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SUCCINIC ACID AND ITS DERIVATIVES: 
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AbstrAct

the fermentative production of succinic acid (sA) is becoming an attractive alternative to tra-
ditional chemical synthesis. sA can be used directly or transformed into some derived chemicals, 
with applications in the food industry. For example, sA and sodium succinate are flavour enhanc-
ers; adipic acid and its salts can be used as acidity regulators, acidifiers, flavour enhancers, gel-
ling aids and slow raising agents. Moreover, sA-derived biodegradable plastics, such as aliphatic 
polyesters and aliphatic-aromatic co-polyesters have a wide range of applications in food packag-
ing. the replacement of a chemical process with a biological one offers many environmental ad-
vantages. to make it cost-competitive, however, process optimization is required and the substrate 
cost has to be reduced. to reach this goal, renewable low-cost resources, such as agro-food by-
products (molasses, cheese whey, wood hydrolysates, wheat flour) can be used in place of pure, 
expensive ones. In the present paper, the use of agro-food industry by-products as low cost car-
bon sources in the fermentative production of sA are reviewed. the use of sA and its derivatives 
in the food industry are also highlighted. Attention is focused on the innovative “cyclic” aspect 
of sA fermentative production and its applications from agro-food by-products to food products.
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INtrODUctION

the depletion of fossil fuel sources, increasing 
greenhouse gas emissions, climate changes and 
interest in using locally available, renewable raw 
materials have spurred the development of ap-
pealing bio-based processes to produce chemi-
cals and fuels as an alternative to conventional 
petrochemicals. In many cases, biological proc-
esses are still more expensive than petrochemi-
cal ones (McKINLAY et al., 2007). consequently, 
the key to a successful production of bio-based 
compounds is the development of an efficient, 
economically feasible manufacturing process.

succinic acid (sA) is one of the most interest-
ing and promising chemicals that can be suc-
cessfully produced from renewable resourc-
es through a fermentation process (DU et al., 
2007). At present, sA is produced through the 
hydrogenation of maleic anhydride, that is, us-
ing a petroleum source as the starting material 
(bEcHtHOLD et al., 2008). considering its wide 
range of potential chemical derivatives, its com-
mercial value (LANDUccI et al., 1994) and the po-
tential market, the United states Department of 
Energy (DOE) has listed sA among the top twelve 
chemicals of greatest interest (WErPY and PE-
tErsON, 2004). sA can be used directly or proc-
essed into many other value-added chemicals 
and commodities having several applications 
in various industrial fields (ZEIKUs et al., 1999; 
POtErA, 2005; sAUEr et al., 2008). therefore, 
sA is a so-called “building block chemical” or 
“platform chemical”. Focusing attention on the 
food industry, sA and its derivatives are used 
as food additives and for manufacturing biode-
gradable polymers.

In 2007, the total sA market and its deriva-
tives amounted to 30 kton, of which 10% was 
used directly in the agricultural and food fields, 
7% in sA-polymer production, 31% for coat-
ings, pigment, dye and ink production and the 
remaining 52% was used in other fields of ap-
plication (rUPP DAHLEM, 2008). the total mar-
ket value for all of these sA applications is more 
than 400,000,000 Us$/year (ZEIKUs et al., 
1999). this value could potentially increase (Us$ 
1.3 billion/year) (http://www.wisbiorefine.org/
prod/sacid.pdf) thanks to the production of sA 
through microbial fermentation.

In order to develop a bio-based industri-
al sA production, that would be cost-competi-
tive with traditional chemical processes, three 
main issues must be addressed: 1) the need to 
select low-cost raw materials; 2) the need to se-
lect high-yield producing microorganisms, that 
can metabolize a wide range of sugar feedstocks 
(WErPY and PEtErsON, 2004); and 3) the need 
to reduce recovery and purification costs.

the price of raw materials greatly influences 
the overall process cost. the possibility of us-
ing agro-food industry by-products as low-cost 
carbon sources (c-sources) in the fermenta-

tive production of sA is described in this review 
and the promising future of sA building blocks 
is discussed.

Production of succinic 
acid from microbial fermentation

sA is an intermediate in the tcA cycle (tri-
carboxylic acid cycle) in plants, animals and in 
many microorganisms. It is also one of the fer-
mentation end-products of anaerobic microbial 
metabolism. some microorganisms can also pro-
duce sA in aerobic fermentation through the gly-
oxylate pathway shunt (sANFAcOr et al., 1976; 
McKINLAY et al., 2007).

recent studies (LEE et al., 2002; LIU et al., 
2008; MEYNIAL-sALLEs et al., 2008) have focused 
attention on anaerobic rumen bacteria (e.g. Ac-
tinobacillus succinogenes, Anaerobiospirillum 
succiniciproducens, Mannheimia succiniciprodu-
cens) because they are naturally able to produce 
and accumulate large amounts of sA (sONG and 
LEE, 2006). Furthermore, in the last few years, 
the use of recombinant strains has also been ex-
panding (VEMUrI et al., 2002a; LEE et al., 2006; 
KErN et al., 2007).

currently, the fermentative production of 
succinic acid is generally carried out using  de-
fined carbon sources (glucose, fructose, xylose, 
saccharose, lactose, maltose) (VEMUrI et al., 
2002b; LEE et al., 2002; IsAr et al., 2006; LIU et 
al., 2008). However, some studies have demon-
strated that agro-food by-products can be used 
as cheaper substrates, which would be impor-
tant in a future perspective of an industrial scale 
production of sA.

Food by-products as low-cost substrates

Italian food industries produce an annual 
capital turnover of 113,000 billion €; the main 
contributors are dairy products (14.2 billion €), 
wine and liquor (10.7 billion €), confectionary 
(10.1 billion €), and fresh and processed meat 
(7.4 billion €) (http://www.federalimentare.it/
Documenti/cibus2008/sottoprodotti.pdf). In 
addition to these main products, food plants 
and industries produce huge quantities of by-
products. According to Italian legislation (D. 
lgs. 152/2006), by-products are different from 
waste, in that they can be used to obtain val-
ue-added products. their valorisation is a basic 
goal in a sustainable development strategy. Fur-
thermore, exploitation of food by-products is an 
environmentally friendly approach which reduc-
es their disposal as waste and could be an addi-
tional source of profit for industries themselves.

