chloride-potassi-
um ferricyanide agent.
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weight tea sample (table 1). Extraction yield de-
creased with time in storage. the total amount 
of phenols also decreased with storage time, as 
determined by spectrophotometry using gallic 
acid as a standard (table 1).

Identification of main components 
of polyphenol extracts

three main catechins, Ec, EGc, and EGcG 
were quantified by HPLc (table 2). It was found 
that EGc was the predominant catechin in bi-
jia tea polyphenols, followed by EGcG and Ec. 
Similar to the polyphenol extraction yields and 
total phenol contents, amounts of these three 
catechins decreased remarkably with increased 
storage time. the EGc content of b-III was 31.9% 

that of b-I, and EGcG of b-III was 27.3% of b-I. 
Loss of phenols slowed down as storage time was 
prolonged, e.g. the total reduction of EGc con-
tent was greater from 1 year to 3 years (48.8%) 
than from 3 years to 6 years (37.7%).

Antioxidant activity of Bijia tea polyphenols

the antioxidative activity of bijia tea polyphe-
nols was evaluated by the DPPH assay. All sam-
ples exhibited a high ability to scavenge DPPH 
radicals after 30 min, and in a dose-dependent 
manner (Fig. 2). However, the antioxidative ac-
tivity differed according to the storage time of 
the tea at each concentration. b-I polyphenols 
exhibited the highest antioxidative activity (Ic50 
at 0.0195 ± 0.0008 mg/mL), followed by b-II 
and b-III (Ic50 at 0.0391 ± 0.0012 mg/mL and 
0.0477 ± 0.0015 mg/mL, respectively).

the antioxidative effects were also determined 
by a superoxide radical scavenging assay. bijia 
tea polyphenols had a moderate ability to scav-
enge superoxide radicals; the response was dose-
dependent (Fig. 3). However, the differences be-
tween the observed potency of b-I, b-II, and b-
III were not as significant as in the DPPH radi-
cal scavenging assay; the Ic50’s were 0.3789 ± 
0.0034, 0.3788 ± 0.0025, and 0.4241 ± 0.0101 
mg/mL, respectively.

Antiallergic activity analysis

the antiallergic effects of bijia tea polyphe-
nol extracts were measured in terms of the re-
lease of histamine from rbL-2H3 cells. All the 
polyphenols resulted to significantly inhibit the 
release of histamine in a dose-dependent man-
ner, and the order of ability to inhibit histamine 
release was b-I > b-II > b-III. Specifically, the 
inhibition of histamine release due to polyphe-
nols from b-I, b-II, and b-III was 32.39, 30.55, 
and 28.31%, respectively, at 5 mg/mL (Fig. 4).

table 1 - Extraction yields of polyphenol and total phenol 
contents of bijia teaa.

 Bijia tea Yield (%) Total phenol content (mg/g)b

 B-I 19.20±1.389 69.83±0.518
 B-II 17.56±0.582 49.77±0.544
 B-III 15.67±1.723 38.61±0.454

aValues are expressed as mean ± standard deviation (n = 3);
bExpressed as mg catechin/g dry tea.

Fig. 2 - Antioxidant activity of bijia tea polyphenols assessed 
by the DPPH radical-scavenging assay. crDPPH (%) = clearance 
rate of DPPH, expressed as mean ± standard deviation (n = 3).

Fig. 3 - Antioxidant activity of bijia tea polyphenols assessed 
by the superoxide radical. crSA (%) = clearance rate of super-
oxide anion, expressed as mean ± standard deviation (n = 3).

table 2 - catechin content of bijia teasa.

 Bijia tea EGCb EGCGb ECb

 B-I 15.96±1.080 5.167±0.119 1.047±0.061
 B-II 8.177±1.003 1.981±0.050 Not detected
 B-III 5.093±0.227 1.413±0.071 Not detected

aValues are expressed as mean ± standard deviation (n=3). 
bExpressed as mg catechin/g dry tea.
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Fig. 5 - Inhibitory effects of bijia tea polyphenols on the pro-
liferation of rbL-2H3 cells.
Data are expressed as mean ± standard deviation (n = 3).

Furthermore, it was observed that prolifera-
tion of rbL-2H3 cells was also inhibited by bi-
jia tea polyphenol extracts in a dose-dependent 
manner (Fig. 5). At 1.25 mg/mL, the inhibit-
ing effect of polyphenols from b-I (76.73%) was 
much higher than that of polyphenols from b-II 
(34.71%) and b-III (29.79%). 

