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AbStrAct

this work focuses on biodegradable packaging and edible coatings applied to fresh-cut fruits 
and vegetables and their effects on the product quality. Practical applications are mainly limited 
to the use of biodegradable materials that, however, do not allow full control of the product mois-
ture loss. better results can be achieved by the combined use of biodegradable packagings with 
edible coatings and recent research has shown that enrichment with silver-montmorillonite nan-
oparticles may be a promising technique. However, the actual utilization of these materials is still 
limited, due to the high costs of the raw materials and the limited production.

mailto:fernanda.galgano%40unibas.it?subject=


4 Ital. J. Food Sci., vol. 27 - 2015

INtroductIoN

In recent years, the establishment of new 
lifestyles, characterized by a lack of time in do-
mestic preparations, has been accompanied by 
an evolution of the structure of food consump-
tion and a destructuring of meals. therefore, 
the consumption of minimally processed fruits 
and vegetables has grown rapidly as a result of 
the consumer trend- “rich in cash, poor in time” 
(MArtÍN-dIANA et al., 2007; coNte et al., 2009).

Minimally processed fruits and vegetables 
were developed in the 1980s to respond to the 
emerging consumer demand for both conve-
nience and high quality aspects (del NobIle et 
al., 2008). these foodstuffs combine fresh-like 
and healthy characteristics with a minimal time 
of preparation before consumption (rAgAert et 
al., 2004). In fact, their success is also due to the 
beneficial health effects for the presence of an-
tioxidants that act as receptors of free radicals; 
in particular, ascorbic acid and β-carotene are 
the antioxidants present in the greatest quanti-
ties in fruits and vegetables (rIco et al., 2007). 

the minimal processing operations (“mild 
technology”) necessary to produce fresh-cut 
foods, such as peeling, cutting, washing, treat-
ments with sanitizing agents, drying, alter the 
physical integrity of these products, making 
them more perishable than the original raw ma-
terials (corbo et al., 2006). this is due to res-
piration, transpiration, enzymatic activity of the 
living tissue after harvest and processing and, 
at the same time, to proliferation of spoilage and 
pathogenic microorganisms (gAlgANo et al., 
2014; NguyeN-tHe and cArlIN, 1994). the in-
dustrial process accelerates the degradation of 
the minimally processed foods and leads to bio-
chemical changes such as:

- increasing of respiration that accelerates the 
oxidation processes;

- degradation of cell membranes and enzy-
matic browning;

- loss of tissue texture.
the knowledge of factors influencing quality 

degradation after processing of fruits and vegeta-
bles is essential to develop technologies for shelf-
life extending and maintaining quality during 
processing and distribution (corbo et al., 2006).

In order to reduce the microbiological, chem-
ical and physical spoilage, it is possible to act 
on processing or, more usually, on packaging 
that represents a barrier to qualitative decay of 
the product (gAlgANo et al., 2014). the packag-
ing operation should establish inside the pack-
aging an optimal atmosphere for the best pres-
ervation of the product. generally, low o2 and 
elevated co2 atmospheres, associated with low 
storage temperature, reduce product respira-
tion rate, limiting, in this way, losses in fresh 
weight (WAtAdA et al., 1996). therefore, a prop-
er combination of product characteristics and 
film permeability results in the evolution of an 

appropriate atmosphere within packages (SMItH 
et al., 1987).

traditionally, food companies use polymeric 
films (polyethylene Pe, polypropylene PP, poly-
styrene, PS) to package fresh fruits and vegeta-
bles because of their large availability at rela-
tively low cost and their good mechanical per-
formance, good barrier to oxygen, carbon diox-
ide (SIrAcuSA et al., 2008). Nowadays, there is 
a growing trend in fresh fruits and vegetables 
packaging sector to replace the petrochemi-
cal based packaging films with more environ-
mentally-friendly biodegradable materials (tHA-
rANAtHAN, 2003). the extensive use of synthet-
ic packaging films has led to serious ecological 
problems due to their total non- biodegradabili-
ty. therefore, biodegradability is not only a func-
tional requirement but also an important envi-
ronmental attribute. biologically-based packag-
ing contains raw materials originated from agri-
cultural sources, produced from renewable raw 
materials such as starch and bio-derived mono-
mers (lucerA et al., 2010). these materials rep-
resent a viable alternative because:

- they are obtained from renewable sources;
- they are recyclable and degradable;
- they are an opportunity to reduce costs.
the applications range from the design of mul-

tilayer barrier coating consisting of biopolymers, 
to enrichment of the matrix of traditional plas-
tics PP and Pe with nanocomposite materials of 
natural origin. However, bio-packaging still rep-
resents a niche market because of the cost and 
poor overall performance of biodegradable films 
when compared to those of traditional plastic 
materials (del NobIle et al., 2009 a).

the present work focuses on the different 
packaging strategies for fresh-cut fruits and 
vegetables. In particular, the potential appli-
cations of biodegradable materials and edible 
coatings have been described, with their effects 
on the quality of these products. the applica-
tion of nanotechnology, as a tool to improve the 
performance and thermal, barrier and mechani-
cal properties of bio-polymers has also been as-
sessed (Azeredo, 2009).

bIo-bASed MAterIAlS 
For Food PAckAgINg

the term “Bio-Based Materials” (BBM) is as-
signed to packaging materials and to packaging 
produced from biological renewable raw mate-
rials (PIergIoVANNI and MAScHeroNI, 2007).

Polymers derived from renewable resources 
(biopolymers) are broadly classified according 
to method of production, as follows:

1. Polymers directly extracted/removed from
natural materials (mainly plants). examples 
are polysaccharides, such as starch and cellu-
lose and proteins, like casein and wheat glu-
ten, and lipids.
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2. Polymers produced by “classical’’ chemi-
cal synthesis from renewable bio-derived mon-
omers. A good example is polylactate, a biopol-
yester polymerised from lactic acid monomers. 
the monomer itself is produced via fermenta-
tion of carbohydrate feedstock.

3. Polymers produced by microorganisms
or genetically transformed bacteria. the best 
known bio-polymer types are the polyhydroxyal-
kanoates, mainly polyhydroxy butyrates and co-
polymers of hydroxy-butyrate (Hb) and hydroxy-
valerate (HV) (PeterSeN et al., 1999).

the compostability attribute is very impor-
tant for biopolymer materials, because compost-
ing allows disposal of the packages in the soil, 
which is more energy efficient than recycling. 
during biological degradation water, carbon di-
oxide and inorganic compounds without toxic 
residues are produced. 

According to the european bioplastics, biopol-
ymers made with renewable resources have to 
be biodegradable and especially compostable, so 
they can act as fertilizers and soil conditioners. 
Whereas plastics based on renewable resources 
must not necessarily be biodegradable or com-
postable, the bioplastic materials do not neces-
sarily have to be based on renewable materials, 
because the biodegradability is directly corre-
lated to the chemical structure of the materials 
rather than the origin. In particular, the type of 
chemical bond defines whether and in what time 
the microbes can biodegrade the material. Sev-
eral synthetic polymers are biodegradable and 
compostable, such as starch, cellulose, which 
are naturally carbon-based polymers. Vicever-
sa, the bioplastics based on natural monomer, 
can lose their biodegradability through chemical 
modification like polymerization, such as for ex-
ample Nylon 9 type polymers obtained from po-
lymerization of oleic acid monomer or Polyam-
id 11 obtained from the polymerization of castor 
oil monomer (SIrAcuSA et al., 2008). 

the problems associated with renewable bi-
opolymers are threefold: performance, process-
ing and cost. Although these factors are some-
what interrelated, problems due to “performance 
and processing’’ are more pronounced with poly-
mers extracted directly from biomass (cellulose, 
starch, proteins). conversely, polymers belong-
ing to categories 2 and 3 above, generally per-
form very well and are easily processed into films 
using standard plastic techniques, but tend to 
be expensive compared with synthetic analogues 
(PeterSeN et al., 1999).

Polymers directly extracted/removed 
from natural materials 

Polysaccharides

the polysaccharides show effective gas bar-
rier properties although they are highly hydro-
philic and show high water vapor permeability 

in comparison with commercial plastic films. 
the main polysaccharides that can be includ-
ed in edible coating formulations are starch 
and starch derivates, cellulose derivates, alg-
inate, carrageenan, chitosan, pectin, and sev-
eral gums. based on the molecular level, pol-
ysaccharides vary according to their molecu-
lar weight, degree of branching, conformation, 
electrical charge and hydrophobicity. Variations 
in these molecular characteristics will lead to 
variations in the ability of different polysaccha-
rides to form coatings, as well as to variations 
in the physicochemical properties and perfor-
mance of the coatings formed. For example, 
the linear structure of some of these polysac-
charides such as cellulose, amylose (a compo-
nent of starch), and chitosan makes their films 
tough, flexible, transparent, and resistant to 
fats and oils (VArgAS et al., 2008).

Starch, a storage polysaccharide of cereals 
and legumes, is most commonly used in the for-
mulation of edible coatings and films because 
it is inexpensive, abundant, biodegradable, and 
easy to use. Films based on starch have mod-
erate gas barrier properties. their mechani-
cal properties are generally inferior to synthet-
ic polymer films. When a plasticizer, such as 
water, is added starches exhibit thermoplastic 
behavior (krocHtA and Mulder-JoHNStoN, 
1997). Starch-based thermoplastic materials 
have been commercialized over the last few 
years and today dominate the market of bio-
based, compostable materials (clAuS, 2000). 
the properties of the starch-based materials 
can be improved by destructuring the native 
conformation of the starch and adding syn-
thetic substances. It is common practice to 
add copious amounts of synthetic polymer to 
the starch, such as polyvinyl alcohol (PVA) or 
polycaprolactone. 

Another important polysaccharide is chi-
tosan, which is mainly obtained from crab and 
shrimp shells (HIrANo, 1999). Films and coat-
ings based on chitosan have selective permea-
bility to gases (co2 and o2) and good mechan-
ical properties. However, their uses are limited 
mainly because of their high water vapor perme-
ability (butler et al., 1996; cANer et al., 1998). 
Moreover, chitosan shows antifungal and anti-
bacterial properties, which are believed to have 
originated from its polycationic nature. An edi-
ble film with innovative characteristics has been 
obtained by combining the antimicrobial prop-
erties of chitosan with the property of self-seal-
ing banana starch, variety kluai Namwa. the 
presence of starch in the composite film makes 
water soluble and sealable bags or wraps pos-
sible, while the presence of chitosan gives them 
the antimicrobial property. the composite bags 
were found to protect asparagus, baby corn and 
chinese cabbage against Staphylococcus aureus 
activity by serving as a good barrier and as an 
antimicrobial agent. the properties of composite 
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films were more similar to starch films than to 
films made solely from chitosan as the amount 
of banana flour was greater than chitosan in the 
films. these composite films were cheaper and 
less flexible than chitosan films. Film extensi-
bility was improved by the addition of banana 
flour and glycerol. banana flour addition en-
hanced WVP and solubility, although, the films 
were not completely smooth. the biodegrada-
ble and hot water soluble films can be used in 
food packaging and to reduce microbial counts 
thus extending shelf-life of fruit and vegetables 
in convenient bags (PItAk and rAkSHIt, 2011).

cellulose is the most abundant natural poly-
mer on earth and it is an essentially linear pol-
ymer of anhydroglucose. As a consequence of 
its chemical structure, it is highly crystalline, 
fibrous, and insoluble. Many derivatives of cel-
lulose have excellent properties of film-forming, 
but are simply too expensive for use on a large 
scale. Finally, the similarity of cellulose and 
chitosan in primary structures has facilitated 
the formation of homogeneous composite films. 
MÖller et al. (2004) reported that 1% of chi-
tosan in chitosan-HPMc (hydroxypropylmethyl-
cellulose) composite films is effective against L. 
monocytogenes. 

Alginates can also be used to prepare edible 
coatings and films. Alginates are the salts of alg-
inic acid, which is a linear copolymer of d-man-
nuronic and l-guluronic acid monomers. Alginate 
coating formation is based on the ability of algi-
nates to react with di-valent and tri-valent cations 
such as calcium, ferrum or magnesium, which 
are added as gelling agents (cHA and cHINNAN, 
2004). An original study (NorAJIt et al., 2010) in-
vestigated the physical and antioxidant proper-
ties of alginate biodegradable film incorporating 
white, red and extruded white ginseng extracts. 
the major pharmacologically active constituents 
of ginseng are triterpene saponins called ginseno-
sides. the studies demonstrate that the ginseng 
extract can be successfully incorporated into bio-
degradable alginate films and retain excellent an-
tioxidant activities. the incorporation of ginseng 
extract into the alginate films did not cause ma-
jor changes in the moisture content values. on 
the other hand, significant reductions in tensile 
strength and elastic modulus values of ginseng-
alginate film have been found compared to those 
of the film without ginseng extract. 

galactomannans, natural polysaccharides 
commonly used in the food industry, mostly as 
a stabilizer, thickener and emulsifier, are one of 
the alternative materials that can be used for 
the production of edible films/coatings based on 
their edibility and biodegradability. these gums 
are mostly obtained from the endosperm of di-
cotyledonous seeds of numerous plants, par-
ticularly the Leguminosae. the great advantage 
of galactomannans is their ability to form very 
viscous solutions at relatively low concentra-
tions that are only slightly affected by pH, ion-

ic strength and heat processing. the mechani-
cal, barrier and rheological properties of galacto-
mannan films/coatings may be used to improve 
the stability, safety, and quality of food products 
(cerQueIrA et al., 2011). lIMA et al. (2010) suc-
cessfully blended collagen with two galactoman-
nans from different species (A. pavonina and C. 
pulcherrima). the composition of films/coatings 
with different proportions of galactomannan, col-
lagen and glycerol have been optimized based 
on the wettability of films, transport and me-
chanical properties; these films have been sub-
sequently used to coat mangoes and apples. the 
results showed that the application of the coat-
ings leads to a decrease of gas transfer rates of 
the fruits. For mangoes, a coating of A. pavoni-
na galactomannan (0.5%), collagen (1.5%) and 
glycerol (1.5%) decreased oxygen consumption 
and carbon dioxide production in 28% and 11%, 
respectively. For apple, the oxygen consump-
tion and carbon dioxide production decreased 
for both gases by approximately 50%, with the 
utilization of a coating of C. pulcherrima galac-
tomannan (0.5%) and collagen (1.5%).

Proteins

Proteins that have received great attention for 
their capability of forming edible films and coat-
ings include corn zein, wheat gluten (Wg), soy 
protein, whey protein, casein, collagen/gelatin, 
pea protein, rice bran protein, cottonseed pro-
tein, peanut protein, and keratin (HAN and geN-
NAdIoS, 2005). casein based edible coatings are 
attractive for food applications due to their high 
nutritional quality, excellent sensory properties, 
and strong potential for providing food products 
with adequate protection against their surround-
ing environment. Whey proteins have been sub-
jected to intense investigation over the past dec-
ade or so. With the addition of plasticizer, heat-
denatured whey proteins produce transparent 
and flexible water-based edible coatings with 
excellent oxygen, aroma, and oil barrier prop-
erties at low relative humidity. However, the hy-
drophilic nature of whey protein coatings caus-
es them to be less effective as moisture barriers 
(VArgAS et al., 2008). the water vapor permea-
bility limits their potential uses for food packag-
ing and justifies the interest in natural hydro-
phobic substances, such as lipids.

Lipids

edible lipids used to develop edible coatings 
are: beeswax, candelilla wax, carnauba wax, tri-
glycerides, acetylated monoglycerides, fatty ac-
ids, fatty alcohols, and sucrose fatty acid es-
ters. lipid coatings and films are mainly used 
for their hydrophobic properties, representing a 
good barrier to moisture loss. this factor is ex-
tremely important, as a great number of stud-
ies deal with the use of coatings on fresh fruits 
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and vegetables to control their desiccation. In 
addition to preventing water loss, lipid-based 
coatings have been used to reduce respiration, 
thereby extending shelf life and to improve ap-
pearance by generating a shine on fruits and 
vegetables. In contrast, the hydrophobic char-
acteristic of lipids forms thicker and more brit-
tle films. consequently, they must be associat-
ed with film forming agents such as proteins or 
cellulose derivatives (debeAuFort et al., 1993).

Polymers produced by “classical” 
chemical synthesis from renewable 
bio-derived monomers

Aliphatic polyesters belong to this catego-
ry and are obtained from bio-derived mono-
mers by means of classical polymerization pro-
cedures. one of the most promising biopolymer 
is the poly(lactic acid) (PlA), which is derived 
from the controlled depolymerization of the lac-
tic acid monomer, obtained from the fermenta-
tion of sugar feedstock, corn, etc., which are re-
newable resources readily biodegradable (cAbe-
do et al., 2006). discovered in 1932 by cArotH-
erS (JAMSHIdIAN et al., 2010), it is a versatile 
polymer, recyclable and compostable, with high 
transparency, high molecular weight, good pro-
cessability and water solubility resistance. In 
comparison to other biopolymers, the produc-
tion of PlA has numerous advantages including:

a) production of the lactide monomer from 
lactic acid, which is produced by fermentation 
of a renewable agricultural source corn (usual-
ly based on the strain of Lactobacillus);

b) fixation of significant quantities of carbon 
dioxide via corn (maize) production by the corn 
plant;

c) significant energy savings;
d) the ability to recycle back to lactic acid by 

hydrolysis or alcoholysis;
e) the ability to tailor physical properties 

through material modification (dorgAN et al., 
2000).

PlA is generally recognized as safe (grAS) by 
the united State Food and drug Administration 
(FdA). Moreover, PlA can be easily processed 
by conventional processing techniques used for 
thermoplastics like injection moulding, blow 
moulding, thermoforming and extrusion. PlA 
can be used in a wide range of applications; the 
major PlA application today regards packaging 
(nearly 70%). PlA food packaging applications 
are ideal for fresh products, such as fresh meat 
(gAlgANo et al., 2009) or fruits and vegetables.

Polymers produced by microorganisms: 
polyhydroxyalkanoates (PHA)

In recent years poly-β-hydroxyalkanoates 
(PHA) have attracted a lot of attention as biocom-
patible and biodegradable thermoplastic mate-
rials with potential applications.

Poly(3-hydroxybutyrate) (PHb) is one of the 
well-known biodegradable poly(hydroxy al-
kanoates) (PHA). PHb is a natural thermoplas-
tic polyester and has many mechanical proper-
ties comparable to synthetically produced de-
gradable polyesters such as the poly-l-lactides 
(FreIer et al., 2002). Since 1925 PHb has been 
produced by bacterial fermentation (roSA et al., 
2004), which takes place in the presence of a 
wide variety of bacteria, as intracellular reserve 
material. At least 75 different genera of bacte-
ria have been known to accumulate PHb as in-
tracellular granules. this polymer is synthesized 
under limited culture conditions and its pro-
duction has most commonly been studied with 
microorganisms belonging to the genera Alca-
ligenes, Azobacter, Bacillus and, Pseudomonas 
(ugur et al., 2002). PHb films are degraded by 
numerous microorganisms (bacteria, fungi and 
algae) in various ecosystems. When in contact 
with the polymer, the microorganisms secrete 
enzymes that break it into successively small-
er segments, thereby reducing the average mo-
lecular weight (buccI et al., 2005). these pol-
ymers, alone or in combination with synthetic 
plastic or starch produce excellent packaging 
films. the polyalkanoates are more hydropho-
bic than the polysaccharide-based materials, re-
sulting in a material with good moisture barrier 
properties, whereas the gas barriers are inferior 
(PeterSeN et al., 1999). PHb has been used in 
small disposable products and in packing ma-
terials. However, little is known about the ap-
plication of PHb to packaging for food products. 
this polymer is not used in cut-fruits and vege-
tables, so there is no sense to have it here, un-
less you write some possible uses in cut-fruits 
and vegetables. 

Another biopolymer produced from microor-
ganisms is the pullulan, extracted from cells of 
Aureobasidium pullulans, Tremella mesenterica 
and Cyttaria harioti. It is characterized by high 
resistance to fats, good barrier to gases; more-
over, it is completely biodegradable and can be 
processed with conventional techniques. chemi-
cally pullulan is a polymer of maltotriose used in 
combination with sorbitol and fatty acids ester-
ified with sucrose to achieve edible coatings for 
fruits (PIergIoVANNI and MAScHeroNI, 2007). 
In a recent study the possibility of using new bi-
odegradable material such as kefiran, a microbi-
al polysaccharide obtained from the flora of ke-
fir grains has been investigated (gHASeMlou et 
al., 2011). It is a water-soluble polysaccharide 
containing approximately equal amounts of glu-
cose and galactose (MIcHelI et al., 1999), used 
in the food industry as a texturing agent and 
gelling agent. It could be a viable alternative to 
synthetic materials for food packaging, also be-
cause it has antibacterial and anticancer prop-
erties (MAedA et al., 2004).

the biopolymers fulfill environmental require-
ments, but show some limitations in terms of 
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performance, such as thermal resistance, me-
chanical properties and barrier properties, as-
sociated with high costs. So, more research 
needs to be carried out on the packaging mate-
rial with a view to introducing, for instance, in-
telligent molecules or inorganic material, pref-
erably in the form of nano-particles, in order to 
expand the range of properties of the materials. 
the protagonist of the twenty-first century is an-
other scientific innovation that is affecting the 
packaging industry: nanotechnology.

NANotecHNology ANd NANocoMPoSIteS

the concept of nanotechnology was intro-
duced by rIcHArd FeyMAN in 1959 at a meet-
ing of the American Physical Society (kHAdeM-
HoSSeINI and lANger, 2006). Nanotechnology 
is defined as “the design, characterization, pro-
duction and application of structures, devices 
and systems by controlling the shape and size 
at the nanometer scale” (royal Society and royal 
Academy of engineering, Nanoscience and Na-
notechnologies, 2004). Nanotechnology and its 
application in food science have recently been 
studied by several researchers. the use of nan-
oparticles, such as micelles, liposomes, nanoe-
mulsions, biopolymeric nanoparticles aimed at 
ensuring food safety, are some novel nano-food 
applications. Nanotechnology is also applica-
ble in the context of food packaging: however, 
the use of edible and biodegradable polymers 
has been limited because of problems related to 
performance (such as brittleness, poor gas and 
moisture barrier), processing (such as low heat 
distortion temperature), and cost. the applica-
tion of nanotechnology to these polymers may 
open new possibilities for improving not only 
the properties but also the cost-price-efficien-
cy (SorreNtINo et al., 2007). the use of fillers 
with at least one nanoscale dimension (nano-
particles) produces nanocomposites. Most re-
inforced materials present poor matrix–filler in-
teractions, which tend to improve with decreas-
ing filler dimensions. Nanoparticles have propor-
tionally a larger surface area than their micro-
scale counterparts, which favors the filler–ma-
trix interactions and the performance of the re-
sulting material. 

Polymer composites are mixtures of polymers 
with inorganic or organic fillers with certain ge-
ometries (fibers, flakes, spheres, particulates). 
A uniform dispersion of nanoparticles leads to 
a very large matrix/filler interfacial area, which 
changes the molecular mobility, the relaxation 
behavior and the consequent thermal and me-
chanical properties of the material. Although 
several nanoparticles have been recognized as 
possible additives to enhance polymer perfor-
mance, the packaging industry has focused its 
attention mainly on layered inorganic solid like 
clay and silicates, due to their availability, low 

cost and relative simple processability (Azere-
do, 2009). the most widely studied type of clay 
fillers is montmorillonite (MMt), a hydrated alu-
mina-silicate layered clay consisting of an edge-
shared octahedral sheet of aluminum hydrox-
ide between two silica tetrahedral layers (WeISS 
et al., 2006). MMt is an effective reinforcement 
filler, due to its high surface area and large as-
pect ratio (50–1000) (uyAMA et al., 2003). Fur-
thermore, the presence of this nanoclay in pol-
ymer matrix increases its degradation rate, due 
to hydroxyl groups of MMt (SouzA et al., 2013).

MANgIAcAPrA et al. (2005) reported that it is 
possible to reduce the oxygen permeability by 
adding clay montmorillonite to pectins. Also the 
combination of PlA film with MMt-layered sil-
icates may be useful to create a nanocompos-
ite material with good barrier properties (Sou-
zA et al., 2013).

Moreover, a starch/clay nanocomposite film 
have been obtained by dispersing MMt nano-
particles via polymer melt processing techniques 
(AVellA et al., 2005). the results related to me-
chanical characterization showed an increase of 
modulus and tensile strength.

besides nano-reinforcements, nanoparticles 
can have other functions when added to a poly-
mer, such as antimicrobial activity, enzyme im-
mobilization, biosensing (Azeredo, 2009). the 
incorporation of antimicrobial compounds into 
food packaging materials has received consider-
able attention. Films with antimicrobial activi-
ty could help control the growth of pathogenic 
and spoilage microorganisms. An antimicrobi-
al nanocomposite film is particularly desirable 
due to its acceptable structural integrity and 
barrier properties imparted by the nanocom-
posite matrix, and the antimicrobial properties 
contributed by the natural antimicrobial agents 
impregnated within (rHIM and Ng, 2007). the 
most common nanocomposites used as antimi-
crobial films for food packaging are based on 
silver, which is well known for its strong tox-
icity towards a wide range of microorganisms 
(lIAu et al., 1997), with high temperature sta-
bility and low volatility (kuMAr and MÜNStedt, 
2005). Some mechanisms have been proposed 
for the antimicrobial property of silver nan-
oparticles (Ag-NPs): adhesion to the cell sur-
face, degrading lipopolysaccharides and form-
ing ‘‘pits’’ in the membranes, largely increas-
ing permeability (SoNdI and SAloPek-SoNdI, 
2004); penetration inside bacterial cell, dam-
aging dNA (lI et al., 2008); and releasing anti-
microbial Ag+ ions by Ag-NPs dissolution (Mo-
roNeS et al., 2005). Moreover, Ag-NPs absorbs 
and decomposes ethylene (Hu and Fu, 2003), 
which may contribute to its effects on extend-
ing shelf life of fruits and vegetables. Indeed, 
lI et al. (2009) reported that a nanocomposite 
Pe film with Ag-NPs can retard the senescence 
of jujube, a chinese fruit. AN et al. (2008) re-
ported that a coating containing Ag-NPs is ef-
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fective in decreasing microbial growth and in-
creasing shelf life of asparagus.

the three new requirements of food packaging 
are the following: “bioactive, biodegradable and 
bionanocomposite”. However, there are many 
safety concerns about nanomaterials, as their 
size may allow them to penetrate into cells and 
eventually remain in the system. one can as-
sume that the application of nanoparticles with 
an antimicrobial function (the nanoparticles of 
silver or copper) poses the risk the consumer’s 
direct exposure to metals. Although the migra-
tion of metals from biodegradable nanocom-
posite film of starch / clay applied to vegetable 
products is considered to be minimal (AVellA 
et al., 2005), it is necessary to have more accu-
rate information about the likely impact on hu-
man health. In fact, many studies and experi-
ments relating to the use of nanoparticles are 
still in progress in order to avoid premature gen-
eralizations that could undermine the potential 
benefits obtainable from this technology. In the 
next section, the potential applications of this 
new category of materials (biodegradable, edible 
coating and nanocomposites) and their possible 
effects on the quality characteristics of fresh-cut 
fruit and vegetables is discussed.

edIble FIlMS ANd coAtINgS 
For FreSH-cut FruItS ANd VegetAbleS

consumers usually judge the quality of fresh-
cut fruit on the basis of appearance and fresh-
ness at the time of purchase (kAder, 2002). 
However, minimal processing operations alter 
the integrity of fruits, with negative effects on 
product quality, such as browning, off-flavour 
development and texture breakdown. Also, the 
presence of microorganisms on the fruit surface 
may compromise the safety of fresh-cut fruit. 

traditionally, edible coatings have been used 
in the fresh-cut industry as a strategy to reduce 
the deleterious effects that minimal processing 
imposes on intact vegetable tissues. 

An edible coating may be defined as a thin 
layer of material that covers the surface of the 
food and can be eaten as part of the whole prod-
uct. therefore, the composition of edible coat-
ings must be conform to the regulation that ap-
ply to the food product concerned (guIlbert et 
al., 1995; VArgAS et al., 2008).

edible coatings may contribute to extend the 
shelf-life of fresh-cut fruits by reducing mois-
ture and solute migration, gas exchange, respi-
ration and oxidative reaction rates, as well as by 
reducing or even suppressing physiological dis-
orders (bAldWIN et al., 1996; PArk, 1999). ed-
ible coatings are capable of producing a modi-
fied atmosphere on coated fruits by isolating the 
coated product from the environment. coatings 
with selective permeability to gases are capable 
of decreasing the interchange of o2 and co2 be-

tween coated fruits and the environment (olIVAS 
and bArboSA-cÁNoVAS, 2005). High co2 con-
centration within fruit tissues also delays rip-
ening by decreasing the synthesis of ethylene, a 
hormone essential for ripening (SAltVeIt, 2003). 
lee et al. (2003) demonstrated that the respi-
ration rate of apple slices decreases 20% when 
coated with a film based on whey protein. ed-
ible coating based on aloe vera reduced respi-
ration rate and microbial spoilage in sliced ki-
wifruit (beNÍtez et al., 2013). Fresh-cut prod-
ucts are characterized by high water transpira-
tion rates and the creation of a moisture and gas 
barrier may lead to weight loss and respiration 
rate reduction, with a consequent general delay 
of produce senescence (VAleNcIA-cHAMorro et 
al., 2011). coating apple slices with a carbohy-
drate/lipid bilayer film reduces water loss dur-
ing storage between 12 to 14 times when com-
pared to the water loss suffered by uncoated ap-
ple slices in similar storage conditions (WoNg et 
al., 1994). Alginate coatings prevented water loss 
on fresh-cut apple (lee et al., 2003; FoNteS et 
al., 2007), papaya (tAPIA et al., 2007), pear (oMS-
olIu et al., 2008a), and melon (oMS-olIu et al., 
2008b). chitosan coatings reduced water loss in 
sliced mango (cHIeN et al., 2007) and carrageen-
an coatings prevented water loss on sliced ba-
nana (bIco et al., 2009). the cassava starch ed-
ible coating with or without the calcium lactate 
was able to reduce weight loss in fresh-cut pine-
apple (bIerHAlS et al., 2011), while the cassava 
starch edible coating with or without potassium 
sorbate decreased the respiration rate in fresh-
cut strawberries (gArcIA et al., 2010). Minimally 
processed pummelo (Citrus Maxima Merr.), coat-
ed with starch-based coatings (derived from cas-
sava and rice) had a lower weight loss of 4.8–
7.7% compared to the control (non-coated min-
imally processed pummelo) (kerdcHoecHueN 
et al., 2011). Moreover, the combination of citric 
acid dipping and cassava starch or sodium algi-
nate edible coatings was able to delay the qual-
ity deterioration of fresh-cut mangoes, decreas-
ing the respiration rate of fruits with value up to 
41% lower than the control fruit. Although the 
citric acid increases the weight loss of the prod-
uct, causing a partial dehydration of the vege-
table tissue, the use of cassava starch and algi-
nate coatings was able to hinder this undesira-
ble effect of citric acid, presenting a lower weight 
loss than the coated samples (cHIuMArellI et 
al., 2011). In a previous work, cHIuMMArellI et 
al. (2010) reported that this treatment provided 
a better maintenance of colour characteristics, 
due to the combined effect of citric acid dipping 
and cassava starch coating. citric acid delayed 
browning along the storage and the edible coat-
ings acted as a gas barrier, decreasing the res-
piration rate of mango pieces and, consequent-
ly the formation of carotenoids.

Moreover, another important advantage of ed-
ible coating is the reduction of synthetic packag-
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ing waste, because these coatings are composed 
of biodegradable raw material (dHAll, 2013).

the properties of edible coating depend pri-
marily on molecular structure rather than mo-
lecular size and chemical constitution. Specific 
requirements for edible films and coatings are 
as follows (ArVANItoyANNIS and gorrIS, 1999):

- the coating should be water-resistant so that 
it remains intact and covers a product adequate-
ly, when applied;

- it should not deplete oxygen or build up ex-
cessive carbon dioxide. A minimum of 1–3% ox-
ygen is required around a commodity to avoid 
a shift from aerobic to anaerobic respiration;

- it should reduce water vapor permeability;
- it should melt above 40°c without decom-

position;
- it should be easily emulsifiable, non-sticky 

or should not be tacky, and have efficient dry-
ing performance;

- it should never interfere with the quality of 
fresh fruit or vegetable and not impart undesir-
able order;

- it should have low viscosity and be econom-
ical;

- it should be translucent to opaque but not 
like glass and capable of tolerating slight pres-
sure.

the ability of edible coatings to preserve the 
quality of fresh-cut products may vary from 
product to product, then it is necessary to con-
sider the variety and maturity of the prod-
uct, food surface coverage, storage conditions 
and composition and thickness of the coating 
(goNzÁlez-AguIlAr et al., 2010).

According to their components, edible films 
and coatings can be divided into three catego-
ries: hydrocolloids, lipids, and composites. Hy-
drocolloids include proteins and polysaccha-
rides, while lipids include waxes, acylglycerols, 
and fatty acids. composites contain both hydr-
ocolloid components and lipids. their presence 
and abundance determine the barrier proper-
ties of material with regard to water vapor, ox-
ygen, carbon dioxide, and lipid transfer in food 
systems. However, none of the three constitu-
ents can provide the needed protection by them-
selves and so are usually used in a combination 
for best results (McHugH et al.,1994; guIlbert 
et al., 1996). the main objective of producing 
composite films is to improve the permeability 
or mechanical properties according to specific 
applications. these heterogeneous films are ap-
plied either in the form of an emulsion, suspen-
sion, or dispersion of the non miscible constitu-
ents, or in successive layers (multilayer coating 
or films), or in the form of a solution in a com-
mon solvent. Several other compounds such as 
plasticizers and emulsifiers may be added to ed-
ible films and coatings to improve their mechan-
ical properties and form stable emulsions when 
lipids and hydrocolloids are combined (VAleN-
cIA-cHAMorro et al., 2011). the application of 

edible coatings to fresh-cut fruits must address 
the problem regarding the difficult adhesion of 
materials to the hydrophilic surface of the sliced 
fruit. the layer-by-layer (lbl) electrodeposition 
can solve this problem (WeISS et al., 2006). lbl 
assembly, which is performed by alternating the 
immersion of substrates in solutions of opposite-
ly charged polyelectrolytes with rinsing steps, 
produces ultrathin polyelectrolyte multilayers 
on charged surfaces. A requirement for multi-
layer formation is that the addition of an oppo-
site charged polyelectrolyte to a charged sur-
face results in a charge reversal, which permits 
the successive deposition of oppositely charge 
polyelectrolytes. chitosan, poly-l-lysine, pec-
tin, and alginate are the most common biopoly-
mers that can be used in the formation of these 
multilayered structures (MArudoVA et al., 2005; 
krzeMISkI et al., 2006; berNAbÉ et al., 2005). 
In a study of MANtIllA et al. (2013), an alginate-
based multilayered coating (developed using the 
layer-by-layer technique) enhanced the quality 
and shelf-life of fresh-cut pineapple extending 
its shelf-life to 15 days at 4°c. 

the main advantage of using edible films and 
coatings is that several active ingredients (such 
as antimicrobials, antibrownings, texture en-
hancer and nutraceuticals) can be incorporat-
ed into the polymer matrix and consumed with 
the food, thus enhancing safety or even nutri-
tional and sensory attributes (roJAS-grAÜ et 
al., 2009).

Antimicrobial agents

Fresh-cut fruits are more perishable than 
their corresponding whole uncut commodities 
due to wounding during preparation (brecHt, 
1995). the physical and chemical barrier pro-
vided by the epidermis, which prevents the de-
velopment of microbes on the fruit surface, is 
removed during processing.

there are several categories of antimicrobi-
als that can be potentially incorporated into ed-
ible films and coatings, including organic acids 
(acetic, benzoic, lactic, propionic, sorbic), fat-
ty acid esters (glyceryl monolaurate), polypep-
tides (lysozyme, peroxidase, lactoferrin, nisin). 
eSWArANANdAM et al. (2006) incorporated mal-
ic and lactic acid into soy protein coatings aim-
ing to evaluate its effect on the sensory quali-
ty of fresh-cut cantaloupe melon, without stud-
ying the antimicrobial effect of the coating. In 
general, organic acids incorporated in films did 
not adversely affect the sensory properties of 
coated fruit.

With reference to the use of natural antimi-
crobials, the development of coatings which use 
inherently antimicrobial polymers as a support 
matrix is very promising. For example, chitosan, 
produced from the deacetylation of crustacean 
chitin (poly-β-(1→4)-N-acetyl-d-glucosamine), 
is one of the most effective antimicrobial film 
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forming biopolymers. chitosan is a cationic pol-
ysaccharide, which, among other antimicrobial 
mechanisms, promotes cell adhesion by the in-
teraction of the positive-charged amines with the 
negative charges in the cell membranes, causing 
leakage of intracellular constituents (HelANd-
er et al., 2001). chitosan based coatings were 
shown to protect highly perishable fruits like 
strawberries, raspberries, grapes and fresh-cut-
green pepper from fungal decay. (VArgAS et al., 
2006; el gAoutH et al., 1991; zHANg and QuAN-
tIck, 1998; roMANAzzI et al., 2002; deVlIegHe-
re et al., 2004; PArk et al., 2005, rAyMoNd et 
al., 2012). 

the application of chitosan edible coating 
on fresh-cut broccoli (MoreIrA et al., 2011a) 
significantly reduced mesophilic and psychro-
trophic counts and inhibited the growth of to-
tal coliform with respect to the control samples, 
throughout the whole storage period. Similar re-
sults were reported by gerAldINe et al. (2008) 
working with minimally processed garlic. At the 
end of the storage, yeasts and molds were the 
most dominant flora and represented the larg-
est part of the total aerobic count in broccoli. 
on the contrary, durANgo et al. (2006) found-
ed an important fungicidal action of chitosan 
applied on minimally processed carrot. Moreo-
ver, the application of mild heat shock enhanced 
the chitosan inhibition action (MoreIrA et al., 
2011b). From a sensory point of view, the chi-
tosan inhibited the yellowing and opening florets 
of fresh-cut broccoli. Moreover, chitosan-based 
edible coatings can also be used to carry other 
antimicrobial compounds such as organic ac-
ids (outtArA et al., 2000), essential oils (zIVA-
NoVIc et al., 2005), spice extracts (PrANoto et 
al., 2005), lysozyme (PArk et al., 2004) and nisin 
(PrANoto et al., 2005; cHA et al., 2003). essen-
tial oils (eos) (cinnamon, oregano, lemongrass) 
stand out as an alternative to chemical preserv-
atives and their use in foods meets the demands 
of consumers for natural products. burt (2004) 
reported that hydrophobicity is an important 
characteristic of eos, which makes them able 
to pass through cell membranes and enter mi-
tochondria, disturbing the internal structures 
and rendering the membranes more permeable.

yet the application of eos in foods is limited 
due to their impact on organoleptic food prop-
erties, variability of their composition, and their 
variable activity in foods due to interactions with 
food components. Nevertheless, the use of eos 
to control microbial growth in foods has been 
proposed for several products including fresh-
cut fruits and vegetables. 

rAybAudI-MASSIlIA et al. (2008b) studied the 
effect of malic acid and essential oils of cinna-
mon, palmarosa and lemongrass as natural an-
timicrobial substances incorporated into an al-
ginate-based edible coating on the shelf-life of 
fresh-cut melon. the coating containing malic 
acid was effective in improving the shelf-life of 

fresh-cut melon from both the microbiological 
and physicochemical points of view in compar-
ison with non-coated fresh-cut melon samples. 
the incorporation of the essential oils or their 
active compounds into the coating prolonged the 
microbiological shelf-life by more than 21 days 
in some cases, probably due to an enhanced an-
timicrobial effect of malic acid and the essential 
oils. However, some physicochemical character-
istics, such as firmness and color, and also some 
sensory quality attributes were adversely affect-
ed, causing a significant reduction of fresh-cut 
melon shelf-life. In contrast, when malic or lactic 
organic acids incorporated in soy protein coat-
ings were applied to fresh-cut cantaloupe, they 
did not adversely affect the sensory properties 
of the fruit after cold storage (eSWArANANdAM et 
al., 2006). AyAlA-zAVAlA et al. (2013), developed 
an edible pectin film enriched with the essential 
oil from cinnamon leaves and proved that this 
application can increase the antioxidant status 
and reduce bacterial growth of fresh-cut peach. 
chitosan coatings enriched with bioactive com-
pounds (bee pollen, ethanolic extract of propo-
lis, pomegranate dried extract, resveratrol)/es-
sential oils (tea tree, rosemary, clove, oreganum, 
lemon aloe vera calendula) could be a good al-
ternative for controlling not only the microor-
ganisms present in broccoli, but also the sur-
vival of E. coli and L. monocytogenes inoculat-
ed in the product, without introducing delete-
rious effects on the sensory attributes of mini-
mally processed broccoli (AlVArez et al., 2013).

roJAS-grAu et al. (2006, 2007a) have stud-
ied the effects of oregano, cinnamon, and lemon-
grass oils and their active compounds (carvacrol, 
cinnamaldehyde and citral) incorporated into ap-
ple puree and alginate apple puree edible films 
against Escherichia coli o157:H7. In these works, 
oregano oil or its active compound, carvacrol, 
was most effective against E. coli o157:H7. In 
line with these preliminary studies, roJAS-grAu 
et al. (2007b) combined the efficacy of alginate 
and gellan edible coatings with the antimicro-
bial effect of eos (lemongrass, oregano oil and 
vanillin) to prolong the shelf-life of fresh-cut ap-
ples. A 4 log reduction of the inoculated popu-
lation of Listeria innocua in fresh-cut apple was 
observed when lemongrass or oregano oils were 
incorporated into an apple puree alginate edi-
ble coating. In addition, the coating reduced res-
piration rate and ethylene production of coat-
ed fresh-cut apples. In a later work (rAybAu-
dI-MASSIlIA et al., 2008a), the addition of cin-
namon, clove and lemongrass essential oils or 
their active compounds, cinnamaldehyde, euge-
nol and citral into an alginate-based coating in-
creased their antimicrobial effect, reduced the 
population of E. coli 0157:H7 by more than 4 log 
cFu/g and extended the microbiological shelf-
life of “Fuji” apples for at least 30 days. Accord-
ing to these studies, AzArAkHSH et al. (2014), 
observed that the lemongrass incorporated into 
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an alginate-based coating for fresh-cut pineap-
ple, reduces the microbial growth of the prod-
uct during storage time. According to the Insti-
tute of Food Science and technology (IFSt), 106 

cFu/g is considered the limit of acceptance for 
shelf-life of fruit-based products (bIerHAlS et 
al., 2011). In fact, the coated samples with 0.3% 
and 0.5% lemongrass reached 106 cFu/g after 
12 and 16 days, respectively. on the contrary, 
the application of tapioca starch/decolorized 
hsian-tsao leaf gum coatings on minimally pro-
cessed carrots with antimicrobial agents (cinna-
mon oil and grape seed extract) had no benefi-
cial effect on controlling the mesophile aerobics 
and psychrophiles. As a result, the respiration 
rate of the product increased (lAI et al., 2013). 
Instead, in the case of fresh-cut “Fuji” apples, 
cinnamon oil incorporated in tapioca starch/de-
colorized hsian-tsao leaf gum (dHg) based edi-
ble coatings, significantly reduced the growth of 
microorganisms, respiration rate, co2 and eth-
ylene production (PAN et al., 2013). MANtIllA et 
al. (2013) studied the effects of a multilayered 
edible coating with a microencapsulated anti-
microbial complex (beta-cyclodextrin and trans-
cinnamaldehyde) on the quality and shelf-life of 
fresh-cut pineapple. they reported that trans-
cinnamaldehyde affects the pineapple flavour. 
However, the application of this antimicrobial 
coating extended the shelf-life of samples to 15 
days at 4°c by inhibiting microbial growth. the 
same edible coating was applied on fresh-cut 
watermelon (SIPAHI et al., 2013) and similar re-
sults were obtained: this type of alginate coat-
ings extended the shelf life of fresh-cut water-
melon from 7 (control) to 12-15 days. A micro-
encapsulated beta-cyclodextrin and trans-cinna-
maldehyde complex was also incorporated into 
a multilayered edible coating made of chitosan 
and pectin. this coating extended the shelf life 
of fresh-cut papaya up to 15 days at 4°c while 
uncoated fruits did not last this long (< 7days). 
Moreover, the coating reduced the losses of vi-
tamin c and the total carotenoid content (brA-
SIl et al., 2012). 