While sA-producing bacteria can use some 
by-products directly as a substrate (cheese whey 
and molasses), others (lignocellulosic materials 
and wheat flour) cannot be used directly because 
of their complex composition and structure. In 
the latter case, a two-step fermentative process 
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is needed. In the first step, an inexpensive car-
bon source is converted into a stream of nutri-
ents that are readily accessible to a variety of 
microorganisms; in the second step, the nutri-
ent stream is converted into the desired product. 
the first step is usually a fungal bioprocess and 
the second is a bacterial one (DU et al., 2007).

to date, the fermentative production of sA 
has been reported for the following cost-com-
petitive renewable feedstocks: cane molasses 
(0.073 Us$/kg) (AGArWAL et al., 2006; NGUY-
EN and GHEEWALA, 2008), cheese whey (0.58-
0.62 Us$/kg) (WAN et al., 2008; http://usda.
mannlib.cornell.edu/usda/current/DairProd-
Pr/DairProdPr-07-10-2009.pdf), wood hydro-
lysates (0.025 Us$/kg) (KAYLEN et al., 2000; KIM 
et al., 2004b; LEE et al., 2003a) and wheat flour 
(0.09-0.134 Us$/kg) (AKErbErG and ZAccHI, 
2000; DU et al., 2007). the cost of a pure sub-
strate (e.g. glucose, fructose, lactose or sucrose) 
is much higher: 40- 120 Us$/kg (http://www.
sigmaaldrich.com/sigma-aldrich/home.html).

It is crucial to take into consideration that the 
cost of each by-product can fluctuate appreci-
ably, depending on: 1) the location of the agro-
food plants and, consequently, on the availabil-
ity of the by-product in a specific geographical 
area and 2) the annual production of the main-
product. For example, the current price of cane 
molasses is 0.196 Us$/kg (http://www.agerbor-
samerci.it/listino/listino.html). All the above-
mentioned feedstocks will now be described in 
detail.

cane molasses is a by-product from the sug-
ar industry, with the following composition: to-
tal sugars such as fructose, glucose and sucrose 
(about 50%), suspended colloids, heavy metals, 
vitamins and nitrogenous compounds (rOUKAs, 
1998). this by-product has been employed in 
“green” sA fermentation with A. succinogenes 
(LIU et al., 2008), Escherichia coli  (AGArWAL et 
al., 2006) and Enterococcus flavescens (AGArW-
AL et al., 2007). A. succinogenes has proved to be 
the most efficient, giving the highest sA concen-
tration (55.2 g/L) and productivity (1.15 g/L.h) 
in a fed-batch process (LIU et al., 2008).

cheese whey is a major by-product in the 
manufacturing of cheese or casein from milk, 
and makes up about 80% of the volume of proc-
essed milk; it contains lactose (4.5-5% w/v), sol-
uble proteins (0.6-0.8% w/v), lipids (0.4-0.5% 
w/v) and mineral salts (8-10% of dried extract). 
cheese whey also contains appreciable quanti-
ties of other components, such as lactic and cit-
ric acids, non-protein nitrogen compounds (urea 
and uric acid) and group b vitamins (GONZALEs 
sIsO, 1996). In the past, whey was considered 
to be a pollutant because of its high biological 
Oxygen Demand (bOD) (approximatively 45,000 
mg/L). Hence, the disposal of huge quantities of 
this “waste” was an environmental and economic 

problem for dairy industries. At present, whey is 
recycled into useful products such as food ingre-
dients and animal feed or used for the recovery 
of value-added substances (such as lactose and 
proteins). the possibility of using cheese whey 
as a low-cost substrate is becoming a very ap-
pealing alternative.

Whey has been successfully fermented by 
E. flavescens (AGArWAL et al., 2007), A. suc-
cinogenes (WAN et al., 2008), A. succiniciprodu-
cens (sAMUELOV et al., 1999) and M. succinic-
iproducens (LEE et al., 2003b) to produce sA. A 
high concentration (34.7 g/L) and yield (90.6%) 
of sA were obtained using fed-batch fermenta-
tion by A. succiniciproducens; this strategy of-
fers the advantages of both batch and continu-
ous processes (sAMUELOV et al., 1999). M. suc-
ciniciproducens had the highest sA productivi-
ty (3.90 g/L.h) in a continuous mode (LEE et al., 
2003b); A. succinogenes 130Z performed well in 
batch fermentation, producing 27.9 g/L of sA 
(WAN et al., 2008).

Lignocellulosic biomass can be obtained as 
a by-product from the agro-food industry. this 
substrate is not easily fermentated by bacteria 
but, considering the huge amount available, it 
is one of the most preferable inexpensive sub-
strates. A two-step fermentative process is ap-
plied to a lignocellulosic biomass: in the first 
step, the lignocelluloses are hydrolyzed using a 
physical-chemical process (thermal, mechanical 
or acidic hydrolysis) or a biological one (treat-
ment with ligninolytic fungal enzymes). In the 
second step, the cellulosic and hemicellulos-
ic fractions are depolymerised to fermentable 
sugars (glucose and xylose) which can be used 
as substrate in microbial sA-fermentation (LEE, 
1997). Unfortunately, some toxic or inhibitory   
compounds derived from the hydrolysis proc-
ess are also present: this causes a decrease in 
the fermentative process yield and productivity 
(KIM et al., 2004b). these molecules (furfural, hy-
droxymethylfuran, p-hydroxybenzoic aldehyde 
and vaniline) (cONVErtI et al., 1998) can be re-
moved but with a consequent increase in oper-
ational costs. Alternatively, an alkaline hydro-
lysate treatment is an effective and rather inex-
pensive method that reduces the formation of 
inhibitory compounds (KIM et al., 2004b).

some researchers have reported fermenta-
tion by M. succiniciproducens and A. succinicip-
roducens in a wood-hydrolysed-based medium 
for sA production (LEE et al., 2003a; KIM et al., 
2004b). A. succiniciproducens (LEE et al., 2003a) 
and M. succiniciproducens (KIM et al., 2004b) 
can metabolise wood hydrolysate for a “green” 
sA production with high sA yields (55-88% g 
sA/g substrate). the highest productivity (3.19 
g/L.h) was obtained with continuous fermenta-
tion on a wood hydrolysate by M. succinicipro-
ducens (KIM et al., 2004b).