DIScUSSIoN

Interest in the health properties of tea and 
related scientific investigations has increased 
in recent decades (LIN et al., 1998). bijia tea 
has been a popular drink in southeastern chi-
na from ancient times. Interestingly, compared 
with ripened bijia tea which is stored less than 
one year, aged bijia is considered better tasting 
and is popularly believed to have greater health 
value. However, the components and related bi-
oactivities of bijia tea have been given very lit-
tle scientific investigation. the present study fo-
cused on the primary polyphenolic components 
of bijia tea and the effects of time in storage on 
their composition and bioactivities.

tea extracts were first prepared by heat re-
circulating extraction and resin adsorption pu-
rification, from b-I, b-II, and b-III in order to 
achieve the highest recovery from the teas . the 
main components of the extracts were confirmed 
as polyphenols by traditional ferric chloride, fer-
ric chloride-potassium ferricyanide, and vanil-
lin colorable reactions (WAtErMAN and MoLE, 
1994; FINE et al., 2006; SUMbELE et al., 2012). 
results showed that the polyphenol extraction 
yields and the total phenol contents of b-I, b-II, 
and b-III, which had been stored 1, 3, and 6 
years respectively, decreased significantly fol-
lowing the same order. 

to evaluate changes in bijia tea polyphenol 
composition during storage, the relative con-
tents of three main constituents, EGc, EGcG 

Fig. 4 - Inhibitory effects of bijia tea polyphenols on hista-
mine release in rbL-2H3 cells.
Data are expressed as mean ± standard deviation (n = 3).

and Ec, were determined. EGcG is the main 
catechin in green tea (ZUo et al., 2002). Howev-
er, in the present study the EGcG content in bi-
jia tea was much lower than that of EGc. this 
may be due to its high chemical reactivity, the 
effects of the half-fermentation process, or var-
ious oxidative decomposition reactions during 
storage (KANWAr et al., 2012; ZUo et al., 2002; 
boUDEt, 2007; ZHANG et al., 2011).

Moreover, our analyses showed that ripened 
b-I contained higher amounts of EGc, EGcG, 
and Ec than the aged b-II and b-III, and there-
fore it may be concluded that the level of cate-
chins in bijia tea was affected remarkably by the 
prolonged storage. Unlike Pu’er tea, in which the 
levels of catechins in aged Pu’er tea are higher 
than those of ripened (ZHANG et al., 2011), the 
decrease of catechin content in bijia tea with pro-
longed storage time may be due to the unique 
partial fermentation process, high activity of cat-
echins, or the presence of microorganisms con-
tained in bijia tea. because the phenolic hydrox-
yl groups in EGc, EGcG, and Ec can be easi-
ly oxidized to quinones to form brown polymers 
(AKAGAWA and SUYAMA, 2001; AKAGAWA et al., 
2005); these catechins and their oxidized inter-
mediates can react with amino acids, proteins, 
and other biomacromolecules to produce black 
polymers. this may also explain the different 
but more pleasant flavor of aged bijia tea, and 
may also be the reason that b-III is darker than 
b-II, which is darker than b-I.

Increasing research findings suggest that the 
antioxidant properties and radical scavenging of 
tea polyphenols, which are highly correlated with 
molecular weight and the number of phenolic 
hydroxyl groups, are responsible for the bene-
ficial effects of tea in different chronic diseases 
(HIGDoN and FrEI, 2003; HALLIWELL, 1995; LIL-
LIAN, 1995). Here, the antioxidation of bijia tea 
polyphenols was proved by means of the DPPH 
and superoxide radical scavenging assays. bijia 
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tea polyphenols exhibited a remarkable DPPH 
scavenging effect and powerful superoxide rad-
ical scavenging ability. the observed rank order 
was consistently b-I > b-II > b-III, which appears 
related to the decrease in the content of cate-
chins in bijia tea polyphenols and the decrease 
in phenolic hydroxyls during storage. Further-
more, this order agrees with that of the polyphe-
nol extraction yields and total polyphenol con-
tent from b-I, b-II, and b-III.

Allergies are caused by excessive immune ac-
tivity. Up to 30% of the worldwide population 
is affected, and the incidence rate is increas-
ing (LEUNG et al., 2012). In the laboratory, in-
hibition of histamine release from mast cells is 
the principle means of evaluating the allergenic 
properties of chemicals (GALLI et al., 1999; KI-
NEt, 1999; KAWAKAMI and GALLI, 2002). In the 
present study, the antiallergic effects of bijia tea 
polyphenols in vitro was investigated and it was 
found that bijia tea polyphenols inhibited the 
histamine release from rbL-2H3 cells induced 
by IgE, in a dose-dependent manner. Moreover, 
bijia tea polyphenols inhibited the proliferation 
of rbL-2H3 cells, although the inhibiting poten-
cy of b-I was much stronger than that of b-II or 
b-III at 1.25 mg/mL. these results prove that 
the antiallergic properties of bijia tea decreased 
as storage time increased. that may be due to 
the sharp decrease in EGc and EGcG in b-II 
and b-III because of the longer storage time. our 
findings regarding the antiallergic function of tea 
polyphenols is supported by other reports (MAE-
DA-YAMAMoto et al., 2012; SANo et al., 1999; 
SUZUKI et al., 2000; FUJIMUrA et al., 2002; MAE-
DA-YAMAMoto et al., 1998).