Antibrowning agents

Fresh-cut fruit processing operations can in-
duce undesirable changes in colour and appear-
ance of these products during storage and mar-
keting. the phenomena is usually caused by 
the enzyme polyphenol oxidase (PPo), which in 
the presence of oxygen, converts phenolic com-
pounds into dark colored pigments (zAWIStoWS-
kI et al., 1991). Application of antioxidant treat-
ments such as dipping after peeling and/or cut-
ting is the most common way to control brown-
ing of fresh-cut fruits. Ascorbic acid is the most 
extensively used to avoid enzymatic browning 
of fruit due to the reduction of the o-quinones, 
generated by the action of the PPo enzymes, 
back to the phenolic substrates (MceVIly et al., 

1992). For example, the antioxidants citric and 
ascorbic acid were incorporated into methyl-
cellulose-based edible coatings in order to con-
trol oxygen permeability and reduce vitamin c 
losses in apricots during storage (AyrANcI and 
tuNc, 2004). the combination of chitosan coat-
ing and sodium chlorite dip treatment on pear 
slices adversely affected the quality of the fruit, 
accelerating the discoloration of cut surfaces 
and increasing the PPo activity. on the con-
trary, coating sodium chlorite-treated samples 
with carboxymethyl chitosan significantly pre-
vented the browning reaction and inhibited PPo 
activity. (XIAo et al., 2011). the effect of coat-
ings in combination with anti-browning agents 
(1% chitosan; 2% ascorbic acid + 0.5% cacl2) 
on minimally processed apple slices has been 
studied during storage by HAIPINg et al. (2011). 
chitosan-coating treatments effectively retard-
ed enzymatic browning on minimally processed 
apples during storage and effectively retarded 
tissue softening. 

As an alternative to ascorbic acid, several thi-
ol-containing compounds, such as cysteine, N-
acetylcysteine, reduced glutathione and 4-hex-
ylresorcinol have been investigated as inhibitors 
of enzymatic browning (gorNy et al., 2002; SoN 
et al., 2001). these compounds react with qui-
nones formed during the initial phase of enzy-
matic browning reactions to yield colorless ad-
ditional products or to reduce o-quinones to o-
diphenols (rIcHArd et al., 1992). 4-hexylres-
orcinol, in combination with sodium erythor-
bate, was effective in maintaining the color of 
pear slices “Anjou” (colellI and elIA, 2009). 
Furthermore, carboxylic acids (citric acid and 
oxalic acid) have also been suggested as effec-
tive antioxidant agents in fresh-cut fruits (JI-
ANg et al., 2004; PIzzocAro et al., 1993; SoN 
et al., 2001). the incorporation of antibrowning 
agents into edible coatings applied on fresh-cut 
fruits has been studied by various authors. the 
application of alginate edible coating in con-
junction with antibrowning agents (ascorbic 
and citric acid) to mango cubes increased vita-
min c content compared to mango cubes treat-
ed only with alginate coating or control cubes, 
preserving the color of fresh-cut mangoes and 
increasing the antioxidant potential of cubes 
(robleS-SÁNcHez et al., 2013). Moreover, Pe-
rez-gAgo et al., (2006) reported a substan-
tial reduction in browning of fresh-cut apples 
when using a whey protein concentrate-bees-
wax coating containing ascorbic acid, cysteine 
or 4-hexylresorcinol. they observed a signifi-
cant improvement of the efficiency of antioxi-
dant agents when incorporated into the coating 
formulation, being the most effective treatment 
with 0.5% cysteine. brANcolI and bArboSA-cÁ-
NoVAS (2000) decreased surface discoloration of 
apple slices with maltodextrin and methylcel-
lulose coatings including ascorbic acid. bAld-
WIN et al. (1996) found that a carboxymethyl 
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cellulose-based coating with addition of several 
antioxidants, including ascorbic acid, reduced 
browning and retarded water loss of cut ap-
ple more effectively than an aqueous solution 
of antioxidants. Furthermore, roJAS-grAÜ et 
al. (2008) observed that both alginate and gel-
lan edible coatings containing N-acetylcysteine 
prevented apple wedges from browning during 
21 days of storage. More recently, the applica-
tion of konjac glucomann (polysaccharide de-
rived from the tuber of konjac, Amorphophallus 
konjac) with pineapple fruit extract represents 
an effective alternative to prevent browning of 
fresh-cut taaptimjaan rose apple fruit during 
storage. this coating enhanced total phenols 
and inhibited both PPo and peroxidase (Pod) 
activities (SuPAPVANIcH et al., 2012). or even, 
pullulan-based coating treatments in combina-
tion with antibrowning and antibacterial agents 
(1% pullulan; 0.8% glutathione + 1% chitooli-
gosaccharides) effectively inhibited enzymatic 
browning, retarded tissue softening, inhibited 
microbial growth, decreased weight loss and 
respiration rate of the minimally processed ap-
ple slices (Wu and cHeN, 2013).

Nutraceuticals

Nutraceuticals can also be incorporated into 
the formulation of edible coatings. despite the 
growing interest in incorporating nutraceuti-
cal compounds into food products, few stud-
ies have suggested their integration into edible 
films or coatings. In this sense, the concentra-
tion of nutrients added to the films/coatings 
must be carefully studied since it is important 
to know the effects on their basic functionality, 
namely on their barrier and mechanical prop-
erties. Some studies have reported the effect of 
the addition of active compounds in the func-
tionality of edible films. For instance, MeI and 
zHAo (2003) evaluated the feasibility of milk 
protein-based edible films to carry high con-
centrations of calcium (5 or 10% w/v) and vi-
tamin e (0.1% or 0.2% w/v). they concluded 
that protein-based edible films can carry active 
compounds, although the film functionality can 
be compromised. In contrast, PArk and zHAo 
(2004) reported that the water barrier proper-
ty of the chitosan-based films was improved by 
increasing the concentration of mineral (5and 
20% w/v zinc lactate) or vitamin e in the film 
matrix. Nevertheless, the tensile strength of 
the films was affected by the incorporation of 
high concentrations of calcium or vitamin e, 
although other mechanical properties, such as 
film elongation, puncture strength, and punc-
ture deformation, were not affected. Several 
researchers have endeavoured to incorporate 
minerals, vitamins and fatty acids into edible 
film and coating formulations to enhance the 
nutritional value of some fruits and vegetables, 
where these micronutrients are present in low 

quantities. tAPIA et al. (2008) reported that the 
addition of ascorbic acid (1% w/v) to the algi-
nate and gellan based edible coatings helped to 
preserve the natural ascorbic acid content in 
fresh-cut papaya, thus helping to maintain its 
nutritional quality throughout storage. In the 
last few years, attention has been paid to the 
addition of probiotics to obtain functional edi-
ble films and coatings. tAPIA et al. (2007) devel-
oped the first edible films for probiotic coatings 
on fresh-cut apple and papaya, observing that 
both fruits were successfully coated with algi-
nate or gellan film-forming solutions contain-
ing viable bifidobacteria. In fact, values high-
er than 106 cfu/g Bifidobacterium lactis bb-12 
were maintained for 10 days during refrigerated 
storage of both papaya and apple pieces, dem-
onstrating the feasibility of these polysaccha-
ride coatings to carry and support viable pro-
biotics on fresh-cut fruits. 

Alginate offers the possibility of formulating 
a broad range of functional and innovative food 
products, increasing the nutritional properties of 
foods. recently, an edible alginate coating con-
taining prebiotics such as oligofructose and in-
ulin has been applied on fresh-cut apples wedg-
es. Fructan analysis showed that all prebiotics 
remained stable over the 14 day storage period 
and sensory and visual assessment indicated 
acceptable quality of apple wedges coated with 
prebiotics (rÖßle et al., 2011). the addition of 
prebiotics could be especially appealing to con-
sumers as they are essential to human nutrition 
in the context of dietary guidelines.

However, more studies are necessary to un-
derstand the interactions among active ingre-
dients and coating materials when developing 
new edible film and coating, before they are ap-
plied to the surface of a real food system (ro-
JAS-grAÜ et al., 2009).

Further progress comes from nanotechnolo-
gy, a science that could provide new techniques 
for extending the shelf-life of foods. Among the 
inorganic agents, silver nanoparticles have re-
ceived great attention from the scientific world, 
due to the high biocidal effects towards many 
species of microorganisms (kIM et al., 2007). In a 
study by coStA et al. (2012), the effects of both 
active calcium-alginate coating loaded with sil-
ver-montmorillonite (Ag-MMt) nanoparticles and 
film barrier properties on the shelf-life of fresh-
cut carrots were assessed. the results of this 
study suggest that the active coating is the best 
treatment and could be used to control both de-
hydration and microbial spoilage of minimally 
processed carrots. Moreover, the combination 
of coating with Ag-MMt controlled the microbi-
al growth better than the sole coating treatment. 
the combined use of proper packaging and ac-
tive coating allowed the carrots to be kept in a 
good state of preservation thus prolonging the 
shelf-life to about 70 days, with respect to the 
uncoated samples (about 4 days). However, the 
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toxicological aspects of silver nanoparticles are 
well known (kIrubA et al., 2010; lu et al., 2010); 
eu safety regulation limits the silver amount to 
0.05 mg Ag/kg of food (FerNANdez et al., 2009). 

the application of edible coating either on 
fresh-cut apples or on fruits and vegetables are 
respectively summarized in table 1 and in ta-
ble 2 (a and b).

table 1 - Application of edible coating on fresh-cut apple.

Food product Coating Composition Main results References

“Gala” apple

Alginate

Alginate
Low weight loss; 
low enxymatic browning; great-
er firmness

OLIVAS et al. (2007)

Fresh-cut “Fuji”  
apple

Cinnamon, clove, lemon- 
 grass essential oil or their 
 their active compound  
cinnamaldehyde, eugenol 
and citral

4 log reduction of the E.coli 
O157:H7population; shelf-life ex-
tension at least 30 days

RAYBAUDI-MASSIL-
IA et al. (2008)

Fresh-cut apple  
wedges

Prebiotics, such as oligo- 
fructose and inulin 

All prebiotics remained stable 
over the 14 days; good sensory 
characteristics

RÖßLE et al. (2011)

Fresh-cut “Fuji”  
apple

Alginate 
 and gellan

Essential oils: lemongrass, 
oregano oil and vanillin

4 log reduction of the inoculated  
population of Listeria innocua;
lower respiration rate and  
ethylene production

ROJAS-GRAÜ et al. 
(2007b)

Fresh-cut apple
Alginate or gellan film-form-
i n g  s o l u t i o n  c o n ta i - 
ning viable Bifidobacteria

Higher values higher than 10^6 
cfu/g of Bifidobacterium lactis 
Bb-12 were maintained for 10 
days during refrigerate storage

TAPIA et al. (2007)

Fresh-cut apple 
   N-acetylcysteine Enzymatic browning prevention 

during 21 days of storage
ROJAS-GRAÜ et al. 
(2008)

Apple slices Methylcellulose 
 coatings

Maltodextrin  
and ascorbic acids.

Decreased surface  
discoloration of apples slices

BRANCOLI  et al . 
(2000)

Fresh-cut apple Whey protein  
Concentrate  
beeswax

Ascorbic acid, cysteine  
or 4-hexyl-hexylresorcinol

Substantial reduction of brown-
ing PEREZ-GAGO et al. 

(2006)

Apple “Fuji” slic-
es

Ascorbic acid 
and citric acid

20% decrease of the respira-
tion rate; shelf-life extension to  
2 weeks.

LEE et al. (2003)

Apple slices Carbohydrate/lipid  
bilayer film

Carbohydrate/lipid bilay-
er film

Water loss reduction WONG et al. (1994)

Fresh-cut “Fuji” 
apple

Tapioca starch/de-
colorized hsian-tsao 
leaf gum

Cinnamon oil
Reduction of microbial growth, 
respiration rate, CO2 and eth-
ylene production 

PAN et al. (2013)

Fresh-cut Taap-
tijaan rose apple

Konjac glucomannan Pineapple fruit extract Increase of total phenols; in-
hibi-t ion of PPO and POD  
 activities.

SUPAPVANICH et al. 
(2012)

Fresh-cut apple 
slices

Pullulan  Pullulan; glutathione 
and chitooligosaccharides

Delay of t issue softening,  
 inhibition of microbial growth,  
decrease of weight loss and  
respiration rate.

WU and CHEN 
(2013)

Fresh-cut apple 
slices

Chitosan Ascorbic acid and CaCl2 Delay of enzymatic browning 
and tissue softening

HAIPING et al. (2011)
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table 2a - Application of edible coating on fresh-cut fruits and vegetables.

Food product Coating Composition Main results References

Sliced kiwifruit “Hai-
ward”

Aloe vera Aloe vera Reduced O2 consumption 
and CO2 production; reduc-
tion of microbial spoilage 

BENÍTEZ et al. (2013) 

Sliced mango
 
Fresh-cut mango

Chitosan

Alginate and 
gellan  

Chitosan

Ascorbic acid

Reduction of water loss

Increase of Vitamin C

BICO et al. (2009)

ROBLES-SÁNCHEZ et 
al. (2013)

Fresh-cut mango       
 (pre-treated with
citric acid dipping) 

Sliced banana

Cassava 
starch-edi-
ble coating

Carrageenan 

Cassava starch-edible coating

Carrageenan

Reduction of weight loss 
and respiration rate; better 
maintenance of colour char-
acteristics

Reduction of water loss

CHIUMARELLI et al. 
(2010, 2011)
 

BICO et al. (2009)

Cantaloupe melon 
cube

Soy protein

Alginate

Soy protein, glycerol, malic 
acid, lactic acid

Malic acid and essential oils 
of cinnamon, pal- marosa and 
lemongrass
    

Good sensory character-
istics

Microbiological shelf-life ex-
tension.

ESWARANANDAM et 
al. (2006)

RAYBAUDI-MASSILIA 
et al. (2008)

Fresh-cut papaya Alginate and 
gellan

Chitosan 
and pectin

Ascorbic acid

Microencapsulated anti-micro-
bial complex (beta-cyclodex-
trin and trans-cinnamaldehyde)

Preservation of the natu-
ral ascorbic acid content 
in papaya

Shelf-life extension to 15 
days; reduction of vitamin 
C and total carotenoid con-
tent loss 

MANTILLA et al. (2013);

SIPAHI et al. (2013)

Fresh-cut apple, pa-
paya, pear, melon  

Alginate Alginate Shelf-life extension 
to 15 days FONTES et al. (2007); 

TAPIA et al. (2007); 
OMS-OLIU et al. (2008) 

Fresh-cut pineapple, 
fresh-cut melon

Multilayered 
Sodium algi-
nate coating 

Microencapsulated antimicro-
bial complex (beta-cyclodex-
trin and trans-cinnamaldehyde)

Prevention of 
water loss

FONTES et al. (2007); 
TAPIA et al. (2007); 
OMS-OLIU et al. (2008)

Fresh-cut pineapple; 

Fresh-cut strawber-
ries

Cassava 
starch-edi-
ble coating

Calcium lactate/ potassium 
sorbate

Reduction of weight loss

Reduction of respiration rate

BIERHALS et al. (2011)

GARCIA et al. (2010)

bIodegrAdAble PAckAgINg 
ANd MINIMAlly ProceSSed FruItS 

ANd VegetAbleS

Fruits and vegetables are living organisms 
which continue to respire and transpire after 
harvesting, being characterized by a respira-
tion rate; respiration and transpiration rates of 
fresh fruits and vegetables are often good indi-
cators of their storage life; the higher the rate, 
the shorter the shelf-life (FloroS, 1993). More-
over, the shelf-life of fresh-cut products is limit-
ed by microbiological deterioration and in order 

to reduce the effects of microbiological, chemi-
cal and physical events, it is possible to act on 
processing or, more usually, on packaging. the 
packaging operation should allow to establish 
inside the packaging an optimal atmosphere 
for the best preservation of the product. gen-
erally, low and elevated atmospheres, together 
with low storage temperature, reduce the prod-
uct respiration rate limiting, in this way, loss-
es in fresh weight (WAtAdA et al., 1996). the at-
mosphere that is established is the resultant of 
oxygen and carbon dioxide permeation through 
the walls of the packaging and of respiration 
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table 2b - Application of edible coating on fresh-cut fruits and vegetables.

Food product Coating Composition Main results References

Minimally processed 
pummel

Cassava 
or rice starch

Cassava or rice starch Lower weight loss of 4.8–
7.7% than the control

KERD-
CHOECHUEN et 
al. (2011)

Fresh-cut peach Pectin Essential oil from cinna-
mon leaves

Reduction of bacterial growth; 
better antioxi- dant status

AYALA-ZAVALA et 
al. (2013)

Pear slices Chitosan 
Carboxymethyl chitosan Sodium chlorite

Increase of PPO activity
Inhibition of PPO activity

XIAO et al. (2011)

Fresh-cut pineapple Alginate  Lemongrass oil Reduction of microbial growth AZARAKHSH et 
al. (2014)

Fresh-cut brocco-
li, garlic

Fresh-cut broccoli

Chitosan 

Chitosan

Chitosan

Bioactive compounds 
(bee pollen, ethanol-
ic extract of propo-
lis, pomegranatedried 
extract,resveratrol)/es-
sential oils (tea tree, 
rosemary, clove, orega-
num, lemon aloe vera 
calendula) 

Reduction of meso- philic and 
psychrotrophic counts; inhi-
bition of the yellowing and 
opening florets of fresh-cut 
broccoli

Better control of microorgan-
isms (E. coli and L. monocy-
togenes); good sensory at-
tributes

MOREIRA et al.
(2011) 

GERALDINE et al. 
(2008)

 ALVAREZ et al. 
(2013)

Fresh-cut carrots

Tapioca starch/decolor-
ized hsian-tsao leaf gum
Active calcium-alginate 
coating loaded with sil-
lver montmori-llonite
(Ag MMTT) nanoparticles

Cinnamon oil 

High biocidal effects

No beneficial effect on con-
trolling the meso- phyles aer-
obics and psychrophiles 

Good control of dehy- dra-
tion and microbial spoilage; 
of shelf-life extension to about 
70 days, with respect to the 
uncoated samples

LAI et al. (2013)

COSTA et al. 
(2012)

by the cells, until reaching an equilibrium con-
dition aimed to slow the senescence and avoid 
sensorial defects to the packaged product. ei-
ther high co2 or low o2 concentrations could in-
directly induce off-flavours by stimulating the 
growth of homo- and hetero-fermentative bac-
teria and yeast, which produce organic acids, 
ethanol and volatile esters (cArlIN et al., 1989; 
kAkIoMeNou et al., 1996). therefore, a proper 
combination of product characteristics and film 
permeability, which is a fundamental character-
istic of the packaging materials, results in the 
evolution of an appropriate atmosphere with-
in packages (SMItH et al., 1987). Moreover, the 
packaged food actually interacts with the pack-
aging material, changing the initial mechanical 
and barrier properties of the packaging materi-
als (PeterSeN et al., 1999). 

In alternative to the traditional polymeric ma-
terials, biodegradable films and coatings could 
be used. In fact, studies and experiments re-
lating to possible applications of biodegradable 

materials, possibly combined with coating tech-
nique, to minimally processed fruits and vegeta-
bles are not lacking. results obtained by using 
biodegradable films for samples of Iceberg let-
tuce are interesting: the film that is traditional-
ly used to package fresh-cut salads is the bi-ori-
ented polypropylene, which is associated with a 
level of senescence, linked to the metabolic ac-
tivity of the vegetable, which is always higher 
than that achieved by salads packaged in bio-
degradable film. So, the potential application of 
biopolymers for the packaging of fresh-cut let-
tuce is justified (del NobIle et al., 2008). Also 
the rate of quality loss of minimally processed 
grapes in relationship with packaging film bar-
rier properties has been assessed (del NobIle 
et al., 2009a). In earlier work, del NobIle et al. 
(2008b) investigated the influence of posthar-
vest treatments (ethanol, chlorinated water and 
hot water) on the quality loss kinetics of fresh-
ly processed grapes packaged in biodegradable 
films. the results suggested that ethanol is the 
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best solution to preserve the microbial stability 
of the fresh produce without affecting its respi-
ration rate to any great extent. based on these 
results, clusters of table grapes (Vitis vinifera 
cv. Italia) were treated in ethanol solution pri-
or to packaging in different bags made of two 
types of commercially available films (a multi-
layer film obtained by laminating nylon and a 
polyolefin layer (NP); an oriented polypropylene 
film (oPP)) and in three biodegradable polyester-
based films (NVt-100, NVt-50, NVt-35). results 
suggest that the respiratory activity of packed 
minimally processed produce is the main rea-
son for its quality loss during storage. In fact, 
the best results in terms of grape quality were 
obtained using grapes with lower respiratory 
activity and high barrier films, such as NP and 
NVt-100. From a sensory point of view, no un-
desirable after-taste developed within the fruit, 
when the grapes were packaged in the thicker 
film (NP and NVt-100).

Also PlA has been tested for fresh-cut fruits 
and vegetables packaging; the coating of PlA 
silicon oxide (Siox) improved the barrier oxy-
gen and water vapor properties (PeelMAN et al., 
2013). In particular, the use of PlA containers 
with lids and pouches composed of Vc999 bi-
opack PlA films coated with a barrier of pure 
Siox to preserve quality of fresh-cut pears af-
ter 9 days of storage in comparison with con-
ventional polyethylene Pe material, has been 
investigated. the results showed that color and 
firmness color of fresh-cut pears is better main-
tained with biodegradable packaging materials 
(krASNoVA et al., 2013)

biodegradable materials do not always ful-
fill the physiological requirements of the specif-
ic fruit and/or vegetable packaged in them: in 
fact, poor moisture barrier properties, linked to 
the hydrophilic character that marks most of the 
bio-based-materials, is sometimes responsible 
for higher percentages of weight loss in prod-
ucts, such as zucchini (lucerA et al., 2010), 
artichokes (del NobIle et al., 2009b) lampas-
cioni (Muscari comosum) (coNte et al., 2009c) 
and melon (coNte et al., 2009b).

often in several experiments, the technique 
of coating is used as a pretreatment to improve 
the performance of biodegradable materials and 
its effects on product quality. the coating treat-
ment, containing sodium alginates, has been 
more effective than the dipping in delaying the 
metabolic activity associated to respiration rate 
in samples of lampascioni, subsequently pack-
aged in NtV2, a film based biodegradable poly-
ester (coNte et al., 2009c). Moreover, the brown-
ing process decreased, as well as, the microbial 
growth, since the availability of oxygen on the 
surface of the product was reduced. the same 
type of coating was also applied to fresh-cut ar-
tichokes (del NobIle et al., 2009 b): also in this 
case, the coating together with packaging in 
NtV2 film seems to represent the better strat-

egy to preserve the quality of artichokes, also 
from a microbiological point of view. Interest-
ing results also came from a study of fresh-cut 
cactus-pear: the shelf life of the minimally pro-
cessed fruit, coated with an alginate and then 
packed with monolayer film (based on a blend 
of biodegradable polyesters), was prolonged to 
about 13 days, corresponding to an shelf-life in-
crease of about 40%, compared to the control 
sample (untreated sample); on the contrary, pro-
duce immersion into either agar or fish protein 
strongly reduced the shelf life, most probably 
due to water migration from the surrounding 
hydro-gel to the fresh-cut produce (del NobI-
le et al., 2009 c). 

Also PlA has been tested for fresh-cut fruits 
and vegetables packaging; the coating of PlA 
silicon oxide (Siox) improved the barrier oxy-
gene and water vapor properties (PeelMAN et 
al., 2013). In particular, the use of PlA contain-
ers with lids and pouches composed of Vc999 
biopack PlA films coated with a barrier of pure 
Siox to preserve quality of fresh-cut pears af-
ter 9 days of storage in comparison with con-
ventional polyethylene Pe material, has been 
investigated. the results showed that color and 
firmness color of fresh-cut pears is better main-
tained with biodegradable packaging materials 
(krASNoVA et al., 2013)

PlA is also been used in combination with sil-
ver; silver ions have been incorporated into poly-
lactic film, in order to evaluate the silver-infused 
PlA films for inactivation of Salmonella and fe-
line calicivirus in vitro and on fresh-cut vegeta-
bles (MArtÍNez-AbAd et al., 2013). the results 
showed that in vitro the antibacterial and anti-
viral activity is more efficient than on food sam-
ples. Anyway, in lettuce samples incubated a 
4°c at 6 days of storage, 4 log cFu of Salmonel-
la was inactivated for film with 0.1% wt of silver 
ions and no viral infection has been found in the 
same conditions (MArtÍNez-AbAd et al., 2013).

the results of the case studies on biodegrad-
able packaging applied to fresh-cut fruits and 
vegetables and in some cases combined with ed-
ible coating are summarized in table 3.

coNcluSIoNS

Foodstuffs are dynamic systems with a limited 
shelf-life and specific requirements in terms of 
packaging. In order to ensure the highest stan-
dards of product quality, the right combination 
of product characteristics and packaging film 
is the basis for the development of appropriate 
storage conditions. 

this work focuses on the potential applica-
tions of biodegradable packaging and edible 
coating for minimally processed foods. the re-
sults highlight how the biodegradable films may 
have a more or less advantageous performance 
in relation to the physiological characteristics of 
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table 3 - Application and combination of biopolymer with coating for fresh-cut fruits and vegetables packaging.

Food product Biopackaging Property 
of materials

Main results Reference

Iceberg lettuce Polyester-based
biodegradable film

Good gas barrier prop-
erties

Shelf-life extension DEL NOBILE 
et al. (2008)

Table grape 
(Vitis vinifera)

Polyester-based biodegrad-
able film /nylon and polyole-
fin layer

High gas barrier Good microbiological stability; 
good sensory characteristics

DEL NOBILE 
et al. (2009)

(ethanol pre-treatment be-
fore packaging)

Zucchini (Cucurbi-
ta pepo)

Biodegradable co-extruded 
polyesters

High permeability to wa-
ter vapor

High percentage
of weight loss

LUCERA et al. 
(2010)

Artichoke

Biodegradable monolay-
er film based on a blend of
biodegradable polyesters

Permeability to water 
vapor

High percentage of weight loss; 
good microbiological stability DEL NOBILE 

et al.( 2009)

Coating with sodium algi-
nate (pre-treatment before 
packaging)

Barrier to water vapour Shelf-life extension (200%)
low water loss

Lampascioni
(Muscari comosum)

Polyester-based
biodegradable film

High permeability to wa-
ter vapor

High percentage 
of weight loss CONTE et al. 

(2009)
Coating with sodium algi-
nate (pre-treatment before 
packaging)

Barrier to water vapour 
and oxygen

Lower water loss; low micro-
bial growth. reduced brown-
ing process

Cactus pear

Fresh-cut pears
(Pyrus communis)

Monolayer film, based on 
a blend of biodegradable 
polyesters

High permeability to wa-
ter vapour

High percentage
of weight loss.

DEL NOBILE 
et al. (2009)

KRASNOVA 
et al. (2013)

Coating with alginates 
(pre-treatment before pack-
aging)

PLA films coated with a 
barrier of pure silicon ox-
ide (SiOx) 

Barrier to water vapour 
and other agents

Improved barrier prop-
erties

Shelf-life extension 
to about 13 days

Better maintenance of color an 
firmness with respect to con-
ventional PE packaging

Melon Blend of biodegradable pol-
yester

High permeability to wa-
ter vapor

High percentage 
of weight loss

CONTE et al. 
(2009)

complex matrices, such as fruit and vegetables, 
characterized by an active metabolism which sig-
nificantly affects their conservation. certainly, 
biopolymers fulfill the environmental require-
ments but they have some limitations in terms 
of performance, like thermal resistance, barri-
er and mechanical properties. better results can 
be achieved by the combined use of biodegrad-
able packagings with edible coatings. 

the use of edible films and coatings represents 
an environmentally-friendly technology that of-
fers substantial advantages for shelf-life prolon-
gation of many food products, including fruits 
and vegetables. the development of new natu-
ral edible films and coatings with either inher-
ent microbicidal activity or the addition of anti-
fungal ingredients (food preservatives, essential 
oils, antagonistic microorganisms, etc.) to im-
prove the quality of fresh-cut fruits and vegeta-
bles is a technological challenge for the industry 
and a very active field of research worldwide. ed-

ible coatings can keep product characteristics, 
such as texture and hydration intact, and they 
can provide significant fruit senescence retarda-
tion. Moreover, they serve as a carrier for a wide 
range of food additives, including anti-browning 
or antimicrobial agents. 

New challenges should focus on the devel-
opment of tailor-made coatings, containing the 
most appropriate film forming constituents and 
active ingredients for fresh and minimally pro-
cessed fruits and vegetables, according to spe-
cific industrial needs. New trends have shown 
that enrichment of biodegradable materials with 
silver-montmorillonite nanoparticles may be a 
promising technique. 

undoubtedly, biodegradation offers an at-
tractive route to environmental waste manage-
ment. However, the actual application of these 
packaging solutions to food is still limited, due 
to the high cost of raw materials and the small-
scale production. In the future, when the quan-
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tities processed have increase to allow a change 
of scale, there will be a considerable reduction 
in the cost of biopolymers along with new and 
interesting applications in fresh-cut fruits and 
vegetables packaging.
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AbStrAct

the aim of this work was to analyze the knowledge in the field of trans fatty acids (tFAs) and 
nutritional recommendations related to fats among students at the university of life Sciences in 
Warsaw (SggW) and Wageningen (Wur). the research was done using a questionnaire composed 
of 16 questions among 194 students from SggW and Wur in 2012.

In Poland 96% and in Holland 89% of students had heard the name “trans fat”. More than half 
of the questionnaire respondents knew industrial sources of tFAs. After comparing the results of 
the research, in which students succeeded, it was concluded that differences in the level of knowl-
edge were statistically not significant (p<0.05). eating habits for fatty pastry products represent-
ing a potential source of tFAs were similar. Wur students’ purchase of pastry products was de-
pendent on price, whereas that of Polish students depended on information and ingredients list-
ed on the package.
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INtroductIoN

Fats are one of the fundamental food ingre-
dients, which play a significant role in the hu-
man body. their nutritional value depends on 
the composition of fatty acids (FAs) and content 
of diluted vitamins. the most important for the 
organism are FAs, from the group of eFAs (es-
sential fatty acids) (gurr, 2000; bAyIr et al., 
2011), and they are easily oxidized.

Fats used for technological purposes should 
be resistant to high temperatures and storage 
conditions. For pastry products and frying fats, 
mainly fats rich in saturated fatty acids (SFAs) 
and sometimes trans fatty acids (tFAs) are used. 
In the manufacture of many food products it is 
necessary to use fats with solid consistency. 
It could be a natural solid fat or a modified fat 
(McdoNAld and MoSSobA, 1996; MAttHÄuS, 
2007). It is possible to alter the characteristics 
of fats by using hydrogenation, transesterifica-
tion, mixing and fractionation. Hydrogenation is 
one of the oldest methods, where double bonds 
in triacylglycerols (tAg) are saturated. As a re-
sult of this treatment unsaturated fatty acids 
(uFAs) become SFAs. Moreover, trans isomeri-
zation of FAs occurs within the process of hy-
drogenation, which results in tFAs. the modi-
fied fat has a higher melting point and increased 
resistance to oxidation (FlAczyk and korczAk, 
2002; MAttHÄuS, 2007; doWNeS et al., 2013).

tFAs may occur in natural products originat-
ing from ruminants. As a result of enzyme ac-
tivity in ruminants’ bodies there occurs trans 
isomerization from cis bonds to trans (goodMAN 
et al., 2001; eFSA, 2004; gebAuer et al., 2007). 
the content of tFAs originating from natural 
sources (from meat and milk) may range from 2 
to 8 g/100 g fat depending on kind, breed, way 
of feeding and season. In europeans’ diet on av-
erage 30% of consumed tFA comes from milk 
and 10% from meat. Fats developed with indus-
trial hydrogenation way may include even 70% 
of tFA in the whole FAs (MAttHÄuS, 2007; JAStI 
and koVAcS, 2010; krASNoWSkA and SAleJdA, 
2011). Cis-trans isomerization may also happen 
during high temperature treatment, for exam-
ple during deodorization of oils or frying (krAS-
NoWSkA and SAleJdA, 2011).

According to most researchers, trans fatty 
acid isomers have a negative impact on human 
health. because of the hazards related to exces-
sive consumption of tFAs, international organ-
izations such as eFSA and WHo have stated 
that daily intake for adults and children should 
be reduced as much as possible (eFSA, 2004; 
doWNeS et al., 2013).

Fats rich in tFAs and SFAs have a negative 
impact on the cardiovascular system. they con-
tribute to the cholesterol rise in the blood and 
the higher risk of cardiovascular diseases. there 
are also reports indicating negative influences 
of tFA on other human body organs. consump-

tion of 5 g of SFAs a day may increase the risk 
of heart diseases by about 2% and of tFAs by 
even 25% (MArtIN, 2007).

due to the unfavorable effect of tFAs on the 
human body, legal restrictions of their content 
in food products have been implemented (den-
mark and canada). A different solution to re-
duce the consumption of tFAs is to require la-
beling of food products with information about 
the content of tFAs (canada, uSA) (żbIkoWSkA, 
2010; doWNeS et al., 2013). denmark is the first 
country in the world to introduce a tax on food 
products containing SFAs. the aim of this tax 
is to reduce the consumption of products rich 
in saturated FAs and increase the consumption 
of fruits and vegetables (SIMoPouloS, 1996).

due to the negative impact of tFA on the body 
and any actions concerning with reduction of 
their consumption, it is important to follow the 
level of consumer’s education in this area. It can 
be assumed that people with higher education 
related to food and nutrition sciences, interest-
ed in the subject of nutrition, should avoid con-
sumption of products that may adversely affect 
their health, eg: products with trans fatty acids.

the aim of this study was to verify how the 
education of students at both universities in-
fluenced the knowledge in the field of tFAs, 
purchases of food products and eating habits. 
therefore students’ scores from the test were 
compared among students from studies related 
to food and health sciences with different stud-
ies (economic, marketing, agriculture, etc.). In 
addition, it was hypothesized that students of 
a master’s degree course, especially from ma-
jors related to food and nutrition, are charac-
terized by a high level of knowledge in the field 
of tFAs and fats.

MAterIAlS ANd MetHodS

the analysis was based on the results of a sur-
vey carried out in 2012 among students from the 
university of life Sciences in Warsaw (SggW) 
(in Poland) and the university of life Sciences in 
Wageningen (Wur) (in the Netherlands). 

before the questionnaire was distributed to re-
spondents, a pilot test had been done. 215 peo-
ple participated in the survey, but 194 of these 
questionnaires were qualified. 90 questionnaires 
were completed by students with different na-
tionalities from Wageningen university (table 1), 
while the rest of the respondents were Polish stu-
dents from SggW. the survey was addressed 
to students finishing their education at univer-
sities, from fields of studies related to food and 
nutrition, and also from other majors, but de-
claring an interest in the issues of food and nu-
trition. At first the study was conducted in the 
Netherlands. Participants of courses related to 
food sciences, which are in the master’s degree 
program, were invited to take part in the sur-
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vey. Students taking the bachelor’s degree were 
allowed to participate in these classes (table 1) 
only if they had finished specialized courses. Par-
ticipants of these elective classes were students 
representing different majors. therefore people 
who took part in the study were divided into two 
groups: respondents studying subjects related 
(fs) and not related to food and nutrition scienc-
es (nfs). Students from Wur came from different 
countries, mainly of the european union (ta-
ble 1). Master’s degree studies at this universi-
ty are open, which means that students are re-
cruited from all over the world and classes are 
taught in english. then, the study was conduct-
ed on respondents from SggW in Poland. they 
were mainly students taking a master’s degree, 
from majors related and not related to food and 
nutrition science. Students not attending any 
food faculties declared that they were interest-
ed in food related topics. In this connection, al-
though there was a small population size it is as-
sumed that the obtained results will answer the 
question whether it is necessary to intensify the 
education of students (including those that the-
oretically should have a high nutritional knowl-

edge) in the subject of food fats especially those 
that contain trans isomers.

the survey was held in the classrooms and 
the questionnaire was distributed in a paper ver-
sion to respondents. the interviewer was present 
with the students. Surveys that were distribut-
ed to students in the Netherlands were written 
in english, while in Poland they were in Polish.

Questions in terms of content were divided into 
those which were a test of the respondents’ knowl-
edge (10 questions) and observations of the stu-
dents’ eating habits. In the questionnaire there 
were also basic questions – legal information (ta-
bles 1 and 2). Most of the respondents were wom-
en (table 2). Most of the respondents were aged 
24. In the case of Wur they constituted 24.4% of 
the whole population, while in SggW 55.8%. the 
average respondents’ age in Holland was around 
25 and in Poland 23. In the Netherlands the age 
range was much wider than in Poland. the eld-
est respondent of the survey was 58 years old.

In the discussion results of students from 
studies related to food and human nutrition and 
students from studies not related to these fields 
were analyzed separately. With regard to ques-
tions concerning the knowledge test a scoring 
system was used in which each respondent re-
ceived one point per correct answer. the max-
imum score was 13 points. Such presentation 
of responses helped to interpret the results and 
assess the level of knowledge of the students.

Survey results were analyzed in excel 2011 
and the statistical program Statistica v10.0. 
one-way analysis of variance and χ2 test were 
applied, with the significance level p<0.05. In or-
der to conduct statistical analysis the respons-
es were expressed as a percentage of answers. 

reSultS ANd dIScuSSIoN

Analysis of the answers given 
by respondents concerning knowledge 
of trans fatty acids

over 90% of the examined populations were 
students from studies related to food or health 
and respondents interested in this topic. 

All students studying in the field related to 
food and nutrition had heard earlier the name 
“trans fat”. However, 65% of Wur and 80% of 
SggW students from other studies had heard 
this term (Fig. 1). Similar studies were conduct-
ed in canada, where since 2005 it has been ob-
ligatory to provide information on the content 
of tFAs. on this basis, it was found that food 
selection based on tFAs increased significant-
ly (SMed, 2012). A study conducted in 2007 
among students of different fields of study (re-
lated to food and not related) in the u.S. (where 
since 2006 it has been obligatory to label food 
products containing tFAs) showed that 92% of 
respondents were aware of the term “trans fat” 

table 1 - Nationality of Wur students.

Country Contribution (%)

Netherlands 38
Spain 18
Czech Republic 10
Finland 4
Germany 4
Hungary 4
USA 4
Canada 4
China 4
France 2
Greece 2
Turkey 2
Denmark 2
Sweden 2

table 2 - characteristics of the studied population.
legends’:*fs – students from studies related to food science 
or human nutrition; 
**nfs – students from studies not related to food science.

Specification Structure of population (%)

  WUR SGGW

sex women 78 81
 men 22 19

age avarage 24.6 24
 SD 5.60 0.99

field of studies Fs* 38 81
 Nfs** 62 19

degree of studies bechelor’s 16 8
 master’s 84 92
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Fig. 1 - Students who had heard the 
term “trans fat”.
SggW - university of life Sciences in 
Warsaw; Wur - Wageningen universi-
ty; all – all of the respondents; fs – stu-
dents from studies related to food sci-
ence or human nutrition; nfs – students 
from studies not related to food science.

Fig. 2 - Sources of tFAs indicated by 
students of (a) Wur and (b) SggW.
*all - all of the respondents; * fs, nfs - 
explanation under the table 2.

(StAMPFer et al., 1991). based on this, it can be 
assumed that the subject of tFAs is more wide-
spread in the u.S. (also among students of sub-
jects not related to food or nutrition). 

Most of the respondents correctly indicate as 
the main source of tFAs 3 groups of products: 
shortening, hard margarines and pastry prod-
ucts (Fig. 2). the other correct answers related to 
natural sources of trans fatty acids (milk fat and 

dairy products) were selected much more often 
(30% more) by the students from Wur (Fig. 2a) 
than from SggW (Fig. 2b). the aim of the fol-
lowing question was to verify whether respond-
ents knew that food products might be a natu-
ral source of tFA developing naturally in bod-
ies of ruminants. In research done by Stampfer 
(1991) 59% of students considered confection-
ery products as a source of tFAs in their diet.
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Analysis of answers given by respondents 
concerning knowledge of the nutritional role 
of TFAs and fat

Most tFAs, mainly coming from industrial 
fats, have a negative influence on the human 
body. they contribute to increase of cardio-
vascular diseases. only in the case of conju-
gated linoleic acid (clA), which is present in 
the fat of ruminants, is it believed that the ef-
fect is positive (gebAuer et al., 2007). there-
fore, the next question was to check the stu-
dents’ knowledge about the impact of tFAs 
on human health. At both universities more 
than two thirds of the students answered that 
tFAs have an adverse effect on human health 
(Fig. 3). Similarly, in another survey (StAMP-
Fer et al., 1991) 73% of American students 

considered tFAs as negative food components 
for health. 

Another question, testing knowledge in the 
field of fats with particular emphasis on tFAs, 
considered nutritionally valuable elements 
which are supplied to the body from fat. As 
nutritionally beneficial elements, respondents 
chose the following answers: essential fatty ac-
ids (eFAs), vitamins and, unfortunately incor-
rectly, saturated fatty acids (SFAs). All of the 
students who study food and nutrition and re-
lated fields at SggW selected eFAs and half of 
them vitamins (Fig. 4a). Among those students 
who study food science and nutrition at Wur, 
89% of them selected the answer for eFAs and 
32% for vitamins. Several people (12%) from the 
dutch university thought that tFAs are nutri-
tionally important (Fig. 4b).

Fig 4 - Nutritionally valuable elements indicated by students of (a) SggW and (b) Wur.
explanation under the Fig. 1.

Fig. 3 - Structure of responses to the 
question “Are tFAs good for one’s 
health?”.
a - no, b - yes, c - it depends on their 
origin, d - I do not know;
explanation under the Fig.1.
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Results of the knowledge test

From the test of knowledge in the field of fats, 
students from SggW in Warsaw scored around 
9 points and students from Wur 8 points, from 
the 13 possible (Fig. 5). Polish students from 
studies related to food and nutrition sciences 
did not show any statistically significant dif-
ferences (p < 0.05) in higher knowledge in the 
field of tFAs and fats than the respondents from 
unrelated studies (Fig. 5). However, differences 
were significant in the case of students from the 
dutch university. 

Eating habits of respondents

Students of both universities were eating 
pastry and confectionary products at a similar 
frequency (table 3). It could be due to similar 
availability of these types of products in shops 
and vending machines at universities. Wom-
en were consuming much more of these types 
of products than men. In the Netherlands 80% 
and in Poland 62% of female students declared 
that they consume sweet snacks at least sever-
al times a week. Men had better eating habits, 
because two thirds of SggW male students and 

nearly all male students from Wageningen uni-
versity stated that they eat such products very 
rarely. Men from the Polish university were eat-
ing confectionary and pastry products more of-
ten than men studying in Holland. researchers 
(urbAŃSkA and czArNIeckA-SkubINA, 2007) 
previously reported that 21% of high-school stu-
dents were eating sweet snacks every day, while 
31% consumed them several times a week. thus, 
it can be concluded that university students eat 
fewer sweets than high-school students. 

tFAs develop during frying. the most sen-
sitive to trans isomerization in heat treatment 
are oils rich in unsaturated FAs. MoreNo et al. 
(1999) reported that the tFA content substan-
tially increases at 150°c and at 200°c reaches 
357% compared to the initial content of trans 
isomers, while at 300°c it reaches the level of 
3026%. that is why, for frying, it is advisable to 
use fats with a high thermal resistance. Almost 
all of the students declared that they use vege-
table oil for this reason (94% of Wur respond-
ents and 90% SggW). FlAczyk and korczAk 
(2002) obtained a slightly different structure of 
answers of the question related to the fat used 
for frying. they found that, for frying meat, the 
most popular fat was lard (32% of answers) and 
vegetable oil (25%), for fish vegetable oil (91%), 

Fig. 5 - Averages of achieved points from 
students’ test results.
a, a – statistically not significant; a, a – 
statistically not significant; A, b - statis-
tically significant (p = 0,00291).
*explanation under the Fig. 1.

table 3 - Frequency of pastry product consumption among SggW and Wur students.