As in the case of wood hydrolysates, sA can be 
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produced in a two-stage bioprocess using wheat 
flour as starting material. In the first step, wheat 
flour is used as a substrate in fungal fermenta-
tion and converted into microbial feedstock. In 
the second step, the microbial feedstock (flour 
hydrolysate) is used in bacterial sA production 
(DU et al., 2007).

A. succinogenes is able to use flour hydro-
lysate (DU et al., 2007; 2008; LIN et al., 2008); 
the highest sA concentration obtained was 64.2 
g/L and the yield was 0.81 g/g substrate, in a 
batch fermentation (DU et al., 2008).

the same microorganism can be efficiently 
used for sA fermentation in a wheat hydrolysate 
medium. A high sA concentration was produced 
(62.1 g/L) when a hydrolysate of a by-product 
of wheat flour milling was employed (DOrADO 
et al., 2009).

the production of sA using food by-products 
and different bacterial strains in batch or fed-
batch lab-scale fermentation are summarized in 
table 1 where the working volume and the suc-
cinic acid concentration are reported.

Apart from substituting an expensive, pure 
c-source with a cheaper one, other expensive 
constituents of the medium can also be replaced 
with more economical ones. some studies have 
reported the use of corn steep liquor (csL), a by-
product of the corn wet milling industry (LEE et 
al., 2000; 2003b), or rice bran, a by-product of 
the rice-milling process (MOON et al., 2004), as 
low-cost nitrogen sources (N-sources) instead of 
complex, more expensive ones (peptone, yeast 
extract or trypton). these substrates also supply 

table 1 - succinic acid production from various microorganisms using food by-products as low-cost substrates.

C source Bacterium Fermentation Working [SA] Reference
 strain strategy volume (L) (g/L)

Cane molasses E. coli Batch 7.5 17 Agarwal et al., 2006
Cane molasses A. succinogenes Fed-batch 3.5 55.2 Liu et al., 2008
 CGMCC1593
Cane molasses E. flavescens Batch 0.3 0.5 Agarwal et al., 2007
Cheese whey E. flavescens Batch 0.3 0.54 Agarwal et al., 2007
Cheese whey M. succiniciproducens Batch 1 13.4 Lee et al., 2003b
 MBEL55E
Cheese whey A. succiniciproducens Fed-batch 1 34.7 Samuelov et al., 1999
 ATCC 29305
Cheese whey A. succinogenes 130Z Batch 1.2 27.9 Wan et al., 2008
 (ATCC 55618)
Wood hydrolysate A. succiniciproducens Batch 1 17.4 Lee et al., 2003a
 ATCC29305
Wood hydrolysate M. succiniciproducens Batch 1 11.73 Kim et al., 2004b
 MBEL55E
Flour hydrolysate A. succinogenes Batch 0.8 27.2 Du et al., 2007
 ATCC 55618
Flour h ydrolysate A. succinogenes Batch 0.8 64.2 Du et al., 2008
 ATCC 55618
Flour hydrolysate A. succinogenes Batch 0.5 59.3 Lin et al., 2008
 ATCC 55618
Wheat hydrolysate A. succinogenes Batch 0.45 62.1 Dorado et al., 2009
 ATCC 55618

the medium with vitamins and minerals, in ad-
dition to proteins and amino acids. Quite com-
parable sA yields have been obtained in a fer-
mentative process using both pure and cheaper 
N-sources (LEE et al., 2003a, b). If wood hydro-
lysate is used as the c-source, the sA yield is 
88-89% (g/g) in the presence of polypeptone plus 
yeast extract and 85-88% (g/g) using csL (LEE 
et al., 2003a). If whey is used as the c-source, 
the sA yield is 67-69% (g/g) in the presence of 
yeast extract and 65-66% in the presence of csL 
(LEE et al., 2003b).

Potential applications of succinic acid 
and its derivatives in the agro-food industry

since sA is a linear saturated dicarboxylic 
acid, it can be used as an intermediate chem-
ical. It can be converted into 1,4-butanediol 
(bDO), tetrahydrofuran (tHF), g-butyrolactone 
(GbL), and other four-carbon chemicals that 
have a world-wide market. For example, sA can 
be readily hydrogenated to 1,4-butanediol, which 
can then be further carbonylated to adipic acid 
(ZEIKUs et al., 1999) that is used as a food ad-
ditive (see below).

Food additives

In Directive 95/2/Ec (http://ec.europa.eu/
food/fs/sfp/addit_flavor/flav11_en.pdf) on food 
additives which include colours and sweeteners, 
it is also possible to find sA, adipic acid and their 
salts. In the European community, food addi-
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tives are identified with a code composed of the 
letter E followed by a number. sA (E363) is a fla-
vour enhancer or a buffer and neutralizing agent 
for food and beverages. Its applications and max-
imum level of use are reported in table 2.

sodium succinate can replace monosodium 
glutamate and dilysine succinate as a salty fla-
vour enhancer for low-sodium food (ZEIKUs et 
al., 1999). Other potential applications of sA in-
clude: 1) the succinylation of lysine residues to 
improve the physical and functional attributes 
of soy proteins in food and 2) the use of succi-
nylated starch as a thickening agent.