coNcLUSIoNS

Extract yields, total phenols, the predominant 
catechins, and the antioxidative and antialler-
gic effects of bijia tea all decreased remarka-
bly with time in storage. Further studies on the 
newly formed components and health benefits 
of aged bijia tea are warranted.
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AbStrAct

the aim of this study was to evaluate the effect of gaseous ozone on Staphylococcus aureus (S. 
aureus) and Listeria monocytogenes (L. monocytogenes) strains with regard to biofilm production 
and survival. the experiment was conducted with six S. aureus strains and four L. monocytogenes 
strains. After exposure to ozone, the biofilm-forming abilities of bacteria were assessed. the treat-
ment caused a mean reduction of 0.82 and 1.39 log units for S. aureus and L. monocytogenes, re-
spectively. Although the effect of ozone gas on cell survival was minimal, biofilm production was 
affected. Much effort should be invested in examining the effects of gaseous ozone treatment on 
bacterial biofilm formation.
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INtroDUctIoN

It is known that the most common ways for 
bacteria to live is adhering onto surfaces and 
forming organized communities named biofilms. 
cleaning and disinfection operations play a key 
role in ensuring the safety and quality of food 
products. Almost 45-70% of the total water used 
within the food industry is for sanitation opera-
tions. Initiatives at national and international lev-
els involve the reduction of water consumption in 
food industry. With regard to this, ozone (o3) may 
offer in the food industry an alternative or com-
plementary cleaning and sanitizing agent (KIM et 
al., 1999; GUZEL-SEYDIM et al., 2004). the use 
of o3 may save water in comparison to other bi-
ocides, as it does not leave residues; therefore it 
does not require a final rinse to remove any re-
sidual disinfectant that might remain (PAScUAL 
et al., 2007; ÖLMEZ and KrEtZScHMAr, 2010).
the antimicrobial action of o3 has been studied 
and documented on a wide variety of organisms 
(rEStAINo et al., 1995). o3 can be applied in ei-
ther aqueous (rEStAINo et al., 1995) or gase-
ous phase (KIM et al., 2003). Although in the last 
year, the reduction of bacteria by o3 in aqueous 
phase has been studied extensively, minimal in-
formation is currently available about the inacti-
vation of food-borne pathogens with gaseous o3. 
In addition, studies addressing the action of o3 
on biofilm-forming ability of microorganisms are 
scarce. therefore, the aim of the present study 
was to evaluate the effect of gaseous o3 on strains 
of Staphylococcus aureus (S. aureus) and Listeria 
monocytogenes (L. monocytogenes) with regard to 
biofilm production and survival.

MAtErIALS AND MEtHoDS

Bacterial strains

two representative food-borne pathogens, 
such as S. aureus and L. monocytogenes, were 
used in this study. the experiment was conduct-
ed with ten strains, i.e. 6 S. aureus strains (n. 
1 Atcc 29213; n. 5 strains isolated from poul-
try meat: A, b, c, D, E) and 4 L. monocytogenes 
strains (n.1 Atcc 19111; n. 3 strains isolated 
from poultry meat: a, b, c) from the bacterial cul-
ture collection of the Department of Food Science 
- University of Parma. Prior to the conduction of 
experiments, all strains were activated by cul-
turing in 10 mL of tryptic Soy broth (tSb-oxoid 
S.p.A., Milan, Italy) twice at 37°c for 24 h and 
serial decimal dilutions in tSb were prepared.

Ozonation assays

ozonation assays were carried out in a glass 
chamber (200 L volume) under complete mixing 
conditions using a continuous flow of o3 at a tem-
perature of 20° ± 0.5°c. the relative humidity (rH) 

inside the chamber was at 70 ± 3%. o3 gas was 
generated using a corona discharge ozone gener-
ator (ASLAN S.r.l.). the o3 concentration in the 
chamber, during the treatment time (20 min), was 
measured using an o3 analyzer with a measur-
ing range from 0.1 ppm to up 10 ppm o3. Appro-
priate dilution in tSb of each strain was inocu-
lated in tryptic Soy Agar (tSA-oxoid S.p.A., Mi-
lan, Italy) plates. During the experimental work, 
o3 was fed into the upper chamber until the con-
centration reached: 2.5 ppm. the tSA plates in-
oculated with S. aureus and L. monocytogenes 
strains with o3 treated were incubated at 37°c 
for 24 h and the inoculated tSA plates not sub-
mitted to ozonation were control tests. All plate 
count data obtained were transformed into log10 
values. In all cases triplicate samples were used 
for each assayed condition.