Frequency of consumption Contribution of answers (%)

  WUR   SGGW

 women men all women men all

Once a month / not at all 11 10 11 19 10 17
2-4 times a month 9 90 27 19 60 27
2-4 times a week 43 0 33 31 0 25
almost everyday 37 0 29 31 30 31
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and for eggs table margarine (63%). to fry flour-
based products 40% of the respondents favored 
the use of vegetable oils.

Students’ decisions related to purchase of 
pastry and confectionery were influenced by 
different factors (table 4). In the Netherlands 
the most popular factors of purchase taken 
into consideration were price (29% of answers) 
and information on the package (24%). Howev-
er, Polish students indicated first of all the in-
gredients and the information on the packages 
(38%) and then the brands (27%). therefore the 
Polish students appreciated above all quality of 
these products and were guided as well by the 
trust of previously eaten products of the brands. 
regardless of universities, one fifth of students 
claimed that they always chose the same prod-
ucts. In the following question the obtained an-
swers among the students from both universi-
ties were different and statistically significant 
(p = 0.04654). 

In turn, the studies of krasnowska and Salej-
da [2011] showed that 37% of respondents were 
influenced by the price of products and then by 
the expiration date and brand (each 26%). the 
results of this research are very different from 
the answers obtained by the students from the 
Polish university. 

coNcluSIoNS

differences in the level of students’ knowl-
edge, independently of university, were statis-
tically not significant (p<0.05). taking into ac-
count the fact, the all of the examined popu-
lation’s interest in nutrition aspects, it can be 
concluded that knowledge in the topic of trans 
FAs was not satisfactory. Most of the examined 
populations had heard the term ‘trans fats’ be-
fore and were aware of their negative influence 
on human health. Some of the students, inde-
pendently of the university, could not indicate all 
of the products constituting a potential source 
of tFAs (around 30%). Polish students were not 
aware of natural sources of tFAs (less than 10%) 
compared to students from the dutch universi-
ty (around 40%). Polish students from studies 
not related to food and nutrition sciences had 
less knowledge in the topic of tFA than respond-
ents in the uSA and canada. based on this, it 
can be concluded that Polish society should be 
further educated and food producers should be 
encouraged to label packages about nutritional 
characteristics of fat.

eating habits related to consumption of pas-
try and confectionery products, which constitute 
a potential source of tFAs, of both populations 
were similar. Worrisome is the fact that wom-
en (independently of population) were consum-
ing these kinds of products definitely too often. 

taking into account the level of knowledge of 
Polish students (SggW) and from different re-

table 4 - Factors influencing students’ decisions of the pur-
chase of confectionery and pastry products (p = 0.04654).

 Product features  Contribution
 influencing the choice of answers (%)

 WUR SGGW

ingredients and information on the package 24 38
price 29 10
brand 5 27
attractive package 20 4
always the same products 22 21

gions of the eu (studying in the Netherlands 
– Wur) finishing master’s degree studies (fs 
and nfs) it should be considered that there is 
still a need for education about the negative ef-
fect of tFAs on health and to inform consum-
ers which products can be a source of them in 
the diet. based on the obtained results it can be 
assumed that people coming from different eu 
regions who were not educated may have even 
less knowledge in this subject. Moreover, eating 
habits of women should change as they consume 
sweet snacks far more often than men, which 
could be a potential source of undesired fatty 
acids in the diet.
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AbStrAct

the aim of the study is to determine the main factors affecting the national-branded ice cream 
preferences of turkish consumers, and to analyze the relationships between their preferences 
and consumption amounts. the data obtained from 400 households in kahramanmaras, turkey 
were used for Principal Component, K-Means Cluster and Multiple Regression Analyses. the re-
sults of the study highlighted clearly that the consumers of the high (C1), middle (C2) and low-in-
come users (C3) satisfied with the manufacturer brand, the individual private label, and the re-
tailer brands on the ice cream purchase decision and consumption amounts, respectively. the 
manufacturers, retailers and marketers of the ice cream, therefore, should implement effectively 
the manufacturer brand, the private label and the retailer brand for C1, C2 and C3, respectively, 
and then they could also increase the demand trends of the target consumers segments satisfied.
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INtroductIoN

Consumers purchase decisions towards the 
food products are a complex phenomenon influ-
enced by a numerous factors classified as prod-
uct-related (intrinsic and extrinsic food attributes), 
consumer-related (demographic, personal, psy-
chological and physiological characteristics) and 
marketing environmental-related (economic, cul-
tural, natural, technological, political and social 
environments) (REALINI et al., 2013; TOPCU and 
UZUNDUMLU, 2012; TROY and KERRY, 2010; TOP-
CU et al., 2009). Traditional sensory analyses fo-
cused on the intrinsic product attributes are not 
sufficient to meet not only the requirements of 
today’s fast developing food markets but also the 
food choices of the consumers at the sale points. 
In order to be able to reply the consumers’ need 
and willingness to buy, therefore, the suppliers 
must evaluate the food products with integrated 
approaches covering their intrinsic and extrinsic 
attributes by thinking of the consumers’ socioec-
onomics characteristics.  

In order to design the actual food product im-
age optimized, the suppliers have focused on not 
only the intrinsic ice cream1 attributes such as 
the sensory, structural, visual, nutritional, chem-
ical and confidential properties including in aro-
ma, taste, flavor, viscosity, color, texture and its 
content (REALINI et al., 2013; MENICHELLI et al., 
2012; TOPCU and UZUNDUMLU, 2012; SOUKOU-
LIS et al., 2010; SIMEONE and MAROTTA, 2010; 
TOPCU et al., 2009) but also the extrinsic ones 
consisting of hedonic quality attributes such as 
the price, country of origin, actual product im-
age and quality, brand, labelling, packaging, pro-
motion, advertising, etc. (TOPCU and UZUNDUM-
LU, 2012; TROY and KERRY, 2010; TOPCU et al., 
2009; SIRO et al., 2008; McCARTY et al., 2003; 
ORTH and FIRBASOVA, 2003) along with the con-
sumers’ socioeconomic characteristics such as in-
come, food expenditure, education, age and life-
cycle, occupation, etc. (TOPCU, 2012; TOPCU and 
UZUNDUMLU, 2012; TOPCU et al., 2009). 

While the consumers have considered the he-
donic and visual quality attributes of the ice 
creams at point of sale before purchase and the 
sensory ones after consumption; the manufactur-
er, retailer and marketers have also interested with 
their various attributes to develop, improve and 
design the innovative ice creams based on their 
need and willingness to buy. 

Providing an important communication among 
the manufacturer, retailer and the consumers, and 
then establishing a strong bridge between each 
group; the brands, one of the utmost important 
pieces of the information read a foodstuff, play an 
important role on the consumers’ purchase deci-
sion making processes (TOPCU et al., 2008; WULF 
et al., 2005; GUERRERO et al., 2000). Their ef-
fects on the purchase decisions, therefore, could 
be explained by several functions including in their 
identification and attributes, the reference function 

formalizing their purchase models, the guarantee 
function providing the quality image by reducing 
the feeling of risk, the personalization function al-
lowing the consumers to locate themselves in their 
social environment, the entertainment function get-
ting the consumers to motivate into the different 
brand choices, and the practical function allowing 
the consumers to learn and evaluate the results of 
different shopping experiences (TOPCU and UZUN-
DUMLU, 2012; AILAWADI et al., 2011; ALDAZABAL 
et al., 2006; GUERRERO et al., 2000). 

Not only has been consumed increasingly the ice 
cream by many consumer segments such as chil-
dren, adolescents, adults and elder people during 
all the lifecycle due to their refreshing, sensational, 
nutritional and sanitarian attributes, on the oth-
er hand, but also the ice cream industry becom-
ing a much profitable sub-sector owing to rapid-
ly developing technological progresses has intro-
duced 240 different types of ice cream resulting 
from the diverse ingredients and methods of freez-
ing to the domestic markets under a strict com-
petition between manufacturer and retailer in re-
cent years (TOPCU and UZUNDUMLU, 2012; TUR-
GUT and CAKMAKCI, 2009). 

Therefore, the upmost motivation drives of the 
fundamental selection criteria in the ice cream pur-
chase decision making process of all the consumers 
under various product depths and varieties are the 
brands. Therefore, it makes possible to distinguish 
among the consumers in terms of their sensitivity 
and loyalty to the brand highlighting the persistent 
purchase of a specific brand within a well-defined 
context and having a positive attitude towards it. In 
other word, there is a strong relationship between 
their varieties and brand types impacting on their 
purchase decisions (TOPCU, 2012a; ENNEKING et 
al., 2007; GUERRERO et al., 2000). 

The brand type or names of the food products 
could be generally explained in two categories as 
the manufacturer brands created by manufactur-
ers and bearing their chosen brand name (the lo-
cal, national, international and global brands) and 
private label products derived and owned by re-
tailers functioning at a distribution channel (the 
store/retailer, store sub-brand, generic and indi-
vidual product brands) (TOPCU et al., 2008). The 
effects of the brand types associated with the food 
choice and acceptability, and the consumers pur-
chase attitude and behaviors were widely studied 
in marketing researches (FORNERINO and HAUTE-
VILLE, 2010; ZHOU et al., 2010; GEHLHAR et al., 
2009; KUMAR et al., 2009; TOPCU et al., 2009; 
DIMOFTE et al., 2008; ENNEKING et al., 2007).

1 Ice cream has a complex food colloidal system includ-
ing in air bubbles, ice crystals and partially destabilized 
fat globules dispersed in a continuous aqueous phase. 
therefore, its manufacturing as the most popular frozen 
dairy dessert has fairly complex processes and follows 
the subsequent steps such as preparation of the mix-
ture, pasteurization, homogenization, cooling, aging of 
the mixture, addition of fermented milk, freezing, pack-
aging and storage of the final mixture (SoukoulIS et al. 
2010).
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The brands of the leader manufacturer manu-
facturing the ice cream with the national and in-
ternational brands in Turkey consist of Unilever’s 
Algida, Ulker’s Natura, Has Food’s Panda, Dina-
mik Food’s Alaska, Izmir Dairy Products’ MEMO, 
Nestlé’s Nestle, Yasar Food’s MADO and Ferah 
Food’s EDO (FOOD, 2009). Their annual produc-
tion, export, import, consumption and per capi-
ta consumption amounts of the ice cream along 
with some macroeconomic indicators in Turkey 
are indicated in Table 1. 

According to Table 1, as considered the annual 
increasing production (7.1%), consumption (7.5%) 
and export (8.3%) trends between 2005 and 2012; 
it should be increased dramatically the domestic 
production amount responding to the needs and 
willingness to buy of Turkish consumers. Addi-
tionally, the annual increase rate in the consum-
er population (0.6%) and Gross Domestic Product 
(GDP) per capita (1.9%) between 2005 and 2012 in 
Turkey could increase considerably its consump-
tion trends. Furthermore, it has been estimated 
that the ice cream consumption at selected Euro-
pean markets reported by MGMN for Turkey will 
also increase about 64% between 2012 and 2016.

Annual ice cream consumption amounts per 
capita of the leader countries such as New-Zea-
land, US, Finland and Sweden in the ice cream 
consumption in 2012, on the other hand; were 
calculated as 25, 21, 14 and 12 liters, respective-
ly (FIIND, 2013). Furthermore, those per capita in 
Turkey, EU and the world in 2012 were calculated 
as 4, 12 and 6.0 liters, respectively (EICA, 2013; 
FAOSTAT, 2013; TUIK, 2013). 

As a result of all this, compared with the con-
sumers of the leader countries in the ice cream 
consumption, Turkish consumers have consumed 
about 3-6 times less ice cream than them, but this 
difference has continued to increase steadily. Ac-
cording to all the indicators, the ice cream pro-
duction should be increased to be able to meet 
the increasing demands of Turkish consumers at 
domestic food markets. 

In order to increase considerably the annual ice 
cream consumption amounts of Turkish consum-
ers, traditional sensory analysis should be com-

bined with integrated marketing approaches fo-
cused on the intrinsic and extrinsic ice cream at-
tributes, and then they should develop/design the 
marketing tactic and strategies under homogenous 
consumer segments based on their socioeconomic 
characteristics. There is not any integrated scien-
tific research taking into consideration all the con-
ceptual frameworks with regard to the ice cream 
purchase decisions for the target consumers seg-
ments in the scientific literature. With the present 
study focused on integrated marketing approach-
es combined with all the factors influencing on the 
ice cream purchase decision making process of 
Turkish consumers, it could be filled an impor-
tant gap in the literature by contributing consid-
erably to the scientific literature.  

This study, therefore, was designed to reach all 
the objectives mentioned above. In this scope, the 
main aims of the study are to explore the core fac-
tors related to the intrinsic and extrinsic product 
attributes impacting on the national-branded ice 
cream purchase decisions of Turkish consumers; 
and then to determine the target homogenous con-
sumer segments based on their socioeconomic char-
acteristics, and finally to analyze the effectiveness of 
the factors effecting on their consumption amounts.

MAterIAl ANd MetHodS

Material

The primary data used in this study which in-
clude in the variables based on the national-brand-
ed ice cream attributes and Turkish consumers’ 
socioeconomic characteristics influencing on their 
consumption decisions and amounts were ob-
tained from a face-to face questionnaire in Kah-
ramanmaras2 from autumn of 2012 until winter 
of 2013. The questionnaire was conducted with 
the heads of the households in their houses. The 
participants consuming the national-branded ice 

2 kahramanmaras is located in the southeastern part of 
turkey. the province lies on plain at the foot of the tau-
rus Mountains and has a total population of 1.063.174 
in 2013, and about 42% of those live in the city centre. 

table 1 - Annual production, export, import, consumption (million liters) and per capita consumption amounts (liter) of ice 
cream, and macroeconomic indicators in turkey.

Items 2000 2005 2010 2012 Annual change(%)
and macroeconomic indicators     2005-2012

Production 60.0 113.0 324.0 260.0 7.1
Export - 4.0 8.0 12.0 8.3
Import - 0.8 0.2 1.5 5.8
Consumption - 99.0 229.0 247.0 7.5
Per capita consumption 1.0 1.5 3.0 4.0 7.8
Population (million) 67.8 72.1 73.7 75.6 0.6
Grow rate of GDP (%) 6.8 8.4 9.2 2.1 2.9
Grow rate of GDP per capita (%) 5.3 7.1 7.5 0.8 1.9

Sources: (TUIK, 2013 and 2013a; ASUD, 2013).
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cream, and accepting the voluntary contribution 
were selected randomly. They have demographic 
and socioeconomic characteristics such as average 
46 years old, $1282 income, 3.7 liters ice cream 
consumption, 4.3 family sizes 51% male popula-
tion and 61% high school education.

Methods

Method used in determination 
of the sample size

In order to determine the sample size, while 
minimizing sample bias and representing cor-
rectly the population; the city center was divid-
ed into four parts covering the west, east, south 
and north-sides of Kahramanmaras with 73.929 
households consisting of about six family mem-
bers (APDK 2013; TUIK 2013).

In order to calculate the sample size for each 
district, the following formula was used (TOPCU 
et al. 2010).

Where

n = sample size
Z = z value, (1.96 for 95% confidence level) 
p = percentage making a choice, (0.5 used for 

sample size needed)
c = confidence interval, (used 0.05 = ±5)

the minimum sample size having the capabil-
ity of representing the main population was cal-
culated as 385 households (but the study was 
conducted with 400 households). by consider-
ing the information obtained from the food sci-
ence and marketing literature under the expert 
consultancy and the prior experiences of the 
researcher, a draft questionnaire was prepared 
(toPcu, 2012). In order to check out non-sam-
pling error which occurs due to ambiguous def-
initions, unclear instructions, questionnaire 
wording, format and length, a pre-test was car-
ried out 15 consumers selected randomly in the 
target regions. the flow and nature of the ques-
tionnaire were tested, and the order and timing 
of the questions were re-arranged. the ques-
tionnaire was then modified and refined before 
starting the fieldwork.

Methods used in the preparation 
of the questionnaires

It was asked the participants in the survey to 
respond to each statement indicating the signifi-
cance levels of the ice cream attributes by using 
a Likert-format with 1-5 scale (where 1 refers to 
the least important and 5 refer to the most im-
portant attribute). of eighteen ice cream attrib-
utes, five are related to the intrinsic ice cream 

attributes (ingredient quality, texture and aro-
ma, taste and flavor, hardness and viscosity and 
organic content); six are covered by the extrinsic 
food attribute referring the marketing mix (the 
region of origin, advertisement and promotion, 
package material and appearance, product as-
sortment, quality-price relation and price); two 
are determined by manufacturing process (the 
reliability of manufacturing process and food 
safety and hygiene); five are stated by the rela-
tionships between the consumer and marketing 
environments (brand recognition, store satisfac-
tion and confidence, manufacturer brand satis-
faction and image). the sources in the literature 
related to the intrinsic and extrinsic ice cream at-
tributes and their items were showed in table 2. 

on the other hand, of the two string and three 
numeric variables referring to the consumer de-
mographic and socioeconomic characteristics, 
three referred to the consumer demographic 
characteristics (age as a numeric variable; con-
sumer education (0: primary and 1: high school 
and college graduate) and the occupation (0: oth-
ers and 1: officer) as string variables); two in-
cluded in the consumer socioeconomic charac-
teristics (monthly consumer income ($) and the 
share of the ice cream expenditure within total 
food one as numeric variable).

Methods used in the statistics analyses

After editing and coding, the primary data 
were first used in Principal Component Analy-
sis (PCA)3 to determine the main factors related 
to the product attitudes influencing on the na-
tional ice cream purchase patterns of turkish 
consumers. PCA is a data reduction technique 
that reduces the number of variables used in an 
analysis by creating new variables (called fac-
tors) that combine redundancy in the data (SPSS 
15.0 2006). the first step in PCA is to determine 
the number of relevant factors. this was con-
ducted by PCA using Varimax Rotation Method 
(VRM)4. PCA was used initially to identify under-
lying aspects explaining a correlation among a 
set of the food product attributes. the purpose 
of PCA was to identify those attributes account-
ing for a relatively large proportion of the vari-
ance in the sample. 

In the second and final steps of the statis-
tics analyses, the main factors obtained from 
PCA were used for k-means cluster and multi-
ple regression/correlation MRC Analyses, re-
spectively. In the second step, according to 

3 A factor extraction method used to form uncorrelated lin-
ear combinations of the observed variables. the first com-
ponent has the maximum variance. Successive compo-
nents explain progressively smaller portions of the var-
iance and are all uncorrelated with each other. PCA is 
used to obtain the initial factor solution. It can be used 
when there is a single correlation matrix.

4 this method is an orthogonal rotation method that mini-
mizes the number of variables that have high loading on 
each factor. It simplifies the interpretation of the factors.
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table 2 - the sources in literature related to the macro variables and their items.
     
Macro variables Items Sources 

 Texture and aroma SOUKOULIS et al., 2010; CRUZ et al., 2009 OZDEMIR et al., 2005; AIME et al., 2001  
 Taste and flavor TOPCU and UZUNDUMLU 2012; SOUKOULIS et al., 2010;  TURGUT and CAKMAKCI, 2009; ENNEKING et al., 2007
 Ice cream content SOUKOULIS et al., 2010; TURGUT and CAKMAKCI, 2009;  ALVAREZ et al., 2005  
 Hardness and viscosity ATSAN and CAGLAR, 2008; KAYACIER and DOGAN, 2006; GRANGER et al., 2005  
 Ingredient quality KARAMAN et al., 2011; FARHOOSH and RIAZI, 2007; GRANGER et al., 2005  
 Food safety and hygiene TOPCU and UZUNDUMLU, 2012; GOFF, 2008; ROININEN et al., 1999

 Actual image quality TOPCU and UZUNDUMLU, 2012; SIRO et al., 2008; WILDMOSER et al., 2004  
 Ice cream assortment SOUKOULIS et al., 2010; LANGE et al., 1999; GOFF, 2008  
 Brand recognition AILAWADI et al., 2011; GEHLHAR et al., 2009; WULF et al., 2005  
 Store satisfaction TOPCU and UZUNDUMLU, 2009; TOPCU et al., 2008; WULF et al., 2005; GUERRERO et al., 2000 
 Store confidence TOPCU and UZUNDUMLU, 2009; SOBERMAN and PARKER, 2006; GUERRERO et al., 2000 
 Brand satisfaction AILAWADI et al., 2011; DIMOFTE et al., 2008; STRIZHAKOVA et al., 2008 
 Brand image TOPCU, 2012; KUMAR et al., 2009; BRAKUS et al., 2009; LI and HOUSTEN, 2001 
 Package appearance TOPCU and UZUNDUMLU, 2012; TOPCU and ISIK, 2008; ENNEKING et al., 2007 
 Promotion mix KARRAY and MARTIN-HARRAN, 2009; TOPCU and ISIK, 2008; LI and HOUSTEN, 2001
 Price and quality relation TOPCU and UZUNDUMLU, 2012; AMROUCHE and ZACCOUR, 2009; KUMAR et al., 2009; WOLK and SPANN, 2008; 
  ENNEKING et al., 2007  
 Region/country of origin REALINI et al., 2013; BATRA et al., 2010; TOPCU et al., 2010; ORTH and FIRBASOVA, 2003   
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monthly income levels of turkish consumers, 
therefore, the target consumers were separat-
ed to three homogeneous clusters including in 
low-income users (less than $500 per month), 
middle-income users ($500-1250 per month) 
and high-income users (more than $1250 per 
month) (toPcu 2012), and then the main fac-
tors were allocated to the homogeneous con-
sumer clusters based on monthly income lev-
els of the target consumers by k-means clus-
ter analysis.

In the final step, the main factors obtained 
from PCA were used Multiple Regression/Corre-
lation (MRC) Analysis. MRC analysis was used 
to measure the effects of variable factors deliv-
ered from the ice cream attributes and turkish 
consumers’ socioeconomic characteristics effect-
ing on their ice cream amounts. 

In order to test whether the normal distribu-
tion of the main factors delivered from PCA and 
the socioeconomic variables collected from the 
consumers exhibited or not was applied the vari-
ous transformations techniques, and it was test-
ed that the closest distribution to the normal of 
all the factors provided. on the other hand, the 
coefficient estimations were estimated by us-
ing ordinary least squares (OLS). Individual and 
group significance of these coefficients were test-
ed using t and F tests, respectively. 

In order to evaluate whether to be any econo-
metrical problem among the variables, it was 
tested the overall multicollinarity and auto-corre-
lation problems by considering Variance-Inflating 
Factor (VIF) and Durbin-Watson d statistics, re-
spectively. Multicollinearity among variables was 
detected by calculating (VIF) (guJArAtI 2005; 
SPSS 15.0 2006). the analysis techniques have 
been widely used in many marketing researches 
with regard to the dairy food product attributes 

(dAVIeS and clINe, 2005; ISHII et al., 2007; 
bAtrA et al., 2010; cAdeNA and bolINI, 2011). 

SPSS 15.0 statistical software program was 
used to run the PCA and MRC analyses. MRC mod-
el could be written as follows:

Icc = f (rPrS, tMNF, MbSt, HQlt, SQlt, 
etH, INc, eXP,ocu, edu, Age, )

Dependent Variable 
Icc:  Monthly national ice cream consump-

tion amount per household (l/month)
Independent Variables
rPrS: retailer prestige 
tMNF: trust to manufacturer
MbSt: Manufacturer brand satisfaction
HQlt: Hedonic quality
SQlt: Sensory quality
etH: ethnocentrism 
INc: Monthly consumer income ($) 
eXP: the shares of the ice cream expenditures 

within total food ones
ocu: consumer occupation
edu:  consumer education
Age:  consumer age

reSultS ANd dIScuSSIoN

Demographic and socioeconomic profiles 
of the participants

The results of descriptive statistics related to 
the gender, marital status, tasks in the family, edu-
cation levels, occupation and age of the household 
heads, and monthly income, national-branded ice 
cream consumption and expenditure of the house-
holds attaining in questionnaire were indicated in 
Table 3. The results of the statistics showed that 
51.0, 90.2, 47.1, 61.3 and 28.0% and 46.2 years 
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of the participant household heads consisted of 
the male, married, husband, high school gradu-
ate and retailer, respectively. On the other hand, 
monthly average income, ice cream expenditure, 
ice cream consumption amount and family size of 
the households were calculated as $1281.9, $48.6, 
3.9 l and 4.3 individuals, respectively.

The results of PCA related to the ice cream 
consumption satisfaction

Kaiser Normalization (KMO) which compares 
partial correlation coefficients with observed ones 
was calculated as 0.87 for the ice cream attrib-
utes, and this means that the data set was at a 
perfect level for the factor analysis since the test 
score was greater than 0.50 (Table 4). 

The principal component analysis using VRM 
grouped the eighteen variables related to the ice 
cream attributes into the six factors with Eigen-
values greater than 1.0, which these factors ex-
plained the 71.96% of the total variance. F1 being 
the first of these factors was explained by 19.00% 
of the total variance, and consisted of the retailer/
store positioning. F1, therefore, could be called by 
retailer prestige (RPRS) (TOPCU et al., 2009). Ex-
plaining the 12.15% of the total variance, F2 gave 
us information about the manufacturing process 
and the used material quality, and thus this fac-

tor could be determined by trust to manufactur-
er (TMNF) (TOPCU, 2012).

Reporting the 10.99% of the total variance, F3 
gathered together the variables related to the brand 
satisfaction, and it could be named as manufactur-
er brand satisfaction (MBST) (TOPCU and UZUN-
DUMLU, 2012). Referring to the 10.28% of the total 
variance, F4 could be represented hedonic qual-
ity (HQLT) covering the relationship between the 
product quality and its price (TOPCU, 2012, 2012a). 
Considering the 10.08% of the total variance, F5 
was constituted by the sensory quality attributes 
of the ice cream, and could be entitled by sensory 
quality (SQLT) (TOPCU, 2012). Finally, referring the 
7.20% of total variance, F6 stated the relationship 
between the country of origin and the ice cream 
consumption with manufacturer brand, and thus 
it could be denominated by ethnocentrism (ETH) 
(ORTH and FIRBASOWA, 2003).

The results of cluster analysis related 
to the ice cream consumption satisfaction

The main factors derived from the PCA and ef-
fecting on the ice cream purchase decisions of Turk-
ish consumers were separated into three homoge-
neous consumers segments through k-means clus-
ter according to their income levels including in 
the low, middle and high-income users (Table 5). 

table 3 - demographic and socioeconomic characteristics of the participants.

Demographic characteristics  Frequency Percent Cumulative

Gender 400 100.0 
Male 204 51.0 51.0
Female 196 49.0 100.0
Marital status 400 100.0 
Married 360 90.2 90.2
Not married 40 9.8 100.0
Tasks in the family 400 100.0 
Husband 188 47.1 47.1
Wife  212 52.9 100.0
Education level 400 100.0 
First school  40 10.0 10.0
High school 245 61.3 71.3
College 115 28.7 100.0
Occupation 400 100.0 
White-collar state employ 107 26.8 26.8
Blue-collar state workers 50 12.5 39.3
Businessman 40 10.0 49.3
Retailer 112 28.0 77.3
Pensioner 67 16.8 94.1
Others 24 5.9 100.0

Socioeconomic characteristics Minimum Maximum Mean Std. Dev.

Age 23.0 77.0 46.2 12.4
Monthly average income ($)* 190.0 3810.0 1281.9 1448.4
Ice cream consumption amount (l) 1.0 15.0 3.7 2.1
Monthly ice cream expenditure ($)* 2.0 200.0 48.6 36.5
Average family size 1.0 9.0 4.3 2.1

*The prices of the products were converted from Turkish Lira (TL) to US Dollar ($) using the exchange rate on February 25, 2014. The conversion rate used 
was 2.15 TL/$.
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table 4 - Factors and correlated variable loadings related to the ice cream attributes.

Variables Factor loadings* 
      
 F1 F2 F3 F4 F5 F6

Retailer prestige (F1:RPRS )        
  
The ice cream assortment 0.845 0.048 0.032 -0.205 -0.061 0.249
Brand recognition  0.727 -0.343 -0.304 0.198 -0.005 -0.151
Store satisfaction 0.640 0.273 -0.086 -0.362 -0.222 -0.075
Store confidence 0.558 0.121 -0.214 -0.370 -0.051 -0.435
Advertisement and promotion 0.532 0.258 0.340 -0.210 0.070 -0.031

Trust to manufacturer (F2: TMNF)        
  
Ingredient quality of the ice cream  -0.056 0.879 0.126 0.054 -0.035 0.134
Food safety and hygiene -0.009 0.741 -0.189 0.091 0.080 -0.210
Reliability of manufacturing process -0.284 0.729 0.169 -0.052 -0.092 0.017

Manufacturer brand satisfaction (F3: MBST)        
 
Manufacturer brand satisfaction -0.021 0.090 0.828 -0.053 0.058 -0.021
Package material and appearance  -0.090 -0.051 0.790 0.021 -0.200 0.091
Manufacturer brand image  0.368 0.220 0.581 0.230 0.450 0.098

Hedonic quality (F4:HQLT)        
  
Quality-price relation  -0.096 0.177 -0.186 0.765 0.031 -0.081
Product price 0.058 -0.088 0.196 0.745 -0.145 0.139

Sensory quality (F5: SQLT)        
  
Texture and aroma 0.112 0.035 0.094 -0.157 0.866 -0.097
Taste and flavor -0.166 0.028 0.038 -0.097 0.735 -0.187
Organic content of the ice cream mix  -0.160 -0.172 -0.358 0.024 0.731 0.311
Hardness and viscosity  0.220 -0.202 0.220 -0.409 0.516 0.209

Ethnocentrism (F6: ETH)        
  
The region of the origin  0.025 0.070 -0.027 0.098 -0.002 0.932
       
Eigen-value 3.230 2.449 1.868 1.748 1.713 1.223
Share of explained variance (%) 19.00 14.41 10.99 10.28 10.08 7.20 
Cumulative share of explained variance (%) 19.00 33.41 44.40 54.68 64.76 71.96 
KMO (Kaiser-Meyer-Olkin) Statistic      0.873
Bartlett’s test of Sphericity (Chi-square, df: 136): 2552.21 (p: 0.000)

*Bold numbers indicate the largest loading for each variable.

table 5 - Final cluster centres and the number of cases in each cluster.

Main Factors Clusters*

 High-income  Middle-income Low-income
 users (C1)** users (C2)**  users (C3)**

RPRS (Retailer prestige) -0.266 -0.586 0.991
TMNF (Trust to manufacturer) 0.276 0.256 -0.109
MBST (Manufacturer brand satisfaction) 0.813 -0.375 -0.599
HQLT (Hedonic quality) 0.301 -0.375 0.381
SQLT (Sensory quality) -0.408 0.514 0.105
ETH (Ethnocentrism) -0.332 0.380 -0.414
Number of total cases in each cluster *** 140 187 73
% of total cases in each cluster 35% 47% 18%

* Bold numbers indicate the largest final cluster centre scores for each factor.
** According to F statistics, the final cluster center scores were found very importance (p<0.01) 
*** The total number of the cases (n): 400
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The results of the study showed that high-in-
come users of the national-branded ice cream 
(C1) formed their consumption satisfaction ac-
cording to trust to manufacturer (TMNF) and 
manufacturer brand satisfaction (MBST) by tak-
ing into consideration the manufacturer-brand-
ed ice cream willingness to buy as an indicator 
of the main component of the hedonic quality at-
tributes. The target homogeneous consumers in 
the C1, therefore, gave a much more attention 
to the manufacturer brand satisfaction on their 
purchase decision and satisfactions, and thus it 
could be designed/developed the manufacturer-
branded ice creams for the target consumers at 
this segment.

The results of the study also indicated that the 
middle-income users of the national-branded ice 
cream (C2) focused on the purchase patterns con-
structed by a combination of the factors such as 
the sensory quality (SQLT), trust to manufacturer 
(TMNF) and Ethnocentrism (ETH). The consum-
ers in C2 provided much stronger purchase mo-
tivations for the private labels under trust to lo-
cal manufacturers by emphasizing the core bene-
fits of the ice cream based on the sensory quality 
attributes. It could be introduced the private la-
beled local ice creams for the target segments to 
the region retailers.

The results of the study explained that the 
low-income users of the national-branded ice 
cream (C3) tended to buy the ice cream with re-
tailer prestige (RPRS) under hedonic quality at-
tributes (HQLT). The target consumers in C3 fo-
cused on the actual ice cream-imaged purchase 
decision and satisfactions based on the retailer/
store brands. It could be presented, therefore, 
the retailer branded ice creams for this segment.

The results of MRC analysis with regard 
to the ice cream consumption amounts

VIF values calculated as 1.028 and 1.582 in-
dicating the scores between 1.00 and 2.50 deter-
mining the acceptable reference range for multi-
collinearity problem showed that there was not 
it. Durbin-Watson d statistics, on the other hand, 
computed as 2.09 was not located between du 
(1.89) and 4-du (1.65). There, therefore, was no 
problem related to auto-correlation in the MRC 
model (KALAYCI, 2005). According to these sta-
tistical test results diagnosing the econometrics 
problems, we could directly use this data set for 
the MRC model. 

The determination coefficient (Adj.R2) was cal-
culated as 0.80 in the MRC model, this means that 
all the independent variables explained the 80% 
of the dependent variable. The OLS estimates of 
the model coefficients and other statistical meas-
urements were presented in Table 6. The results 
of statistical measurements highlighted that the F-
statistic rejecting the null hypothesis that makes 
all the coefficients equal to zero was calculated as 
153.76 (p<0.01). On the other hand, the partial 
regression coefficients of all the independent var-
iables, except for those of RPRS, were statistical-
ly found to be meaningful (p<0.00 and p<0.05). 
Their signs, moreover, were also found in con-
formity with economic theory. However, RPRS and 
ETH were not important statistically (p=0.333 
and p=0.384), and thus they were not evaluat-
ed for compliance with the economic theory. Ad-
ditionally, they had no impact on the manufac-
turer/national-branded ice cream consumption 
amounts, and thus there was an inverse (negative) 
relationship between ETH and the consumption 

table 6 - the results of multiple linear regression (Mrc) analysis.

n: 400   R2: 0.82   Adj R2: 0.80    F (11, 388): 153.76*   dL=1.65   du=1.89   DW dh=2.09   

Variables Multiple linear regression model Collinearity statistics Correlations

  Coefficients a Sd.error th-value p-value Tolerance VIF Zero-order Partial Part

Constant 0.672  1.729 4.437 0.000* - - - - -
RPRS 0.023 0.099 0.970 0.333 0.866 1.154 0.196 0.049 0.021
TMNF 0.072 0.102 3.218 0.001* 0.973 1.028 0.011 0.161 0.075
MBST 0.045 0.095 1.996 0.047** 0.893 1.120 0.103 0.098 0.042
HQLT 0.066 0.077 2.503 0.010* 0.958 1.043 0.080 0.126 0.066
SQLT 0.090 0.091 4.045 0.000* 0.975 1.026 0.126 0.201 0.089
ETH -0.019 0.089 -0.872 -0.384 0.968 1.033 -0.004 -0.044 -0.019
INC 0.080 0.511 2.944 0.003* 0.648 1.544 0.331 0.148 0.065
EXP 0.736 0.347 26.689 0.000* 0.632 1.582 0.358 0.305 0.385
OCU 0.062 0.379 2.281 0.018** 0.703 1.422 0.023 0.120 0.052
EDU 0.180 0.395 4.738 0.000* 0.648 1.543 0.081 0.106 0.048
AGE 0.424 0.018 18.958 0.000* 0.690 1.448 0.294 0.101 0.046

a Coefficients consist of the standardized coefficients. 
*p<0.01  **p<0.05
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amounts of the ice cream. The findings were sup-
ported by the similar results of some studies (BR-
AKUS et al., 2009; TOPCU et al., 2009; DIMOFTE 
et al., 2008; STRIZHAKOVA et al., 2008; ENNEK-
ING et al., 2007).

The results of the study indicated that of the 
six main factors, the four ones such as SQLT, 
TMNF, HQLT and MBST had an important effect 
on the national-branded ice cream consumption 
amount per household in C2; C1 and C2; C1and 
C3; and C1, respectively. SQLT was regarded as 
their main determinant on their satisfaction after 
consumed, and thus it played an important role 
in this process for C2 by providing much impor-
tant information about the consumer satisfaction 
associating with the intrinsic ice cream attributes. 
The results were similar with respect to those of 
the studies carried out by TOPCU (2012); TOPCU 
(2012a); TOPCU and UZUNDUMLU (2009); ENNEK-
ING et al. (2007); ISHII et al (2007); GUERRERO 
et al. (2000). 

The results of the study also showed that there 
was a positive relationship between TMNF giv-
ing much important information about the man-
ufacturing process to Turkish consumers, reduc-
ing their health concern related to the ice cream 
based on the manufacturer confidence construct-
ed with its ingredient quality at the manufacturing 
process under hygienic conditions and their con-
sumption decision and amounts. This caused the 
consumers to increase dramatically the ice cream 
consumption trends in C1 and C2 due to the safe 
and hygienic ice cream manufactured by the man-
ufacturers. This findings were quite similar to the 
results reported by several researchers (TOPCU, 
2012; TOPCU and UZUNDUMLU, 2012; TOPCU et 
al., 2010; SOBERMAN and PARKER, 2006; SCHU-
ILING and KAPFERER, 2004).

The results of the present study also report-
ed that there was a string relationship between 
HQLT having a bigger impact effect on the con-
sumer demands making possible the product 
differentiation through the quality and price rat-
ing in C1 and C3, and their purchase decisions. 
The marketers could, therefore, separate tar-
get Turkish consumer masses into two homog-
enous segments, and then they could also stim-
ulate much more effective marketing tactic and 
strategies for each segments (WOLK and SPANN, 
2008; KUMAR et al., 2009; TOPCU et al., 2010; 
ZHOU et al., 2010). 

The results of the study also revealed that MBST 
provided attitudinally a positive motivation on the 
national-branded ice cream consumption amounts 
in C1, and it had a string relationship between 
TMNF and HQLT of the manufacturer-branded 
ice cream. As a result, MBST was of a strong lin-
ear relationship with these factors influencing on 
not only the ice cream purchase decision at the 
sale points but also its consumption satisfaction 
and amounts after consumed. There were a lot of 
the studies referring to the relationship between 
MBST and the food consumption amounts (TOP-

CU, 2012, TOPCU, 2012a; TOPCU and UZUNDUM-
LU, 2012; ZHOU et al., 2010; AMROUCHE and ZAC-
COUR, 2009; STRIZHAKOVA et al., 2008).  

The results of this study also provided the im-
portant information about how the demograph-
ic and socioeconomic characteristics of Turk-
ish consumers affected their purchase decision 
and attitudes towards the national-branded ice 
cream. In this research considering their distinc-
tive characteristics, the results of the study also 
referred that the share of the ice cream expend-
iture within total food ones (EXP), age (AGE), 
education (EDU), income (INC) and occupation 
(OCU) of Turkish consumers had a much bigger 
effect on the ice cream consumption amounts 
than the other preference factors, especially, 
EXP, AGE, EDU. These findings were support-
ed by results of previous researches based on 
the consumers purchase attitude and behaviors 
towards the food products (TOPCU, 2012; TOP-
CU and UZUNDUMLU, 2012; TOPCU et al., 2010; 
ZHOU et al., 2010; TOPCU et al., 2009; DIMOFTE 
et al., 2008; ENNEKING et al., 2007; LI and HOU-
STON, 2001).

coNcluSIoNS

In this study, the integrated approaches pat-
terns based on not only the intrinsic and extrin-
sic attributes of the national-branded ice cream 
but also the socioeconomic characteristics of 
Turkish consumers impacting on their ice cream 
purchase decisions and consumption amounts 
were evaluated. The measurement results of the 
study highlighted clearly that the consumers in 
C1, C2 and C3 satisfied with the actual manu-
facturer brands linking between trust to manu-
facturer and the hedonic quality attributes, the 
individual private brands under trust to local 
manufacturers and the sensory ones, and the re-
tailer brands emphasizing the hedonic ones on 
the ice cream purchase decision and consump-
tion amounts, respectively. The manufacturers, 
retailers and marketers of the ice cream, there-
fore, should widely implement the manufacturer 
brand, the individual private label and the retail-
er brand for C1, C2 and C3, respectively in order 
to be able to create the demand trend increases 
under the integrated marketing tactic and strat-
egies affecting positively the ice cream purchase 
decisions and consumption amounts of the tar-
get consumer segments.  

Although this study has some scientific merit 
for the academic and food manufacturing commu-
nities, there are some limitations. The results of 
this study have a limited generalizability since the 
data were obtained from only one city. If the survey 
is conducted nationally, more data will give more 
objective results about the purchase decisions of 
all the population. In future studies, furthermore, 
this model could be expanded to incorporate more 
factors and factor levels into the model. 
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AbStrAct

Hamburgers were supplemented with three calcium salts (calcium gluconate cg, calcium lac-
tate cl and calcium citrate-malate ccM). they were added in sufficient amount to that 100 g of 
hamburger gives 20 or 30% of the ca rdA (1000 mg). their technological and sensory properties 
were studied. cg 30% gave the worst sensory properties and it was discarded. bioavailability of 
calcium depends on the type of salt used and the highest value was obtained with ccM (14.5%). 
For that, this salt is proposed as the most adequate for the enrichment of fresh meat products.
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INtroductIoN

Meat and meat products are important to the 
human diet; they contain proteins with all nine 
essential amino acids of high biological value, 
accounting for 40% of total amino acids. they 
are an excellent source of bioactive compounds, 
including vitamins (b-complex), iron, zinc, phos-
phorus (FerNÁNdez et al., 2005; WeISS et al., 
2010).  

the interest on the human health and the 
actual consumer tendencies, who prefer more 
nutritious food, have stimulated interest in 
developing meat products with bioactive com-
pounds with attractive physiological activities 
(grIguelMo et al., 1999; ceNgIz and gokoglu, 
2005; decker and PArk, 2010). greater em-
phasis has been placed on strategies involving 
the addition of bioactive compounds with rec-
ognized health benefits, such as proteins, fibre, 
polyphenols, unsaturated fatty acids, probiot-
ics or minerals (roberFroId, 2002; SAIgA et 
al., 2003; cAcereS et al., 2006; ArHIArA, 2006; 
JIMÉNez-colMeNero et al., 2006; decker and 
PArk 2010; AloNSo et al., 2010; zHANg et al., 
2010; kHAN et al., 2011). dietary minerals are 
essential for various physiological functions 
and they have been associated with the preven-
tion of several diseases (MeNÉNdez-cArreÑo 
et al., 2008; decker and PArk, 2010; zHANg et 
al., 2010). calcium (ca) is one of the most im-
portant. It gives structural integrity to miner-
alized tissue preventing osteoporosis and con-
tributing to the “bone health”. Although inter-
est in ca primarily derives from this role, it also 
plays other essential physiological roles in ar-
terial hypertension, cellular function, skele-
tal muscle contraction, blood coagulation and 
enzymatic reactions as a co-factor (PrINce et 
al., 2006; StrAub, 2007, AdlurI et al., 2010). 
Health authorities have recommended a ca 
daily allowance (rdA) of 1000 mg for adults 
aged 19-50 (Institute of Medicine, IoM, 2004) 
or 800 mg (directive 2008/100/ec), without 
concern for age. 

Milk and dairy products account for much of 
the ca in the human diet, (75% of ca intake, 
aprox); only 16% comes from fish and vegeta-
bles and a 6-7% from mineral water (guÉgueN 
and PoINtIllArt, 2000; cHAroeNkIAtkIu et al., 
2008). Since meat and meat products are poor 
source of ca, supplementing them with ca salts 
could be a good option to increase its intake par-
ticularly those in which the consumption of milk 
can be a health problem. Previous studies have 
examined the addition of ca to meat products, 
but mainly for reducing sodium levels (gIMeNo 
et al., 1998, 1999) and the final ca content was 
not sufficient to consider them as a source of 
this mineral. Studies previously performed in 
our laboratory (cÁcereS et al., 2006), it was re-
ported that calcium could be successfully add-
ed to both cooked and dry-fermented sausages, 

but until now, fresh meat products have been 
not assayed. 

In this way, the present work deals with the 
manufacture of fresh meat products (hamburg-
ers) enriched with calcium. For that, three dif-
ferent calcium salts were assayed: ca glucona-
te (cg), ca lactate (cl) and ca citrate-malate 
(ccM). they are permitted in food (regulation 
ec No 1907/2006) and characterized because of 
their high bioavailability (korStANJe and Hoek, 
2001). the technological and sensory properties 
of the hamburgers manufactured were studied 
and finally, a study of the ca bioavailability have 
been performed, using an in vitro static method 
to simulate the passage through the intestinal 
cell-membrane (glAHN et al., 2002; PerAleS et 
al., 2005; SHIoWAtANA et al., 2006). 