Adipic acid (E355) and its salts (sodium ad-
ipate E356 and potassium adipate E357) have 
different applications, which are reported in ta-
ble 2. Adipic acid is an acidity regulator, acidifi-
er, flavour enhancer, gelling aid and a slow rais-
ing agent.

starch sodium octenyl succinate (E1450) and 
acetylated distarch adipate (E1422) are used in 
weaning food or in infant formulas and follow-
on formulas as emulsifiers, stabilizers, thicken-
ers and bulking agents.

succinic acid derived
biodegradable plastics

Of all the sA-derived chemicals, 1,4-butane-
diol and adipic acid are considered very impor-
tant for the production of biodegradable polyes-
ters and polyamides.

the showa Denko company, produces 2 dif-
ferent series of aliphatic polyesters, under the 
trademark bIONOLLE. bionolle1000 is a poly-
butylene succinate (Pbs) constituted by 1,4-bu-
tanediol (bDO) and sA; bionolle3000 is a poly-
butylene succinate adipate (PbsA), copolymer 
that is made by using 1,4-butanediol and a mix-
ture of sA and adipic acid. bionolle has some 
physical properties that are similar to traditional 

plastics (PE, PEt) (MccArtHY et al., 1999). Fur-
thermore, thanks to its excellent processability, 
it can be processed into various moulded inject-
ed, extruded and blown products in convention-
al equipment commonly used for polyolefins (FU-
JUMAKI, 1998). the bionolle series have a wide 
range of applications in the food sector: films 
(food packaging and wrapping films, bags, la-
bels), lamination (paper lamination, bags, cups, 
containers) (KObAYAsHI et al., 2002), sheet ex-
trusion (cards, can holders, food trays), blow 
moulding (drink bottles) and foam (cups and 
food trays). bionolle can also be used coupled 
with starch to give blends that can be used in 
food packaging (GOrMAL, 2002).

these sA polyesters are also manufactured 
under other trademarks: Gs Pla (Mitsubishi 
chemical), skygreen (sk chemicals), Lunare sE 
(Nippon shokubai), EnPol (Ire chemicals Ltd). 
Different series, characterized by different phys-
ical properties, exist according to the required 
applications.

Polybutylensuccinate terephthalate (Pbst) is 
produced by DuPont under the trademark bi-
omax. this material is usually tailored to mim-
ic polyethylene or polypropylene. biomax® res-
ins are used for different applications, such as 
injection moulding for disposable cutlery, paper 
coating, thermoformable cups and trays, and 
certain films, such as lidding stock. this ma-
terial possesses good barrier properties, which 
are among the best of all the biodegradable poly-
mers. biomax is mainly intended for final dispos-
al through composting and in-soil degradation.

Polybutylenadipate terephthalate (PbAt) is an 
aliphatic-aromatic copolyester which is sold un-
der the trade names Ecoflex (basf) and Eastar-
bio (Eastman). this copolyester combines the 
biodegradable properties of aliphatic polyes-
ter and the performance properties of aromat-
ic polyesters. two of the three monomers are 

table 2 - Food additives and their applications in the food industry. the reported maximum level of use refers to foodstuffs 
ready for consumption prepared following the manufacturers’ instructions.

Food additives Uses Maximum level of use

Succinic acid (E363) in desserts < 6 g/kg
 in soups and broths < 5 g/kg
 in powders for the home
 preparation of drinks < 3 g/L

Adipic acid (E355) and its salts in fillings and toppings for < 2 g/kg
 fine bakery products
 in dry powdered dessert < 1 g/kg
 mixes
 in gel-like desserts < 6 g/kg
 in fruit-flavoured desserts < 1 g/kg
 in powders for the home < 10 g/L (expressed as
 preparation of drinks adipic acid)

Starch sodium octenyl succinate (E1450) in weaning food < 50 g/kg
Acetylated distarch adipate (E1422) in infant formulas and < 20 g/kg
 follow-on formulas
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constituted by 1,4-butandiol and adipic acid 
and can be obtained by using sA as the start-
ing material. PbAt can be processed in differ-
ent ways and then used for bags, cast films (ag-
ricultural mulching sheetings) and extrusion 
coating (paper coating, wrapping papers), fast-
food packaging (drinking cups and hamburg-
er boxes), food trays, disposable packaging for 
meat, fish, poultry, fruit and vegetables. It is 
biodegradable and compostable within about 
a maximum of 180 days. consequently, these 
items can be eliminated organically, thus re-
ducing their processing costs. PbAt looks and 
performs like low density polyethylene (LDPE). 
It is waterproof, sealable, printable and tear- 
and temperature variation- resistant; it is also 
characterized by flexibility, anti-fogging per-
formance and transparency.

the golden future
of the bio-based succinic acid platform

the fermentative production of sA is a very 
promising way for expanding the use of sA and 
its derivatives on the market. taking into ac-
count the potential use of agro-food by-prod-
ucts as low-cost substrates, the fermentation ap-
proach becomes more interesting from an eco-
nomic and environmental point of view.

the economic interest is associated with the 
transformation of the by-products used as raw 
materials into value-added products and the re-
duction in the costs of by-product disposal.

the environmental advantage is gained by re-
placement of petrochemical resources with re-
newable ones, such as feedstocks, the fixation 
of carbon dioxide in microbial fermentation (low-
er emissions of greenhouse gases) and replacing 
traditional plastics (non-degradable) with sA-de-
rived biodegradable ones.

From an economic point of view and that of 
process bottlenecks, consideration must be giv-
en not only to the cost of raw materials, but also 
the cost of the downstream process. the recov-
ery and purification steps are difficult and cru-
cial. In fact, an industrial agro-food by-product 
has sA in the medium but also large amounts of 
additional undesirable substances. these sub-
stances must be removed, resulting in an in-
crease in the overall process costs.