Biofilm formation

In this study, a previously described methods 
was used (DI boNAVENtUrA et al., 2008). After 
the treatment with gaseous o3 at 2.5 ppm for 20 
min, cultures of S. aureus and L. monocytogenes 
were recovered from overnight tSA-growth and 
were transferred in tSb. All strains were tested 
for biofilm formation and the results were com-
pared with the not treated strains. In particular, 
AISI 304 stainless steel chips (530 mm2) were 
used as substrata for bacteria biofilm formation 
at 12°c. All results were expressed by calculat-
ing a “biofilm Production Index” (bPI) as follows: 
bPI= [oDmeanbiofilm surface (mm2)−1] × 1,000. All ex-
periments were carried out in triplicate and re-
peated in two independent sets of experiments.

rESULtS AND coNcLUSIoNS

o3 treatment caused a reduction of 0.82 and 
1.39 log units (mean reduction) on S. aureus and 
L. monocytogenes, respectively (table 1). As their 
biofilm-forming abililies are concerned, the re-
sults expressed in bPI are shown in Fig. 1. All the 

table 1 - Log reduction of S. aureus and L. monocytogenes 
strains after 20 min of exposure to o3 at 2.5ppm.

Strains Initial population  Population after treatment  Log reduction
 (Log CFU/mL)† (Log CFU/mL)† (Log CFU/mL)

S.a ATCC 8.13±0.08 6.61±0.55 1.52
S.a A 8.41±0.10 7.50±0.17 0.91
S.a B 8.07±0.03 7.50±0.14 0.57
S.a C 8.32±0.02 7.52±0.14 0.80
S.a D 7.70±0.06 7.34±0.09 0.36
L.m ATCC 8.62±0.06 7.23±0.20 1.39
L.m a 9.24±0.07 7.68±0.21 1.56
L.m b 8.26±0.07 7.23±0.08 1.03
L.m c 8.36±0.02 6.77±0.30 1.59

†Values are means of three determinations ± standard deviation.



118 Ital. J. Food Sci., vol. 26 - 2014

Fig. 1 - biofilm formation by S. aureus and L. monocytogenes strains on stainless steel incubated at 12°c. biofilm intensity 
is expressed as biofilm Production Index (bPI).

strains tested were able to adhere and form bio-
film on stainless steel at 12°c. L. monocytogenes 
strains formed higher average amount of biofilm 
than S. aureus strains on stainless steel at 12°c. 
Among the S. aureus strains the effect of ozone 
gas was minimal on S. aureus D (0.36 log reduc-
tion). In spite of this, the biofilm-forming abili-
ty of S. aureus D was affected and the treated 
strain showed a lower bPI (0.055) compared to 
the untreated strain (0.13). this study revealed 
that the effect of o3 gas was minimal on cell sur-
vival. these findings are in contrast to the study 
of robbINS et al. (2005). Anyway, the different 
design of the two studies does not really allow a 
clear comparison of the results. In this study, in 
accordance with rEStAINo et al. (1995), the ef-
fect of o3 gas differed between S. aureus and L. 
monocytogenes strains and L. monocytogenes was 
more sensitive to o3 than S. aureus . Moreover, 
some strain-specific variation was observed for 
both of S. aureus and L. monocytogenes. our re-
sults suggest that S. aureus and L. monocytogenes 
strains are able to adhere and form biofilm on the 
tested surface at low temperature (12°c) used in 
the food industry during processing. Although 
we tested a limited number of strains, L. mono-
cytogenes formed higher average amount of bio-
film than S.aureus on stainless steel at 12°c. As 
for the usage of o3 in gaseous form, few studies 
on its efficiency and effectiveness in disinfecting 
stainless steel surfaces have been reported in the 
literature. Additionally, studies addressing the ef-
fectiveness of gaseous o3 on microorganisms and 
how that exposure also affects their biofilm-form-
ing abilities are scarce. Summarizing the above 
finding, it only can be concluded that the dosage 
of o3 used (2.5 ppm) slightly reduced the popula-
tion of the bacterial culture. Although the effect 

of ozone gas was minimal on cell survival, bio-
film production was affected. the slight reduc-
tion in biofilm formation may reflect the number 
of dead cells in the inocula in the bacterial popu-
lation treated. In conclusion, further studies are 
needed to confirm these initial findings.
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