MAterIAl ANd MetHodS

Hamburger manufacture

beef meat was obtained from a local abattoir 
and chopped in a grinder using a 3 mm plate 
(grinder c10, Falsf co., Spain).the ca salts 
(Panreac, castellar del Vallés, Spain) were add-
ed separately to the ground meat in sufficient 
amount to give a final ca content of 20 or 30% 
of the rdA (1000 mg/day) (IoM, 2004). these 
calculations took into account the calcium con-
tent of the molecules and the purity of the ca 
salts, which was >98% based on the anhydrous 
formula (table 1).  the ca salts were homoge-
neously distributed into the ground meat in a 
mixer (Mainca, Pamplona, españa). then, ham-
burgers were moulded into plates (10 cm diam-
eter, 1 cm height) and kept under refrigeration 
(2 ºc) until analysis, less than 24 h. 

Seven batches were manufactured: a control 
batch without ca and 6 batches added with cg, 
cl or ccM at two concentrations (20 and 30% 
rdA). According to the type and ca salt amount, 
the batches were named as cg20, cg30, cl20, 

table 1
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cl30, ccM20 and ccM30. the hamburgers 
manufacture was made in triplicate.

Hamburgers were cooked on an electric grill 
preheated to 180 ºc. they were placed for 2 min 
on each side, sufficient time to achieve a tem-
perature of 60 ºc in the inner of the hamburger 
and a good final degree of doneness (tHorNberg, 
2005). temperature was controlled using a digital 
thermometer (testo Mod 735, barcelona, Spain). 

Physico-chemical analyses

Water activity was determined with a decagon 
cX1 dew point hygrometer (decagon devices, 
Pullman, WA, uSA). the pH was measured us-
ing a crison 2001 pH meter using a glass elec-
trode and according to the AoAc (2011). Water-
holding capacity (WHc) was tested according to 
zAMorANo and gAMbAruto (1997). For that, 
a sample of 0.1 g was placed on a filter paper 
(Whatman No. 2), sandwiched between translu-
cent plastic plates, and pressed for 1 min. the 
meat area and liquid area on the filter paper were 
measured with a planimeter. the following for-
mulae were applied for WHc:

WHc= [area of liquid (cm2) - area of meat (cm2)] 
x [9.47/moisture in sample (mg)] * 100

the measurements were made in quintupli-
cate and the final result was the average value.

Colour analysis

colour was measured at room temperature on 
the surface of raw hamburgers, using a chroma 
Meter cr-200 colorimeter (Minolta co., osaka, 
Japan) according to the Space colour cIe l*a*b* 
system and calibrated with a rose tile (l* 44.88, 
a* 25.99, b* 6.67). A d-65 illumination source 
was used. l*, a*, b*, Hue angle (tonality) and Sat-
uration index (vivacity) were estimated according 
to ArtÉS and MÍNguez, (2002). For each batch, 
twenty five measurements were taken.

Texture analysis

textural properties were determined using a 
texturometer Stable Micro System Mod. tA.Xt 
2i/25 (Surrey, uk). texture Profile Analysis (tPA) 
was performed on central cores of cooked ham-
burgers which were compressed twice to 50% of 
their original height. A cylindrical probe (2.5 cm 
diameter) of aluminium was used for the assay. 
the following parameters were determined: Hard-
ness (N), Springiness (cm), cohesiveness (ratio), 
Adhesiveness (N s), gumminess (N) and chew-
iness (N cm) (bourNe, 1978).  Shear force (N) 
and Work of shearing (N s) were estimated using 
a Warner-bratzler blade. In both tests, the sam-
ples were 1 cm high and 2.5 cm in diameter; the 
crosshead speed was 2 mm/s. All determinations 
were carried out in quintuplicate for each batch.

Sensory analyses

the taste panel consisted of forty untrained 
assessors selected according to their eating hab-
its, acquaintance with the product to be ana-
lyzed and sensitivity, as well as the reproduci-
bility of their evaluations. 

First, an Anchored descriptive Analysis was 
performed in which the assessors evaluated the 
similarity between the external appearance of the 
enriched raw hamburgers and the control batch. 
this test was performed under a d-65 illumi-
nation source using a 5-point descriptive scale, 
in which the value of 3 points corresponded to 
the control batch. the value of 1 point meant 
much worse than the reference; 5 points, much 
better than the reference; 2 and 4 points were in-
termediate values. three series were prepared: 
control-cg20; control-cl20-cl30 and con-
trol-ccM20-ccM30. the series were present-
ed to the panellists with 30 min of difference to 
avoid subjectivities.

After this test, a Hedonic test was performed 
with cooked hamburgers. In this case the taste 
panel consisted by 15 trained panellists. they 
were in individual booths constructed accord-
ing to ISo dP 6658 (ISo, 1985), under white flu-
orescent light. the assessors evaluated differ-
ent attributes (odour, colour, texture, taste and 
overall acceptability) using a 10 cm non-struc-
tured scale (0 = extremely dislike and 10 = ex-
tremely like). two sessions per day were car-
ried out with an interval of at least 1 h between 
them to avoid panellist fatigue. unsalted crack-
ers and room-temperature water were provided 
to clean the palate between samples. the ham-
burgers were cooked and served in transparent 
Petri dishes. In each session three randomly se-
lected hamburgers were served.

Bioavailability

calcium bioavailability was studied using 
a static in vitro test that simulates the gastric 
and intestinal phases of the digestion process 
according to the methodology of SHIoWAtANA 
et al., (2006). All enzymes were from Sigma-Al-
drich (Steinheim, germany) and the reactives 
from Panreac (barcelona, Spain).  the samples 
were 10 g of cooked hamburgers which were ho-
mogenised (Polytron®, littau-luzerne, Switzer-
land) with 50 ml of 0.2 M phosphate buffer. the 
pH was adjusted to 2.0 with 5 N Hcl. to sim-
ulate the gastric phase, 0.33 ml of suspension 
of pepsin (0.16 g pepsin (ec 232-629-3) per ml 
0.1 N Hcl) was added. then, the samples were 
incubated in a shaker (130 rpm) at 37 ºc for 2 
h (thermo Scientific MaxQ4000, Iowa, uSA). 

to simulate the intestinal phase, 20 g of the 
gastric digest was mixed with 5 ml of pancrea-
tin-bile conjugate, [0.2 g pancreatin from por-
cine pancreas (ec 232-468-9) and 1.25 g por-
cine bile extract (ec 232-369-0) in 50 ml 1 M 
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NaHco3]. the pH was adjusted to 7-7.5 with 2 
M NaHco3 and the total volume of the digest 
was measured.

distilled water (25 ml) and the same volume of 
2 M NaHco3 determined before were added in-
side to a cellulose dialysis tube with a molecular 
weight cut-off of 12000-14000 da and a diame-
ter of 25 mm (Sigma Aldrich, Steinheim, germa-
ny). the tube was introduced into a flask con-
taining other 20 g aliquots of the gastric digest 
and it was incubated at 37 ºc in a shaker (130 
rpm) until the pH reached a value of 5. then, 5 
ml of pancreatin-bile conjugate was added to the 
gastric phase and it was incubated again dur-
ing 2 h at 37 ºc. 

After the dialysis process, the dialyzed calci-
um (inside the dialysis tube) and the non-dia-
lyzed calcium (outside the dialysis tube) were 
determined. this last one, beside with the cal-
cium in the solid delivery, corresponds to the 
calcium that would be eliminated. the differ-
ence between the amount of calcium detected 
in these two phases and that determined in the 
gastric phase was considered as the calcium re-
maining in the solid residue (solid delivery) and 
would be eliminated with the feces. It was cal-
culated by difference.

the percentage of bioavailability was ex-
pressed as follows:

bioavailability (%) = [dialyzed ca (mg)/ ca 
sample (mg)] *100

Calcium determination

calcium levels were determined according to 
IkeM et al., (2002). For microwave digestion, 
1.0 g of each sample was subjected to an acid 
digestion with 6 ml of HNo3 and 2 ml of H2o2 
(Suprapure, Merck) in a microwave digestion 
system and diluted to 10 ml with deionised wa-
ter (Milli-Q, Millipore). blank digestion was car-
ried out in the same way. digestion conditions 
for the microwave system were the following: 2 
min - 250 W, 2 min - 0 W, 6 min - 250 W, 5 min 
- 400 W and 8 min - 550 W. A Perkin elmer dV 
3300 inductively coupled plasma-optical emis-
sion spectrometry (IcP-oeS) was used to ana-
lyze the calcium level in the digested samples. 
bovine muscle bcr No 184 was used as refer-
ence (cÁcereS et al., 2006). experimental val-
ues obtained were in the range of the certificate 
value with its uncertainty. All determinations 
were carried out in duplicate.

Statistical analyses

results were statistically analysed by two-
way ANoVA, which factors were represented by 
type and concentration of calcium salt. Values 
of p<0.05 were considered to be significant. the 
effect of the panellists in the sensorial respons-
es was removed by rescaling all the scores giv-

en by each assessor from 0, which represents 
the minimum score used by a given assessor, to 
10, which is the maximum score used by that 
assessor. After rescaling, the effect of the asses-
sors in the sensorial responses was analysed by 
a two factor analysis of variance according to a 
randomised balanced block experimental design. 
the factor represented the type and percentage 
of calcium salt, while the block variable had 15 
levels representing each of the panellists that 
collaborated in the trials.   the F test showed 
that the effect of the panellists was not signifi-
cant (P > 0.05).  In consequence, the final mod-
el considered of only 1 factor (one-way ANoVA) 
representing the calcium salt content.

Statistical analyses were performed using the 
Statgraphics centurion XVI.I (Statistical graph-
ics corporation, Herndon, VA, uSA). 

reSultS ANd dIScuSSIoN

Physico-chemical parameters

table 2 showed the results of the aw and pH of 
the batches manufactured. the aw of the remind-
ed batches ranged between 0.945 and 0.989 and 
no significant differences were observed between 
control and calcium added batches. cl batch-
es showed the lower values. the lower pH val-
ues corresponded to the cg20, cl20 and cl30 
batches, which showed a pH of 5.70, 5.55 and 
5.50, respectively. they differ significantly to the 
reminder batches. According to the FdA (FdA, 
2014) these values assure the safety of these 
meat products.

 gc30 values are not showed due to its tech-
nological attitude like it was explained in the fol-
lowing section (colour parameters).

WHc showed similar values in all the batches 
and ranged between 36.0-39.0%. the addition 
of whichever calcium salts supposed no signifi-
cant changes in the WHc (p>0.05). 

the values of all these parameters are accord-
ing to those reported for several authors in raw 

table 2
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or ground meat (lAWrIe, 1998; lee et al., 1998; 
PoulANNe and HAloNeN, 2010).  

Colour analysis

the worse results were obtained with the cg 
batches. the cg crystallized in contact with the 
water of the meat and formed visible small white 
crystals that appeared homogeneously distrib-
uted in the hamburger. these crystals gave an 
external appearance different to that usually ex-
pected by the consumers in a commercial ham-
burger. It was especially striking at the maxi-
mum concentrations (cg30) because the crys-
tals were larger and numerous. For that, it was 
considered that this batch didn’t have enough 
quality and it was discarded for this and the fol-
lowing tests.  batch with cg20 also had crys-
tals, but they were smaller, as white dots. there-
fore, it was considered adequate for continuing 
the experiment, although its visual appearance 
would be compromised.

colour parameters (l*, a* and b*) were de-
termined in raw hamburgers (table 3). the dif-
ferences observed were related to the type of 
salt added. lightness was very similar in all the 
batches without significant differences (p<0.05). 
However, it can be observed as the l* parame-
ter was slightly higher in batches manufactured 
with cl, while, the lower values corresponded 
to those manufactured with ccM. It is import-
ant to remember that cl batches were those 
that showed the lower pH values. the relation-
ship between color and pH is widely accepted 
(MANcINI and HuNt, 2005) and several authors 
(kIM et al., 2006; MANcINI and rAMANAtHAN, 
2008; NAIr et al., 2014) have reported specifi-
cally the effects of lactate on meat color. these 
authors proposed that lactate plays an indirect 
role in color stability by generating NAdH, which 

is subsequently used to maintain reduced forms 
of myoglobin, increasing in this way, the stabil-
ity of meat colour. 

the values of redness (a*) and yellowness (b*) 
were similar between the control and calcium 
added batches. In relation to the redness, the 
lower values were observed in the ccM batch-
es and the same occurs in the yellowness (b*). 
the higher value was recorded in the batch 
cl20 but it seems to be an inconsistent data. It 
was described that the haem pigment contents 
are mainly related to a* and, consequently, it is 
considered as the most important parameter in 
meat, while redox state influenced b* (MANcINI 
and HuNt, 2005). this parameter    reach less 
importance because colours represented (blue 
and yellow) are not typical or intuitively related 
to meat. According to these authors, and giving 
greater relevance to the  a* parameter, it can be 
concluded that the colour is very similar in all 
the batches, although cl20 and ccM30 batches 
were the only ones that showed any difference. 
Hue Angle and Saturation Index behaved in a 
similar way and these batches showed again, 
the only differences in relation to the remain-
der ones. the colour lecture of hamburgers did 
not reflect the presence of the small white crys-
tals due to their size. It is important to take into 
account, firstly, that the colorimeter project the 
light from the probe, which has 1 cm of diame-
ter and secondly, that the crystals had a much 
smaller size. For that, the colorimeter read the 
colour of the meat and thus the data of cg20 
and control batches (without calcium) were sim-
ilar, without significant differences.

the colour of cooked samples (data not shown) 
was very similar in all batches without excep-
tions. It has been described that during heat 
treatment, the meat colour changes from red 
to grey-brown (Maillard reaction) and increase 

table 3
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the opacity when the internal meat tempera-
ture is between 45 °c and 67 °c ( PAkulA and 
StAMMINger, 2012).  In this way, torNberg 
(2005) reported that the increase in meat opac-
ity is related to the myosin desnaturation, which 
starts at about 35 °c. Above 50 °c, the myosin 
molecules are completely coagulated and the 
meat appears opaque.  

Textural analyses

textural parameters were determined in 
cooked hamburgers (table 4). It was observed 
that in both cl and ccM batches, the higher the 
calcium amount, the greater the hardness was. 
this is probably because calcium, which is a di-
valent cation, establishes bonds between meat 
proteins, mainly with myosin. this favors the for-
mation of a stronger network which leads to the 
highest firmness (dAModArAN, 2008). Accord-
ing to torNberg (2005) it could be also due to 
the relationships stabilized between calcium and 

meat proteins, partially denatured by the cook-
ing. this last one favors the formation of a more 
compact network that increases the hardness.  

Springiness was quite similar in all the cal-
cium enriched batches and shown higher val-
ues to batch control. According to belItz et al., 
(2009), the increase of the ionic strength leads 
the extraction to the surface of the particles of 
minced meat yielding sticky exudates. during 
heating, the proteins interact between them, 
yielding a structure consist on a protein gel that 
can modify the springiness of the cooked prod-
ucts. (torNberg, 2005). 

Adhesiveness and cohesiveness parameters 
did not change significantly (p>0.05). gummi-
ness and chewiness behaved as the hardness 
because they are secondary parameters depen-
dent on it. So, the lower values corresponded to 
the cg which was the batch which showed the 
lower harness

the results obtained in the shear test showed 
the same tendency than in the tPA and so, 

table 4
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the principal differences were an increase of 
the Work of Shearing related with the calcium 
amount added, independently to the salt added 
(data not shown).

Sensory analyses

table 5 shows the results of the Anchored 
descriptive Analysis, performed with raw ham-
burgers. control batch was the reference and it 
was awarded a score of 3 in the 5 points scale 
used. the panellists evaluated the Visual Ap-
pearance of enriched hamburgers in compari-
son to the control.

the worse results were obtained with the 
cg20 batch, mainly due to the presence of small 
white crystals (see colour section). In this case, 
the number and the size of the crystal were low-
er than in the cg30, but they were sufficient to 
modify negatively the appearance of the ham-
burgers.

cl30 batch was the best evaluated, even more 
than the reference (p<0.05). this result is ac-
cording to the instrumental colour measurement 
(table 3) in which this batch was the one that 
had the greatest the higher l* and Hue Angle.

 table 5 also shows the results of the Hedonic 
test performed with cooked hamburgers. odour 
and colour were well-evaluated in all the cases 
obtaining similar values in all batches (p>0.05) 
(data not shown). the texture achieves punctua-
tions higher than 6 except the batches enriched 
with ccM20 and ccM30 which achieved scores 
of 5.79±1.78 and 5.90±1.30, respectively. Sig-
nificant differences were observed only between 
cl20 and ccM20, but, in general terms it can 
be observed a great similarity between the en-
riched batched and the control batch. 

However, the presence of calcium salts influ-
enced negatively on the taste and so, indepen-
dently of the type of salt or the amount added, 
all the enriched batches achieved punctuation 
lowers than the control batch.

Significant differences were observed between 
control and cl30 batches; the panellists de-
scribed this last batch as slightly more acidic.

the overall acceptability values behaved sim-
ilar than the taste ones and, consequently, the 
taste seemed to be the most influential param-

eter. So, the punctuations obtained by the ac-
ceptability were very similar in all the enriched 
batches, although it was observed that the low-
est values   were those for batches cg20 and 
cl30. the control batch reached the best score 
although the difference was not significant with 
cl20 and ccM30 batches. In any case none of 
the batches were discarded because all of them 
exceeded the value of 5 points.

Bioavailability

In order to facilitate the calcium analysis, it 
was decided to perform the bioavailability study 
using the batches manufactured with the higher 
concentration: cl30 and ccM30. the cg batch-
es were discarded for this study because of the 
low sensory quality. table 6 shows the results 
obtained. the bioavailability was determined in 
the cooked hamburgers. 

the calcium amount determined was slightly 
higher than the expected, a 20% approximate-
ly. this increase could be due to the loose of wa-
ter during the cooking as it has been reported 
by PAN and SHINg (2001). these authors estab-
lished that the water losses during ground beef 
cooking (60 ºc, 2 min) is closed to 15-20%. the 
final calcium amount determined was sufficient 
to give the calcium levels proposed in our objec-
tive (30% rdA). 

In the gastric phase was detected all the cal-
cium presented in the cooked hamburgers. 

the dialyzed calcium was close two fold high-
er in the hamburgers enriched with ccM30 than 
those with cl30. the solid deliveries calculat-
ed were 171.29 mg in the cl batch and 129.12 
mg in the ccM one. this difference represents 
a calcium loss close to 47% and 34%, respec-
tively. It could be due to that the ccM inter-
feres with proteins during the cooking and con-
tributes, as it has been described above, to the 
formation of a more compact protein network 
that could difficult the activity of pancreatin-bile 
complex, and to favor the retention of a higher 
calcium amount.

Applying the formula (see Material and Meth-
ods section), the bioavailability percentage was 
7.73% for cl and 14.55% for ccM. 

the variability in calcium bioavailability is 

table 6
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consistent with numerous studies. one of the 
first bioavailability assays performed (MorrISey 
and FlyNN, 1972) reported that the calcium ab-
sorption from cow’s milk ranged from 21 to 45% 
in healthy human adults. recker et al., (1988) 
described that the absorption of calcium carbon-
ate from enriched whole milk, chocolate milk, yo-
gurt, imitation milk and cheese ranged between 
21-26% in postmenopausal women. kruger et 
al., (2003) concluded that calcium bioavailabili-
ty was similar in milk fortified with calcium car-
bonate or milk calcium. In a study performed 
by SIttIkulWItIt et al., (2004) with different cal-
cium salts and milk powder, bioavailable calci-
um ranged between 28.5 and 58.7%. other au-
thors determined calcium absorption from infant 
milk formula of 39% (NelSoN et al., 1996) and 
29% from enriched orange juices (goNellI et al., 
2007). cIllA et al., (2011) reported calcium effi-
ciency uptake values from 10.47-19.82% for dif-
ferent milk-based fruit beverages and PerAleS 
et al., (2005) found calcium bioavailability to be 
5.0-31% for infant and adapted milks. 

the differences reported between the values of 
calcium dialyzable have be also attributed to the 
methodology applied, particularly with regard to 
the amount and activity degree of the enzymes 
used, the pH values and incubation times during 
the gastric and intestinal phases. In this way, 
VAN der Hee et al., (2009) reported that calcium 
absorption from food depends on numerous fac-
tors, causing a range broadly from 15 to 44%. So, 
bioavailability described in this paper is accord-
ing to the data collected by other authors. Fur-
thermore, our results showed that ccM would 
be the most bioavailable salt from hamburgers, 
which suggests that is the most appropriate for 
the enrichment of fresh meat products. 

SIttIkulWItIt et al., (2004) reported that the 
dialysis rate of calcium (calcium bioavailable) in 
milk powder is 28%. taking into account that 
200 ml of milk would give 240 mg of calcium, 
the bioavailable amount would correspond to 
67.2 mg. According to our data, if 100 g of ham-
burger enriched with ccM at the concentration 
of 30% Idr leaves bioavailable 52.66 mg (table 
6), one commercial hamburger of 120 g, would 
leave 63.2 mg calcium, a similar quantity to that 
reported for milk. 

coNcluSIoNS

ccM and cl can be adequate for enriching 
fresh meat products (hamburgers). they can be 
added in sufficient amount to give a theoretical 
calcium level of 30% of rdA. gc crystallizes and 
it is not recommended for its use. the calcium 
bioavailability from ccM enriched hamburgers 
was the highest, close to 15%. this allows that 
one hamburger of 120 g enriched with ccM 30% 
rdA, would leave bioavailable 63.2 mg calcium, 
a similar calcium amount to 200 ml of milk.  

consequently, ccM is proposed as the most ad-
equate salt and the hamburger manufactured 
with it could be considered as a source of calci-
um, according to the regulation Nº 1907/2006 
of the european Parliament.
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AbStrAct

effects of slice thickness of quince (Cydonia oblonga Miller) , microwave incident power and air 
drying temperature on antioxidant activity and total phenolic content of quince were investigat-
ed during drying in microwave and air drying. optimum conditions were found to be: i) for mi-
crowave drying, 285 W and 4.14 mm thick (maximum antioxidant activity) and 285 W and 6.85 
mm thick (maximum total phenolic content), and ii) for air drying, 75 ºc and 1.2 mm thick (both 
maximum antioxidant activity and total phenolic content). drying conditions were optimized by 
using the response surface methodology. 13 experiments were carried out considering incident 
microwave powers from 285 to 795 W, air temperature from 46 to 74 ºc and slice thickness from 
1.2 to 6.8 mm.
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1. INtroductIoN

edible fruits are sources of nutrients such 
as carbohydrates, vitamins, and minerals as 
well as non-nutrient compounds such as poly-
phenols. Nowadays, it is commonly admit-
ted that there is a positive relationship be-
tween a diet rich in vegetables and fruits and 
a reduced incidence of degenerative diseas-
es such as cancer and cardiovascular events 
(gIbNey et al., 2009). Health beneficial prop-
erties of quince fruit (Cydonia oblonga Mill-
er) have known from ancient times. Quince is 
the only species in the genus cydonia, which 
falls into Pomoideae subfamily of the rosace-
ae along with apple and pear (PAcIFIco et al., 
2012). Quince is used extensively in europe 
as a dwarfing rootstock for pear. total world 
production of fresh quince was 540.337 tons 
in 2010 and about 25% of this was produced 
in turkey (tSI, 2012).

drying process is one of the most important 
preserving operations that causes time and en-
ergy consumption in the food industry. that is 
why new methods are aimed to decrease dry-
ing time and energy consumption. New meth-
ods combined different systems such as using 
microwave drying together with traditional dry-
ing methods to reduce drying time (SecMeler, 
2003). over the past two decades, there has been 
an increasing attraction in microwave drying to 
reduce drying time and increase the removal of 
water from agricultural products. Microwave 
drying has several advantages such as short 
drying time, higher drying rate, better quality 
of the dried products and decrease energy con-
sumption (SANgA et al., 2000). 

response surface methodology (rSM) is one 
of the most commonly used optimization tech-
nique in food science. this method is preferred 
because of the simplicity and high efficiency. 
rSM covers a group of techniques used to study 
the relationship between one or more measured 
responses and input variables. (Artege et al., 
1994). It has been successfully applied to op-
timize food processing operations by many re-
searchers (FrANk, 2001; lee et al., 2006; lucIA-
Ne et al., 2001; MIrHoSSeINI et al., 2008; PIet-
rASIk and lI-cHAN, 2002). 

2. MAterIAl ANd MetHodS

2.1. Material

Fresh quinces were obtained from a local 
market in konya. these samples were trans-
ferred to laboratory in cool bags and they 
stored in refrigeration temperature (4 °c) un-
til the assay, Initial moisture content of fruits 
was detected as 80% in average. Prior to dry-
ing, round shaped samples (2 cm in diameter) 
were obtained from fruit slices. thickness var-

ied from 1.2 to 6.8 mm according to experi-
mental design.

2.2. Drying

Quinces were dried until the moisture content 
decreased to 40% of the initial moisture content, 
since burning was observed on the quince slices 
in microwave drying below this moisture content 
level. Microwave drying experiments were per-
formed using a domestic microwave oven (Arce-
lIk ArMd 580, turkey). the dimensions of the 
microwave cavity were 345 mm x 340 mm x 225 
mm. three power levels were selected as high 
(720 W), medium (540 W) and low (360 W) for 
drying experiments. one dish containing 1 slice 
of sample to make effective drying was placed on 
the centre of a turntable fitted inside the micro-
wave oven. Quinces were placed uniformly as a 
thin layer onto the stainless steel trays (0.3 m 
x 0.2 m) and dried using air oven (Nüve FN055 
Ankara, turkey, 55 l volume) at three different 
temperatures ( 50, 60 and 70 °c). Quince slices 
were placed uniformly as a thin layer onto the 
stainless steel trays (0.3 m x 0.2 m) and dried 
under direct sunlight in April in konya, turkey 
(bAllAdIN & HeAdley, 1999).

2.3 Extraction

the phenolic compounds were isolated from 
samples using a modified version of the meth-
od described by SHAHIdI et al. (2001). one gram 
of sample was extracted 3 times using 10 ml of 
70% (v/v) aqueous methanol (Merck, germany) 
at room temperature by a homogenizer (Ika ul-
tra turrax tube disperser) for 1 min. the slur-
ry was centrifuged at 4000 rpm for 15 min. Su-
pernatants were collected and combined in a ro-
tary flask and then evaporated at 45 °c under 
vacuum by a rota vapor r-3000 rotary evap-
orator (laborato 4001, Heidolph). the extract-
ed phenolics were dissolved in 25 ml metha-
nol and then filtered using filter paper. Metha-
nolic solutions of phenolic were stored -25 °c 
until analysis. 

2.4 Determination of total phenolic content 
and antioxidant activity

total phenolic compounds were prepared by 
using Folin-ciocalteu reagent (yoo et al., 2004). 
the free radical scavenging activity of the ex-
tract was determined using 1, 1-diphenyl-2-pic-
rylhydrazyl (dPPH) in order to determine anti-
oxidant activity (lee et al., 1998). total pheno-
lic contents were calculated by a standard cal-
ibration curve prepared using gallic acid. total 
phenolic content results were given as gallic acid 
equivalents in milligrams per 1000 g fruit. Anti-
oxidant activity results were expressed as per-
centage activity (%). 
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2.5 Experimental Design

response Surface Methodology (rSM) was 
used to optimize drying conditions, based on 
better preserve the antioxidant activity and 
total phenolic content of quince fruit. box–
behnken design was selected for rSM analysis. 
box–behnken designs require only three lev-
els, coded as −1, 0 and +1. the effects of the 
two independent processing parameters: slice 
thickness (X1, mm), incident microwave pow-
er (X2, Watt) in microwave operation and ad-
ditionally slice thickness (X1, mm), processing 
temperature level (X2, °c) in air drying on two 
dependent variables (antioxidant activity and 
total phenolic content) were investigated us-
ing rSM. the total number of experiments in 
this study was 13 based on two levels and a 
two factor experimental design, with five rep-
licates at the centre of the design for estima-
tion of a pure error sum of squares. Minitab 16 
(Minitab Inc. State college, PA) was used for 
the experimental design, data analysis and re-
gression modeling. the independent variables 
were; X1 (2–4 mm), X2 (360-720 W) in micro-
wave process and X1 (2 – 4 mm), (X2 50 - 70 °c) 
in air drying. experimental data from the box–
behnken design was fitted into a second-order 
polynomial model.
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Where Y is the predicted response, X1 and X2 
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 are linear, quadratic and inter-

action coefficients, respectively.

3. reSultS ANd dIScuSSIoN

3.1 Microwave drying

Independent variables [thickness of slice (X1) 
and microwave power level (X2)] observed and 
predicted values of antioxidant activity and total 
phenolic content for microwave drying were given 
in table 1. during drying in microwave oven an-
tioxidant activity decreased in the studied varia-
bles. the influences of interaction between thick-
ness-thickness were determined as statistically 
important (p≤0.05) whereas the other parame-
ters were found insignificant (p>0.05) (table 2a). 
Statistical analysis indicated that the fitted mod-
el (eq.1) to experimental results displayed high 
performance to predict the antioxidant activi-
ty of quince samples within the studied ranges 
of variables. regression coefficient (R2) and ad-
justed regression coefficient (R2

adj) were calculat-
ed as 0.994 and 0.990, respectively (table 2a). 
3d surface plots for the significant terms were 
shown in Figs. 1 and 2 (MINItAb 16). Surface 
plot given in Fig. 1a indicated that antioxidant 
activity was not affected by thickness and pow-
er level. thickness-thickness square parameter 
was the only parameter which affected on anti-
oxidant activity (p≤0.05) (table 2a). Antioxidant 
activity of quince increased up to 4 mm of slice 
thickness and then decreased (Fig. 1a).

the interaction between thickness-thickness, 
thickness-power, power-power, power and thick-
ness alone showed significant effects (p≤0.05) (ta-
ble 2b) on total phenolic content of quince dried in 
microwave oven. total phenolic content of quince 
dried in microwave oven was fitted in eq.2. re-
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gression coefficient (R2) and adjusted regression 
coefficient (R2

adj) were calculated as 0.880 and 
0.795, respectively (table 2b). the linear coeffi-
cient for thickness was over seventy times greater 
than that of power level. there was interaction of 
significance between thickness and power level.

 Y
1
= 80.13 + 5.58 X

1
 – 0.66 X

1
2 (1)

 Y
2
= 2088.05 + 290.44 X

1
 – 4.87 X

2
 +

 -7.86
 
X

1
2 -0.39 X

1
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2
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Antioxidant activity and total phenolic content 
values were found higher in microwave drying 
than that of air drying. drying time decreased 
60-120 times in microwave drying. bertelI & 

MArSAIolI (2005) have studied the influence of 
drying methods on moisture content of product. 
Very short heating–cooling cycles take place in 
microwave drying. the use of microwave for dry-
ing has become common because it enhances the 
product quality and processing speed (dIAz et al., 
2003). Fresh fruits are well known for their an-
tioxidant activity which is usually attributed to 
the polyphenol content (WANg et al., 1996). to-
tal phenolic content of 2020 mg gAe/kg sample 
and 78% inhibition for antioxidant activity were 
reported in fresh quince samples before the dry-
ing experiment (HAMAzu et al., 2005). kArAde-
NIz et al. (2005) reported that antioxidant activ-
ity of some quince varieties in turkey found be-
tween 51-68%. 
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Fig. 1 - effect of thickness and power on antioxidant activity during microwave drying (A) and on total phenolic content dur-
ing microwave drying (b).

Fig. 2 - effects of thickness and temperature on antioxidant activity oven drying (A) and on total phenolic content oven dry-
ing (b).
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3.2 Air drying

Independent variables [thickness of slice (X1) 
and temperature of air (X2)], observed and pre-
dicted values of antioxidant activity and total 
phenolic content for air drying were given in 
table 3. Antioxidant activity of quince sam-
ples decreased after air drying. thickness of 
samples and process temperature had con-
siderable effect on antioxidant activity. Addi-
tionally, the influences of interaction between 
thickness-thickness and temperature-tem-
perature were statistically significant (p≤0.05) 
whereas the other parameters were insignif-
icant (p>0.05) (table 4a). effect of thickness 
and temperature on the antioxidant activity 

in air drying was given in Fig. 2a. Increase in 
thickness from 2 to 4 mm resulted in lower an-
tioxidant activity at different drying tempera-
tures. the fitted model to antioxidant activity 
results of quince samples after air drying was 
given in eq. 3. Model parameters for eq. 3 (R2 
and R2

adj) were calculated as 0.953 and 0.920, 
respectively (table 4a). 

the interaction between thickness-thickness, 
temperature-temperature, thickness-tempera-
ture and temperature of process showed sig-
nificant effects (p≤0.05) on total phenolic con-
tent after air drying (table 4b). changes in to-
tal phenolic content was given in Fig. 2b and 
increase in thickness and power level caused 
firstly decrease and then increase in total phe-
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nolic content similar to the antioxidant activi-
ty. total phenolic content of quince by air dry-
ing was fitted in eq. 4. Model parameters for 
eq 4 (R2 and R2

adj) were calculated as 0.977 and 
0.960, respectively (table 4b). the high values 
of regression coefficient indicate a high degree 
of correlation between the experimental and 
fitted values.
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3.3 Sun drying

Sun drying was chosen as traditional drying 
method and this process maintained about 24 
h. the use of microwave oven seems to be more 
advantageous considering the time factor. In sun 
drying, total phenolic content and antioxidant 
activity were determined as 1544 mg gAe/ 1000 
g and 74%, respectively. these values were close 
to the results observed after microwave drying 
and higher than that of air drying.

In order to determine the optimal residual 
activity, response optimizer tool in MINItAb 16 
(Minitab Inc. State college, PA) was used. the op-
timum conditions were found as 4.14 mm thick-
ness and 285 W power level for maximum anti-
oxidant activity, 6.85 mm thickness and 285 W 
power level for maximum total phenolic content 
in microwave drying. When air drying was ana-
lyzed, 1.2 mm thickness and 75 °c temperature 
were selected for maximum antioxidant activity 
and total phenolic content. 

4. coNcluSIoNS

the effect of power level and slice thickness 
on the antioxidant activity and total pheno-
lic content were investigated for quince sam-
ples after drying. rSM was used to optimize 
the factors in order to obtain maximum level 
of antioxidant activity and total phenolic con-
tent of quince samples. All independent vari-
ables including thickness of slice (mm), pow-
er level (W) and processing temperature (°c) 
had significant effects on the response val-
ues. Furthermore square and interaction pa-
rameters showed significant effects (p≤0.05). A 
desirable quadratic mathematical model was 
built by using box–behnken design. the an-
tioxidant activity and total phenolic content 
decreased after drying. Nevertheless optimum 
drying conditions were obtained for both mi-
crowave and air drying. Additionally, the use 
of microwave provides time saving compared 
to the other drying methods. 
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AbStrAct

The goals of the study were evaluation of antioxidant, antifungal and anticancer potential of Flam-
mulina velutipes mycelium ethanol extract and examination of Se effect on those activities. Both 
Se-amended and non-amended mycelium extracts exhibited significant antioxidant and antifungal 
potential. Se-enriched extract was more effective against Candida krusei and C. albicans and bet-
ter DPPH• scavengers than non enriched one. Carriers of the antioxidant activity were phenol com-
pounds. Contrary to antioxidant and antifungal potential, tested extracts were many times weaker 
cytotoxic agents against HeLa and LS174 cell lines than cis-DDP. Thus, Se-enriched mycelium could 
be supplement with antioxidant and antifungal capacity.
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INtroductIoN

A need for new antimicrobial agents exist for 
a long time due to the emergence of microorgan-
ism resistance as a result of the uncontrolled us-
age of commercial antibiotics and antimycotics. 
Preference is given to natural compounds due 
to their health-beneficiary and environmentally-
friendly effect. Besides diseases caused by mi-
croorganisms, nowadays, cancer, diabetes, ath-
erosclerosis, as well as neurodegenerative disor-
ders occur frequently. One of the significant trig-
gers for the mentioned diseases and disorders 
is oxidative stress (LIMÓN-PACHECO and GONSE-
BATT, 2009). Since the capacity of cellular anti-
oxidant defence is insufficient in some cases and 
synthetic antioxidants could have toxic and mu-
tagenic effects, and as awareness about healthy 
lifestyle is permanently raised, search for nat-
ural antioxidants presents current trend. Now-
adays, natural remedies are also favoured for 
cancer treatment, because of the many side ef-
fects of the chemotherapy, such as the same ef-
fect on cancer and healthy cells, occurrence of 
mutations which could pass into future genera-
tions, as well as more aggressive metastasis of 
returned disease. 

Based on traditional experience and scientific 
data, numerous mushroom species represent im-
portant resources of antimicrobial, antioxidant, 
and anticancer agents. Although special attention 
is given to the species of the genera Ganoderma, 
Lentinus, Trametes, and Pleurotus, other mush-
rooms also produce active compounds and their 
biological activities should be tested (ZHANG et 
al., 2007; CHEN et al., 2008; SHI et al., 2012). 
One of them is Flammulina velutipes (Curt. Fr.) 
Karst, known as Golden needle mushroom, Eno-
ki, Enokidake and Enokitake. This species is a fa-
mous edible and medicinal mushroom due to syn-
thesis of numerous bioactive molecules, such as 
polysaccharides, proteins, sterols etc. Significant 
immunomodulating, antitumor, antioxidant, and 
antiviral potential of its extracts and compounds 
were reported (BAO et al., 2010; CHANG et al., 
2010; YANG et al., 2012). CHANG et al. (2010) 
demonstrated cytotoxic effect of immunomodu-
latory protein FVE against murine hepatocellu-
lar carcinoma, and YANG et al. (2012) showed 
anti-proliferation activity of polysaccharide FVP 
against human gastric and lung cancer cells. How-
ever, antibacterial and especially antifungal activ-
ities of the extracts were poorly studied (RODRI-
GUES de MELO et al., 2009; WANG et al., 2012).

Among essential microelements, Se takes sig-
nificant place in animal and human diet, due to 
its participation in biosynthesis of selenopro-
teins and selenoenzymes involved in cell protec-
tion against free radicals and indirectly in cell 
prevention from malignant transformation (RAY-
MAN, 2005; BRIGELIUS-FLOHÉ, 2006). Organic Se 
compounds, depending on form and concentra-
tion, also have antimicrobial activity based on ca-

talysis of O2
- production which causes oxidative 

damage of bacterial cell membrane and cell dis-
function (XU et al., 2008). Considering that Se 
bioavailability from organic forms is better than 
from inorganic ones, and that mushrooms have 
ability to absorb inorganic Se and convert it to 
organic, their usage as food and dietary supple-
ments could contribute the prevention of disease 
appearance (KALAĆ , 2010). However, there are 
just a few reports about biological activity of Se-
enriched mushroom mycelia (MALINOWSKA et 
al., 2009; TURLO et al., 2010; SHI et al., 2010), 
and there are no available data for F. velutipes. 
Considering everything mentioned, the aims of 
the study were to evaluate antioxidant, antifun-
gal and anticancer potential of F. velutipes my-
celial extract and examine in which way myceli-
um enrichment with Se affects those activities.

MAterIAlS ANd MetHodS

Organism and cultivation conditions

The culture of Flammulina velutipes HAI 966 
was obtained from Institute of Evolution, Uni-
versity of Haifa, Israel (HAI), and maintained on 
malt agar medium in the culture collection of the 
Institute of Botany, Faculty of Biology, University 
of Belgrade.

The inoculum preparation involved the follow-
ing steps: (i) inoculation of 100.0 mL of synthet-
ic medium (glucose, 10.0 g/L; NH4NO3, 2.0 g/L; 
K2HPO4, 1.0 g/L; NaH2PO4 x H2O, 0.4 g/L; MgSO4 
x 7H2O, 0.5 g/L; yeast extract, 2.0 g/L; pH 6.5) 
with 25 mycelial discs (Ø 0.5 cm, from 7-day-old 
culture from malt agar); (ii) incubation at room 
temperature (22 ± 2ºC), on a rotary shaker (100 
rpm), for 7 days; (iii) washing of obtained biomass 
(3 times) by sterile distilled water (dH2O); (iv) bi-
omass homogenization with 100.0 mL of sterile 
dH2O in a laboratory blender. 

Homogenized inoculum (30.0 mL) was used 
for inoculation of 400.0 mL modified synthetic 
medium (with glucose in the amount of 65.0 g/L 

and peptone in the concentration of 2.0 g/L, pre-
viously determined as the optimal carbon and ni-
trogen sources and concentrations for biomass 
production) enriched with sodium selenite (Na-
2SeO3) in the initial Se concentration of 1.3 mg/L. 
The medium without Se was used as the control. 

Submerged cultivation was carried out at room 
temperature on rotary shaker for 21 days. The ob-
tained biomass was filtered, washed 3 times with 
dH2O at magnetic stirrer and temperature of 30°C 
with the aim of removing the remaining Se from 
cell wall, and dried at 50°C to constant weight. 

Preparation of the fungal extracts

Dry Se-amended and non-amended myce-
lia (3.0 g) were extracted by stirring with 90.0 
mL of 96% ethanol at the 30°C for 72 h. The 
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obtained extracts were filtered through What-
man No. 4 filter paper, concentrated under re-
duced pressure in a rotary evaporator (BÜCHI 
R-114, Switzerland) at 40°C to dryness, and re-
dissolved in 96% ethanol (for the testing of an-
tioxidant activity) or in 5% dimethylsulphoxide 
(DMSO) (for the analysis of antifungal and an-
ticancer activity).

Antioxidant activity

DPPH assay

Antioxidant activity was defined by measuring 
bleaching of the purple-coloured methanol solu-
tion of stable 1,1-diphenyl-2-picryl-hydrazil rad-
ical (DPPH•) (BLOIS, 1958). 1800.0 µL of 4% 
methanol solution of DPPH• and 200.0 µL of ex-
tract of defined concentration (series of double 
dilutions from 32.0 mg/mL to 0.5 mg/mL) were 
mixed and shaken. After 30 min of incubation in 
the darkness, the absorbances of reactive mix-
tures were measured at 517 nm against methanol 
as blank by spectrophotometer (CECIL CE2501, 
U.K.). The negative control contained all the re-
action reagents except the extract. Scavenging ef-
fects was calculated by equation: 

DPPH scavenging effect (%) =
= [(A0 - Asample)/A0] x 100, 

A0 - the absorbance of the negative control; Asam-

ple - the absorbance of reaction mixture.
The EC50 value (mg extract/mL) is the effective 

concentration at which the DPPH• were scavenged 
by 50% and was obtained by interpolation from 
linear regression analysis. Commercial antioxi-
dant, butylated hydroxyanisole (BHA) was used 
as a positive control.

Determination of total phenolic content

Total soluble phenolic compounds in the eth-
anolic extracts of Se-amended and non-amend-
ed mycelium were estimated with Folin-Ciocal-
teu reagent according to the method of SINGLE-
TON and ROSSI (1965), using galic acid as a 
standard. 1000.0 µL of 10% Folin-Ciocalteu rea-
gent and 200.0 µL of the extract were reacted in 
the dark for 6 min before addition of 800.0 µL of 
7,5% Na2CO3. The reaction mixture was vortexed 
vigorously and incubated on a rotary shaker (100 
rpm) in the dark and at the room temperature for 
2 h. The absorbance was measured at 760 nm by 
spectrophotometer against blank (mixture with-
out extract). The total concentration of phenolic 
compounds in tested extracts determined as µg 
of galic acid equivalents (GAE) per mg of dry ex-
tract, using an equation that was obtained from 
standard galic acid graph as: 

Absorbance = 0.012 x total phenols +
+ 0.041 (R2 = 0.999)

Determination of total flavonoid content

Total flavonoid content was determined using the 
methods of PARK et al. (1997). 1000.0 µL of the 
mycelium extract was diluted with 4300.0 µL mix-
ture containing 4100.0 µL of 80% ethanol, 100.0 
µL of 10% aluminium nitrate and 100.0 µL of 1 M 
aqueous potassium acetate. The mixture was in-
cubated at room temperature for 40 min, and ab-
sorbance was measured spectrophotometrically 
at 415 nm. The amount of total flavonoids was ex-
pressed as µg of quercetine equivalents (QE) per 
mg of dry extract, using an equation that was ob-
tained from standard quercetin hydrate graph as:

Absorbance = 0.014 x total flavonoid - 0.072 
(R2 = 0.989)

Antifungal activity

The tested micromycetes (Table 1) are main-
tained on Malt agar at 4°C in the culture collec-
tion of the Institute of Botany, Faculty of Biology, 
University of Belgrade.