At present, three methods are used for the 
downstream process: electrodialysis (GLAssN-
Er and DAttA, 1992), acidification (DAttA et 
al., 1992) and solvent extraction (KIM et al., 
2004a). these methods however cannot be ap-
plied on an industrial level to recover and pu-
rify sA because they are too costly. Further-
more, they must be improved in order to ob-
tain purer sA. A new method has recently been 
set-up that consists of reactive extraction, 
vacuum distillation and crystallization (HUH 
et al., 2006). It should noted that all of these 
methods were first developed in culture broth 

containing pure c-sources. A great deal of ef-
fort is necessary to set up and optimize the 
downstream process that uses a culture me-
dium that contains complex c-sources, such 
as agro-food by-products.

the low cost of raw materials having a com-
plex substrate is offset by the need to remove 
the toxic or inhibitory molecules (e.g. wood hy-
drolysate-derivatives) during the downstream 
steps (GLAssNEr and DAttA, 1992; YEDUr et al., 
2001; HUH et al., 2006). Moreover, all the fer-
mentation products derived from bacterial me-
tabolism, other than those from sA, must also 
be purified.

the main goals of the sA production process 
are: to optimize the culture conditions and fer-
mentation parameters, to use engineered mi-
croorganisms, to increase sA yield and produc-
tivity, to reduce by-products formation and to 
set up a better performing sA recovery method.

“Green” sA and its derivatives make up a more 
“natural” food-additive category, that can be 
used instead of traditional chemical ones. biode-
gradable plastics produced from “green” sA are 
also an attractive alternative in the food pack-
aging sector. both these aspects could have a 
successful impact on public opinion.
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AbstrAct

the microstructures of natural and manufactured collagen casings were evaluated by light and 
scanning electron microscopy. sheep and hog casings showed a typical natural casings structure 
consisting mainly of the submucosa layer. Polarized light microscopy clearly showed the connec-
tive tissue fiber alignment. Manufactured, extruded casings showed a gelled matrix in which con-
nective tissue fibers were embedded. A special chemically hardened casing showed a much dens-
er alignment of the connective tissue fibers, and higher protein content per unit area. In co-ex-
truded casings, a structure fairly similar to the manufactured, extruded casings was observed. 
scanning electron microscopy revealed three dimensional microstructures showing the connec-
tive tissue fibers’ orientation and distribution.
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INtrODUctION

For generations, natural collagen casings have 
been considered to be the standard for fresh and 
a variety of cooked sausages. the international 
trade in natural casings has been estimated at 
about $2.5 billion a year (INscA, 2004). Howev-
er, over the last three to four decades, manufac-
tured collagen casings (i.e. prepared from re-gen-
erated collagen) and more recently co-extruded 
casings (i.e. directly deposited on the meat bat-
ter as it comes out of the stuffer) have been in-
troduced on the market. Exact trade figures for 
these casings are difficult to obtain, and there-
fore are not provided here. When looking at mar-
ket figures of natural casings it is important to 
note that ≈60% of the trade is in sheep casings. 
However, due to the relatively high cost of using 
natural casings (e.g. preparation cost, efforts at 
the meat processing plant) and shelf life consid-
erations (high initial bacteria counts; bAKKEr 
et al., 1999; GAbIs and sILLIKEr, 1974), vari-
ous processors have been moving towards us-
ing manufactured collagen casings and/or the 
new co-extrusion technology.

In any case, it should be emphasized that for 
various high end meat products on the mar-
ket today, natural casings with their old-fash-
ion appearance are still the norm. Natural cas-
ings have been routinely used to stuff differ-
ent meats as well as other food products (e.g. 
dairy) for storage, preservation (e.g. by fermen-
tation) and processing. An example of the latter 
can be a raw minced meat system, in a semi flu-
id state, that is stuffed into casings and heated 
until it gels and forms a coherent elastic struc-
ture which is sliceable and spreadable and can 
be handled even without the casings.

the casing plays both direct and indirect 
roles in the volumetric, structural and chemi-
cal changes that occur in the sausage through 
its processing steps (sAVIc and sAVIc, 2002). 
therefore the unique requirements of each sau-
sage product should be matched with the char-
acteristics of the casings to be used. to accom-
plish this goal, a number of producers offer a va-
riety of casings, with different functional prop-
erties. However, since there is very little or no 
information in the scientific literature on the 
microstructure of manufactured collagen cas-
ings, the goal of this study was to examine and 
compare different types with histological meth-
ods and scanning electron microscopy, includ-
ing the new co-extruded casings, to the tradi-
tional natural casings.

MAtErIAL AND MEtHODs

Meat sample preparation

A common sausage meat batter was prepared 
at the University of Guelph meat laboratory, and 

used to stuff five of the six different collagen 
casings. the sixth formulation, a co-extruded 
casing, was produced at a different location (ie. 
equipment not available at the University). the 
common sausage meat batter used at the Uni-
versity included 20% chilled beef trims (80/20), 
25% pork trims (80/20), 20% pork jowls, 15% 
pork back fat, 20% ice. the following non meat 
ingredients were used: 1.7% salt, 1.0% starch, 
0.6% seasonings, 0.02% phosphate, and in addi-
tion, 300 ppm sodium erythorbate, and 160 ppm 
sodium nitrite. the meat was ground through a 
3 mm plate, chopped in a silent cutter (schneid-
meister sMK 40, berlin, Germany) while adding 
all the non meat ingredients for 4 min.; tempera-
ture maintained below 12°c. the meat was then 
stuffed (Mainca model EM20r, berkshire, UK) 
into the five different casings (table 1); approx-
imately 10 kg per casing type. the co-extruded 
casings (QX co-extruder, stork-townsend, Des 
Moines, IA) were produced at a different location 
and shipped to the University meat laboratory. 
samples of the raw casings and heated casings 
(products placed in boiling water for 3 min) were 
evaluated by either cutting thin sausage sam-
ples (5 mm) from different link, or taking piec-
es of casings and attaching them onto 2x2 cm 
cardboard squares (using stainless steel pins) 
prior to chemically fixing them for microscopi-
cal evaluation. such casing sections were used 
when casings would not stay attached to the 
meat product after cutting the sausage sample.