Tested micromycetes were cultivated on Sab-
ouraud dextrose agar (SDA) at temperature of 25 ± 
2°C for 21 days. Spore suspensions were prepared 
by washing of agar surface with sterile 0.9% saline 
containing 0.1% Tween 80 (v/v). Turbidity was deter-
mined spectrophotometrically at 530 nm and spore 
number was adjusted to 106 CFU/mL (NCCLS, 1998).

DMSO extracts of Se-amended and non-amend-
ed mycelia were sterilized by filtration through 
Whatman No. 4 filter paper and 0.2 µm mem-
brane filter. Antifungal potential of the tested ex-
tracts was studied by microdilution method using 
96-well microtiter plate (SARKER et al., 2007). Se-
ries of double extract dilutions (from 32.0 mg/mL 

to 0.5 mg/mL) was analyzed. Each well contained 
SDA, spore suspension, resazurine, and crude eth-
anol extract of defined concentration. The mixture 
without extract was used as the negative control, 
while positive control contained commercial anti-
mycotic, ketoconazole, instead extract. Tested ke-
toconazole concentrations ranged from 0.0313 mg/
mL to 0.0019 mg/mL (series of double dilutions). 
Effect of 5% DMSO on the spore germination was 
also analysed by its addition in the mixture instead 
SDA. Microtiter plates were incubated at 25 ± 2°C 
for 72 h. The lowest extract concentration without 
visible mycelium growth was defined as minimal 
inhibitory concentration (MIC). Minimal fungicidal 
concentration (MFC) was determined as the lowest 
extract concentration with no mycelial growth after 
reinoculation of 2 µL of the mixture on SDA. The 
experiments were repeated three times. 

Cytotoxic activity

Cell lines

Human cervix adenocarcinoma HeLa and hu-
man colon carcinoma LS174 cell lines were ob-
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tained from the American Type Culture Collec-
tion (ATCC) (Manassas, VA, USA). Both cancer 
cell lines were maintained in the recommended 
Roswell Park Memorial Institute (RPMI) 1640 me-
dium supplemented with 100.0 g/L heat-inactivat-
ed (56°C) fetal bovine serum (FBS), 3 mM L-glu-
tamine, 100.0 mg/mL streptomycin, 100.0 IU/mL 

penicillin, and 25 mM 4-(2 hydroxyethyl)-1-pip-
erazineethanesulfonic acid (HEPES) and adjust-
ed to pH 7.2 with bicarbonate solution. Cells were 
grown in a humidified atmosphere of 95% air/5% 
CO2 (v/v) at 37°C.

Treatment of cell lines

Stock solutions (100.0 mg/mL) of extracts, 
made in 50.0 g/L DMSO, were dissolved in en-
riched RPMI 1640 medium to the required work-
ing concentrations. Neoplastic HeLa cells (2000 
cells per well) and neoplastic LS174 cells (7000 
cells per well) were seeded into 96-well microtiter 
plates. 24 h later, after cell adherence, five differ-
ent doubly diluted concentrations of the extracts 
were added to the wells. The final concentrations 
applied to target cells were 200.0, 100.0, 50.0, 
25.0 and 12.5 µg/mL, except in the control wells 
where only the nutrient medium was added to 
the cells. The cultures were incubated for 72 h.

Determination of cell survival (MTT test)

The effect of extracts on cancer cell survival was 
determined by microculture tetrazolium test (MTT 
test), according to MOSMANN (1983) with modifi-
cation by OHNO and ABE (1991). 20.0 µL of MTT 
solution [3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-

nyltetrazolium bromide in phosphate-buffering 
saline] of concentration of 5.0 mg/mL was added 
to each well. Samples were incubated for 4 h at 
37°C in a humidified atmosphere of 95% air/5% 
CO2 (v/v). Then, 100.0 µL of 10% sodium dodecyl 
sulfate was added to extract to dissolve the insol-
uble product formazan resulting from the conver-
sion of the MTT dye by viable cells. The number of 
viable cells in each well was proportional to the in-
tensity of the light absorbance (A), which was read 
in an enzyme-linked immunosorbent assay (ELI-
SA) plate reader at 570 nm 24 h later. The inhibi-
tion rate was calculated according to the formula: 

Cell growth inhibition rate (%) =
= (Acontrol – Asample)/Acontrol x 100

It was implied that the A of the blank was al-
ways subtracted from the A of the corresponding 
sample with target cells. IC50 was defined as the 
concentration of the extracts inhibiting cell surviv-
al by 50%, compared with a vehicle-treated con-
trol. Cis-diamminedichloroplatinum (cis-DDP) 
was used as a positive control. All experiments 
were done in triplicate. 

Statistical analysis

The results were expressed as the mean ± stan-
dard error of data obtained from three parallel me-
asurements. One-way analysis of variance (ANO-
VA) followed by LSD post-hoc determinations were 
performed using STATISTIKA software, version 
5.0 (StatSoft, Inc) to test any significant differen-
ces. P-values less then 0.01 were considered sta-
tistically significant.  

Table 1 - Antifungal activity (MIC and MFC) of ethanol extracts of Se-non amended and Se-amended mycelium of Flammulina 
velutipes and commercial antimycotic. 

Tested organisms Flammulina velutipes Ketoconazole 
 
 MIC (mg/mL) MFC (mg/mL) MIC MFC
   (mg/mL) (mg/mL)
 Se non-amended Se-amended Se non-amended Se-amended
 mycelium mycelium mycelium mycelium  

Acremonium strictum W. Gams 4.0 4.0 - - 0.0078 0.0156
Aspergillus flavus Link 8.0 4.0 - - 0.0078 0.0078
Aspergillus fumigatus Fresen. 32.0 16.0 - - 0.0078 0.0156
Aspergillus niger Teigh. 32.0 16.0 - - 0.0156 0.0313
Aspergillus terreus Thom 16.0 8.0 - - 0.0156 0.0313
Candida albicans (C.P. Robin) Berkhout 8.0 16.0 - - 0.0078 0.0156
Candida krusei (Castell.) Berkhout 8.0 2.0 - - 0.0078 0.0156
Candida parapsilosis (Ashford) Langeron & Talice  16.0 2.0 - - 0.0078 0.0156
Cladosporium sp. - - - - 0.0078 0.0039
Fusarium verticillioides (Sacc.) Nirenberg 8.0 4.0 - - 0.0156 0.0156
Microsporum gypseum (E.Bodin) Guiart & Grigoraki - - - - 0.0019 0.0039
Penicillium funiculosum Thom 8.0 4.0 - - 0.0039 0.0078
Trichoderma viride Pers. 8.0 8.0 - - 0.0039 0.0078
Trichophyton mentagrophytes (C.P. Robin) Sabour.  - - - - 0.0019 0.0039
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Fig. 1 - DPPH radical scavenging capacity of ethanol extracts 
of Flammulina velutipes mycelium. Se non-amended (◻); Se-
amended (◾). (Data represent mean value of activities of three 
different samples. Variations are given as standard errors).

reSultS

Antioxidant activity

Ethanol extracts of both Se-amended and non-
amended F. velutipes mycelium showed good an-
tioxidant potential that was dependent on the con-
centration, at higher concentrations extracts were 
more effective in DPPH• scavenging (Fig. 1). How-
ever, significant difference between the extracts, 
especially at higher concentrations, was noted 
(P<0.01). Se-enriched mycelium extract had high-
er scavenging effect than the control, and it exhib-
ited a progressive increase of the activity at con-
centrations up to 8.0 mg/mL (from 4% to even 
15% at concentration of 32.0 mg/mL). These re-
sults were confirmed by EC50 values, which were 
30.5 ± 0.3 mg/mL in Se-enriched mycelium ex-
tract and 43.8 ± 0.6 mg/mL in non-amended one. 
Commercial antioxidant BHA was more efficient 
comparing with F. velutipes mycelium extracts, 
with EC50 value of 13.4 µg/mL.

Total phenol compounds were detected in both 
tested extracts. Their content in the non-amend-
ed extract was 9.5 ± 1.8 µg/mg, while the high-
er concentration of 14.5 ± 1.1 µg/mg was noted 

in Se-amended extract. However, flavonoids were 
not detected in any of the extracts. Direct correla-
tion between phenol content and DPPH• scaveng-
ing effect existed, and linear relationship with R2 
= 0.989 in non-amended mycelium extract and R2 
= 0.957 in Se-amended one were noted.

Antifungal activity

The antifungal potential of ethanol extracts of 
Se-amended and non-amended mycelium was 
tested against 14 micromycetes including sap-
robes as well as plant, animal and human patho-
gens. In the most cases, MICs of Se-enriched my-
celium extract were lower, except for Candida al-
bicans where control extract had twice more ef-
fect, and for Acremonium strictum and Trichoder-
ma viride where MICs of Se-amended and non-
amended extracts were the same (Table 1). The 
most sensitive species, with MIC of Se-enriched 
mycelium extract of 2.0 mg/mL, were C. krusei 
and C. parapsilosis. The most resistant species 
were Aspergillus fumigatus and A. niger, which 
growth was inhibited only with the maximum ex-
tract concentration (32.0 mg/mL for non-amended 
and 16.0 mg/mL for Se-amended one). Tested ex-
tract concentrations (from 0.5 mg/mL to 32.0 mg/
mL) have no inhibitory effect on Cladosporium sp. 
and both causal agents of dermatomycosis, Micro-
sporium gypseum and Trichophyton mentagro-
phytes. The maximum tested concentration of ex-
tract (32.0 mg/mL) did not show fungicidal effect 
for any tested fungal species (Table 1). 

Sensitivity of the tested species to commercial 
antimycotic, ketoconazole, was more higher. Thus, 
the lowest tested concentration of 0.0019 mg/mL 

was MIC for Cladosporium sp., M. gypseum, and 
T. mentagrophytes. The concentration of 0.0039 
mg/mL was MIC for Penicillium funiculosum and 
T. viride and MFC for Cladosporium sp., M. gyp-
seum, and T. mentagrophytes. Mycelium growth 
of A. strictum, A. flavus, A. fumigatus, C, albi-
cans, C. krusei, and C. parapsilosis was inhibit-
ed at ketoconazole concentration of 0.0078 mg/
mL, which was also MFC for A. flavus, P. funicu-
losum and T. viride. Concentration of 0.0156 mg/
mL was MIC for A. niger, A. terreus, and Fusar-
ium verticillioides and MFC for most of the test-
ed species, while the highest tested concentra-

table 2 - cytotoxic activity (Ic50) of Se-non amended and Se-amended Flammulina velutipes mycelium extracts and commer-
cial cytostatic against Hela and lS 174 cell lines.

Mycelial extract/cytostatic  IC50
  (µg/mL)

   
 HeLa LS 174

 Se-non  Se-amended Se-non Se-amended
 amended extracts extracts amended extracts extracts

F. velutipes 259.69 ± 0.70 331.91 ± 0.49 338.47 ± 0.97 348.46 ± 0.34
cis-DDP 0.72 ± 0.14  2.61 ± 0.11  
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tion (0.0313 mg/mL) was MFC for A. niger and 
A. terreus (Table 1). 5% DMSO, used as a nega-
tive control, had no inhibitory effect on the test-
ed micromycetes.

Cytotoxic activity

Comparing with cis-DDP, which was used as the 
positive control, the tested extracts showed low 
cytotoxic activity against both HeLa and LS174 
cell line (Table 2). IC50 of non-amended myceli-
um extract against HeLa cells was 360- and 130-
fold, respectively, higher than values obtained for 
cis-DDP. Se-amended mycelium extract was weak-
er cytotoxic agent than control one, especially for 
HeLa cell line. 

dIScuSSIoN

Enrichment of cultivation medium with Se in 
the initial concentration of 1.3 mg/L and ability of 
F. velutipes HAI 966 mycelium to absorb and in-
corporate it in significant amount (10.0 µg/g) (MI-
LOVANOVIĆ et al., 2013) led to enhancement of an-
tioxidant and antifungal capacity, while cytotoxic 
activity was reduced and was not in correlation 
with antioxidant potential. 

DPPH• scavenging activity of F. velutipes eth-
anol extracts was reported by BAO et al. (2010), 
who demonstrated higher efficiency of mycelium 
extract than fruiting body one in almost 4-fold. Ac-
cording to SALTARELLI et al. (2009), the activity 
bases on redox properties of phenols, which ena-
ble them to act as reducing agents and hydrogen 
donators. Direct dependence of antioxidant ca-
pacity on phenol content was confirmed by CHEN 
et al. (2008) and BAO et al. (2010). Lower phenol 
content in F. velutipes HAI 966 mycelium extracts, 
compared with that in reported data, was respon-
sible for negligible antioxidant potential that was 
significant only at the highest concentration. Lack 
of flavonoid in the ethanol extracts was in accord-
ance with results of KARAMAN et al. (2009) who 
also have not found those compounds in myceli-
um extracts of F. velutipes. However, other com-
pounds from those extracts could also be carriers 
of antioxidant activity (SHI et al., 2012; WANG et 
al., 2012). Thus, SHI et al. (2012) demonstrated 
significant scavenging effects of polysaccharides, 
even 90% at concentration of 2.5 mg/mL, while 
WANG et al. (2012) have noted high efficiency of 
sesquiterpenoids.

Enhanced antioxidant potential of Se-amend-
ed F. velutipes HAI 966 mycelium extract is in 
accordance with results of TURLO et al. (2010) 
who noted higher level of antioxidant activity in 
Lentinus edodes after cultivation in Se-enriched 
medium. The better effect could be explained by 
the fact that selenomolecules react with free rad-
icals (•OH, •H) and successfully neutralize them 
(SHEN et al., 2010).

WANG et al. (2012) tested antifungal potential of 

sesquiterpenoids isolated from F. velutipes myce-
lium against numerous species and reported weak 
activity against A. fumigatus and absence of any 
inhibitory effect on C. albicans. Similar, negligi-
ble activity of ethanol extract of F. velutipes HAI 
966 mycelium against A. fumigatus was also not-
ed but it was enhanced with Se addition. Howev-
er, tested Candida spp. were very sensitive to the 
extracts, especially in the Se presence, which was 
contrary to the results of WANG et al. (2012). Re-
sults of this study showed that Se acts as an anti-
fungal agent which is in accordance with results 
of SHAHVERDI et al. (2010) who clearly demon-
strated antifungal activity of biogenic Se against 
selected clinical micromycetes. Mycelium enrich-
ment with this element presents a way for getting 
biogenic Se nanoparticles that could be a potent 
ingredient for the preparation of antifungal for-
mulations (SHAHVERDI et al. 2010).  

Contrary to Se stimulatory effect on antioxidant 
activity, this trace element caused regression of cy-
totoxic activity. Numerous biologically active com-
pounds, such as diverse types of sesquiterpenes, 
polysaccharides, glycoproteins, ribosome inacti-
vating proteins, and sterols, isolated from myce-
lium of F. velutipes, take important place as cyto-
toxic agents against various cancer cell lines (LE-
UNG et al., 1997; NG and WANG, 2004;  WANG et 
al., 2012; YANG et al., 2012; YI et al., 2013). LE-
UNG et al. (1997) showed that soluble homopol-
ysaccharide, composed of glucose and isolated 
from F. velutipes fruiting bodies, were very effi-
cient in Sarcoma-180 cells regression in vivo. The 
same effect was noted by YANG et al. (2012) for 
alkaline-soluble heteropolysaccharides with a glu-
can as backbone chain and triple helix structure, 
which also have strong anti-proliferation activity 
against lung cancer cells (A549) and human gas-
tric cancer cells (BGC-823) (inhibitory rate was 
32.3% and 95%, respectively). The cytotoxic effect 
of polysaccharides was based on proliferation of 
B-cell, T-cell or both cells and not on tumor cell 
kill. Activation of immune system and in such a 
way production of interferon-gamma with anti-
proliferate effect on tumor cells was also lied in 
the base of antitumor activity of F. velutipes gly-
coprotein FVE (CHANG et al., 2010). However, ri-
bosome inactivating proteins (flammulin, velutin, 
flammin, and velin) stopped cancer cell prolifera-
tion by ribosome inactivation and translation in-
hibition (NG and WANG, 2004). Efficiency of ses-
quiterpenoids against human liver carcinoma cell 
line (HepG2), breast cancer cell line (MCF-7), hu-
man gastric cancer cell line (SGC7901) and A549 
was modest (IC50 was in range between 20.0 and 
100.0 µM) (WANG et al., 2012), while inhibition 
rate of human glioma cell line (U251) by sterols, 
at concentration of 20 µg/mL, was even 57% (YI 
et al., 2013). However, the sterol was not so effi-
cient against HeLa cell line (IC50 > 40.0 µg/mL), but 
more efficient comparing with tested Se-amended 
and non-amended mycelium extract. 

Although tested extracts showed lower biolog-
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ically activities than commercial antimycotic, an-
tioxidant and cytostatic, preference should be giv-
en to natural products. Therefore, F. velutipes is 
not only food but also could be considered as a 
possible base for natural safe remedies for hu-
man therapy.
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AbStrAct

In the present study, edible films from isolated or concentrated protein sources and from pro-
teins of two different fish species were produced. the texture properties, light transmission (lt) 
and oxygen permeability (oP) of producing films were determined. the cl film settled in the sec-
ond range according to both tension test parameters, thus outclassing the other tested films. the 
Wg film possessed the lowest lt, so making it more effective in protecting of food products from 
light than the other tested films. the SPI film with the lowest oP value can be used for the pur-
pose of protecting of food products from harmful effects of oxidation.
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1. INtroductIoN

edible films and coatings are thin layers that 
can be eaten with food. they are derived from 
natural sources and are formed on the surface 
of a food for the purpose of protecting food and 
to prolong its shelf-life. For this agricultural 
function, protective coatings were improved as 
an alternative to commercial packaging materi-
als such as glass, tin and polymer. edible films 
and coatings do not carry carcinogen risk and 
do not cause a waste problem, which are impor-
tant problems with plastic-based food packaging. 

If edible films are prepared in appropriate con-
ditions, they can perform all the functions of a 
useful package. edible films are prepared utilizing 
hydrocolloids (protein and polysaccharide), lipids 
and composites (hydrocolloid+lipid). edible pro-
tein films are separated, however, into two groups: 
plant origin proteins (corn zein, wheat gluten, soy 
protein, pea protein, sunflower protein, peanut 
protein and cotton protein, etc.) and animal ori-
gin proteins (keratin, collagen, gelatin, fish my-
ofibrillar protein, egg white protein, casein and 
whey protein, etc.). edible protein films can be 
manufactured from isolates or concentrated pro-
tein products that are purified from various pro-
tein sources, and by the evaluation of processing 
waste products (rHIM and Ng, 2007).

the use of edible films for food is very old. So 
far, the most important application of edible films 
and coatings is an emulsion, made from oil and 
waxes (in 1930) that protect the important fea-
tures of fruits such as brightness and color, pre-
vents complications such as softness, initialing 
paleness and for improving fungicides, to bet-
ter control the maturation and to delay water 
loss (debeAuFort et al., 1998; bAldWIN, 1999). 

the advantages of natural biopolymer films 
can be summarized as follows: they are edible 
and biodegradable; to supplement the nutrition-
al value of foods; enhance organoleptic charac-
teristics of food, such as appearance, odor, and 
flavor; reduce packaging volume, weight and 
waste; incorporate antimicrobial agents and 
antioxidants; extended shelf-life and improved 
quality of usually non-packaged items; control 
over inter-component migration of moisture, 
gases, lipids, and solutes; individual packaging 
of small particulate foods, such as nuts and rai-
sins; function as carriers for antimicrobial and 
antioxidant agents; for microencapsulation and 
controlled release of active ingredients; and have 
a possible use in multilayer food packaging ma-
terials together with non-edible film. they are 
low-cost and abundant; annually renewable re-
sources (krocHtA, 2002).

despite the positive effects in the literature 
(geNNAdIoS et al., 1997), the industrial appli-
cation of edible films is not very common yet. 
the theoretical, experimental studies related to 
different polymers will be used to compose ed-
ible films or coatings (using fresh, frozen, pro-

cessed products and determining the permeabil-
ity properties of films) are currently underway.

In the present study were used soy protein iso-
lates (SPI), whey powder protein (WP), egg white 
powder protein (eWP), wheat gluten (Wg), corn 
zein (z), cattle gelatin (g) and collagen (cl), as 
well as rainbow trout protein (rtP) and Atlan-
tic mackerel protein (MP) as the protein source. 
the texture properties, the light transmission 
and the oxygen permeability of edible films pro-
duced from these sources were established.

2. MAterIAl ANd MetHodS

2.1. Edible protein film manufacturing

the materials for the production of edible pro-
tein film were obtained from the Smart chemi-
cals company (Izmir, turkey). the edible protein 
films were manufactured as explained below, by 
pouring a determined amount film of solution 
into a teflon pan (18 cm×18 cm), drying for a de-
termined time and at a determined temperature.

2.1.1. Soy protein isolates (SPI) film

5 g SPI (produced in germany and contain-
ing 90% protein), 100 ml distilled water and 2.5 
ml glycerol (gly) was stirred for 15-20 minutes 
at 55-60ºc. this solution was then stirred for 
another 10-15 minutes at 75-80 ºc and filtered 
through a cloth, after the solution’s pH was ad-
justed to 10.5±0.1 with 2 M sodium hydroxide 
(NaoH) solution (deNAVI et al., 2009). Prepared 
film solution (70 ml) was poured into a teflon 
pan and dried for 24 hours at 35°c.

2.1.2. Whey protein (WP) film

5 g WP (produced by lactoprot company in 
germany and containing 80% protein), 100 ml 
distilled water and 5 ml gly was stirred for 
15-20 minutes at 55-60ºc. this solution then 
was stirred for another 15-20 minutes at 75-80 
ºc and filtered through a cloth, after the solu-
tion’s pH was adjusted to 8.0±0.1 with 2 N NaoH 
(SArIkuS, 2006). the WP film solution (70 ml) 
was poured into a teflon pan and dried for 48 
hours at 35°c.

2.1.3. egg white powder protein (eWP) film

9 g eWP (produced in turkey and containing 
80% protein), 100 ml distilled water, 4.5 ml 
gly was stirred for 5 minutes at room temper-
ature. then the solution’s pH was adjusted to 
11.25±0.1 with 1 N NaoH. the solution was kept 
for 20 minutes in a water bath at 45 ºc and fil-
tered through a cloth (geNNAdIoS et al., 1997). 
the prepared film solution (70 ml) was poured 
into a teflon pan and dried for 24 hours at 35°c.
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2.1.4. Wheat protein (gluten-Wg) film

7.5 g Wg (produced in belgium and contain-
ing 75-82% protein), 55 ml 95% ethyl alcohol, 
45 ml distilled water and 3.75 ml gly was 
stirred for 15 minutes at 55 ºc. the solution’s 
pH was adjusted to 4.0±0.1 with 50% acetic acid. 
the solution was filtered through a cloth, then 
stirred for another 15 minutes at 70 ºc (tANA-
dA-PAlMu, 2000). All the prepared film solution 
was poured into a teflon pan and dried for 48 
hours at 45°c.

2.1.5. corn protein (zein-z) film

the film solution was prepared from zein pro-
tein (produced by Sigma Aldrich in uSA and con-
taining 90% protein), by modifiying the method 
developed by bAySAl et al. (2009). 2.5 g z, 60 ml 
95% ethyl alcohol, 1 ml gly was stirred for 30 
minutes at 75-80 ºc (bAySAl et al., 2009). the 
pH of the prepared z film solution was measured 
as 5.8. the z film solution (40 ml) was poured 
into a teflon pan and dried for 24 hours at 45°c.

2.1.6. gelatin (g) film

2 g g (produced by rousselot company in Ar-
gentina and containing 83% protein), 100 ml 
distilled water, 1.1 ml gly was stirred for 30 
minutes at 55-60 ºc. the solution was then fil-
tered through a cloth (tHoMAzINe et al., 2005). 
the pH of the prepared g film solution was de-
termined as 5.1. the g film solution (130 ml) 
was poured into a teflon pan and dried for 48 
hours at 45°c.

2.1.7. collagen (cl) film

3 g cl (produced in turkey and containing 
90% protein), 200 ml 3% acetic acid, 1.5 ml 
gly was stirred for 30 minutes at 75-80 ºc (Ho 
et al., 2001). When prepared according to this 
method, the pH of the cl film solution was 3.3. 
All the prepared film solution was cast into tef-
lon pan and dried for 24 hours at 45°c.

2.1.8. rainbow trout protein (rtP) film

rainbow trout (Oncorhynchus mykiss) were 
obtained from the Istanbul Fish market. the 
fish were transported in ice to the laboratory. 
the gutted and beheaded fish were minced, af-
ter skinning. the fish mince was washed 2-3 
times to remove the water-soluble proteins, 
blood and dirty components, by keeping it for 
5-10 minutes in cold water (water:fish ratio of 
4:1, w/w). Following the washing process, fish 
mince was pressed through a cloth in order to 
remove water. Prepared in this way, washed 
fish mince constituted the raw material for 
the edible fish film. Previously produced edi-

ble film were tested for protein and moisture 
in this mince. the rtP ratio was found to be 
18.48%, and the moisture ratio was found to 
be 73.35%. because the protein ratio of the 
fish mince should be 2%, it was adjusted by 
adding the necessary amount of distilled wa-
ter and then gly at a ratio of 50% of the pro-
tein ratio was added. the mixture was blended 
and filtered. the solution’s pH was adjusted to 
3 with 50% acetic acid, after the solution was 
stirred for 10-15 minutes at 75-80 ºc. the solu-
tion was stirred for another 10-15 minutes at 
75-80 ºc (cuQ et al., 1997). the prepared film 
solution (100 ml) was poured into a teflon pan 
and dried for 24 hours at 35°c.

2.1.9. Atlantic mackerel protein (MP) film

used in manufacturing of edible film, Atlantic 
mackerel minces (Scomber scombrus) were pre-
pared by cleaning and washing, as in the case 
of rainbow trout flesh. the MP ratio was found 
to be 23.38%, and the moisture ratio was found 
to be 72.62%. the MP film manufacturing meth-
od was similar to the rtP film manufacturing 
method. the only difference was that less dis-
tilled water was added, as when adjusting the 
protein ratio was to 2%, because of the MP ratio 
was higher. the film solution’s pH was adjusted 
to 3 again (cuQ et al., 1997). the MP film solu-
tion (100 ml) was poured into a teflon pan and 
dried for 24 hours at 35°c.

2.2. The texture Profile of the films

tension tests were made for the purpose of 
determining the resistance of the film against 
breakage and tensile forces. test measurement 
values were as follows: target type: distance, test 
type: tension, target value: 40-90 mm, trigger 
load: 0.04 n, test speed: 0.5 mm/second, return 
speed: 4.5 mm/second, probe type: tA3/100, 
fixture: tA-dgA, load cell: 1500 g. the meas-
ured parameters were the tensile force (N) and 
the maximum elongation (mm). three measure-
ments were taken from three protein films be-
long to each group.

2.3. The Light Transmission (LT) of the films

the lt of edible protein films was measured 
according to the method in AStM (2009) by us-
ing working visible position dual beam spectro-
photometer at 560 nm, at 23±2 ºc. this test 
method covers the measurement of the trans-
parency of plastic sheeting in terms of regular 
transmittance (tr). Although generally applica-
ble to any translucent or transparent materi-
al, it is principally intended for use with nom-
inally clear and colorless thin sheeting. three 
measurements were taken from three protein 
films belong to each group. the lt of the films 
was calculated with the formula below accord-
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ing to light intensity value, measured by equip-
ment (AStM, 2009).

tr = (Ir/I0) x 100

tr: light transmission, %
Ir: light intensity value of spectrophotometer 

bath with sample 
I0: light intensity value of spectrophotometer 

bath without sample 

2.4. The Oxygen Permeability (OP) of the films

the oP of the films was measured during 4 
hours at 23±2 ºc by using Systech mark gas 
permeability test equipment, at 170 bar o2 of 
pressure (AStM, 2010). three measurements 
were taken from three protein films belong to 
each group.

2.5. Statistical analysis

the resulting analysis data were evaluated 
by using an IbM SPSS Statistics 20® program. 
the results were given as an average ± stand-
ard deviation. the one-way analysis of variance 
(one-Way ANoVA) was applied. In the data par-
ametric assumptions for multiple comparisons 
occurred. the tukey test was used to locate the 
sources of the differences found within different 
groups in this test. P<0.05 variation was accept-
ed as the significant discrepancy between the 
groups and the parameters.

3. reSultS

the texture parameters, the light transmis-
sion and the oxygen permeability values of ed-
ible protein films are presented in table 1. the 
lowest and the highest tensile force of edible pro-
tein films were 0.668±0.001 N (in the WP film), 
and 5.267±0.559 N (in the g film), respective-
ly. the z film had the lowest maximum elonga-
tion (0.50±0.02 mm), and the eWP film had the 

highest maximum elongation (82.00±2.94 mm) 
(table 1).

It was reported by SAbAto et al. (2007) that 
mechanical and barrier properties of protein-
based films were generally better than polysac-
charide (PlS)-based films. the properties of pro-
tein-based films were dependent on the various 
factors, such as the protein source, the pH of 
protein solution, the species and the amount of 
plasticizer, film thickness, the manufacturing 
conditions (temperature and relative humidity), 
and the structures, included film forming solu-
tion (enzymes, antimicrobials, etc.) (beNJAkul 
et al., 2008).

teMIz and yeSIlSu (2006) indicated that when 
made from Wg strong films have mechanical 
properties like rubber. Wg films, containing a 
low amount of gly, had a higher tensile resist-
ance (tr) and lower elongation at break (eAb) 
(tANAdA-PAlMu et al., 2000). When the Wg film 
was prepared from three different flours (com-
mercial bread flour, hard red winter flour and 
soft white flour), it had a smooth tissue and film 
resistance, measured as tr,  and the ratio in-
creased by 50% by adding cysteine (cross-linking 
agent) (rAyAS et al., 1997). When the mechanical 
and physical properties of the Wg films, plasti-
cized with gly, were examined at different tem-
perature (20°c, 50°c and 80°c) and the relative 
humidity (35% and 70%), the tensile strength 
(tS) increased too, by increasing the drying tem-
perature at 35% relative humidity. tS decreased, 
when the temperature increased, however, at 
70% relative humidity. the film thickness de-
creased with increasing temperature (kAySer-
IlIoglu et al., 2003). lIeberMAN and gIlbert 
(1973) reported that the mechanical properties 
of edible films were considerably affected by the 
ratio of the plasticizer, used.

the composite films can be manufactured tak-
ing into account the different barriers and me-
chanical properties needed by different products 
and thus the effectiveness of the material was in-
creased. the use of the plasticizers such as gly, 
polyethylene glycol (Peg), sorbitol (Sor), etc. in 
the film formulations or the composites is advan-

table 1 - the texture parameters, the light transmission and the oxygen permeability values of edible protein films.

Edible protein Tensile force Maximum elongation Light transmission Oxygen permeability
film (N) (mm) (%)  (mL/mm/day)

SPI 2.883±0.155AF 31.85±1.11AG 20.08±0.01A 17.10±0.01A
WP 0.668±0.001B 5.69±1.03B 23.35±0.01B 322.00±0.01B
EWP 1.972±0.117AC 82.00±2.94C 23.22±0.01C 45.40±0.01C
WG 1.275±0.147BC 57.40±2.07D 13.29±0.01D 218.00±0.01D
Z 0.948±0.427BC 0.50±0.02B 19.92±0.01E 181.37±0.01E
G 5.267±0.559D 35.12±1.88AF 63.30±0.01F 45.50±0.01F
CL 4.145±0.198DE 68.03±1.57E 18.70±0.01G 105.10±0.01G
RTP 3.559±0.720EF 39.94±0.03F 14.53±0.01H 97.10±0.01H
MP 1.273±0.082BC 28.95±0.96G 39.35±0.01I 281.00±0.01I

*Different letters (A, B, C) in the same column indicate the significant difference (P<0.05).
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tageous to impart pliability and flexibility, which 
improves handling. utilization of the plasticiz-
ers reduces the brittleness of film by interfering 
with the hydrogen bonding between the lipid and 
hydrocolloid molecules (tHArANAtHAN, 2003).

In the study of MArINIello et al. (2003), whole 
soy flour and apple pectin were used as raw ma-
terials in order to obtain films, which due to their 
consistency could be perfectly handled. the films 
were also prepared in the presence of transglutam-
inase (t-gase). the latter films showed a smoother 
surface and higher homogeneity, as demonstrated 
by microstructural analyses, whereas studies on 
the mechanical properties indicated that t-gase 
increased their tS and reduced their flexibility. It 
was reasoned that by there was a possible use of 
the t-gase polymerized pectin-soy protein films 
as edible food or drug coatings.

the proper pH value to prepare the SPI film 
with good mechanical and barrier properties 
was 10. Addition of Peg as a plasticizer at 60% 
of SPI weight gave better film properties com-
paring with other used plasticizers. cross-link-
ing of the SPI film by adding formaldehyde or 
glutaraldehyde at a different level into the film 
forming solution and the combination of SPI 
with the starch, also caused a noticeable im-
provement in the mechanical and barrier prop-
erties of the films (SolIMAN et al., 2007). Ac-
cording to deNAVI et al. (2009), the applied dry-
ing conditions when preparing the SPI film af-
fected the mechanical properties, with the op-
timal drying conditions of 70 ºc and 30% rela-
tive humidity and 60 ºc and 60% relative hu-
midity. dried under these conditions, the SPI 
films presented a higher tS, lower eAb val-
ues. SHIH (1998) indicated that the tS and 
the eAb belonging to SPI was affected by pH. 
the mechanical properties of edible films im-
proved with some of the applied methods. the 
mechanical properties of the cl film improved 
with glyceraldehyde and alcoholdiols; the tS of 
the cl film increased by exposing to uV beams; 
the tS of the z film improved with aldehydes; 
the tS of the Wg film developed with keratin; 
the tS of the WP film improved by heat treat-
ment; the tS of the SPI film developed by heat 
treatment, uV and gamma radiation applica-
tion, and by adding calcium chloride and cal-
cium sulphate (McHugH and krocHtA, 1994). 

It was expressed by geNNAdIoS et al. (1997) 
that the eWP films are highly hydrophilic; they 
could be used for water-soluble packets (pouch-
es) for ingredients in the food, chemical, and 
pharmaceutical industries similar to cellulose 
ether-based water soluble packets in commercial 
use. the mechanical and barrier properties of 
such films can be modified by varying the types 
and amounts of added plasticizers.

When microbial t-gase was employed as the 
catalyst for preparing the chitosan (cH)-oval-
bumin films, the mechanical resistance of the 
cH-ovalbumin films increased from 24 MPa to 

35 MPa. the improved mechanical and solubil-
ity properties of these new materials confirmed 
that this enzymatic approach could be a useful 
tool for preparing edible films for food coating 
and pharmaceutical applications (dI PIerro et 
al., 2007). In the study conducted by kolodzIe-
JSkA and PIotroWSkA (2007), the effect of gly 
on the mechanical and water barrier properties, 
as well as on the water solubility, of fish gelatin-
cH films (4:1, w/w) cross-linked with t-gase or 
1-ethyl-3-(3-dimethylaminopropyl) carbodiim-
ide (edc) was determined. the tS of the films 
decreased after modification of the components 
with t-gase or edc, by about 25% and 40% re-
spectively. the elongations of the enzymatical-
ly modified films containing 20% of gly and of 
chemically modified films containing 15% of gly 
were, respectively, about 8 and 13 times higher 
than those of unplasticized films. However, the tS 
of plasticized films were, respectively, 2.5 and 5 
times lower. these properties widen the practical 
applications of modified films as packaging ma-
terial. However, the cross-linking of components 
with commercial preparations of t-gase, -differ-
ent to modification with edc- increased the fra-
gility of films. therefore, such films have should 
be plasticized.

the increase in the proportion of gly caused 
a reduction of the puncture force, the tS, the 
modulus of elasticity, and an increase of the 
puncture deformation and the eAb of the g 
film (tHoMAzINe et al., 2005). When the g film 
and the z film were prepared by incorporating 
nisin (NS) into the film-forming solutions, the 
z film with the NS of 12.000 Iu/ml had an in-
crease of 11.6 MPa in the tS compared with the 
control, but the g film had a slight increase re-
sulting from the increase of the NS concentra-
tion. these results suggested that the incorpo-
ration of NS into the z film and the g film im-
proved the physical properties of the films (ku 
and SoNg, 2007).

In the study of cArVAlHo et al., (2008), the g 
films from the skins of Nile perch, a warm-water 
fish species, were reported to exhibit stress and 
eAb similar to that of bovine bone gelatin. the 
gelatin, extracted from halibut skins, showed a 
suitable filmogenic capacity, leading to transpar-
ent, weakly colored, water-soluble and highly ex-
tensible films. the intermediate evaporation step 
at 60 ºc in the industrial procedure for drying 
the g film induced thermal protein degradation, 
caused the resulting films to be significantly less 
resistant and more extensible. It was seen that 
the g film with predominance of lower-molecu-
lar-weight fractions was apparently more plasti-
cized by Sor molecules, favoring a higher exten-
sibility and a lower resistance in the final film.

the edible films were successfully prepared 
from fish skin gelatin of brownstripe red snap-
per (Lutjanus vitta) and bigeye snapper (Priacan-
thus macracanthus). the films with the greater 
protein content had a higher thickness and me-
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chanical properties (tS and eAb), but lower water 
vapor permeability than those with the lower pro-
tein content. the films without gly were mostly 
brittle, and became more flexible in the presence 
of gly. the tS generally decreased with increas-
ing gly concentration from 25% to 75% (JoNg-
JAreoNrAk et al., 2006).  IWAtA et al. (2000) ex-
pressed that edible films prepared from water-
soluble fish proteins, had better flexibility com-
pared to most of the other protein films. the pH 
change, the various physical and chemical treat-
ments and the properties of plasticizer affected 
the quality of fish protein film. lower mechanical 
properties were found in the films prepared from 
the lower quality washed fish mince (beNJAkul et 
al., 2008). the tS of the films was higher, when 
prepared at acidic (pH 2, 3) and alkaline (pH 11, 
12) conditions. the film with the lowest tS was 
made at pH 7. the mechanical resistance of the 
myofibrillar protein (MyFP) based films were sub-
stantially lower than the synthetic films -such 
as polypropylene (PP), polyethylene and poly-
vinyl dichloride- but was relatively close to low 
density polyethylene (ldPe) (SHIku et al., 2003).

gly and Peg plasticizers gave flexible structure 
to the films prepared from water soluble fish pro-
tein. As the concentration of gly increased, tS 
decreased with the concomitant increase of eAb. 
In contrast, Peg showed more marked influence 
on tS than on eAb. gly:Peg ratio of 2:1 exhib-
ited the maximum eAb value. It was confirmed 
that MyFP based films plasticized with the mix-
ture of gly-Peg showed lower tS (2.5-3.0 MPa) 
than with only gly (5.0 MPa) or with only Peg 
plasticized films (7.0 MPa) (tANAkA et al., 2001). 

PArrIS and coFFIN (1997) observed that z-
based films plasticized with a mixture of gly-
polypropylene glycol (PPg) showed lower tS and 
lower elastic modulus than with only gly plas-
ticized films or PPg plasticized films. Moreover, 
the films plasticized with the mixture of gly-Peg 
caused higher eAb (117.8%) than those with only 
gly (2.6%) or Peg plasticized films (2.8%).

the functional properties of the fish protein 
films produced by the thermo-melting tech-
niques were similar to known protein films and 
the tS of the films were similar to ldPe (cuQ 
et al., 1998). the films obtained from tilapia 
fish treated at 65°c/30 minutes were more re-
sistant and more rigid than the films treated at 
40°c/30 minutes (gArcIA and SobrAl, 2005). 
When the protein concentration was treated at 
90°c/30 minutes, the filmogenic solution was 
2 g of sarcoplasmic protein (SrcP)-MyFP/100 
g filmogenic solution, the prepared films were 
more resistant than the respective films (So-
brAl et al., 2005). cuQ et al. (1995) expressed 
that MyFP films produced from sardine had the 
higher tr than that obtained from other protein 
films, such as z, Wg, SPI and WP.  

the quality of Alaska pollack surimi (SrM) films 
was decreased in order to determine the influence 
of the SrM quality on the tS, and the eAb val-

ues. thawed Alaska pollack SrM was incubat-
ed at 30ºc for 20 minutes (slight protein dena-
turation) and at 30 ºc for 5 hours (complete pro-
tein denaturation) in order to decrease the SrM 
quality. Slight protein denaturation caused a de-
crease in the eAb of the films and complete de-
naturation gave rise to a reduction of the tS, and 
the eAb values (SHIku et al., 2004). MyFP-based 
films were developed from a film-forming solution 
based on fish mince and the influence of plasticiz-
ers on the protein film quality was investigated. 
When no plasticizer was introduced in formula-
tion the films were relatively brittle and needed to 
be handled very carefully, and gly, Sor and su-
crose were added in various concentrations. Plas-
ticization of the MyFP-based films induced a large 
decrease in film strength and elasticity and an in-
crease in deformation properties (cuQ et al., 1997). 
Sor plasticized films were the most brittle, with 
the highest tS (3.14 MPa). In contrast, gly and 
Peg plasticized films exhibited flexible structure, 
despite the low tS (2.13 MPa and 1.80 MPa, re-
spectively). As plasticizer concentration increased, 
the tS decreased concomitant with an increase in 
eAb (bourtooM et al., 2006). 

Propylene glycol alginate (PgAl) was incorpo-
rated into Alaska pollack SrM film in order to im-
prove their mechanical properties. the tS of the 
PgAl-SrM films prepared at pH 11 were twice as 
high compared to the SrM films prepared at pH 
7. the eAb was not affected by the incorporation 
of PgAl. results revealed that the formation of 
cross-linkages between epsilon-amino groups of 
lysine residues in SrM proteins and mannuronic 
acid esters of PgAl above pH 10 was responsi-
ble for the increased tS of the films (WeNg et al., 
2006). the effect on the ratios of MyFP to SrcP 
from round scad (Decapterus maruadsi) muscle 
on the properties of the resulting films was in-
vestigated. the tS of the films decreased with 
an increased SrcP content. the films prepared 
from MyFP:SrcP ratio of 10:0 (w/w) exhibited 
the highest tS. the eAb of the films, prepared 
with SrcP content greater than 30%, had the 
decreased eAb (ArtHAN et al., 2008).

A comparison could not be made, due to no 
mention in the literature to studies involving 
similar textural values of edible protein films 
obtained from the texture analyzer equipment 
used in our study. Moreover, when both tensile 
test parameters were evaluated, as seen clearly 
in Fig. 1 and Fig. 2, placing the cl film in the 
second range, this film group outclassed other 
film groups considerably. SArIkuS (2006) ex-
pressed that the cl film is used in sausage coat-
ing more than natural coatings. the most im-
portant advantages of these films are that they 
remain strong in producting process conditions, 
having a flexible structure with a high-tensility. 

the g protein film obtained the highest lt val-
ue (63.30%±0.01); the Wg protein film obtained, 
however, the lowest lt value (13.29%±0.01) (ta-
ble 1). 
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because food products are exposed to light trig-
ger oxidative reactions, the products were packed 
with non-light transmitting packaging material in 
order to protect them from the light. there are a 
limited number of studies mentioned in the liter-
ature about the lt value of edible films. 

SHIku et al. (2003) expressed that MyFP films, 
prepared from blue marlin flesh, have excellent 
barrier properties to uV light in the range of 
200-280 nm regardless of pH. However, the uV 
barrier property of the films gradually became 
poor above the wavelength of 300 nm. In con-
trast, the MyFP film prepared at pH 7 blocked 
the most light in the uV-visible range from 350 
to 800 nm because of its semi-transparency.

In our study, the lt of the Wg film was meas-
ured as the lowest value (13.29%±0.01) at 560 
nm/23±2 ºc. the rtP film possessed the second 
lowest lt value after the Wg film (Fig. 3). com-
parisons could not be made, as there are no sim-

Fig. 1 -the 
changes of the 

tensile force val-
ues of edible 

protein films.

Fig. 2 -the 
changes of the 

maximum elon-
gation values of 

edible protein 
films.

ilar studies in the research literature of lt meas-
urements conducted at the same wavelength as 
in our study. However, it is possible to say that 
the Wg film can be more effective protecting prod-
ucts from light than other protein films. 

the highest oP value was observed at 
322.00±0.01 ml/mm/day in the WP film, and 
the lowest oP value was observed at 17.10±0.01 
ml/mm/day in the SPI film (Fig. 4). the oP value 
of the eWP film and the oP value of the g film; the 
oP value of the cl film and the oP value of the rtP 
film was determined to be close to each other in.

the diffusion of gas and water vapor into film 
is called transition. these gases and the water 
vapor were absorbed by a surface of the polymer 
and oscillated by the other surface of the poly-
mer during transition. the films have different 
barrier properties according to component prop-
erties and manufacturing techniques. the polar 
polymers, such as protein and carbonhydrates, 
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show low gas permeability and high water vapor 
permeability. In contrast, whilst materials (con-
taining apolar hydrocarbon such as lipid) con-
stitute an excellent barrier against the water va-
por transition, they are not an effective barrier to 
gas transition. the chemical structure and the 
shape of the transition or absorbed film matrix 
substance is effective at the speed of diffusion 
and transfer. For example, the small molecules 
diffuse faster than the big molecules or the po-
lar molecules diffuse faster than the apolar mol-
ecules in the polar films (cAgrI-MeHMetoglu, 
2010). the rate of rancidity, causing lipid oxi-
dation and brown coloration, as well as causing 
myoglobin oxidation in meats, could be reduced 
by using edible coatings with the low oP (geN-
NAdIoS et al., 1997). It was implied by yIlMAz et 
al. (2007) that WP-based edible film and coating 
slowed gas (o2, co2) transfer. the oP of the cl 

Fig. 3 -the chang-
es of the light 

transmission val-
ues of edible pro-

tein films.

Fig. 4 -the chang-
es of the oxygen 

permeability val-
ues of edible pro-

tein films.

film was <0.04 cm3.μm/m2.dk.Pa; the oP of the 
z film was 11.8 cm3.μm/m2.dk.Pa; the oP of the 
Wg film was 3.9-6.1 cm3.μm/m2.dk.Pa; the oP 
of the SPI film was 1.6-4.5 cm3.μm/m2.dk.Pa; 
and the oP of the WP film was 18.5-76.1 cm3.
μm/m2.dk.Pa (lIeberMAN and gIlbert, 1973). 
lIN and zHAo (2007) expressed that the o2 per-
meability (7.84x10-19 m3.m/m2.s.Pa) of the z-
based coating was lower than the o2 permeabil-
ity of plastic films (such as ldPe, PP, polysty-
rene and polyvinylchloride) and of PlS, PlS/lipid 
composite coatings, but higher than the o2 per-
meability (2.89x10-17 m3.m/m2.s.Pa) of Wg coat-
ings. It was observed that the o2 permeability of 
the Wg coating was close to the o2 permeability 
(2.25x10-17 m3.m/m2.s.Pa) of ldPe. It was rec-
ognized in literature that the oP of edible films 
was affected considerably by factors such as the 
preparation conditions (temperature and relative 
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humidity); the type and the amount of plasticiz-
ers, the incorporation of various chemicals; heat-
treatments and pH levels. For example, McHugH 
and krocHtA (1994) specified that the gas per-
meability of the cl film decreased with formal-
dehyde and chrome tannic acid, whilst the oP 
of the WP film and the SPI film improved with 
heat treatment. the oP (3.16 cm3.μm/m2.dk.Pa-
at 23 ºc and 50% relative humidity) of the Wg 
film, made with 40% gly, was found to be sim-
ilar to the oP (3.82 cm3.μm/m2.dk.Pa-at 23 ºc 
and %0 relative humidity) of the film obtained 
by geNNAdIoS et al. (2006) (MuJIcA-PAz and 
goNtArd, 1997). despite the fact that the oP 
of all Wg films was low, the oP level could be 
raised by increasing the gly concentration. It 
was seen that temperature has less effect on oP 
than the relative humidity. the low oP of the Wg 
films may be due to their polar nature and line-
ar structure, leading to the high cohesive-ener-
gy density and the low free volume (tANAdA-PAl-
Mu et al., 2000). SHIH (1998) expressed that the 
oP of the Wg film decreased by adding of miner-
al oil and dipping in ca+2.   It was specified that 
the SPI coatings were effective oxygen barriers 
(oP; 3.14x10-19 m3.m/m2.s.Pa) at low relative hu-
midity conditions, especially as their high oxy-
gen barrier properties made them suited to gave 
the facility their applications such as flavour and  
pharmaceutical microencapsulated agents or as 
coatings for fruit, vegetable and cheese. It was 
reported that the WP-based films also had ex-
cellent oxygen barrier properties (oP; 1.13x10-18 
m3.m/m2.s.Pa) at low and medium relative hu-
midity when they compared with synthetic poly-
mers (lIeberMAN and gIlbert, 1973). the prop-
er pH value for the preparation of SPI film with 
good barrier properties was 10; the o2 permea-
bility of the SPI film was 1.06 cm3.μm/m2.dk.Pa 
at this pH value. the addition of Peg as a plas-
ticizer at 60% of SPI weight made the film prop-
erties better, compared with other plasticizers, 
and the o2 permeability of the SPI film was 0.76 
cm3.μm/m2.dk.Pa. the cross-linking of the SPI 
film by adding formaldehyde or glutaraldehyde 
at different levels into the film forming solution 
improved the barrier properties of the result-
ing films (SolIMAN et al., 2007). deNAVI et al. 
(2009) found that the applied drying conditions 
used in SPI film manufacturing affected the bar-
rier properties of the film: the o2 permeability of 
the film was 18.2 cm3.μm/m2.dk.Pa dried at 70 
ºc and 30% relative humidity and the o2 per-
meability of the film was 47.6 cm3.μm/m2.dk.Pa 
dried at 60 ºc and 60% relative humidity. In our 
study, the SPI film had the lowest o2 permeabili-
ty (17.10±0.01 ml/mm/day) (table 1). the prop-
erties of SPI film can be improved with applica-
tion of additional methods in light of the litera-
ture (lIeberMAN and gIlbert, 1973; SolIMAN 
et al., 2007; deNAVI et al., 2009) and it can be 
used for the purpose of protecting food products 
from the harmful effect of oxygen.  

4. coNcluSIoNS

In our study of the mechanical properties of 
edible protein films, both tensile test param-
eters (tensile force and maximum elongation) 
were evaluated, placing of the cl film in the 
second range: this film group outclassed other 
film groups considerably. It was observed that 
the Wg film possessed the lowest lt value. It 
is possible to say that the Wg film is more ef-
fective in protecting products from light than 
other protein films. the lowest oP in our study 
belonged to the SPI film. the properties of the 
SPI film -which can be improved with addition-
al methods in light of the literature- can be 
used for the purpose of protecting food prod-
ucts from the harmful effect of oxygen.  
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AbStrAct

A procedure for simultaneous separation/preconcentration of cadmium in various seafood sam-
ples, based on cloud point extraction (cPe) as a prior step to it’s determination by spectrophoto-
metric method in a ternary ion association system has been developed. In this work, the zwitte-
rionic surfactant 3-[N,N-dimethyl(3-palmitoylaminopropyl)ammonio]-propanesulfonate, AbS-16, 
functions not only as a chelating agent but also co-extraction agent. In fact, there are interac-
tions between cd (II), AbS-16, Ponceau 4r, triton X-114, and N-cetyl-N-N-N-trimethyl ammoni-
um bromide (ctAb). the parameters affecting the extraction efficiency such as pH, temperature 
and incubation time, concentration of surfactants and salt, anionic dye, and chelating agent were 
evaluated and optimized. under the optimal conditions, the limit of detection (lod) was 1.07 µg 
l-1. the relative standard deviation (rSd) for ten replicate measurements of 100 and 500 µg l-1 
of cadmium was 3.52% and 2.10, respectively. A linear calibration curve in the range of 10-500 
µg l-1 of cadmium in the initial solution with r = 0.998 (n = 12) was acquired. the results showed 
the quantities of cd2+ in the seafood samples from the rivers located in industrial area are much 
more than the nonindustrial one.
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1. INtroductIoN

cadmium is known to be highly toxic for 
animals, plants and humans even at low con-
centrations and can be accumulated in sever-
al organs. the most important anthropogenic 
sources of this element include emissions from 
industrial plants, such as zinc smelters, steel 
works, incinerators and power stations.1 cad-
mium is among the six forbidden substances 
by the directive restriction of the use of Haz-
ardous Substances in electrical  and  electron-
ic  equipment  (roHS)  issued  by europe un-
ion in 2003.2 because of the toxicity of cadmi-
um to plants and humans, its determination in 
the environment is increasingly important. cad-
mium is known to damage organs such as kid-
neys, liver and lungs. It also causes high blood 
pressure and destruction of red blood cells. 3 
daily intake of food and water is an important 
pathway through which cadmium enters hu-
man body, thus there is an increasing need to 
monitor cadmium levels in food samples. 4 con-
sumption of seafood is also one of the dominant 
routes for human exposed to cd. Seafood can 
accumulate cd via waterborne and dietborne 
exposure pathways, posing a potential human 
health risk.5 during the last few years, seafood 
consumption has undergone major changes. 
the rapid growth in aquaculture production 
has made the sector important to the econo-
my of many developing countries and, in the 
case of some traded aquatic products. due to 
the availability and variety of different analyti-
cal methods for the determination of many res-
idues in food samples, it is necessary to ensure 
the quality and comparability of the analytical 
results generated by laboratories approved for 
official control. 6 As the rapid development of 
industry, more and more waste water contain-
ing hazardous heavy metals was discharged 
into river, which is harmful to living beings 
and the environment around. Hence, precon-
centration and separation technologies have to 
be employed to extract analytes from the com-
plex matrix so as to obtain suitable concentra-
tions of the analytes for accurate determina-
tion.7 the use of preconcentration steps based 
on phase separation by cloud point extraction 
offers a convenient alternative to more conven-
tional extraction systems.8 cloud point extrac-
tion (cPe) has been applied to determination 
of trace metal ions from different matrices re-
cently years.9 cloud-point extraction is based 
on the property that a solute present in aque-
ous solution of non-ionic surfactant is distrib-
uted between two phases. 10 Aqueous solutions 
of non-ionic surfactants become turbid when 
they are heated above the temperature known 
as the cloud point. the solution is then separat-
ed into two isotropic phases, i.e. a surfactant-
rich phase and a bulk aqueous phase. the hy-
drophobic solutes and metal ions, after the for-

mation of sparingly water soluble complex, can 
be enriched into the surfactant-rich phase.11 
because of the importance of this issue, a lot of 
researchers have done studies regarding meas-
uring of cadmium by various methods.12-18 In 
order to study cd (II) ion, zwitterionic (or am-
photeric, containing both positive and nega-
tive charges) surfactant AbS-16 was chose as 
the chelating agent. the interaction between 
cadmium and AbS-16 led to the formation of 
[cd (AbS-16)2]

2+ cationic complex. then small 
amount of Ponceau 4r was added to the [cd 
(AbS-16)2]

2+, cationic complex, led to the for-
mation of [cd (AbS-16)2-Ponceau 4r]-1 anion-
ic complex. Since, hydrophobic ion-associated 
complexes could be more efficiently extracted 
into surfactant-rich phase than ionic ion-asso-
ciated complexes, small amount of cationic sur-
factant (ctAb) was added for neutralizing the 
negative charge of complex. the result was the 
formation of [cd (AbS-16)2-Ponceau 4r-ctA] 
hydrophobic complex. 

In the present work we have applied ternary 
ion association system for cloud point extraction 
by the spectrophotometric method for determi-
nation of the cadmium quantities in the seafood 
samples from the rivers located in industrial and 
nonindustrial areas. 

2. eXPerIMeNtAl

2.1. Chemicals and Reagents

All chemicals and solvents were of analytical 
reagent grade and were used without further 
purification. the McIlvaine’s buffer solution was 
provided by dissolving 7.71 ml of 0.2 M Na2HPo4 
in 12.29 ml of 0.1 M citric acid.19 bidistillated 
water was used through the work. cadmium (II) 
nitrate (Aldrich, Wc, uSA) was used for prepa-
ration of stock solution (1000 mg ml-1) of cad-
mium (II). More diluted solutions (10-500 µg l-1) 
of cadmium (II) were prepared by suitable dilu-
tion of the stock with bidistillated waters in pres-
ence of few drops of dilute H2So4 (1.0 mol l-1). 
A stock solution of 1.0↔10-4 mol l-1 of AbS-16 
was prepared by diluting appropriate amount of 
AbS-16 (Merck Millipore, germany) in bidistilat-
ed water. the non-ionic surfactant triton X-114 
(Sigma-Aldrich, Steinheim, germany) was used 
without further purification. A 3% (v/v) nonionic 
surfactant solution was prepared by dissolving 
3 ml of triton X-114 in 100 ml distilled water. 
A solution of Nacl (0.1 mol l-1) was prepared by 
dissolving 0.584 g of Nacl (Merck, germany) in 
water and diluting to 50 ml in a volumetric flask. 
A stock solution of 1000 µg ml-1 of Ponceau 4r 
(Sigma-Aldrich, germany) was prepared by dis-
solving appropriate amount of the Ponceau 4r 
(Merck, germany) in water and diluting to 100 
ml in a volumetric flask. Stock solution ctAb 
(1.0↔10-3 mol l-1) was prepared by dissolving 
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0.0364 g of this reagent (Merck, germany) in bi-
distilled water and diluting to the mark in a 100 
ml volumetric flask. 

2.2. Instrumentation

A double beam spectrophotometer (uV-1800, 
Shimadzu, Japan) was used for absorption spec-
tra and absorbance measurements using 10 
mm(500 µ l) quartz cuvette cells. A digital pH 
meter (Metrohm, model 691) with a combined 
glass electrode was applied to measure pH val-
ues. A thermostat bath (Model colora) main-
tained at the desired temperature was used for 
the cloud point temperature (cPt) experiments. 
A centrifuge was used to accelerate the separa-
tion process (universal-320, Hettich centrifug-
es, england). 

2.3. General procedure

An aliquot of the solution containing of cadmi-
um (so that its final concentration would be in 
the range of 10-500 µg l-1), 2.25 ml of 1.0↔10-4 
mol l-1 of AbS-16, 1.5 ml of 1.0↔10-4 mol l-1 of 
Ponceau 4r, 1.75 ml of 3% (v/v) of triton X-114, 
0.75 ml of 1.0↔10-3 mol l-1 of ctAb, 1.25 ml of 
0.1mol l-1 of Nacl and 3.5 ml of McIlvaine’s buff-
er, pH 4, was transferred into a 15 ml tube, di-
luted to the mark with distilled water and equil-
ibrated at 45oc in a thermostat bath for 10 min. 
Separation of the aqueous and surfactant-rich 
phase was performed by centrifugation for 5 min 
at 3500 rpm. After cooling in an ice bath, the 
surfactant-rich phase became viscous and the 
supernatant aqueous phase was then removed 
thoroughly by a syringe centered in the tube. 
the surfactant-rich phase was diluted to 0.5ml 
with methanol to decrease its viscosity prior to 
transferring into a 10 mm (500 µ l) quartz cu-
vette cell. the absorbance was measured at 644 
nm against a reagent blank. the reagent blank 
was containing all the reagents except analyte.

2.4. Sample preparation

1 g of each of the samples were added to a 
PtFe bomb containing 5 ml HNo3 and 2 ml 
H2o2. After 15 min the closed bombs were placed 
in the microwave oven, using the following pro-
gram: 5min at 63 W, 5 min at 155 W, 10 min 
at 315 W and 5 min at 470 W. After each step 
the vessels were cooled down and gas was re-
leased. the clear solution was diluted to 10 ml 
using deionized water.

3. reSultS ANd dIScuSSIoN

3.1. Effect of pH

the pH is crucial factor influencing both the 
reaction between metal ions and chelating agent 

molecules (binary-complex, cd-AbS-16), and 
cPe procedure (ternary-complex, [cd(AbS-16)2 
-Ponceau 4r-ctA]. the impact of pH on the ex-
traction of ternary ion association system (10 µg 
l-1 of cd(II)) in aqueous solution was investigated 
in the range of 1.0-8.0. Fig. 1 shows the maxi-
mum absorbance and efficiency of cPe was ob-
tained in pH 4 by the addition of McIlvaine’s buff-
er. 1.5 ml of McIlvaine’s buffer pH 4 was add-
ed to the sample solutions to maintain the pH 
at 4. At higher and lower pH values, ion associ-
ation complex does not form completely in that 
ion pairing systems are very sensitive to chang-
es in pH values. 

3.2. Effect of ABS-16 concentration

the effect of AbS-16 concentration was stud-
ied in range of 0.33↔10-5- 2.33↔10-5 mol l-1. the 
results are given in Fig. 2. the extraction yield 
increased by increasing AbS-16 concentration 
up to 1.50↔10-5 mol l-1 and remained constant 
at higher ligand concentrations. So, 1.50↔10-5 
mol l-1 of AbS-16 ligand was selected as an op-
timum concentration of AbS-16 for cd2+ extrac-
tion process.

Fig. 1 - the effect of pH on the absorbance of cd (II).

Fig. 2 - the effect of AbS-16 concentration on the absorb-
ance of cd (II).
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3.3. Effect of Ponceau 4R dye concentration

the effect of concentration of Ponceau 4r on 
extraction yield is shown in Fig. 3. It is appar-
ent in Fig. 3 the absorbance increased gradual-
ly by increasing Ponceau 4r dye concentration 
up to 1↔10-5 mol l-1 and decreased slowly at 
higher concentrations of Ponceau 4r. the ex-
cessive dye could be co-extracted into the sur-
factant rich phase, thus decreased the extrac-
tion efficiency of target complex. Additionally, it 
caused reduction of ion-pairing reagent, ctA+. 
therefore, 1.50 ml of 1.0↔10-4 mol l-1 Ponceau 
4r (equivalent to a concentration of 1↔10-5 mol 
l-1 in final solution) was chosen as the optimal 
ligand concentration.

3.4. Effect of ionic surfactant concentration

Initially, three surfactants such cationic cPc, 
ctAb and anionic SdS were considered and in-
vestigated in range of 0-1.33×10-4 mol l-1. the 
best extraction yield was obtained in presence of 
ctAb. therefore, to the use of ctAb was decid-
ed for further studies. the effect of ctAb con-

Fig. 3 - the effect of Ponceau 4r concentration on the ab-
sorbance of cd (II).

centration, was studied in range of 0-1.33×10-

4 mol l-1 (Fig. 4). the extraction yield gradually 
increased by increasing ctAb concentration up 
to 5×10−5 mol l-1, so it was selected as the opti-
mal concentration.

3.5. Effect of nonionic concentration

Initially, three nonionic surfactants such as 
triton X-114, Ponpe 7.5 and triton X- 45 (0.1-
0.60% (v/v)) were used to cPe. However, the re-
sults showed the best extraction yield was ob-
tained in the presence of triton X-114. So, to 
the use of triton X-114 was chosen for further 
studies. the results indicated that the absorb-
ance of the surfactant-rich phase increased by 
increasing triton X-114 concentration up to 
0.35 % (v/v) and decreased at higher concentra-
tions. therefore, 0.35% (v/v) triton X-114 was 
used as optimum concentration. the results are 
shown in Fig. 5. 

3.6. Effects of equilibration temperature, time 
and centrifuge time

the effect of temperature was examined from 
room temperature to 75°c. It was found that 
45 °c is adequate for the quantitative analysis. 
It is often necessitated to preconcentrate trace 
amounts of analytes with high efficiency at a 
minimum time. In order to attain desirable ex-
traction the incubation time was studied in the 
range of 5–30 min. consequently, an incubation 
time of 10 min was chosen for use in next ex-
periments. Separation of the aqueous and sur-
factant-rich phase was performed by centrifu-
gation for 5 min at 3500 rpm.

3.7. Effect of ionic salt concentration

It has been reported that the addition of elec-
trolytes may accelerate the separation of the two 
phases of the cPe procedure 20. In this work, 

Fig. 4 - the effect of ctAb concentration on the absorb-
ance of cd (II).

Fig. 5 - the effect of nonionic surfactant concentration on 
the absorbance of cd (II).
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salts which were used in the cPe included Nacl, 
kcl, and kI. However, the results showed the 
best extraction yield was obtained in the pres-
ence of Nacl. So, it was chosen for further stud-
ies. the effect of electrolyte concentration on the 
extraction of cd (II) was examined by various 
amount of 0.1mol l-1of Nacl solution. the re-
sult showed that the absorbance increased with 
increasing Nacl concentration up to 8.33↔10-

3 mol l-1 in final solution and approximately re-
mained constant above that.

3.8. Figure of merits

the calibration graph was linear in the range 
of 10-500 µg l-1 of cd (II) solutions. the cali-
bration graph for the preconcentration proce-
dure was A= 2.92×10-3 c+ 1.49×10-2 for 10-500 
µg l-1 of cd (II) with a correlation coefficient of 
0.998 (n = 12), where A is the absorbance and c 
shows the concentration of cadmium in µg l-1. 
the limit of detection of this method was 1.07 µg 
l-1. the detection limit was calculated according 
to 3 Sblank /s, where S blank  was obtained from 
the standard deviation for 10 replicate measure-
ments of a blank solution, and s is the slope of 
the calibration graph. the relative standard de-
viation for 100 and 500 µg l-1 of cd (II) was 3.52 
and 2.1% (n = 10), respectively. the preconcen-
tration factor was 33.3. 

3.9. Inferences of co-existing ions

the impact of potential inference of some cati-
onic and anionic species on the preconcentration 
of cd (II) was investigated. 10 µg l-1 of cd (II) so-
lutions were prepared and different amounts of 
foreign ions were spiked and examined accord-
ing to the proposed method under optimal con-
ditions, and the tolerance of the foreign ions, 
defined as a relative error of ±5% with respect 
to the absorbance difference for the cd (II) so-
lution, is shown in table 1. 

3.10. Analytical applications

the presented procedure was successfully ap-
plied for the determination of cd (II) in various 
seafood samples. Five replicates determinations 
were carried out and the obtained results (ta-
ble 2) were satisfactory. the high percentage re-
coveries were confirmed the accuracy, precision 
and the independence of the procedure from the 
matrix interference.

4. coNcluSIoNS

A new approach based on simultaneous 
mixed-micelle mediated extraction (MMMe) 
and ion association system was developed for 
determination of trace cadmium ion in envi-
ronmental seafood samples by using the uV-

table 1 - the effect of other species on the determination 
of 10 µg l−1 of cd(II).

Foreign ions Tolerance limit (µg mL-1) 

Na+, K+, NH4+, CO32-, F-, Cl-  1000 
Li+, NO3- 800 
Pd2+ , Al3+ , Fe3+, Mg2+  500 
SO4

2-, HPO4
2-, Pb2+, Co 2+  250 

Ca2+, Fe2+, Zn2+ 100
Cu2+ 50

Vis spectrophotometric method. the proposed 
method has some advantages that are sum-
marized as follows: first, mixed micelle ex-
traction has much higher sensitivity; second, 
cloud point extraction based on ion associa-
tion system has much higher sensitivity com-
pared to cPe based on simple metal-chelate 
complex; third, in contrast to some familiar 
preconcentration techniques like solvent ex-
traction methods, it is much safer, because 
only a small amount of the surfactant, which 
has a low toxicity, is used.
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table 2 - cadmium determination in samples.

 Cd2+ Recovery
 
Sample Added, µg L-1 Found a, µg L-1 (%)

fishb - NDe 
 50 51.23±0.16 102.46 
 100 101.29±0.21 101.29 

shrimpb - NDe 
 50 49.16±0.12 98.32 
 100 99.29±0.18 99.29 

fishc -  16.78±0.17
 50 65.7±0.03 98.38 
 100 117.75±0.03 100.83 

shrimpc - 9.06±0.28
 50 59.31±0.23 100.42
 100 110.43±0.18 101.26

a  x̄± ts √n at 95% confidence (n = 5)
b pole zohre river, located in a non industrial area
c zayande rood river, located in a industrial area
e Not Detected(under LOQ)
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AbStrAct

In the present work, main organs (digestive gland, cephalopedal, gonad and mantle) and lipid 
classes (total, neutral and phospholipid) of land snails Assyriella escheriana and Assyriella gutta-
ta from southeastern Anatolia were examined for their fatty acids. the major components detect-
ed in both of the species were c16:0, c18:0, c18:1ω9, c18:2ω6, c18:3ω3, c20:2ω6 and c20:4ω6. 
c18:2ω6 was identified as the primary fatty acid ranging from17.07% to 28.12% in A. guttata and 
18.02% to 27.43% in A. escheriana. the proportions of c20:4ω6 modified to form prostaglandins 
that are directly involved in regulation of reproduction, ranged from10.01% to 20.30% in A. es-
cheriana and 11.05 % to 16.58% in A. guttata. taking into consideration that ΣPuFA levels were 
always higher than ΣSFA and ΣMuFA levels in all treatments of both species. this was an expect-
ed finding for the snails collected during the breeding season because PuFA plays an important 
role as precursors for signal-transduction involved in the regulation of mating and reproduction. 
A significant amount of c20:2ω6 was concentrated in the cephalopedal of A. guttata (13.42%) and 
A. escheriana (14.93%). Probably, cephalopedal serves as a storage organ of this component. con-
sequently, the findings revealed that the snail’s fatty acid profiles were qualitatively similar, but 
quantitatively there were some differences. Most important of all, tissues of the snails were good 
source of essential fatty acids (c18:2ω6 and c18:3ω3) and PuFA, particularly omega 6 fatty acids. 
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INtroductIoN

Assyriella escheriana and Assyriella gutta-
ta (endemic to southeastern turkey and North 
Iraq) species are common in moist and calcifer-
ous habitats of southeastern turkey. Although 
they are not eaten and commercially not export-
ed, they are big enough and fleshy as much as 
edible relatives Helix lucorum, Eobania vermicu-
lata dwelling in the same region. the fatty acid 
distribution of a large number of commercial-
ly important marine and freshwater molluscs 
have been reported and reviewed in varying de-
grees of details (AckMAN, 2000; kArAkoltSId-
IS et al., 1995). lipids from marine, freshwater 
and edible land molluscs are more extensive-
ly studied (ÖzoĞul et al., 2005; MIlINSk et al., 
2006; MIletIc et al., 1991; rAkSHIt et al., 1997; 
ekİN and bAŞHAN, 2010; ekİN et al., 2012, 2014) 
than those from nonedible terrestrial members. 
Nevertheless, nonedible land snails deserve spe-
cial attention from the point of their evolution-
al relationship, roles in food chain, nutritional 
value, taxonomic and possible benefits in cos-
metic, medicine and biochemistry. Nutritional, 
food chain and taxonomic studies are important 
in understanding interrelationship in marine, 
freshwater and terrestrial environment, how-
ever for the southeastern Anatolia; quite little 
data were available in the literature on edible 
and nonedible land snails. 

A. escheriana and A. guttata species whose 
edible relatives including Helix aspersa, H. as-
emnis, H. cincta and H. lucorum, Theba pisana, 
Eobania vermiculata and Cantareus apertus, liv-
ing in turkey (yIldIrIM, 2004), can deserve more 
detailed studies. Many snail farms are being 
established in some countries in order to pro-
duce good quality snails for consumption and 
export. So, it seemed useful to make a compar-
ative study of similarity and differences in bio-
chemical and nutritional composition of edible 
and nonedible snail species.

A comparative biochemical study on fatty acid 
composition of snails belonging to same classes 
but living in different habitats is hoped to pro-
vide an insight into the adaptive capabilities and 
influence of the environment on their fatty acid 
distribution. this paper discusses the fatty acid 
distribution of main organs and lipid classes in 
two same genus gastropods from southeastern 
Anatolia, as data which is hoped to be basic to 
further comparative biochemical, nutritional, 
taxonomic and evolutionary studies.

MAterIAlS ANd MetHodS

Sample collection and preparation

Fifteen adult A. escheriana species were col-
lected from a woodland near tizyan (elmabahçe) 
village, 20 km north of Mardin (N 37° 49’ / e 

40° 68’) at an altitude of 985 m and fifteen adult 
endemic Assyriella guttata species were collect-
ed from stony and rocky region of diyarbakır 
city walls (N 37° 55.2’ / e 40° 13.8’) at an alti-
tude 675 m. both species were collected in April 
2012. Similar size (length: 4 ± 0.60 cm, wet flesh 
weight: 13 ± 0.50 g) snail species were sampled 
for lipid analyses. the snails’ shells were re-
moved and divided into seven groups (digestive 
gland, cephalopedal, gonad, mantle, total lipid, 
neutral lipid and phospholipid) and their organs 
were dissected out. then, tissues of each exper-
imental set were conditioned in polyethylene 
bags and kept at -80°c until chemical analysis.

Extraction of fatty acids and GC analysis

digestive gland, gonad, mantle, cephalopedal 
and whole body samples were homogenized in 
chloroform/ methanol (2:1, v/v) solution in order 
to extract total body lipids (blIgH and dyer, 
1959). organ’s lipid, total lipid, phospholipid and 
neutral lipid fractions were obtained according 
to the method of StANley-SAMuelSoN and 
dAdd, 1983. 

Fatty acids methyl esters (FAMes) were pro-
vided by capillary gas chromatography (gc) us-
ing Hewlett Packard (Wilmington, de) gas chro-
matograph (model 6890), a db-23 capillary col-
umn (60 m × 0.25 mm i.d. × 0.250 μm film thick-
ness and bonded 50% cyanopropyl) (J & W Sci-
entific, Folsom, cA), a flame ionization detec-
tor, and Hewlett-Packard chemStation software. 
the injection port and the detector temperatures 
were 270°c and 280°c, respectively. the split ra-
tio was 1:20. the flow rates of compressed air 
and hydrogen were 300 ml/min, 30 ml/min, 
respectively. 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 minutes. 
each tissue fatty acids percentages and spectra 
of FAMes are obtained by HP 3365 chemSta-
tion computer program. FAMes existence and 
retention 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 
± Sd (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

In both snails, c16:0, c18:0, c18:1ω9, 
c18:2ω6, c18:3ω3, c20:2ω6 and c20:4ω6 were 
presented as predominant fatty acids. of the de-
tected fatty acids, amount of c18:2ω6 was the 
highest in all analyses from both A. escheriana 
and A. guttata (tables 1 and 2).

compared to the fatty acids of the species’ 
organs, in A. escheriana, highest level of c16:0 
(11.81%) and c18:1ω9 (20.56%) were present-
ed in the gonad; c18:0 (15.18%) and c20:2ω6 
(14.93%) were in the cephalopedal; c18:2ω6 
(26.67%) and c18:3ω3 (7.36%) were in the di-
gestive gland and c20:4ω6 (17.86%) was in the 
mantle (table 1). In A. guttata highest level of 
c16:0 (9.72%), c18:1ω9 (19.65%) and c18:3ω3 
(4.76%) were found in the gonad; c18:0 (15.21%) 
and c20:4ω6 (15.68%) were in the mantle; 
c18:2ω6 (28.12%) was in the digestive gland and 
c20:2ω6 (13.42%) was in the cephalopedal (ta-
ble 2). on the other hand, the fatty acids from 
lipid classes of the species showed some differ-
ences, in A. escheriana, highest level of c16:0 

(10.16%) and c18:3ω3 (8.42%) were identi-
fied in the total lipid; c18:0 (11.21%), c18:1ω9 
(13.33%) and c20:2ω6 (11.79%) were in the 
neutral lipid; c18:2ω6 (27.43%) and c20:4ω6 
(20.30%) were in the phospholipid (table 1). In 
A. guttata, highest level of c16:0 (9.61%) and 
c20:4ω6 (16.58%) were presented in the total 
lipid; c18:0 (13.01%), c20:2ω6 (10.99%) and 
c18:1ω9 (16.03%) were in the neutral lipid; 
c18:2ω6 (22.34%) and c18:3ω3 (10.70%) were 
in the phospholipid (table 2). 

In all treatments, results showed that concen-
tration of ω6 (omega 6) always higher than con-
centration of ω3 (omega 3) family fatty acids. In 
A. escheriana, the ratio of Σω6 / Σω3 was 4.86, 
6.71, 5.44 and 7.66 in the digestive gland, ceph-
alopedal, gonad and mantle, respectively (table 
1). In A. guttata it was 5.13, 8.49, 5.29 and 4.84 
in the digestive gland, cephalopedal, gonad and 
mantle, respectively (table 2). Additionally, Σω6 
/ Σω3 ratio were 5.19 in the total lipid, 4.86 in 
the neutral lipid and 6.59 in the phospholipid of 
A. escheriana (table 1). this ratio was observed 
4.00 in the total lipid, 3.91 in the neutral lipid 

table 1 - Fatty acid profile of main organs total lipid and lipid classes from Assyriella escheriana.

 Fatty acid compositions of total lipid Fatty acid compositions
 from A. escheriana organs of lipid classes from A. escheriana

Fatty Acids Digestive gland  Cephalopedal  Gonad  Mantle  Total lipid  Neutral lipid  Phospholipid
 (Mean*±S.D.)** (Mean*±S.D.)** (Mean*±S.D.)** (Mean*±S.D.)** (Mean*±S.D.)** (Mean*±S.D.)** (Mean*±S.D.)**

C10:0 0.12±0.02a 0.05±0.01b 0.08±0.02ab - 0.02±0.01c 0.04±0.01b 0.10±0.02a
C12:0 0.03±0.01a 0.07±0.02b 0.04±0.01a 0.05±0.01ab 0.06±0.01ab 0.07±0.01b 0.09±0.02b
C13:0 0.08±0.01a - 0.09±0.02a 0.03±0.01b 0.10±0.02a - 0.05±0.01b
C14:0 1.31±0.11a 0.29±0.04b 0.49±0.06c 0.81±0.09d 0.58±0.07cd 0.73±0.08d 0.44±0.06c
C15:0 0.39±0.04a 0.19±0.03b 0.23±0.04b 0.30±0.04a 0.23±0.04b 0.68±0.06c 0.37±0.04a
C16:0 8.41±0.67a 9.33±0.83a 11.81±1.03b 9.72±0.80a 10.16±0.91ab 9.99±0.82a 7.05±0.61c
C17:0 1.63±0.14a 2.03±0.15b 0.87±0.09c 2.48±0.25b 1.60±0.14a 1.11±0.10d 1.08±0.09d
C18:0 10.66±0.84a 15.18±1.05b 10.11±0.79a 11.06±0.87a 10.30±0.73a 11.21±0.91a 9.67±0.69a
C14:1ω9 0.45±0.05a 0.90±0.10b 0.32±0.04a - 0.15±0.03c - 0.07±0.02c
C16:1ω7 0.88±0.09a 0.63±0.07b 1.07±0.09c 0.99±0.08c 1.80±0.16d 1.02±0.12c 0.98±0.09c
C18:1ω9 19.50±1.41a 15.20±1.30b 20.56±1.52a 14.53±1.21b 12.68±1.10c 13.33±1.11c 13.04±1.10c
C20:1ω9 0.60±0.05a 0.75±0.07a 0.76±0.06a 0.46±0.04b 0.34±0.04b 0.64±0.05a 0.96±0.08c
C22:1ω9 0.03±0.01a 0.05±0.01a 0.12±0.03b 0.14±0.03b - 0.06±0.01a 0.18±0.03b
C18:2ω6 26.67±1.72a 18.02±1.41b 24.42±1.55c 22.32±1.49d 20.45±1.39e 19.77±1.43e 27.43±1.66a
C18:3ω3 7.36±0.69a 1.74±0.15b 5.66±0.44c 3.96±0.29d 8.42±0.71a 8.00±0.70a 6.60±0.51e
C20:2ω6 7.35±0.68a 14.93±1.26b 8.51±0.75a 10.91±0.96c 10.72±0.94c 11.79±1.01d 7.25±0.64a
C20:3ω6 1.41±0.12a 0.66±0.05b 1.42±0.13a 0.88±0.07b 0.73±0.06b 0.88±0.09b 1.30±0.10a
C20:4ω6 11.14±1.04a 14.37±1.12b 10.01±0.94a 17.86±1.27c 19.51±1.39d  17.12±1.25c 20.30±1.44d
C20:5ω3 1.07±0.09a 4.11±0.31b 1.90±0.13a 1.91±0.15a 1.03±0.14a 1.75±0.15a 1.00±0.09a
C22:2ω6 0.09±0.02a 0.22±0.03b - 0.06±0.01a - - 0.05±0.01a
C22:5ω6 0.21±0.03a 0.45±0.04b 1.05±0.08c 0.73±0.05d 0.89±0.08d 0.78±0.06d 1.02±0.10c
C22:6ω3 1.22±0.12a 1.40±0.13a 0.78±0.06b 1.02±0.09a 0.63±0.05b 0.60±0.05b 1.10±0.10a
Σω6 / Σω3 4.86 6.71 5.44 7.66 5.19 4.86 6.59
ΣSFA 22.63±1.50a 27.14±1.63b 23.72±1.56a 24.45±1.58c 23.05±1.49a 23.83±1.51a 18.85±1.41d
ΣMUFA 21.46±1.47a 17.53±1.25b 22.83±1.44a 16.12±1.23b 14.97±1.17c 15.05±1.19c 15.23±1.18c
ΣPUFA 56.52±2.28a 55.90±2.27a 53.75±2.20b 59.65±2.48c 62.38±2.55d 60.69±2.52c 66.05±2.61e

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.
SFA: Saturated Fatty Acids, MUFA: Monounsaturated Fatty Acids, PUFA: Polyunsaturated Fatty Acids, Σω6: Total of omega 6 fatty acids, Σω3: Total of ome-
ga 3 fatty acid.
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and 2.28 in the phospholipid of A. guttata (ta-
ble 2). these high levels of Σω6/Σω3 were mostly 
on account of higher concentration of c18:2ω6 
and c20:4ω6. 

the most notable result was significantly high 
level of ΣPuFA (total polyunsaturated fatty ac-
ids) and low level of ΣSFA (total saturated fatty 
acids) and ΣMuFA (total monounsaturated fat-
ty acids) in all organs and lipid classes. Among 
the organs, the maximum level of ΣPuFA was ob-
tained in the mantle (59.65%) of A. escheriana 
(table 1) and in the digestive gland (60.17%) of 
A. guttata (table 2). on the other hand, maxi-
mum level of ΣSFA was detected in the cephalo-
pedal (27.14%) of A. escheriana (table 1) and in 
the mantle (28.76%) of A. guttata (table 2). the 
level of ΣMuFA in all treatments was found sig-
nificantly lower than ΣPuFA and ΣSFA. It ranged 
from 16.12% to 21.46% in A. escheriana and 
16.44% to 21.63% in A. guttata. It was notewor-
thy that, the amount of ΣPuFA was significant-
ly high; 66.05% in the phospholipid, 62.38% in 
the total lipid and 60.69% in the neutral lipid of 
A. escheriana (table 1) and 66.23% in the phos-

table 2 - Fatty acid profile of main organs total lipid and lipid classes from Assyriella guttata.

 Fatty acid compositions  Fatty acid compositions
 of total lipid from A. guttata organs of lipid classes from A. guttata 

Fatty Acids Digestive gland  Cephalopedal  Gonad  Mantle  Total lipid  Neutral lipid Phospholipid
 (Mean*±S.D.)** (Mean*±S.D.)** (Mean*±S.D.)** (Mean*±S.D.)**  (Mean*±S.D.)** (Mean*±S.D.)** (Mean*±S.D.)**

C10:0 - 0.09±0.02a 0.12±0.03b 0.08±0.02a 0.07±0.02a 0.24±0.04c -
C12:0 0.70±0.08a - 0.87±0.10b 0.95±0.10b 0.60±0.07a 0.77±0.08ab -
C13:0 1.35±0.13a 1.16±0.12a 1.09±0.10a 1.30±0.12a 1.11±0.12a 1.05±0.11a 0.09±0.02b
C14:0 2.22±0.21a 1.47±0.16b 1.10±0.12a 1.78±0.19ab 1.85±0.20ab 2.03±0.21a 0.64±0.08c
C15:0 0.99±0.10a 1.02±0.11a 1.32±0.14a 1.44±0.15a 1.32±0.14a 1.82±0.20b 0.47±0.07c
C16:0 7.01±0.64a 9.01±0.72b 9.72±0.78b 7.82±0.66ab 9.61±0.73b 7.78±0.58ab 5.92±0.41c
C17:0 0.13±0.03a 0.33±0.06b 0.16±0.03a 0.18±0.04a 0.06±0.02c 0.09±0.02ac 0.08±0.02ac
C18:0 8.62±0.64a 13.58±0.91b 10.11±0.74c 15.21±1.04d 12.33±0.86bc 13.01±0.94b 8.76±0.59a
C14:1ω9 0.35 ±0.05a 0.21±0.04a 0.23 ±0.04a - 0.25±0.04a - 0.67±0.06b
C16:1ω7 1.34±0.12a 0.77±0.09b 0.87±0.10b 0.89±0.16b 0.40±0.03c 0.44±0.03c 0.68±0.07bc
C18:1ω9 17.42±1.32a 16.32±1.25a 19.65±1.49b 15.35±1.21c 15.06±1.21c 16.03±1.30a 16.02±1.29a
C20:1ω9 0.60±0.07a 0.75±0.08a 0.67±0.06a 0.16±0.03b 0.43±0.05c 0.31±0.05c 0.69±0.08a
C22:1ω9 - - 0.21±0.04a 0.04±0.01b - 0.09±0.02b 0.08±0.02b
C18:2ω6 28.12±1.75a 21.60±1.48b 24.24±1.55c 20.23±1.45b 18.54±1.38d 17.07±1.35d 22.34±1.65a
C18:3ω3 4.06±0.31a 2.43±0.19b 4.76±0.44a 2.90±0.32a 6.24±0.51c 7.01±0.57c 10.70±0.41ac
C20:2ω6 6.14±0.53a 13.42±1.16b 9.15±1.02c 8.81±0.96c 9.22±1.04c 10.99±1.16bc 8.52±0.84c
C20:3ω6 0.71±0.62a 0.61±0.56a 0.24±0.03b 0.19±0.03b 0.13±0.03c 0.08±0.02c 0.80±0.09a
C20:4ω6 15.09±1.29a 13.73±1.12b 11.05±1.10c 15.68±1.25a 16.58±1.30d 15.71±1.28a 16.13±1.33ad
C20:5ω3 4.53±0.39a 2.16±0.21b 2.45±0.23b 4.85±0.35c 3.75±0.38c 3.54±0.34c 4.76±0.41a
C22:2ω6 0.14±0.03a 0.02±0.01b 0.04±0.01b - - 0.59 ±0.05c 0.08±0.02ab
C22:5ω6 0.15±0.03a 0.13±0.03a 0.55±0.06b 0.37±0.04c 0.98±0.10d 0.67±0.08b 0.82±0.09d
C22:6ω3 1.23±0.13a 1.24±0.12a 1.38±0.14a 1.60±0.16a 1.36±0.15a 1.00±0.10a 2.08±0.24b
Σω6 / Σω3 5.13 8.49 5.29 4.84 4.00 3.91 2.28
ΣSFA 21.02±1.51a 26.66±1.62b 24.49±1.56ab 28.76±1.74c 26.95±1.67b 26.79±1.59b 15.96±1.32c
ΣMUFA 19.71±1.37a 18.05±1.33a 21.63±1.42b 16.44±1.28c 16.14±1.22c 16.87±1.30c 18.14±1.33a
ΣPUFA 60.17±2.49a 55.34±2.25b 53.86±2.15c 54.63±2.18b 56.80±2.39d 56.66±2.36d 66.23±2.51e

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. 
SFA: Saturated Fatty Acids, MUFA: Monounsaturated Fatty Acids, PUFA: Polyunsaturated Fatty Acids, Σω6: Total of omega 6 fatty acids, Σω3: Total of ome-
ga 3 fatty acids.

pholipid, 56.80% in the total lipid and 56.66% 
in the neutral lipid of A. guttata (table 2). 

dIScuSSIoN

the significance of fatty acids drives from their 
role as fuel to provide metabolic energy, their 
usage for storage products, eicosanoids, physi-
ological activities, structural components such 
as membrane lipids particularly phospholipids 
and sterol esters. Most importantly, they fulfill a 
structural role and are also very important inter-
mediates in cell physiology, formation of prosta-
glandins and other eicosanoids from ω3 and ω6 
fatty acids (StANley-SAMuelSoN, 1994). the im-
portance of specific fatty acids as dilatory com-
pounds for animals is partly because of almost 
all animals to introduce second or third double 
bond into fatty acids to synthesize polyunsat-
urated fatty acids (beeNAkkerS et al., 1985). 

the seriousness of fatty acids was mostly em-
phasized for freshwater molluscs. However, li-
pid data correlated with nutritional, physiologi-
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cal, structural and environmental factors in ter-
restrial snails is notably limited in literatures 
and relatively little is known about terrestrial 
snails’ fatty acid composition, particularly on 
their organs. there are only a few studies re-
garding of fatty acids of edible, nonedible snails 
and land slugs such as H. aspersa (ÇAĞIltAy et 
al., 2011), H. aspersa maxima (MIlINSk et al., 
2006), H. pomatia (ÖzoĞul et al., 2005), E. ver-
miculata (StAVrAkAkIS et al., 1989), Helix sp., 
Haplotrema sportella, Vespericola columbiana, 
Arion ater, Limax maximus, Prophysaon ander-
soni (zHu et al., 1994). Furthermore, only few 
studies are present on fatty acid distribution of 
mollusc organs and tissues. Macoma balthica 
(WeNNe and PolAk, 1989), Telescopium telesco-
pium (rAkSHIt et al., 1997), Argopecten purpu-
ratus (cAerS et al., 1999), Bellamya bengalen-
sis, Pila globosa (MISrA et al., 2002), Unio elon-
gatulus (ekİN and bAŞHAN, 2010), Corbicula flu-
minalis (ekİN, 2012), H. lucorum (ekİN 2014) are 
some of known mollusc species, tissue and or-
gans studied.