Light microscopy

ten thin sausage or casing sections, per sam-
ple, were taken from the ends and middle of dif-
ferent sausage links and fixed in 10% neutral 
buffered formalin for 1.5 h, followed by dehy-
drating in 70, 95 and 100% isopropanol; each 
for 2 h. the samples were soaked in xylene for 
2 h and embedded in paraffin for 3 h, using an 
automated vacuum infiltration unit (sakura tis-
sue-tek VIP, sakura Finetek, torrance, cA). the 
embedded samples were sectioned (Microtome 
HM 200, Ergostar, Walldoft, Germany) into 5-7 
micron sections, allowed to float on water, and 
transferred onto a glass slide. slides were dried, 
and stained with either a general Hematoxylin/
Eosin stain or a specific Masson stain for colla-
gen. A computerized image analysis system at-
tached to the microscope (Model bX60F5, Olym-
pus Optical co, Ltd., Japan) was used to view (x 
200 magnification) the samples and capture im-
ages (Image-Pro Plus, Version 4.5-1.29, Media 
cybernetics Inc., silver spring, MD).

scanning electron microscopy

six cubes (approx. 1 cm3) from the edge of each 
raw sausage were fixed overnight in 2.5% glutar-
aldehyde, washed with a sorensen’s buffer, post 
fixed in 1% OsO4, dehydrated in ethanol, criti-
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cal point dried, fractured to expose inside sur-
faces, placed on stubs and sputter-coated with 
200-300A of gold/palladium (Emitech K550; 
Ashford, Kent, England). The scanning electron 
microscope (S-570, Hitachi, Japan) was used at 
an accelerating voltage of 5Kv.

Protein content

Protein level in the casings, as received, was 
determined in triplicate according to the AOAC 
(1996) method.

RESULTS AND DISCUSSION

The raw natural sheep casing (Fig. 1a) reveals 
a typical microstructure of cleaned sheep in-
testine showing the submucosa layer which is 
the basic structure of this kind of natural cas-
ing. The image is consistent with other exam-
ples of sheep casings published by KOOLMEES 
et al. (2004) who looked at the efficiency of me-
chanical versus manual cleaning and preparing 
of casings. During the process the serosa, mu-
cosa and muscularis layers are removed, only 
the submucosa layer for sausage production re-
mains (KOOLMEES and HOUBEN, 1997; SAVIC 
and SAVIC, 2002; WIJNKER et al., 2008). Dur-
ing this process the thickness of the intestine 
is reduced by 91-92% and weight by about 87-
89% (COMER and BRADLEY, 2002; KOOLMEES 
et al., 2004) and a thin elastic layer rich in con-
nective tissue fibers which includes both colla-
gen and elastin fibers is left over. The connec-
tive tissue fibers can be clearly seen by polar-
ized light (Fig. 1b). The collagen fibers are bi-
refringent (PIMENTAL, 1981), meaning that by 
rotating the plane of polarized light, the fibers 
appear bright against an otherwise dark back-
ground (SWATLAND, 1984). This is because col-
lagen has two to three principle refractive indi-
ces (such materials are also called anisotropic). 
A Masson stain was used to colorize the colla-
gen (dark blue), but it was also easy to visualize 
the fibers by polarized light (i.e., micrographs of 
the Masson stain are not shown here because 
a black and white reproduction is not suitable 
to show the color effect). When meat is stuffed 
into the casings the connective tissue fibers 
can stretch and consequently put pressure on 
the filling inside. This pressure is important for 
keeping the product’s integrity during the cook-
ing process and provides a unique firm texture 
when the product is consumed (BARBUT, 2002). 
The thickness of the casing was about 100 µm 
(at the middle of the sausage link), which is in 
line with the 110 µm (0.11 mm) measurement 
published by BAKKER et al., (1999). They also 
reported that the whole small intestine wall 
(prior to cleaning and processing) was 1.5 mm 
and cleaning resulted in about 90% reduction 
in thickness.

 The hog casings (Fig. 1c) showed a thick-
er structure of about 225 µm (range 200 250; 
measured at the middle of the sausage link) with 
more connective tissue fibers (Fig. 1d) compared 
to the sheep casings. BAKKER et al. (1999) re-
ported an average thickness of 300 µm for hog 
casings. However, the exact thickness would de-
pend on the age and feed of the animal as well 
as the climatic conditions it lived in, the degree 
of cleaning, and stretching of the casing during 
stuffing. In any case, hog casings have a larger 
diameter, are stronger than sheep casings, and 
also have moderately higher protein content per 
unit (20.9% vs. 16.5% protein, respectively; Ta-
ble 1). In the present study, the sausage batter 
stuffed into sheep casings had a diameter of 20 
mm (Table 1), and the hog casing was 32 mm. 
These stuffing diameter values are in line with 
values reported by SAVIC and SAVIC (2002); i.e., 
16-25 mm for sheep and 20-28 mm for hog run-
ners (casings obtained from the small intestine).

 The manufactured collagen casings for fresh 
sausage (Fig. 1e) show a much more dense and 
compact matrix compared to the natural cas-
ings. Overall, the manufactured casings are 
dried and shipped to the customer in a mois-
ture proof packaging to prevent hydration dur-
ing storage (67.2% protein in the dried form; Ta-
ble 1). This is opposite to natural casings which 
are commonly shipped in a saturated salt solu-
tion which includes over 50% water. The manu-
factured casings are made from collagenous con-
nective tissue extracted from different parts of 
the animal (e.g. hides). The collagen extraction 
method and the later extrusion are usually pro-
prietary processes, but they basically consist of 
separating the corium layer from the hide, de-
calcification, regeneration, dry extrusion process 
(usually referred to as‘‘German proces’’, where 
HCl is used) or wet extrusion process ‘‘Ameri-
can proces’’, where H2SO4 is used). SAVIC and 
SAVIC (2002) emphasized that during the first 
phase (corium layer removal and modification) 
care should be taken to avoid converting all the 
collagen into a soluble form (i.e., need to main-
tain actual fiber structure). An example of the 
fibers can be seen in Fig. 1e and more distinctly 
under polarized light in Fig. 1f. When the casings 
are hydrated (during or before the meat stuff-
ing process) the fibers can regain some of their 
elasticity, stretch and consequently exert pres-
sure on the meat batter placed inside. The thick-
ness of this specific manufactured collagen cas-
ing was about 50-75 µm. 