Qualitatively, fatty acid profiles of two species 
were similar. Similarity of the fatty acid content 
of both species is not surprising. because they 
are close relatives and derived from the same or-
igin. However, quantitative differences in the fat-
ty acid profile were likely due to environmental, 
nutritional and physiological effects. 

generally, molluscs are well known to con-
tain c16:0, c18:0, c18:1ω9, c18:2ω6, c18:3ω3 
and c20:4ω6 as major fatty acids. these fatty 
acids have previously reported in most of the 
mollusc species and explored for their potential 
use in food chain studies. they were identified 
as predominant components in Theodoxus jor-
dani, Melanoides tuberculata, Pyrigula barroisi, 
Melanopsis praemorsum freshwater snails (go 
et al., 2002); in Helix sp. H. sportella, V. colum-
biana (zHu et al., 1994), H. aspersa (ÇAĞIltAy 
et al., 2011), H. pomatia (ÖzoĞul et al., 2004), 
H. lucorum (ekİN, 2014) land snails; in T. tele-
scopium marine snail (rAkSHIt et al., 1997); in 
U. elongatulus (ekİN and bAŞHAN, 2010), C. flu-
minalis (ekİN, 2012), B. bengalensis, P. globo-
sa (MISrA et al., 2002), A. purpuratus mussels 
(cAerS et al., 1999); in P. andersoni, A. ater, L. 
maximus (zHu et al., 1994) slugs. As highlight-
ed above, A. escheriana and A. guttata also con-
tained high amount of c16:0, c18:0, c18:1ω9, 
c18:2ω6, c18:3ω3 and c20:4ω6, concentrated 
in the organs and fractions. In previous stud-
ies, it was stated that c20:4ω6 is more charac-
teristic of sea urchins and starfish, c20:5ω3 is 
characteristic of invertebrates that feed on sin-
gle-celled algae and occurs in almost all class-
es, additionaly c22:6ω3 is more characteristic of 
fish and crustacea (SINANoglou and MINIAdIS-
MeIMAroglou, 1998). Notably, c16:0, c18:0 
and c18:1ω9 can be found in most of the ani-
mal tissues and very common among fatty acids.

PuFAs may be further modified to form pros-

taglandins that are directly involved in regula-
tion of reproduction, renal function, ion regula-
tion as known from mollusc species, (StANley-
SAMuelSoN, 1987). It is stated that egg pro-
duction in freshwater snail Helisoma durgi was 
stimulated by prostaglandins (kuNIgelIS and 
SAleuddIN, 1986). c20:4ω6 precursors of pros-
taglandins was found to be 15.09% in the diges-
tive gland, 13.73% in the cephalopedal, 11.05% 
in the gonad, 15.68% in the mantle of A. gutta-
ta and 11.14% in the digestive gland, 14.37% in 
the cephalopedal, 10.01% in the gonad, 17.86% 
in the mantle of A. escheriana. Probably, this 
high value is related to reproduction and oth-
er physiological activities of the snails. In ani-
mal cells prostaglandins precursor c20:4ω6 is 
mostly obtained from phospholipid main source 
of PuFA. to remember, the phospholipids of the 
snails contained high level of c20:4ω6, 20.30% 
in A. escheriana and 16.13% in A. guttata. As a 
matter of fact, ΣPuFA levels in the phospholip-
id were detected much higher than other lipid 
fractions and organs both in A. escheriana and 
A. guttata. In the phospholipid of A. escheriana 
and A. guttata, ΣPuFA levels were presented to 
be 66.05% and 66.23%, respectively. recogniz-
ing that snail species in this study are herbi-
vores, therefore containing high proportion of 
PuFA was expected result. because plant based 
diet is containing much more PuFA than flesh 
based diet. 

In the present study, ΣPuFA levels were al-
ways found to be higher than ΣSFA and ΣMuFA. 
this finding was in agreement with garden snail 
H. aspersa stating that PuFA was most abun-
dant fatty acids (ÇAĞIltAy et al., 2011). It was 
also declared that c18:2ω6, c20:4ω6, c18:3ω3 
and c20:5ω3 were the dominant fatty acids. 
Snails frequently feed on decaying plant mate-
rials to avoid high concentration of deterrent or 
toxic plant metabolites (SPeISer et al., 1992). 
Aging of plant material results in a decrease of 
its PuFA content (kIS et al., 1998), suggesting 
that snails eating old plant material may suf-
fer from a shortage of PuFA. therefore, it can 
be said that natural food sources vary season-
ally in the composition of ingredients (WAck-
er, 2005). In the present study, the snails were 
collected in spring season and they mostly fed 
on fresh plant materials. Maximization of PuFA 
levels in all organs and fractions were probably 
because of fresh plant diets. the snails’ mating 
activities are significantly reduced when snails 
were fed the PuFA-deficient diet. It is stated that 
PuFA played important role in reproductive al-
location (WAcker, 2005). 

A. escheriana species were collected from 
woodland, whereas A. guttata species were col-
lected from stony and rocky region of city walls 
which is containing decaying organic matter, 
garbage, sediments, grass, shrubs and etc. de-
caying organic matter containing places mostly 
shelters bacteria, protozoa, mold, invertebrates 
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and other microorganisms. c13:0, c14:0, c15:0, 
c17:0 and other short-chain saturated fatty ac-
ids are common in bacteria (WAcker, 2005). In 
the analyses, it was observed that A. guttata con-
tained slightly higher amount of short-chain fat-
ty acids than A. escheriana. c14:0 ranged from 
1.10% to 2.22% in A. guttata organs and 0.49% 
to 1.31% in A. escheriana organs. c15:0 var-
ied from 0.99% to 1.44% in A. guttata and from 
0.19% to 0.39% in A. escheriana. Probably, it 
was stem from habitats of A. guttata which is 
suitable for living for microorganisms. 

In all fractions and organs, c18:2ω6 essen-
tial fatty acid was the main components fol-
lowed by c18:1ω9 and c20:4ω6. the highest 
concentration of the fatty acid was found to be 
28.12% and 26.67% in the digestive gland of A. 
guttata and A. escheriana, respectively. Among 
the snails’ lipid fractions, the phospholipid con-
tained 27.43% in A. escheriana and 22.34% in 
A. guttata of c18:2ω6 (table 1, 2). on the con-
trary, this fatty acid was found in low level in T. 
telescopium freshwater snail’s organs; 2.5% in 
the digestive gland, 4.3% in mantle and 4.95% 
in the cephalopedal (rAkSHIt et al., 1997). on 
the other hand, in edible snail H. aspersa max-
ima, c18:2ω6 was found rather a lot, between 
44.79%-51.19% (MIlINSk et al., 2006) and this 
fatty acid was also found good amount in edible 
snail H. lucorum (ekİN, 2014). Most likely, these 
different data stem from the requirement of the 
fatty acid for snail species. this essential fat-
ty acid plays central role in production of oth-
er PuFA and most animals cannot synthesize it, 
for this reason they are dependent on taking it 
from their diets.

An interesting fact was that snails had 
c20:2ω6 with high concentrations varying from 
6.14% to 13.42% in A. guttata and from 7.25% 
to 14.93% in A. escheriana. In particular, the 
highest level of the fatty acid was detected in 
the cephalopedal of both species. In some stud-
ies, it is stated that snail cephalopedal served 
as a storage organ (JoHNS et al., 1979), prob-
ably, the cephalopedal stored this fatty acid for 
further metabolic activities. 

In comparison with A. escheriana and A. gut-
tata, it was observed 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 as 
well as c16:1ω7 was found to be 11.3% in the 
digestive gland, 6.1% in the mantle, 4.9% in the 
cephalopedal (rAkSHIt et al., 1997). In A. gutta-
ta and A. escheriana, c16:1ω7 was found at low 
concentrations, did not exceed 1.80%. However, 
c18:3ω3 was presented 7.36% in the digestive 
gland, 3.96% in the mantle of A. escheriana and 
4.06% in the digestive gland, 2.90% in the man-
tle of A. guttata. For A. escheriana, the highest 
proportion of c18:3ω3 was found to be 8.42% in 
the total lipid in comparison with 10.70% in the 
phospholipid of A. guttata. c18:3ω3 was another 

essential fatty acid and its content was expect-
ed to be high in the phospholipid fractions, be-
cause phospholipid contains much more PuFA 
than MuFA and SFA. It is also noteworthy that, 
the content of fatty acids may differ from year to 
year, season to season, and depend on the nu-
trition of organism. Above all, the distribution of 
an organism is mostly influenced by many fac-
tors including temperature, reproduction sea-
son, growth, nutrient availability, genetic, phys-
iology and etc. 

In the treatments, neutral lipid and total lipid 
fatty acid distribution are more similar to each 
other than phospholipids. In particular, ΣSFA, 
ΣMuFA and ΣPuFA contents in neutral lipid and 
total lipid were detected so close to each other in 
both species. this kind of determination is very 
normal, because neutral lipids and total lipids 
are structurally and contently similar.

both ω3 and ω6 fatty acids are important com-
ponents of biomembranes and are precursors to 
many other substances in organisms. research-
es indicate that omega fatty acids especially ω3 
fatty acids reduce inflammation and may help 
lower risk of chronic diseases such as heart dis-
ease, cancer, and arthritis. the ratio of Σω6/Σω3 
is usually received to be useful indicator for com-
paring nutritional values of the samples. In A. 
escheriana, the highest value of Σω6/Σω3 was in 
the phospholipid (6.59), whereas the lowest val-
ue was in the neutral lipid and digestive gland 
(4.86). on the other hand, in A. guttata the high-
est value of Σω6/Σω3 was in the cephalopedal 
(8.49), the lowest value was in the phospholipid 
(2.28). this wide difference between snails’ phos-
pholipids fractions was due to the high propor-
tion of c18:2ω6 in A. escheriana. In agreement 
with our findings, Σω6/Σω3 ratio was also found 
to be high in A. ater, L. maximus, P. andersoni, 
slugs and V. columbiana, H. sp. H. sportella (zHu 
et al., 1994) and in H. lucorum land snails (ekİN, 
2014). but, in marine molluscs, percentage of 
Σω6 was found to be lower than Σω3 (AbAd et 
al., 1995; PAzoS et al., 2003). 

eventually, the results showed that species 
were rich in PuFA, totally always over 50% in 
all analyses and maximization of c16:0, c18:0, 
c18:1ω9, c18:2ω6, c18:3ω3, c20:2ω6 and 
c20:4ω6 were observed. Particularly, the organs 
and lipid fractions of both snails contained good 
amount of essential fatty acid, c18:2ω6 taking 
role in the synthesis of other fatty acids. More-
over, Σω6/Σω3 and ΣPuFA/ΣSFA+ ΣMuFA ra-
tios were found in good range. Herewith, the re-
sults can be important guide for further investi-
gation on nutritional, physiological, biochemical 
and taxonomic studies of molluscs. commercial-
ly some important edible snails Cryptomphalus 
aspersus (H. aspersa), H. asemnis, H. cincta, H. 
lucorum, T. pisana, E. vermiculata and C. aper-
tus dwell in turkish territories (yIldIrIM, 2004). 
Although A. escheriana and A. guttata are not 
edible snails; however they are very common in 
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the southeastern Anatolia region. It should not 
be forgotten, snails collected from the wild en-
vironment may accommodate poisonous chem-
icals, heavy metals, drugs, alkaloids and agri-
cultural chemicals. Perhaps, A. escheriana and 
A. guttata land snails will be used as edible af-
ter the pathological and biochemical detailed 
studies in the future; however we can offer no 
adequate explanation about edibility at present.
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AbStrAct

coffee bean-contaminating fungi were determined in random samples collected in riyadh, king-
dom of Saudi Arabia, using the direct plating technique. Forty-five samples were examined and 12 
fungal species belonging to 5 genera were isolated. Aspergillus niger was the most widely distrib-
uted and most frequently isolated fungus (86.67%). the ability of the predominant fungus, A. ni-
ger, to produce oxalic acid was evaluated using high-performance liquid chromatography. About 
50% of the tested A. niger isolates produced oxalic acid; the amount produced was in the range 
of 90–550 ppm of oxalic acid. because A. niger was the predominant and most widely distribut-
ed toxigenic fungus in the examined samples, more efforts should be directed to minimize the 
risk of oxalic acid contamination of commoditized coffee beans in the kingdom of Saudi Arabia. 
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INtroductIoN

Coffea arabica l. is considered to have the 
best flavour and quality, and coffee is one 
of the most popular beverages consumed in 
countries of the Arabian Peninsula. Howev-
er, coffee beans may become poisonous be-
cause of contamination with mycotoxigenic 
fungi that may occur throughout all pre and/
or post-harvest stages (bAtIStA et al., 2003; 
NooNIM et al., 2008). Several fungal genera 
were found to contaminate coffee beans at 
each stage, from the farmer to the consumer 
(VegA et al., 2008; bAtIStA et al., 2009; VIle-
lA et al., 2010). 

the main mycotoxigenic fungal genera found 
to be associated with commoditized coffee beans 
belong to the genera Aspergillus, Penicillium, and 
Fusarium (PArdo et al., 2004; bokHArI, 2007; 
leoNg et al., 2007). these fungi not only affect 
the quality of coffee beans but also produce tox-
ic secondary metabolites that are harmful to the 
consumers (berNNett and klIcH, 2003, VIle-
lA et al., 2010). 

one of the most important mycotoxigenic 
and organotoxic metabolite-producing contam-
inant is Aspergillus niger, which is considered 
a class 1 containment agent (u.S. NPA, 1977; 
ScHuSter et al., 2002; IlIc et al., 2007). this 
fungus is responsible for the in vitro and/or 
in vivo secretion of the nephrotoxic compound 
oxalic acid (MANdAl et al., 2005; MAgNolI et 
al., 2008). the toxicity of oxalic acid is due to 
the deposition of calcium-oxalate complexes 
in renal tubules causing renal failure; in hu-
mans, the minimum lethal dose of orally in-
gested oxalic acid is 600 mg/kg (SAFety oF-
FIcer IN PHySIcAl cHeMIStry, 2005; botHA 
et al., 2009). 

the purpose of this study was to examine cof-
fee beans commoditized in Saudi Arabian mar-
kets for the presence of toxigenic fungi. Further-
more, we evaluated the production of oxalic acid 
by the isolated A. niger strains. 

MAterIAlS ANd MetHodS

Mycological analysis

Mycotoxin-producing fungi were determined 
in 45 random samples of coffee beans collected 
in riyadh city, kingdom of Saudi Arabia. For the 
isolation of fungi associated with coffee beans, 
the direct plating technique was applied using 
potato dextrose agar (PdA) medium. beans were 
plated directly onto PdA medium after surface 
disinfection by 5% sodium hypochlorite solution. 
the plates were incubated for 5–7 days at 25°c 
and the growing fungal colonies were purified. 
the obtained fungal isolates were then identi-
fied to the species levels at the Mycological cen-
tre, Assiut university, egypt.

Mycotoxigenicity

the oxalic acid production of the tested A. 
niger isolates was determined using high-per-
formance liquid chromatography. briefly, 50 
ml of czapek-dox broth medium was placed 
in 250-ml erlenmeyer flasks and inoculated 
with A. niger. Inoculated media were incubat-
ed in triplicates at 30°c on an orbital shak-
er maintained at 215 rpm for 7 days. the cul-
ture supernatants were then analysed for their 
oxalic acid content. Separation of oxalic acid 
was carried out using a clc-c825 cM cation 
exchange column. the mobile phase was 90% 
H2o and 10% cH3oH. the flow rate was 1 ml/
min and the temperature was 35°c (gHorbA-
NI et al., 2007). 

Statistical analysis

the SPSS-16 statistical package was used 
for the analysis of variance and correlation 
and cluster analyses. cluster analysis was 
performed by the unweighted pair -group 
method with arithmetic averages. data were 
processed by root square transformation of 
% frequencies + 0.5 to normalize and stabi-
lize the variance before subsequent analy-
ses were carried out. Means were statistical-
ly compared using the least significant dif-
ference test.

table 1 - distribution of isolated fungi in coffee bean sam-
ples.

 Fungi Distribution %

 1. A. alternata 8.89
 2. A. f.columnaris 17.78
 3. A. niger 86.67
 4. A. ochraceus 4.44
 5. A. terreus 2.22
 6. Nigrospora sp. 2.22
 7. P. brevicompactum 8.89
 8. P. corylophilum 6.67
 9. P. variabile 2.22
10. P. suchlasporia 2.22
11. R. stolonifer 44.44
12.T. flavus 2.22

table 2 - ANoVA of the isolation frequencies of mycotoxi-
genic fungi in coffee beans.

Source of variance Df M S F Sig. R.C.*

Samples 44 2.070 1.558 0.012 0.35
Fungi 11 575.637 433.265 0.000 98.60
Samples x Fungi 484 6.086 4.580 0.000 1.04
Error 1620 1.329   

*Relative contribution.
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table 4 - correlation among frequencies of fungi isolated from coffee beans.

Fungi 1 2 3 4 5 6 7 8 9 10 11 12

 1. A. alternata 1 0.365* -0.427** -0.058 -0.042 -0.042 -0.048 -0.075 -0.042 -0.042 -0.133 -0.042
 2. A. f.columnaris  1 -0.293 -0.084 -0.062 -0.062 -0.107 -0.109 -0.062 -0.062 -0.003 -0.062
 3. A. niger   1 -0.306* -0.060 0.078 -0.310* 0.007 0.045 0.027 -0.005 -0.172
 4. A. ochraceus    1 0.439** -0.031 -0.053 -0.055 -0.031 -0.031 -0.144 -0.031
 5. A. terreus     1 -0.023 -0.039 -0.040 -0.023 -0.023 -0.106 -0.023
 6. Nigrospora sp.      1 -0.039 -0.040 -0.023 -0.023 -0.106 -0.023
 7. P. brevicompactum       1 -0.069 -0.039 -0.039 -0.108 -0.039
 8. P. corylophilum        1 0.562** -0.040 -0.119 -0.040
 9. P. variabile         1 -0.023 0.010 -0.023
10. P. suchlasporia          1 0.130 -0.023
11. R. stolonifer           1 0.116
12. T.fl avus            1

Fig. 1 - Phenogram based on average linkage cluster analysis of frequencies of fungi recovered from coffee beans.

reSultS ANd dIScuSSIoN

the mycological examination of the coffee 
bean samples (table 1) revealed the presence of 
12 fungal species that belonged to 5 genera (SIl-
VA et al., 2008; bAtIStA et al., 2009). the pre-
dominance of A. niger in the tested coffee bean 
samples was in agreement with previously re-
ported data (urbANo et al., 2001; NeHAd et al., 
2007; NooNIM et al. 2008). the main mycotoxi-
genic fungal genera, i.e. Aspergillus and Penicilli-
um, have frequently been associated with coffee 
beans (JooSteN et al., 2001; PArdo et al., 2004; 
bokHArI, 2007; leoNg et al., 2007). 

ANoVA indicated that the effects of fungus, 
sample, and fungus × sample interaction were 
highly signifi cant sources of variation in the fun-
gal isolation frequencies. compared to the other 
sources, fungus was the most important source 
of variation (table 2). 

the isolation frequencies varied according to 
the tested samples. For example, Alternaria alter-
nata and A. fl avus var. columnaris showed equal 
isolation frequencies in sample No. 5, but the 

former was signifi cantly more frequently isolat-
ed from sample No. 7 than the latter. Although 
A. fl avus var. columnaris was isolated from sam-
ples No. 9 and 18 at equal frequencies, the fre-
quency at which A. niger was isolated from these 
2 samples varied signifi cantly. Whereas Penicilli-
um brevicompactum and Rhizopus stolonifer were 
isolated from sample No. 4 at equal frequen-
cies, P. brevicompactum was signifi cantly more 
frequently isolated than R. stolonifer (table 3). 
However, the contamination of coffee beans with 
mycotoxigenic fungal genera (NooNIM et al., 
2008; VIlelA et al., 2010) may start in the fi eld 
and subsequently extend to storages and mar-
kets, in particular under conducive conditions 
(JeStoI et al., 2004; JuAN et al., 2008; PAter-
SoN and lIMA, 2010). 

correlation analysis showed that the fun-
gal isolation frequencies were positively and/or 
negatively correlated with each other (table 4). 
Some correlations between isolated fungal sp e-
cies and their isolation frequencies were signif-
icant or highly signifi cant. Highly signifi cant 
positive correlations were noted among Asper-
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gillus ochraceus and Aspergillus terreus as well 
as among Penicillium corylophilum and Penicilli-
um variabile. Furthermore, a highly significant 
negative correlation was found between A. alter-
nata and A. niger. the highly significant positive 
correlations between some isolated fungi found 
in this study imply that similar colonizing condi-
tions are provided by the coffee beans for those 
fungi; the opposite conclusion can be drawn for 
negatively correlated fungi (yASSIN et al., 2013). 

the phenogram (Fig. 1) illustrates the cluster 
analysis of fungal isolation frequencies (%) on 
the basis of their distribution patterns using all 
samples. three distinct groups of isolated fun-
gi are shown; each of them is divided into sub-
groups. Strongly and positively associated fun-
gi were grouped in the same cluster. the group-
ing pattern of the isolated fungi in the cluster 
analysis suggests the potential existence of sam-
ple- (environment-) related fungal groups (yAS-
SIN et al., 2011).

With regard to the mycotoxigenicity, 50% of 
the tested A. niger isolates were able to produce 
oxalic acid. other tested isolates failed to pro-
duce any detectable amounts of oxalic acid (ta-
ble 5). 

Aspergillus species are well known to be re-
sponsible for the secretion of different toxic 
metabolites (Al-AbdAlAll, 2009; yASSIN et al., 
2010; el-SAMAWAty et al., 2011). Moreover, the 
organotoxic metabolite oxalic acid has also been 
shown to be produced by A. niger isolated from 
commoditized agricultural products (bAHkAlI 
et al., 2013; yASSIN et al., 2013). Accumulation 
of such compounds produced by mycotoxigen-
ic fungi could affect the quality of coffee (Arru-
SA et al., 2005; kuMAr et al., 2008) and harm 
human consumers (PAlANee et al., 2001; dA-
VId et al., 2005).

coNcluSIoNS 

the coffee beans that were examined in this 
study were found to be contaminated with many 
fungal genera that might affect the quality of 
coffee. A. niger was the most widely distributed 

and most frequently isolated fungus (86.67%). 
Furthermore, 50% of the tested A. niger isolates 
were mycotoxigenic. they were able to produce 
oxalic acid in the range of 90–550 ppm. because 
A. niger was the predominant and most widely 
distributed fungus in the examined coffee bean 
samples, more efforts should be directed to min-
imize the risk of oxalic acid contamination of 
commoditized coffee beans in kSA.
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AbStrAct

this study was conducted to evaluate the impacts of nutrient elements on phytochemistry char-
acters and qualities of strawberry in soilless culture system. the experiment was carried out in 
a factorial experiment based on randomized complete design with three replications. treatments 
consisted of 6 groups of strawberry growing on soilless medium made of perlite and coco peat 
that were treated with different ratio of nutrient solutions. According to the results modified nu-
trient improved fruit nutritional characters but it was not unique. tSSS, tA, vitamin c and pH of-
ten were increased by increasing nutritional elements but anthocyanin was decreased by increas-
ing some nutritional elements. 
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INtroductIoN

Strawberry (Fragaria × ananassa duch.) is one 
of the most commonly consumed berries, both 
in fresh and processed forms such as jams, 
yoghurts, desserts or juices. the relevant nu-
tritional value of strawberry fruits has been 
remarkably correlated (HANNuM 2004) with 
the high level of micronutrients such as min-
erals, vitamin c and folate which are essential 
for health, and, more recently, to the high 
levels and different phytochemical constitu-
ents (tulIPANI et al., 2009).

Since strawberry is an adaptable plant, and 
its fruit can be obtained almost in all seasons, 
its growing areas are being widely expanded in 
the world. on the other hand since the fruits 
can be obtained early in the season, when there 
are no fresh fruits in the markets, its marketa-
bility is high. Another important aspect is that 
it can bring back the investment in a short pe-
riod; therefore it is suitable for family hobby 
(IlgM, 2006).

because of increased demand for more prod-
ucts with high quality and offseason, green-
house production is increasing. Soilless me-
dia are popularly used in greenhouse crop pro-
duction because they are relatively lightweight, 
free from diseases, readily available, more uni-
form and more suitable for growing in contain-
ers than soil (yuAN et al., 1996). the choice of 
the medium should be based on physical char-
acteristics as well as availability and cost (lI-
eteN et al., 2004; tAbAtAbAeI and MoHAM-
MAdrezAeI, 2006). 

Hydroponics is a method of growing plants 
using mineral nutrient solutions without soil. 
In this method, growing substrate may be an 
organic material (peat moss, shredded bark, 
foam or other organic materials) or an inor-
ganic material such as sand, perlite, vermic-
ulite and rock wool. to support and anchor 
the root system; plant nutrition is provided 
through a nutrient solution circulating in the 
substrate. 

one of the advantages of plant nutrition in 
soilless culture derives from the possibility of 
precise control of nutrient elements (JoHNStoN 
et al., 2010) which is not possible with soil sub-
strate (ArzANI, 2007). coco peat is the best me-
dium for growing summer crops, flowers and 
strawberry because i t  has high porosity, and it 
has a good capacity of holding water and nu-
trients. Porosity in perlite provides good air ex-
changes and soil watering and it improves soil 
aeration promoting the growth of the root sys-
tem (NoguerA et al., 2003). Perlite has rich in-
organic materials such as iron, sodium, calci-
um and rare organic materials, since it is based 
an organic feature (dJedIdI, 1999; ebrAHIMI 
et al., 2012).

Strawberry requires high amounts of potassi-
um because this element is a major component 

of the fruit and has a positive correlation with 
fruits size, color and acidity (beHNAMIyAN and 
MASIHA, 2002). 

the research was designed and performed to 
evaluate the effect of different concentrations of 
nutrients elements via nutrient solution in soil-
less system composed of 50% perlite and 50% 
coco peat on phytochemical and quality char-
acters of greenhouse grown strawberries cul-
tivar gaviata (AMerI et al., 2012).

MAterIAl ANd MetHod

Plant material and growth conditions

the study was conducted from March to 
August, 2013, in an experimental greenhouse 
of the plant production department, Imam 
khomeini higher educational center karaj, 
Iran. Strawberry plants cv gavieta were grown 
in 2 liters pots on a soilless medium made of 
50% perlite and 50% coco peat (v:v) with three 
plants per pot. day/ night temperatures were 
kept at 22/17°c. and were treated with differ-
ent ratios of a nutrient solution. the full nu-
trient solution formula was made up with the 
following stock solutions of the different nutri-
ents: 2.6 kH2Po4, 1.9 kNo3, 2.4 ca(No3)2 4H2o, 
0.65 MgSo4 7H2o and 0.46 k2So4. Microele-
ments for the full nutrition solution were pro-
vided in the following amounts: 0.16 H3bo3, 
0.09 MnSo4, 0.07 znSo4, 0.01 cuSo4 and 
0.002 H2Moo4. to provide iron, a stock so-
lution containing 0.1 Fe-edtA was prepared 
(ArzANI, 2007).

the following treatments were applied:
Full nutrient solution (g1), a modified nu-

trient solution with either 10% less (g2) or 
more (g3) amount of Fe, znSo4, b2So4, MgSo4, 
kNo3, a modified nutrient solution with ei-
ther 10% more (g4) or less (g5) amount of 
Fe, ca(No3)2, kHPo4, MnSo4, cuSo4, MoSo4 
and a modified nutrient solution consisting 
of +10% ca (No3)2, kHPo4, MnSo4, cuSo4, 
MoSo4 (g6).

the hydroponic system was open. Nutrient so-
lution formula for the group containing chemi-
cal treatment was prepared according to kereJ 
et al. (1999) instruction (table 1). the pH and 
ec of nutrient solution were adjusted to 5.7 and 
from 0.9 to 1.4 dS m-1, respectively. 

the pots were arranged in the glasshouse ac-
cording to a randomized complete design with 
three replications per treatment.

Determination 
of Total Anthocyanin Content (ACY)

the Acy of the hydroalcoholic extract of fruits 
was determined using the pH differential meth-
od previously described by gIuStI (2001). Acy 
concentration was calculated from the calibra-
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tion curve using pelargonidin- 3-glucoside (Pg-
3-gluc) as a standard. results are expressed as 
mg of Pg-3-gluc equivalents per 100 g of fresh 
weight (FW) of strawberry. data are reported as 
a mean value (Sd for six measurements) (tulI-
PANI et al., 2008).

total soluble solids (tSSs), total titratable 
acidity (tA), and pH determinations

twenty fruits from each replicate were 
wrapped in cheesecloth and squeezed with a 
hand press, and the juice was analyzed. tSSs, 
was determined at 20°c by an Atago dbX-55 
refractometer (Atago co. ltd, tokyo, Japan). 
pH was measured with a pH meter. tA was de-
termined by titrating to pH 8.2 using 0.1 mol/l 
NaoH after appropriate dilution (AoAc, 2000).

Determination of vitamin C

Ascorbic acid was measured by HPlc as de-
scribed by HelSPer et al. (2003). briefly, vita-
min c was extracted by sonication of 0.5 g of 
wet frozen powder in 2 ml of ice cold water with 
5% metaphosphoric acid and 1 mM dtPA, fol-
lowed by centrifugation at 2500 rpm for 10 min, 
filtering, and immediate analysis on an HPlc 
system. Quantification was made through a 
standard calibration curve prepared by run-
ning standard concentrations of vitamin c pre-
pared similarly and measured in duplicate at 
the beginning and end of the analysis. results 
are expressed as mg of vitamin c per g of FW 
(tulIPANI et al., 2008).

Statistical analyses

data were analyzed by the general linear mod-
el ANoVA by Minitab® release 13.2 (Minitab 
Inc.). Following ANoVA, treatment means were 
compared using the lSd test at P = 0.05. Sta-
tistical procedures were performed using the Pc  
SAS software package.

reSultS

the results showed under g1 nutrient solu-
tion (first group) the fruit regarded indexes that 
affect its aroma and taste are in acceptable lev-
el, however when we used modified nutritional 
solution for the other groups (g2-g6), increasing 
levels of some of the characters was detectable. 
the highest level of tSS and vitamin c observed 
in group four that had higher percentage of Fe, N, 
P, S, Mn, cu and k against the group that treat-
ed with g1 nutrient solution (first group). Fruits 
produced under treatment g3 (group3) that re-
ceived higher amount of Fe, S, Mg, zn, N and 
k than the other groups exhibited the highest 
level of tA, whereas levels of tSS and vitamin c 
were almost similar to group g4. Fruits treated 
with modified nutrient solution number 5 that 
contained lower level of Fe, N, P, S, Mn, cu and 
k against normal nutrient solution, showed the 
highest level of anthocyanin and the highest 
amount of pH was detectable in fruits treated 
with modified nutrient solutions g6 and g2 that 
received higher level of N,ca,P,k,S,Mn,cu and 
Mo and Fe, zn, b,S,N,k,Mg respectively (table 2).

table 1 - Analysis of variance for strawberry phytochemical characters under different nutrient solutions. 

Treatment df   Phythochemical Characters
  TSS TA Vitamin Total Anthocyanin pH
  (Brix) (mg/100 g F.W.) C(mg/g F.W.) (mg/100 g F.w.)

Nutrient Solution 5 2.957* 0.0024* 0.0306* 7527570.5** 0.045**
Error 15 0.944 0.0008 0.0084 435379.3 0.006
CV  10.1 10.9 8.3 26.6 1.9

**,*, ns and CV, significant at 1, 5% level of probability, non-significant and Coefficient of Variation, respectively.

table 2  effect of different concentration of nutrient solution on strawberry phytochemical characters.

Treatment   Phythochemical Characters pH
 TSS  TA Vitamin C Total Anthocyanin
 (Brix) (mg/100 gF.W.)  (mg/g F.W.)  (mg/100 g F.W.)

G1 10.33ab 0.28b 1.03ab 3997.3ab 3.77b
G2 9.00b 0.26b 1.10ab 3744.3b 4.02a
G3 9.67ab 0.32a 1.10ab 2343.0c 3.85b
G4 11.00a 0.24b 1.26a 2067.3c 3.81b
G5 9.17b 0.25b 1.13ab 4996.8a 3.85b
G6 9.00b 0.26b 1.20ab 1378.1c 4.06a
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Analysis of variance showed that interac-
tion between nutritional elements of nutrient 
solution supplied with nutritional characters 
of the fruits was significant; tSS, tA and vi-
tamin c in 5% level and anthocyanin and PH 
in 1% level of probability (table 1). Nutrient 
solution treatment with different ratio chem-
ical nutritional elements showed significant-
ly influence on total soluble solids (tSS), total 
acidity (tA), vitamin c (P>0.05), anthocyanin 
and pH (P<0.001).

dIScuSSIoN

considering the results of the present study 
using a modified nutrient improved fruit nu-
tritional characters but it was not unique; dif-
ferent nutritional formula showed different ef-
fect on each index. However often characters 
increased following enhanced nutritional el-
ements (micro and macro), but anthocyanin 
decreased with increasing some nutritional el-
ements (micro and macro) (table 2). Seyye-
dI (2005) studied the effect of four kinds of 
nutrient solution in hydroculture system on 
the quantitative and qualitative traits of Silva 
strawberry. He showed that by increasing po-
tassium up to 3meq/l in nutrient solution, the 
soluble solid material increases. FArzANeH et 
al. (2009) studied the effect of different nitro-
gen and potassium levels on yield and densi-
ty of nitrogen and potassium of tomato leaf in 
perlite environment and reported that the most 
yield of fruit was gained with 200 mg/l nitrogen 
consumption, and higher levels of nitrogen re-
duced the yield and different levels of potassium 
did not have any significant effect on the yield. 
HArtz et al. (1999) studied different levels of 
potassium on the quality of muskmelon. they 
found that 240 mg/l potassium level caused 
a significant increase in total sugar, tSS, glu-
tamic acid, aspartic acid and acetate volatile 
components in fruit flesh, which have an effect 
on its taste and flavor. MASHHAdI-JAFArloo 
et al. (2009) showed that the most strawberry 
yield was obtained in 100% coconut medium 
and cocopeat + perlite (50% + 50%) placed in 
the next stages (ebrAHIMI et al., 2012; ANIel 
et al., 2007). According previous studies the re-
sult showed that increasing nutritional element 
until a definite level has positive effect on the 
fruit nutritional characters. 

Whereas fruits treated with nutrient solution 
formula exhibited significant effect on nutrition-
al characters in fruit quality, were not the high-
est level but almost all of them were in limited 
amount. However with using of modified nutrient 
solution, some of the indexes decreased though 
some of them increased, so it seems that under 
a usual condition and using g1 nutrient solu-
tion we have strawberries with satisfying aro-
ma and taste. When we used a growing medium 

containing 50% perlit and 50% coco peat treat-
ed with g1 nutrient solution formula, produced 
strawberries with more acceptable nutritional 
characters comparing the fruits that produced 
under other nutrient solution. However in these 
conditions some nutritional characters exhibit-
ed to increase but the others decreased. there-
fore based on the experiment results fruits pro-
duced under g1 conditions are the best.
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AbStrAct

Many farmers today adopt direct sales as an entrepreneurial strategy in order to achieve a com-
petitive advantage. the aim of this study has been to analyze the role that direct sales play in Si-
cilian farms and how the short food supply chain is able to valorize the endogenous resources of 
rural areas and increase the net income of farmer. our results showed that direct sales, in con-
junction with conventional sales, can represent a growing opportunity for farmers and lead to an 
improvement in the economic performances of agricultural businesses, an increase in farm in-
vestments and the creation of new job opportunities.
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1. INtroductIoN

competitive advantage represents the result 
of a strategy that leads an enterprise to occupy 
and maintain a favorable position in the market 
in which it operates, thereby obtaining a higher 
profitability than its competitors (tudIScA et al., 
2013a). In order to compete in the global mar-
ket, farmers have to be able to change their en-
trepreneurial strategies and improve their eco-
nomic performance, thus incorporating ‘add-
ed value’ (cHINNIcI et al., 2013a; SturIAle and 
ScuderI, 2013; VeIdAl and korNelIuSSeN, 
2013). the higher profit margin obtained allows 
a higher level of self-financing and a greater re-
turn on the invested risk capital (SANterAMo 
et al., 2012). considering the difficulties that 
farms have to be competitive (high production 
costs, low sale prices of agricultural products, 
shortage of labour), direct sales could represent 
a way to achieve a competitive advantage and 
improve profit margins.

direct sales, through the reduction of intermedi-
aries along the supply chain, can affect the annu-
al budget of a farm by allowing the farmer’s fam-
ily to obtain a dignified remuneration for the use 
of their productive factors (rIzzo and MAzzAMu-
to, 2009; PolIdorI et al., 2008). With direct sales, 
the farmers are not subject to the price offered to 
them; they may decide to become price-makers 
(SAccoMANdI, 1999) and apply a different price, 
one that is higher than the one that is determined 
in the case of sales to fruit and vegetable whole-
sale markets or contracts with the large organized 
distribution (lod). this type of sale fully utilizes 
the work of the farmer’s family and produces pos-
itive effects on the farm’s economic performance 
because it increases the available liquid assets in 
the business and lowers the capital required for 
the coverage of the short-term debts that are pre-
sent during the management activity of the farm 
(dI trAPANI et al., 2013). this is a worthy outcome, 
especially in rural territories where agriculture is 
the main economic activity and where the pricing 
of farm production represents the strategic vari-
able for the success needed to relaunch farm com-
petitiveness and boost the local economy, thereby 
avoiding the phenomena of rural exodus (tudIS-
cA et al., 2014a; rIzzo and gIudIce, 2013; tu-
dIScA et al., 2011; bulIN, 2011; bruNorI et al., 
2002). All of this is fostered by a general increase 
in the public interest in issues such as ecology 
and the health and welfare of animals, as well as 
a growing distrust in the quality of food products 
derived from conventional agriculture (tudIScA 
et al., 2014b; cHINNIcI et al., 2013b; bruNorI et 
al., 2012; brIAMoNte and gIucA, 2010; HArVey 
et al., 2004). direct sales allow consumers to ob-
tain more reasonably priced fresh, healthy food 
and foster ecological sustainability, as represent-
ed by the reduced food miles and carbon emis-
sions flowing from sustainable farming (lIttle et 
al., 2009; FeAgAN, 2008). the decreased amount 

of food miles can result in a lower level of environ-
mental pressure due to a reduction in key factors 
such as air pollution, soil pollution, loss of biodi-
versity and noise pollution and can also reduce 
social pressures that can contribute to problems 
arising from road accidents and animal welfare is-
sues (VAN PASSel, 2013). Finally, direct sales can 
reconfigure relations between producers and con-
sumers, assuming a social justice characteristic 
(FeAgAN, 2007), and can encourage more harmo-
nious community relations (WINter, 2003) and 
more democratic participation of participants in 
the food supply chain (HINrIcHS, 2003).

the aim of this paper, as well as in other stud-
ies (Peter et al., 2010; HolloWAy, 2008; SoN-
NINo and MArSdeN, 2006), has been to analyze 
the role of direct sales in Sicilian farms and to 
determine how the short food supply chain is 
able to valorize the endogenous resources of ru-
ral areas and, consequently, the economic profit-
ability of farmers, who seek to enhance their val-
ue along the food supply chain. In particular, it 
has been carried out an empirical analysis on a 
sample of farms that adopted the direct sales in 
order to analyze their structural characteristics, 
the motivations that led farmers to undertake 
this selling strategy and its benefits for farms. 

2. MAterIAlS ANd MetHodS

In order to analyse how direct sales can con-
tribute to obtaining a competitive advantage for 
Sicilian farms, we carried out an empirical anal-
ysis on 30 small and medium enterprises (SMes) 
that adopted this entrepreneurial strategy. the 
survey was conducted in 2013 by means of face-
to-face interviews with farmers, using a specific 
questionnaire (tudIScA et al., 2014c; rAFFAellI 
et al., 2009; MArbAcH, 2000) divided into three 
parts. In particular, in the first section we col-
lected the information related to the structural 
characteristics of farms, their agri food products 
(product portfolios), the socio-demographic char-
acteristics of farmers, the quota of farm produc-
tion destined to direct sales and its sales modal-
ity (farm outlets and/or farmers’ markets). In the 
second one we asked to farmers the reasons that 
led them to adopt a short supply chain strategy 
and the benefits reflected in the business perfor-
mance by its adoption. In this case interviewees 
had to assign a score to a 1-5 scale to each pos-
sible predefined question (tudIScA et al., 2013c; 
trAbAlzI and de roSA, 2012). this scale, better 
know as likert scale (lIkert, 1932), is a psycho-
metric scale commonly involved in research that 
employs questionnaires. It is the most widely used 
approach to scaling responses in survey research. 
When responding to a likert questionnaire item, 
respondents specify their level of agreement or 
disagreement (strongly agree, agree, uncertain, 
disagree, strongly disagree) on a symmetric agree-
disagree scale for a series of statements by attrib-

http://en.wikipedia.org/wiki/Psychometrics
http://en.wikipedia.org/wiki/Psychometrics
http://en.wikipedia.org/wiki/Questionnaire


Ital. J. Food Sci., vol. 27 - 2015 101

uting a score for each one (5, 4, 3, 2, 1). thus, the 
range captures the intensity of their feelings for 
a given item (NorMAN, 2010; burNS and burNS, 
2008; AlleN and SeAMAN, 2007).