The second type of manufactured collagen 
casing examined here was for smoked sausag-
es (Fig. 2a), which was obtained from another 
supplier. The colour was different from the first 
manufactured casings (Table 1), but the basic 
microstructure was fairly similar, with a differ-
ence in the number of intact fibers; i.e., high-
er number in the fresh sausage casings than 
in the one for smoked sausage (see polarized 



Ital. J. Food Sci. n. 2, vol. 22 - 2010  129

Fig. 1 - Light mi-
crographs of raw 
collagen casings: 
(a) and (b) natu-

ral sheep; (c) and 
(d) natural hog; (e) 

and (f) manufac-
tured collagen for 

fresh sausage. Po-
larized light was 

used in (b), (d) and 
(f) to reveal connec-

tive tissue fibers. 
bar = 200 µm.

table 1 - casings evaluated and some of their characteristics.

Casings type	 State of raw casings	 Stuffed diameter Color Treatment prior Protein* Supplier (casings ID)
	 	 (mm)	 raw	 to	stuffing	 (%)	 Location

1. Natural sheep	 Pliable. Shipped in a 20 Transparent	 Rinse salt	 16.5	 F. Marie (sheep casings)
	 salt	solution	 can	stretch	 	 	 	 Markham,	ON
2. Natural hog	 Pliable. Shipped in a 32 Transparent	 Rinse salt	 20.9	 F. Marie (hog casings)
 salt solution	 can stretch	 	 	 	 Markham, ON
3. Manufact. collagen Flexible. Shipped dried	 35	 Cream white None	 67.2	 Mar/Co (freshsausage)
(for fresh sausage)	      Bloomington, MN
4. Manufact. Collagen Flexible. Shipped dried	 32	 Yellowish	 None	 83.9	 Naturin (NCC 32)
(for smoked sausage)	 	 	 	 	 	 Weinheim, Germany
5. Manufact. collagen Flexible. Shipped dried	 50	 Brownish	 None	 76.8	 Naturin (Kranzdarm)
(for ring sausage)	 	 	 	 	 	 Weinheim, Germany
6. Co-extruded	 Gel like	 20 Semi  Keep cold. 6.3 Devero (Co Ex Paste)
  can	make	to	size transparent	 Pump	to	deliver  Colombia,	SC	 	
	 	 	 	
*Protein	content	in	casings	as	received.
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light micrographs Fig. 1f vs. Fig. 2b).  the lat-
ter can be used by manufacturers to vary the 
strength, and degree of stretching of a partic-
ular casing they produce. 

the third manufactured collagen casing was 
designed for a large diameter (50 mm) ring type 
sausage (table 1). this casing is much stronger 
than the other two manufactured ones because 
it needs to hold a stuffed meat mass in excess 
of 1 kg while hanging on a smoke house tree. 
this casing has to be removed prior to eating 
the product because it has a tough texture that 
can not be easily broken down by chewing. the 
thickness of this casing was actually not differ-
ent from the previous ones. However, a closer 
look under the microscope, and especially un-
der polarized light, reveals a high concentration 
of connective tissue fibers (mostly aligned par-
allel to each other) compared to the other two 
manufactured casings. this gives the casing its 

Fig. 2 - Light mi-
crographs of raw 
collagen casings: 
(a) and (b) man-

ufactured for 
smoked sausage; 
(c) and (d) manu-
factured for large 

diameter ring sau-
sage; (e) and (f) co-
extruded; the low-

er right part shows 
the meat batter. 

Polarized light was 
used in (b), (d) and 

(f) to reveal con-
nective tissue fib-

ers. bar = 200 µm.

strength and it is most likely that the manu-
facturer used organic/ inorganic cross linking 
agents such as aldehydes, smoke condensate, 
aluminum or ferric salts to treat the casings 
(sAVIc and sAVIc, 2002). Another common way 
is to use heat for cross linking but as indicat-
ed above, these are usually steps within a pro-
prietary process not revealed to the customer.

the co-extruded casing, which is extruded 
around the sausage meat as it comes out of the 
stuffer, reveals a microstructure (Fis. 2e and 2f) 
pretty similar to the manufactured casings for 
the fresh and smoked sausages described above 
(Fis. 1f and 2b, respectively). this should not be 
a surprise because the raw materials for both 
types are pretty much the same and actually the 
so-called casing-dough (used for co-extrusion) 
is commonly supplied by the same companies 
that produce the dried manufactured casings. 
the main difference is in the way the casing is 
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Fig. 3 - Light mi-
crographs of 

cooked collagen 
casings using po-
larized light to re-

veal connective tis-
sue fibers: (a) nat-

ural sheep; the up-
per part shows 

the meat batter; 
(b) natural hog; (c) 
manufactured col-

lagen for fresh sau-
sage; (d) manufac-
tured for smoked 
sausage; (e) man-

ufactured for large 
diameter ring sau-
sage; (f) co-extrud-
ed. Bar = 200 µm.

applied to the meat product; i.e.  applied in a gel 
form with an initial low protein level (6.3 %; Ta-
ble 1). However very soon after application (with-
in a few seconds) the processor starts drying it 
by exposure to a high salt concentration and/
or heat. In the micrographs presented (Figs. 1e 
and 1f), the sausage meat is shown at the bot-
tom because the casing stayed well attached to 
the meat; i.e. did not separate as was the case 
with the other treatments when a thin sausage 
sample was prepared for observation.  In gen-
eral, the co-extrusion technology has started to 
gain momentum over the past two years. Over-
all, the technology was introduced earlier, but 
the lack of proper equipment and gel formula-
tions delayed its industrial application (LAZAR, 
2006). Currently more meat processors are rec-
ognizing the advantages of using the technolo-
gy (e.g., increased automation, labour savings, 
improved hygiene). Although becoming popular, 

this technology can benefit from some addition-
al refining to make it more widely used.