In the third section, we collected information 
in order to determine the net income of farmers, 
by means of the following formula:

 NI = GPV – ΣCi (1)

where:
NI = net income of farmer;
GPV = gross production value of agri food 

products;
C

i
 = costs of productive factors that have not 

been conferred by entrepreneur.
Finally, in order to better quantify how direct 

sales allowed farmers to remain competitive in 
the market, it has been compared this value to 
the net income that farmer would obtain by con-
ferring all farm production exclusively on tradi-
tional sales channels.

the empirical survey responses showed that 
the surveyed farms had an average area of 8.39 
ha and ranged from a minimum of 4.50 ha to a 
maximum of 13.56 ha (table 1). 

the majority of enterprises produced fruit and 
vegetables (8), followed by milk, cheese and dairy 
products (6), olive oil and fruit (5), vegetables (4), 
grapes, wine and fruit (4), grapes and wine (2) 
and olive oil (1). All of the surveyed farms were 
worked directly by the farmer’s family. the ma-
jority of our sample (18 farmers) had used di-
rect sales for more than five years, while the re-
maining farmers had applied this entrepreneur-
ial strategy in the past three years. Males ac-
counted for 63.3% cent of the entrepreneurs and 
36.7% were females. the majority of the entre-
preneurs (60.0%) were aged between 31 and 40 
years; only 13.3% were over 60 years. these re-
sponses highlighted how direct sales strategies 
have been used mainly by young entrepreneurs, 
unlike the Sicilian primary sector, where farm-
ers are generally of an advanced age (MASSolI 

table 1 - Surveyed farms and socio-demographic characteristics of farmers.
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and de gAetANo, 2004). young farmers are able 
to respond significantly better to new opportu-
nities and market changes than older entrepre-
neurs (Parker, 2006) and are able to change their 
entrepreneurial strategies and skills in order to 
remain competitive in an increasingly competi-
tive market (PrASHANtHAM and youNg, 2013). 
our surveyed entrepreneurs had a medium-high 
level of school education. In particular, 46.6% 
of farmers had higher school qualifications and 
33.4% had a degree, indicating that the adoption 
of a new entrepreneurial strategy is correlated 
positively with the level of education (NAJJAr et 
al., 2013; MANcINI et al., 2008). 

3. reSultS ANd dIScuSSIoN

the results showed that direct sales of agri-
food products were in all cases a portion of the 
agricultural production (ranging from 18 to 35%) 
of the farms we surveyed; the remaining produc-
tion was marketed through traditional channels 
(fruit and vegetable wholesale markets, ldo, 
packing centres). the direct sale was conduct-
ed by the entrepreneur or his family (especial-
ly women and young people) and was crucial to 
achieving increases in the remuneration of the 
enterprise (HeNke and SAlVIoNI, 2010). 

our empirical survey showed that the majority 
of farmers (20) sold their products only in farm 
outlets. this was because it is relatively easy for 
a farmer to sell his products directly at the place 
of production; it requires only a simple organiza-
tion and helps to improve the farm’s image (ue-
MAtSu and MISHrA, 2011). eight of these farm-
ers also conducted guided tours of their farms, 
with positive outcomes for the visitors such as 
nutrition education, the diffusion of rural cul-
ture and the valorization of territory and local 
products (MettePeNNINgeN et al., 2012). the 
influx of customers was distributed throughout 
the year, thanks to the Sicilian favourable cli-
matic conditions (grIlloNe et al., 2014; d’ASA-
ro and grIlloNe, 2012; AgNeSe et al., 2008).  

Six of the farmers sold their products exclu-
sively in farmers’ markets and four adopted both 
sales channels. Participation in farmers’ mar-

kets allowed the entrepreneurs to also sell their 
agrifood products in urban and periurban are-
as, thereby promoting their farm and increas-
ing customers and annual revenues (PSArIkIdou 
and SzerSzyNSkI, 2012; bruNorI et al., 2009; 
broWN and MIller, 2008).

entrepreneurs adopted direct sales mainly be-
cause of the low sale prices of agrifood products, 
by assigning them the highest score (140) (Fig. 1). 

this was essentially attributable to the ab-
sence of intermediaries, so that despite the low-
er gross sales prices for agrifood products com-
pared with conventional markets, the farmers 
were able to obtain a higher net level of remu-
neration for their productive factors, by obtain-
ing a competitive advantage (HolloWAy et al., 
2006; reNtINg et al., 2003). they were essen-
tially appropriating a portion of the value that 
is usually dispersed in the various stages of the 
long supply chain (bANdArrA, 2011). the sec-
ond motivation, in order of importance, was cus-
tomer loyalty with a score equal to 126. this is 
due to the fact that, compared to the traditional 
supply chain, direct sales can create a relation-
ship between the consumer and producer that 
allows the farmer to valorise his production and 
to transmit his knowledge and links with the ter-
ritory (guArINo and doNeddu, 2011; reNko et 
al., 2010). consumers have the opportunity to 
purchase agrifood products at lower prices com-
pared to traditional sales channels (SeyFANg, 
2008; tAylor et al., 2005; kNIckel and reNt-
INg, 2000) and the growth of face-to-face trans-
actions has stimulated the development of mar-
kets in the region, which are considered for their 
status as oppositional sites to the mainstream 
food industry (SAge, 2003). the third motivation, 
in order of importance, was environmental sus-
tainability (112). this denotes a new multifunc-
tional vision of farming that meets the eu guide-
lines and the new consumer’s needs, respecting 
and recovering territorial, environmental and 
ecological values (tudIScA et al., 2013b; reNt-
INg et al., 2009; reNtINg et al., 2008; tHIlMANy 
et al., 2008). direct sales represent a sustain-
able alternative as the food miles (the distance 
between the place of production and consump-
tion) are minimized in passing ‘from farm to fork’ 

Marketing strategy diversifi-
cation 2
Farm geographical location 2
environmental sustainabil-
ity 3
customer’s loyalty 4
low sales prices 5

Fig. 1 - reasons that led en-
trepreneurs to adopt direct 
sales.

http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Renko%2C+Sanda)
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and the area of distribution is limited. this re-
sults in a significant reduction of the negative 
externalities associated with transport over long 
distances, such as co2 emissions, traffic, road 
accidents and noise pollution (lANFrANcHI and 
gIANNetto, 2013). In contrast to the results of 
other studies (HArrIS, 2010), farmers assigned 
to the geographical location of the farm and the 
diversification of the business marketing strat-
egy the lowest score (80).

our empirical analysis showed that the farm-
ers felt that the increase in farm profitability was 
the main benefit to their business performance 
through the adoption of direct sales. In common 
with other authors (trAVerSAc et al., 2011), they 
assigned it the highest importance by attribut-
ing a score equal to 145 (Fig. 2).

Another benefit considered to be of funda-
mental importance was the increase in liquid 
assets (134), because timely availability of cap-
ital can lead to the adoption of modern technol-
ogies, which increase farm production and ul-
timately the growth rate (rIAz et al., 2012). the 
third highest-ranking benefit from adopting di-
rect sales was the increase in investments (98). 
this was correlated to the increase in farm prof-
itability that allowed for an increase in self-fi-
nancing and thereby enabled farmers to realize 
investments (crNčAN et al., 2011). Finally, the 
farmers also identified direct sales as an oppor-
tunity for human resources optimization, by at-
tributing it a score equal to 77. However, this 
presupposes that in the farm family there is a 
state of under-employment, because the possi-
ble economic advantage created would other-
wise be absorbed by the need to employ exter-
nal sales staff (tudIScA et al., 2014d).

our results showed that farmers who adopt-
ed direct sales were able to update their skills 
and modify the market orientation of their en-
terprises in order to compete effectively in the 
current competitive system (FrANk et al., 2012). 
this highlights the importance of human capital 
in an enterprise (gurǍu et al., 2010).

economic importance of direct sales adoption 
is showed by table 2. results denoted that in 
surveyed farms the net income deriving from the 
adoption of direct sales ranged from a minimum 

Human resources optimisa-
tion 2
Increase of investments 3
Increase of liquid assets 4
Increase of farm profitability 5

table 2 - Net incomes in surveyed farms

Fig. 2 - obtained benefits on 
the business performance by 
adopting direct sales.
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of 3,052.00 to a maximum of 14,630.00 euro.
In all farms, as well as in other studies (HArd-

eSty and leFF, 2010), it has been highlighted 
an increase of net income ranged from 5.5 to 
60.9% respect to the one deriving from the sell-
ing of farm production exclusively through tra-
ditional channels. the higher increases were in 
farms that sold their products both in farm out-
lets and farmers’ markets as they were able to 
reach a greater number of consumers.

4. coNcluSIoNS

our results showed that SMes employing a di-
rect sales strategy are part of an entrepreneuri-
al network characterized by entrepreneurs who 
have been able to reorient their business strate-
gy in order to remain competitive in the market. 
the most important reason that has driven en-
trepreneurs to adopt direct sales was the need to 
overcome the consistently low sales prices of ag-
rifood products and thereby obtain higher prof-
it margins and create a competitive advantage. 
the increase in farm profitability resulted in high-
er liquid assets and an increase in farm invest-
ments and enabled the human resources in the 
farmer’s family to be optimized. this highlights 
the fact that the use of direct sales in agriculture 
nowadays can have a positive impact on the many 
components of the territorial system in which it 
operates. Nevertheless, direct sales cannot be the 
only marketing strategy for a farm because the 
produced quantities cannot be absorbed exclu-
sively by local demand. However, direct sales can 
represent a winning strategy for a farm if it is in-
serted within a wider business marketing strat-
egy or if this strategy is used in conjunction with 
traditional sales methods, such as fruit and vege-
table wholesale markets and contracts with lod.
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AbStrAct

Sicily has become a food and wine area of great interest. However, conflicts within the supply 
chains have caused the selling process to become long and complex to the disadvantage of farm-
ers, thereby leading to an information asymmetry between producers and consumers. 

In order to meet the new needs of the agrifood sector, we developed a theoretical model of organ-
ized direct selling that goes beyond regional boundaries, which is an alternative model to farmers’ 
markets and that helps to promote the creation of a network among the operators of Sicilian agri-
food supply chains. the aims of this study was to verify the potential of the proposed theoretical 
model based on a SWot analysis, which was achieved by collecting data from interviews with the 
producers involved in the Sicilian agrifood supply chains, and with the main stakeholders involved.
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INtroductIoN

Farmers have always tried to shorten the 
supply chain between producers and consum-
ers. they started by setting up consumer coop-
eratives and farmers’ points of sale1. recently, 
farmers have incorporated e-commerce within 
their selling activities, as well as farmers’ mar-
kets, box schemes, pick-your-own initiatives, 
and community-supported purchasing groups 
(Abel et al., 1999; AguglIA, 2009; bruNorI et 
al., 2009; lA trobe, 2001).

National and international studies make nu-
merous references to these practices, which have 
focused on producers, consumers, those outside 
the established sources of supply, which have 
been compare with consolidated distribution 
systems (MurdocH et al., 2000) with respect to 
environmental or legislative issues. In particu-
lar, these studies focus on short supply chains, 
direct selling, alternative food networks (Hol-
loWAy and kNeAFSey, 2004), short food sup-
ply chains (reNtINg et al., 2003), community-
supported agriculture (rAFFAellI et al., 2009), 
and food community networks (loMbArdI et al., 
2012; PAScuccI, 2010). 

one of the main features that are debated 
frequently concerns the effective advantages of 
short supply chains for producers, consumers, 
and the community as a whole. Producers may 
have higher economic margins compared with 
those in the traditional agrifood supply chains, 
where different mediators take away part of the 
producers’ margins (VAN der Ploeg, 2006).

However, a feature that is often ignored is the 
fundamental difference between the roles, tasks, 
attitudes, and capacities of farmers and market 
experts, who have specific skills to address the 
market in an effective manner. It is inconceiva-
ble in terms of education, culture, or tradition 
for farmers to occupy specific commercial roles 
or to confront the “unfair” challenge of the large-
scale retail trade, which has been present in cit-
ies for decades. Instead, it is possible to suggest 
the organization of an innovative market system, 
which can use its available efficiencies to move 

agriculture closer to urban consumers in differ-
ent but stable ways, because consumers are in-
creasingly keen to retain the precious nutrition-
al value of food in general and of the “Mediter-
ranean diet”2 in particular, where uNeSco has 
recognized the latter as an intangible heritage 
of humanity (groSSo et al., 2013).

At present, the food industry and large-scale 
retailers are trying to exploit the information 
asymmetry that exists to direct consumption to-
ward their needs and targets. this can only be 
overcome by farmers, particularly the produc-
ers of high quality food with good organoleptic 
characteristics (Abel et al., 1999; HuNt, 2007). 
the real advantages for consumers of short sup-
ply chains are lower prices but also better infor-
mation about the nutritional value of raw mate-
rials, the characteristics of the production pro-
cess, agri-industrial processing techniques, and 
food preservation techniques (HINrIcHS, 2000; 
lA trobe, 2001). 

Accordingly, our goal was to design an exper-
imental model of direct selling that may repre-
sent an innovative method for agrifood products 
and to promote the products from specific areas, 
thereby implementing an alternative networked 
commercial system that can communicate ef-
fectively and reliably with consumers about the 
value of the food produced. 

ANAlySIS ANd reFereNce coNteXt

Italian legislation has supported the direct 
commercialization of agrifood products since 
the 1960s (law no. 59 of 1963) and legislative 
decree no. 228 of 20013 simplified the relative 
procedures for farmers who practice direct sell-
ing4 (AlAbreSe, 2008). 

Subsequently, a decree has been applied to 
farmers’ markets only (bellettI et al., 2010). 
the growth of these markets was supported fur-
ther by the Ministry of Agricultural, Food, and 
Forestry Policies on November 20, 20075 but 
the current economic recession is limiting food 
habits and life style, and reducing the purchas-

1 For example, citrus fruit producers’ organizations in the province of catania promote a network of points of sale in 
north-eastern Italy, which are run directly by the members (rizzo and Mazzamuto, 2009).

2 Hedonistic reasons accompany healthy ones in defining the value of food products. the increasing number of press col-
umns and television formats dedicated to food confirm the widespread research into the pleasure of good food and con-
viviality, as well as best sellers and editorials about regional recipes and the increasing number of concept stores where 
furniture, atmosphere, and menus make consumers feel relaxed and comfortable while enjoying simple, traditional, but 
creative meals based on the Mediterranean diet.

3 Article 4 of l.d. no. 228 dated 18 May 2001, “Orientation and modernization of the agrifood sector, according to art. 7 of 
law, no. 57 dated 5 March 2001”. 

4 the new decree also allowed direct selling for products not produced directly by the farm itself. the previous law, no. 
59/63, “rules for Farmers to directly Sell Agrifood Products,” limited selling by farmers to the products obtained exclu-
sively from their farms. they were identified as “owners of the land where they grow, their cooperatives or associations.”

5 this is an unprescribed decree since the legislative competence concerning commerce and agriculture is limited exclusive-
ly to regional governments according to article 117 of the constitution. only regional governments can issue rules and 
regulations about this matter. thus, it is a decree aimed at guidance that is not mandatory (Alabrese, 2008).
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ing power of families (FANtuzzI and brugNo-
lI, 2010).

Producers use direct selling as a way to sell 
their products in nearby markets. there are two 
reasons for this: first, the greater the distance 
from the origin of the food, the greater the prob-
lems of information asymmetry between produc-
ers and consumers become, while the informa-
tion and communication costs related to prod-
ucts and production techniques are also higher 
(brIAMoNte, 2010; gArdINI et al., 2007; guIdI, 
2008); second, producers are hampered by the 
lack of organization, logistics, and the availa-
bility of finance when operating in distant mar-
kets. this makes it difficult for small-medium 
enterprises to place their products and oper-
ate at national and international levels (cHIF-
FoleAu, 2009).

Several regional governments have issued spe-
cific regulations and financially supported mar-
ket development6, including numerous measures 
in the rural development Plan (rdP). In Sicily, 
measure 321/A1 of the 2007/2013 rdP, sup-
ports the development of equipped public are-
as for farmers’ markets of typical products and 
handicrafts.

Fig. 1 shows the intervention areas, which 
include 85 projects and a total investment of 9 
million euros to develop farmers’ markets, 79 of 
which will be activated in local Action groups 
(lAgs) areas and the remaining six in other ar-
eas. 

However, direct selling within farmers’ mar-
kets has limits and critical points (VerHAegeN 
and VAN HuyleNbroeck, 2001; cHIFFolAeu, 
2009). thus, previous studies have noted that 
farmers’ markets provide a direct relationship 
between producers and consumers, which may 
guarantee fresh products, because of their ex-
cellent locations and temporal discontinuity, 
but they do not provide an effective organization 
for selling, they do not obtain appropriate sales 
volumes, and they do not meet demand in full 
(bruNorI et al., 2009). Farmers’ markets are of-
ten combined with village fairs and with folklor-
istic and cultural characteristics, but they are 
rarely oriented towards a modern organization7.

the exclusive selling of products grown and 
consumed in the same area cannot allow for 
temporal continuity or completeness in terms 
of product diversification and the quality level, 
which is the basis of the modern distribution 

Fig. 1 - Farmers’ market in Sicily (Source: data elaboration 2007-2013 rdP Sicily).

6 the Sicilian regional government intervened on this issue by article 83 of l.r. 11/2010, by allowing direct selling, par-
ticularly by certified farmers who carry out their activities within the Sicilian territory.

7 the regulation gives municipalities central powers to organize, authorize, and finance such markets. despite the marginal 
role assigned to regional governments by national legislation, the majority have regulated and financially sustained farm-
ers’ markets. 
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system thanks to the evolution of preservation 
techniques, transportation systems, and logis-
tics (HINrIcHS, 2000).

Several studies (rIzzo and VeccHIo, 2008) 
have shown that this approach is not a sustain-
able alternative because the volumes are too 
small. these low volumes are due to the lack of 
temporal continuity of production and the in-
capacity of the local agrifood system to offer an 
articulated range of products. If direct selling of 
agrifood products is to gain a higher econom-
ic weight, it cannot be confined to the farm lo-
cation itself or to the neighboring area. Italian 
legislation has not limited direct selling to local 
products alone, which has allowed it to spread 
throughout the territory of the republic after 
communication with the municipality to which 
the farm belongs8 (tudIScA et al., 2014).

recently, the Sicilian regional government is-
sued a regulation (article 10 of law 25/20119) 
that goes beyond regional boundaries to sup-
port and promote “the direct and market selling 
activities” of Sicilian agrifood products via net-
worked regional structures (section 1), that may 
interact in synergy with analogous networked 
structures at the national level (section 5) and 
at community level (section 6).

PrereQuISIteS oF tHe NetWork Model

the european agrifood sector, particularly 
fruits and vegetables, has not experienced con-
sumption increases for many years. by con-
trast, demand has diversified greatly where the 
dynamics have affected the structure of the of-
fer (cSo 2012 data).

consumers are increasingly keen to look for 
products that better meet their needs and their 
respect for a renewed linkage between pur-
chasing processes. the points of sale within 
the framework of the complex income dynam-
ics suggest new market segmentation models, 
which are function of a different “perception” of 
the quality-price relationship. Indeed, quality 
now includes aspects that go beyond its tradi-
tional concept, which was bound only to the or-
ganoleptic characteristics of products (bruNorI 
et al, 2009; cHINNIcI et al., 2013).

An orientation toward “responsible” purchas-
ing has been added to the reasons to buy, espe-
cially from the particular segment of consum-
ers who have a mature awareness of high value 
products because of their organoleptic, nutri-
tional, healthy, evocative, ethical, and solidarity-

based characteristics compared with commod-
ities (dI VItA et al., 2013). this value is derived 
from, either jointly or singly, the fact that prod-
ucts come from specific territorial contexts (Abel 
et al., 1999), where they are grown with tradi-
tional and/or organic production techniques, 
thus the offer is organized directly by producers 
who bet their reputation on their products and 
they only receive a premium price.

Accordingly, Sicily’s pedoclimatic character-
istics may allow it to produce a wide range of 
agrifood and zootechnical products, which may 
satisfy all the nutritional needs of the regional 
market, but also the national market. Sicily is 
a food and wine “continent” because of the wide 
range of high quality agrifood products it offers 
and its millennial culinary tradition. based on 
its range of high quality agrifood products, Sic-
ily (graphic 1) is the third highest ranked re-
gion in terms of the number of registered prod-
ucts (28), especially for fruits, vegetables, oils, 
and cheeses. 

despite the acknowledged excellence of sev-
eral quality products, the tendency for territori-
al specialization and exploitation has not dimin-
ished, especially in those territories where the 
community politics for years have favored mon-
ocultures destined for “global” markets. 

In Sicily, this tendency has caused (Fig. 2) the 
sellable gross production (SgP) to rely on a few 
typical products, i.e., citrus fruits, grapes, oil, 
wine, vegetables, and a wide range of zootech-
nical products, which together comprise 70% 
of the SgP of Sicilian agriculture, while 30% of 
the SgP includes other fruits, vegetables, and 
livestock, which have lower value despite their 
high quality.

Although Sicily may rely on a good range of 
agrifood products, its supply chains are inade-
quate due to a lack of organization and produc-
tion volumes. thus, it cannot account for a sig-
nificant market share. 

In many cases, single companies cannot face 
the problems related to the planning and man-
agement of the necessary promotion and com-
munication activities. In addition, they cannot 
easily obtain the necessary information about 
the market situation and consumers’ preferenc-
es in order to tailor their offer according to con-
sumer needs. For example, it is difficult for them 
to standardize their quality, arrange for suita-
ble packaging, ensure the constant presence of 
their product, or adopt an advanced traceability 
system (HAuSMANN and de AMIcIS, 2007; rAPIS-
ArdA and rIzzo, 2010). All of this would require 

8 the first national organization to undertake direct selling and overcome these critical points was sponsored by coldiretti, 
an organization that represents Italian farmers. coldiretti, via its initiative called “campagna Amica,” is promoting points 
of sale throughout the national territory. these points of sale are gathered in a single commercial network that offers con-
sumers the products of their members regardless of the geographical location of the growing area within Italy. 

9 regional law dated November 24, 2011, no. 25, issued on gurS no. 50 of december 2, 2011, entitled: “Interventions to 
Support Agriculture and Fishing. regulations for handicrafts, cooperation, and commerce.”
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resources, competencies, and a critical mass of 
products that SMes often lack. the only way to 
overcome these problems is via group initiatives 
(gAlISAI et al., 2009; loMbArdI et al., 2012) that 
combine production as well as some steps of the 
distribution processes and logistic arrangements 
(bellettI and MAreScottI, 2012).

based on these requirements and legislative 
interventions of the Sicilian regional govern-
ment, we aimed to develop an organized direct 
selling (odS) theoretical model, which goes be-
yond regional boundaries and provides an alter-
native to the farmers’ markets, thereby promot-
ing the creation of networks among Sicilian ag-
rifood supply chain operators. 

the model is structured and includes the fol-
lowing subject typologies.

- Subjects in the supply chains: farmers’ as-
sociations: these subjects have to organize the 
offer and services for each farmer’s direct shop10 

(from product preservation to shipment).
- Subjects for farmer’s direct shop manage-

ment: Specific or pre-existing companies will or-
ganize the farmer’s direct shops at national and 
international levels, such as the organization of 
promotional events and the management of mar-
ket activities. they will have the functional pre-
requisite of collaborating with the subjects of the 
supply chains to guarantee the direct selling of 
products and to form a network that agrees to 
perform all of the other related activities.

- Network junction: this is the organizational 
structure required to deal with the relationship 
between the subjects of the supply chains and 

graphic 1 - Pdo, PgI 
and tSg registered prod-
ucts in Italy (Source: 
Qualivita data direct 
elaboration).

10 direct selling shop, a “closed area,” which is independent and included in an articulated structure with dedicated corner 
for the subjects of the supply chains to carry out their activities.  

graphic 2 - Sicilian gross sellable productions (2012) (Source: Inea data direct elaboration).
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the subjects of the farmer’s direct shop manage-
ment to coordinate and organize common activi-
ties, and to ensure that regulations are observed 
(rIzzo and gIudIce, 2013).

this odS model allows the possibility of over-
coming the limits of the most common short 
supply chains in the Italian territory, by join-
ing producers as subjects in the supply chains, 
which are separated based on products, and by 
proposing the management of the direct selling 
commercial activities via a direct selling shop 
manager, who is a third subject. 

this theoretical management model is based 
on the network junction, the function of which 
is to coordinate the bidirectional inputs from the 
subjects of the supply chains and the subjects 
of the farmer’s direct shop management. the re-
sults of this information exchange will generate 
the product typology, the packaging typology, 
and the selling price, as well as linking produc-
ers directly to the subjects of the farmer’s direct 
shop management, who have direct daily con-
tact with consumers. All of the subjects of the 
supply chains will be represented inside farm-
er’s direct shops with promotional and tasting 
initiatives for their products. 

In order to make the model stronger and more 
significant, side activities are included within 
the agrifood product direct selling scope, such 
as the following:

- tasting and distribution of quality regional 
agrifood products;

- organization of “satellite market spots” with-
in the commercial area of reference of each farm-
er’s direct shop; 

- Promotion of regional quality production 
within the hotel, restaurant, and café (Ho.
re.ca.), and ethical purchasing groups (gAS) 
commercial scopes of reference;

- Acting as a structure that manages the or-
ganization of promotional activities at a region-
al level, including territorial marketing and cus-
tomer retention;

- Acting as an intermediate logistics centre to 
carry out e-commerce activities.

this network includes a union point where 
producers and consumers meet to increase 
knowledge of the organoleptic and nutritional 
qualities of products based on tasting as well as 
on information that, thanks to modern It tools, 
has become widely available and is articulat-
ed and updated in real time. In order to comply 
with the aim of this research and combine tradi-
tion, culture, gastronomy, and diet inside farm-
ers’ direct shops, traditional promotional activi-
ties will be developed, such as tasting, cultural, 
educational, and gastronomic activities involv-
ing the products and the territory. 

the truly innovative element is the promotion-
al function of farmer’s direct shops, which will 
be integrated within the market and promotional 
activities, thereby producing a synergy between 
promotion and selling to help overcome the limits 

of the promotional activities carried out by pub-
lic and/or territorial bodies, which often develop 
out of the commercial logic of private operators. 
Integration, in addition to the physical level, is 
a common operative project between the public 
promotional activity and the private commercial 
activity, which is a highly innovative element of 
the model suggested to the regional government.

MetHodology

We decided to verify the potential of the pro-
posed theoretical model by carrying out a SWot 
analysis using data collected from interviews 
with producers and the main stakeholders in-
volved with Sicilian agrifood supply chains. 

SWot analysis is a strategic planning tool 
used to evaluate the strengths, weaknesses, op-
portunities, and threats related to the odS mod-
el in order to fulfill its goals. 

the SWot analysis includes:
- Strengths: the aspects of the model that help 

to fulfill its goals;
- Weaknesses: the aspects of the model that 

hamper the fulfillment of its goals;
- opportunities: useful conditions outside the 

model that help to fulfill its goals;
- threats: external conditions that may dam-

age the performance of the model. 
the analysis used aimed to meet the goals of 

our research. In fact, it links the knowledge of 
the context where producers operate to the pol-
itics of the economic development and promo-
tion of agrifood products. 

the analysis group collected information con-
cerning the difficulties of Sicilian farmers, com-
mercial solutions, market dynamics, the specif-
ic needs of producers who adopt short supply 
chains at organizational and management lev-
els, and objective and official data related to the 
agrifood system, which was obtained from the 
main research institutes of Ismea, Inea, Istat, the 
osservatorio sulla Vendita diretta, and Nomis-
ma. this study helped to identify the strengths 
and weaknesses of the most widespread forms 
of short supply chains, specific data concern-
ing Sicilian agrifood productions, the impor-
tance of this phenomenon, legislative aspects, 
and the fiscal and administrative supports of 
direct selling. 

direct interviews were conducted during 2013 
in collaboration with the technical assistance op-
erational sections (SoAts) of the Sicilian region-
al government, which allowed the nine provinces 
of reference to select farms that were interested 
in the proposed direct selling model, where 126 
operators in the Sicilian agrifood supply chains 
were interviewed either jointly or singly.

the number of interviews was quite signifi-
cant compared with the number of operators 
involved. the answers to the questionnaire and 
SWot analysis entries were selected based on 
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the number of times they were iterated. Answers 
were given according to the personal experienc-
es of the interviewees.

the originality of this research concerns the 
definition of a functional model of direct selling 
that includes producers, market managers, and 
consumers, as well as the creation of farmer’s 
direct shops with the primary function of sell-
ing agrifood products, but also with a wider and 
complex economic meaning, which combines 
articulated functions, such as “farmer’s direct 
shops”, promotion, marketing, and tasting that 
are linked to the production territory.

reSultS

the results of this study show that “local 
Food” has emerged as an increasing interest due 
to the economic weight it is gaining in terms of 
“proximity,” i.e., the physical distance between 
producers and consumers, but also because of 
the growing importance consumers allocate to 

the quality of products that come from a specif-
ic territory. Numerous typical Sicilian products 
possess the necessary characteristics to develop 
their own local market and to find places in the 
market that differ from their original roles, es-
pecially if they are characterized by clear trace-
ability, sufficient critical mass, and the will to 
create a network of all supply chains and ser-
vices for farms. 

the SWot analysis highlighted the main 
strengths, weaknesses, and threats, but also 
the opportunities that the proposed model offers 
to support Sicilian agrifood productions and to 
strengthen the role of producers in the supply 
chains (table 1). 

the SWot analysis suggest that the odS 
model has a strategic meaning and it may 
achieve the following. 

Promote a base of knowledge and excellence 
beyond the regional scope, thereby spreading in-
formation and stimulating consumption.

Improve the competitiveness of producers who 
cannot easily find commercialization channels 

table 1 - SWot analysis of the organized direct selling experimental model.
Source: elaborations of direct surveys and Nomisma dat

 

Table 1 - SWOT analysis of the organized direct selling experimental model. 
Source: elaborations of direct surveys and Nomisma data 

 

Strengths Weaknesses 

▪ Wide product range  

▪ Creation of a network between producers and 
consumers 

▪ Selling far from the place of origin 
guaranteeing the origin of products, quality, 
freshness, product seasonality 

▪ Valorization and promotion of products within 
the selling stage 

▪ Higher added value for producers along the 
value chain 

▪ Daily selling activity 

▪ Logistics organization 

▪ Remote management of points of sale  

▪ Logistics and transportation costs 

Opportunities Threats 

▪ Creation of alternative selling channels 

▪ Promotion of the territory of origin 
▪ Possible interaction with local bodies and 

associations to develop community 
initiatives to the advantage of the territory 

▪ Diversification towards non-agriculture-
related activities (Ho.Re.Ca; catering) 

▪ Advertising of the Mediterranean Diet and 
of the “born in Sicily” label 

▪ Management cost of points of sale 

▪ Purchase frequency 

▪ Management of returns 

  

Author 30/9/y 14.59
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beyond the regional scope, thereby motivating 
production differentiation in Sicilian agriculture 
and making traditional producers economically 
sustainable. Indeed, the latter remains an ex-
pression of the biodiversity of specific territori-
al contexts.

exploit the well known advantages of short 
supply chains to allow the agrifood world to be-
come closer, both significantly and stably, to the 
growing segment of consumers who look for and 
buy quality agrifood products.

Stimulating farmers’ associations to concen-
trate, organize, and commercialize their offer, 
thereby improving the performance and com-
petitiveness of members.

In addition, several weaknesses of direct sell-
ing in farmers’ markets may be overcome by cre-
ating an organized network that strengthens 
the role of producers within the supply chains. 
However, the weaknesses and threats show that 
there is a need to strengthen the concept of di-
rect selling within farmer’s direct shops. by con-
trast, the model may become distorted given the 
difficulties of maintaining the producer-consum-
er relationship directly from a legislative-fiscal 
point of view. 

overall, this model is an example of organized 
supply chains with defined roles and a vertical 
distribution strategy directly from producers to 
consumers, thereby providing the opportunity 
to design intervention proposals and strategies 
to define the offer based on the specific charac-
teristics of the demand. 

coNcluSIoNS

the research results allowed us to evaluating 
our experimental model that aims to promote a 
network of direct selling operating promotional 
farmer’s direct shops and points of sale through-
out the national territory, thereby promoting Si-
cilian agrifood products. this is a step forward 
compared with today’s “country markets” be-
cause it shortens the physical distance from the 
field to the table and optimizes the organization-
al and economic structure of this sector. 

the proposed short supply chain management 
model provides tools that are more flexible for 
producers, by overcoming the current difficulty 
of being present in different places at the same 
time to meet consumers. A direct relationship 
with the farmer makes product commercializa-
tion easier but not all farmers are ready to as-
sume this role. Indeed, many would prefer to 
continue playing their existing role, which is to 
dedicate themselves to their production activi-
ties because they lack sufficient time, resourc-
es, or the correct attitude to participate in sell-
ing activities.

Sicilian farmers may not face price competi-
tion, but the hypothetical shortening of the dis-
tribution chain by proposing direct contacts be-

tween the consumer (national, according to the 
whole range of the legislative intervention un-
der study) and the producer (Sicilian) cannot be 
separated by the segmentation of a specific tar-
get group of consumers. thus, the proposal of a 
“pact” as a sign of a philosophy that favors some 
qualitative aspects but does not aim to make it 
prevail over the price-quality relationship that 
is a prerequisite of large-scale retailers cannot 
be a characteristic element of the supposed dis-
tribution model’s competitiveness.

this verification model could be a combined 
governance model for regional planning. 

to evaluate the replicability of the model, it 
will be necessary to establish the trend in the 
relationships within the network and the evolu-
tion of the organizational system, as well as de-
termining the extent to which this might help 
to develop the technical, organizational, and re-
lational capacity of each farmer, as well as to 
preserve/reproduce local resources and biodi-
versity. 
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AbStrAct

derogations for somatic cell and total bacterial count limits had allowed non-compliant milk to 
be used for cheesemaking in Italy. commercial and health considerations prompted a decision to 
implement a program to gradually repeal the derogations. In this study, we report the statistical 
evaluation of the situation in 2007-2008, the outcomes of the program to close the derogation and 
observations of its effects during its implementation from 2010-2013 in the lombardy region. the 
introduction of a progressive decrease of the limit allowed regulators to minimize the negative im-
pact on production levels by focusing on the management of the most non-compliant farms first.
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INtroductIoN

After the adoption of european regulations 
for food safety (reg. ec 178/2002, 852-853-
854/2004), Italian farmers were still able to sell 
cow’s milk that was non-compliant in somatic 
cell count (Scc) and total bacterial count (tbc), 
indicators of presence of udder pathogens and 
insufficient hygiene during production and stor-
age, respectively, because of the derogation of 
article 10 of the regulation (ec) 853/2004.

Specifically the derogation allowed for cow’s 
milk with geometric means exceeding the legal 
limits (400,000 cells/ml for Scc and 100,000 
cFu/ml for tbc) to be used for the production of 
cheese with ripening periods of at least 60 days. 
this derogation was based on the knowledge that 
potential risks linked to high Scc and tbc can 
be significantly reduced or even eliminated dur-
ing the production processes and ripening peri-
ods (Annex IV of the reg. ec 854/2004). In fact, 
many stages of processing have antimicrobial ef-
fects including: the cooking of curd, the acidifi-
cation of curd, the salting of cheese and the re-
duction of free water. However, over the years un-
favorable opinions about the use of non-compli-
ant milk have increased in Italy. Aged dairy prod-
ucts, like grana Padano and Parmigiano reggiano 
cheese, represent the uniqueness and tradition 
of Italian raw milk cheeses. given that they are 
some of the most popular cheeses on the interna-
tional market, is the use of the “worst” milk ap-
propriate for the “best” cheeses of Italy? 

It became clear that the presence of the dero-
gation did not promote improvement in the qual-
ity of Italian milk. Furthermore, according to the 
principles of the community regulations, a der-
ogation has to be considered “temporary” and 
contingent on specific issues. A derogation, if it 
affects food safety, must always provide a time 
limit or an exit strategy that will lead to conform-
ity with the other nations. For these reasons It-
aly began a gradual process to repeal the dero-
gation. the project was developed in 2008, af-
ter which it was communicated to the europe-
an commission (notification number 134/2010) 
and it was formalized by the “Agreement between 
the government, regions and autonomous Prov-
inces of 09 September 2010”. the goals of this 
study were to conduct a preliminary evaluation 
of the problem based on data from 2005 to 2008, 
to create a plan to phase out the derogation and 
to evaluate the results of its application over 2 
years, from January 2011 to June 2013, in the 
lombardy region (an area responsible for more 
than 40% of the national milk production).

MAterIAlS ANd MetHodS

the data come from the analysis of the milk 
quality payment system instituted in the lom-
bardy region. the system requires at least 2 sam-

ples per month from each farm. the samples are 
taken from farms by trained and qualified dairy 
industry operators. For statistical evaluation and 
calculation of the geometric mean we selected the 
farms with continuous production and active par-
ticipation in the milk quality payment system dur-
ing the 2-year study period (roughly 4600 farms 
out of 6,000 total active farms in the region). the 
majority of farms can be characterized by rear-
ing Holstein Friesian (85%) or brown Swiss (15%) 
cows in loose housing with cubicles, with milk-
ing parlor, fed with mixed ration of corn silage, 
hay and concentrate. on these farms the average 
herd size is 70 cows and the average milk yield 
is 9,400 kg per cow per year.  

tbc was determined with bactoscan Fc and 
the Scc was obtained using Fossomatic 5000 
(Foss, dk). For descriptive statistics (frequen-
cy distribution of farms’ geometric means of 
Scc and tbc) the free “r” software environ-
ment was used. 

reSultS ANd dIScuSSIoN

Analysis of compliance 

the distribution of the farms’ yearly Scc and 
tbc geometric means during the year 2008 are 
represented in Figures 1 and 2, respectively 
(5,200 farms). the “yearly” geometric means were 
calculated for each farm from 24 or more sam-
ples per year. From the figures it is evident that 
the Scc situation was more critical than that of 
tbc with respect to regulation 853/2004 limits 
(bertoccHI et al., 2012), (bolzoNI et al., 2007). 

In table 1 an evaluation of the farms’ Scc roll-
ing geometric means from 2005 to 2007 is pre-
sented. the “rolling” geometric means were cal-
culated over periods of 2 or 3 months for tbc 
and Scc, respectively. the data show that 44% 
of the farms were consistently under the Scc 
limit, while 29% of farms exceeded it one or 
more times but returned under the limit within 
the 3-months observation period; the remain-
ing 27% of the farms were still non-compliant 
after the observation period. Further analysis of 
the last group of non-compliant farms (Figure 
3) revealed that only a small fraction of these 
farms returned to compliance shortly after the 3 
months of observation. Most of the farms spent 
a long time in non-compliance and even some 
farms never became compliant. these were the 
farms that were able to avoid compliance by 
commercializing their non-compliant milk in a 
geographic area where most of the milk is used 
for aged cheese.

The end of the derogation: potential effects

According to the abovementioned observa-
tions, it could be hypothesized that closure of 
the derogation would cause economic problems 
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table 1 - Somatic cell count compliance among 4,595 farms 
from 2005 to 2007.

Rolling geometric mean (cells/mL) Farms (n)  Farms (%)

Always < 400,000 2,032 44%
> 400,000 with recuperation < 90 days  1,313 29%
> 400,000 without recuperation < 90 days  1,250 27% 

Fig. 1. Fig. 2.

Fig. 3.

for about 30% of the farms based on their Scc 
values and 4% of the farms based on their tbc 
values (data not shown). to explore these ef-
fects, we performed a statistical simulation on 
the 2008 data to quantify the effect of a grad-
ual repeal of the derogation and its effects on 

farm production. the results of the simulation 
for Scc are presented in table 2.

Program to repeal the derogation

A regional program was developed with a se-
ries of decreasing temporary limits. given that 
controlling Scc levels is known to require both 
medium- and long- term actions, it was ex-
pected that some of the farmers would become 
proactive with control measures and improve-
ments in order to reach compliance in time for 
the more restrictive future limits. the plan was 
approved by the Ministry of Health and then it 
was expanded into a national program with the 
“Agreement between the government, regions 
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table 3 - temporary limits for compliance during the program to close the derogation (geometric means calculated over pe-
riods of 2 or 3 months, respectively, for tbc and Scc).

PERIOD Total Bacterial Count  Somatic Cell Count
 (Rolling GM calculated over 2 months) (Rolling GM calculated over 3 months)

January 2011 - June 2011 < 200,000 < 700,000
July 2011 - June 2012 < 100,000 < 600,000
July 2012 - June 2013 No derogation  < 500,000
From July 2013  No derogation  < 400,000

Abbreviation: GM, geometric mean.

and Autonomous Provinces”. It banned the use 
of non-compliant milk for human consumption 
and set temporary limits for tbc and Scc as 
shown in table 3. currently milk with rolling ge-
ometric means > 400,000 for Scc or > 100,000 
for tbc continues to be used in the production 
of cheeses with over 60 days of ripening.

table 2 - geometric means of the compliance of 4,669 farms at different somatic cell count limits in 2008.

 Somatic cell limit % of farms always % of farms over the limit % of farms over the limit
 (cells/mL) under limit  with recuperation in 90 days without recuperation in 90 days
 
 700,000 89  8.4 2.7
 600,000 83  12.1 4.6
 500,000 73 19.6 7.7
 400,000 50  32.1 18

Fig. 4.

Program application and results

ten-year trends in Scc and tbc levels in the 
lombardy region are shown in Figures 4 and 5, 
respectively. From these graphs it is possible to 
deduce a preliminary and general trend of de-
cline in the two parameters. In particular, in fig-
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ure 5, the low percentage of samples over 100,000 
uFc/ml (colored bars) and the low and decreas-
ing value of the yearly regional mean (blue line), 
indirectly confirm the very low number of non-
compliant farms in tbc during the last year. the 
number of samples used to generate the yearly 

Fig. 5.

means varies from a high of 165,000 in 2003 to a 
low of about 100,000 in 2013 which reflects the 
significant reduction in the number active farms 
in the region during this period. 

Fig. 6 presents a specific assessment of the 
effect of the progressive application of the pro-

Fig. 6.
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gram where the blue line indicates the distribu-
tion of the farms’ geometric means in the first 
year (2011) while the blue bars indicate the sit-
uation in second year (2012). the difference be-
tween the two years is particularly evident in 
some areas (e.g. 200,000-250,000 Scc). It is in-
teresting to note that there is a decrease in the 
percentage of farms presenting with 400,000-
500,000 cells/ml in 2012 even though the limit 
was still set at 700,000-600,000 cells/ml. this 
again suggests that some farmers took preven-
tive actions early with an eye to the more restric-
tive limits of 2013. Figure 7 presents the same 
comparison for the tbc. In this case, it is not 
possible to appreciate graphically the differenc-
es between the two years because of the mini-
mal variations of the data across the board. one 
further analysis was performed on Scc to com-
pare the first semester of 2010 (before the start 
of the program) and the first semester of 2013 
and the data are presented in Figure 8; Figure 
9 shows the same comparison between the first 
semesters of 2012 and 2013. It is evident that 
the percentage of geometric means with a lower 
Scc range increased over time while the high-
er Scc values decreased. For example, in Fig-
ure 8 the percentages of farms in the ranges of 
300,000-350,000 and 350,000-400,000 cells/
ml both decreased while the percentage of farms 
in the ranges of 100,000-150,000 and 150,000-
200,000 cells/ml both increased almost equal-
ly. even though the data come from thousands 
of different farms, the combination of these rep-
resentations enabled us to notice a shift to the 
right in the distribution and through it the pos-

Fig. 7.

itive effects of the introduction of this progres-
sive program. Its effects will be fully appreciated, 
of course, only in 2014 when the program will 
have been finished for over 6 months. However 
we still hypothesize that the impact on compliant 
productivity will be minimal due to the progres-
sive shift of the majority of the farms to adopt-
ing long-term practices that should ensure their 
continued conformity within Scc limits (kel-
ly et al., 2009; NorMAN et al., 1995; SHukkeN 
et al., 2003). the number of farms with tbc 
over the limit has already been negligible since 
2011, likely because corrective actions against 
tbc can be effective in a very short time (kel-
ly et al., 2009).

coNcluSIoNS

the decision to repeal the derogations for Scc 
and tbc in raw milk was made for several rea-
sons but particularly because of the need to stim-
ulate improvements in the quality of milk and 
traditional dairy products. Statistical evaluation 
of the data from the previous years (2005-2007) 
suggested that a sudden closure of the deroga-
tions, especially for Scc, would create difficulties 
for farmers with downstream repercussions on 
the dairy industry as well as the Health Authori-
ty (regional veterinary service in Italy). the intro-
duction of a progressive decrease of the limits al-
lowed regulators to minimize these consequences 
and focus on the most non-compliant producers. 
At the same time, it allowed farmers to make im-
provements and preventive measures during the 
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24-month program, without excessive conflict or 
serious effects on farm productivity. 

the progressive reduction of the Scc limit also 
allowed the regional veterinary service to split 
the management of the non-compliant farms, 
giving priority to solving the most serious and 

Fig. 8.

significant problems first (starting from the first 
and highest limit of 700,000 cells/ml). the is-
sue of non-compliance in tbc has been nearly 
resolved; since 2012 the cases of tbc non-com-
pliance appear only occasionally and are often 
quickly resolved.

Fig. 9.
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