The microstructure of the casings on the heat-
ed sausages (placed in boiling water for 3 min-
utes) shows basically identical structures as be-
fore cooking, but with some modifications. The 
two natural casings showed a thinner profile 
(Fis. 3a and 3b) but that is very probably due to 
stretching during the sausage filling process (i.e. 
as indicated in the Methods section, when cas-
ings did not adhere to the product, particular-
ly when dealing with the raw product, a section 
of the casings was taken and pinned to a piece 
of cardboard; no attempt to control the stretch-
ing, only to ensure that no folds were present). 
The cooking might have induced the beginning 
of some collagen fiber gelatinization, but not to 
the extent that the casing would fall apart. Over-
all, a certain degree of collagen solubilization is 
an expected situation when sausages are scald-
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Fig. 4 - scanning elec-
tron micrographs of 

raw collagen casings: 
(a) natural sheep; (b) 
natural hog; (c) man-

ufactured collagen 
for fresh sausage; 

(d) manufactured for 
smoked sausage; (e) 

manufactured for 
large diameter ring 

sausage; (f) co-extrud-
ed. bar = 30 µm.

ed for a longer period of time. In addition, cas-
ing stability is also due to the presence of elastin 
fibers which are not affected by heat. bAKKEr et 
al. (1999) have also indicated that, “there were 
no microscopic differences between cooked and 
smoked sausage skins made in hog and sheep 
casings cured with additives and those made 
with salted casing.” 

the three manufactured casings showed 
the same basic microstructure after heating. 
the fresh sausage casing (Fig. 3c) stayed at 
the same thickness as prior to being heated. 
the smoked sausage casing (Fig. 3d) showed 
a thicker profile which might have been due to 
swelling during the boiling process. the heat-
ed casings of the ring sausage (Fig. 3e), stayed 
at the same thickness as prior to cooking, but 
if it was strengthened by cross linking (as pos-
tulated earlier), it would not be expected to 
swell. the cooked co-extruded casings (Fig. 3f) 

maintained the same microstructure as prior 
to heating.

scanning electron microscopy showed a three 
dimensional structure of the casings. the sheep 
casings (Fig. 4a) show the arrangement of nu-
merous, relatively thin, connective tissue fib-
ers of the submucosa layer. the fibers resemble 
the sEM picture of collagen fibrils published by 
NOItUP et al. (2006).  the hog casings (Fig. 4b) 
show a similar structure but with what appears 
to include some thicker connective tissue fibers. 
this was also evident in the light micrographs 
(Figs. 1a and 1b), but here the higher sEM mag-
nification allows a closer examination. the man-
ufactured smoked sausage casings (Fig. 4d) also 
show the connective tissue fiber arrangement 
within the surrounding proteinaceous matrix. 
the manufactured casings for ring sausage (Fig. 
4e) show the unique arrangement of the parallel 
fibers packed together. this confirms the light 
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micrograph showing the tightly packed configu-
ration (Fig. 2d). Within the co-extruded casings 
(Fig. 4f) two connective tissue fibers sticking out 
of the structure (i.e. towards the viewer) can be 
observed. the fibers are embedded in a dense 
coagulated proteinaceous matrix.

cONcLUsIONs

In summary, the study compared the micro-
structure of collagen casings produced in differ-
ent ways (ranging from natural to manufactured 
and co-extruded).  the light and electron micro-
scopy micrographs reveal differences in the con-
nective tissue fiber, number and orientation as 
well as casing thickness  the information could 
be useful for the industry in understanding and 
developing new types of casings.

rEFErENcEs

Association of Official Analytical chemist (AOAc). 1996. 
“Official Methods of Analysis”, (3rd Ed). Washington, D.c.

bakker W.A.M., Houben J.H., Koolmees P.A., bindrich U. 
and sprehe L. 1999. Effect of initial mild curing, with 
additives, of hog and sheep sausage casings on their mi-
crobial quality and mechanical properties after storage 
at difference temperatures. Meat sci. 51:163.

barbut s. 2002. casings. In “Poultry Products Processing”. 
p. 267, crc Press. New York, UsA.

comer P. and bradley r. 2002  Note on weights of intestine 
in small ruminants and expected risk reduction  report 
for European Natural sausage casing Association. Au-
gust 26, 2002, Hamburg, Germany.

Gabis D.A. and silliker J.H. 1974  salmonella in natural an-
imal casings  Appl. Micro. 27:66 

INscA. 2004  International Natural sausage casing Associ-
ation scientific Working Group. Personal communication 

Koolmees P.A. and Houben J.H. 1997. Inventory part: his-
tology and microbiology of hog and sheep casings. In 
“color Print Leaflet EU-crAFt Project brE 2. ct 94. 
1495: Improved treatment of Natural sausage casings 
for Quality Improvement in Automated stuffing Process-
es”. Deutches Institut für Lebensmitteltechnik eV, Quak-
kenbrück, Germany

Koolmees P.A., tersteeg M.H.G., Keizer G., Van Den broek 
J. and bradley r. 2004. comparative histological stud-
ies of mechanically versus manually processed sheep in-
testines used to make natural sausage casings  J. Food 
Prot. 67:2742

Lazar V. 2006. casing technology – co extrusion as well as 
natural. Meat Proc. Magazine. 5:20

Noitup P., Morrissey M.t. and Garnjanagoonchorn W. 2006  
In vitro self-assembly of silver-line grunt type 1 collagen  
effects of collagen concentrations, pH and temperatures 
on collagen self-assembly  J. Food biochem. 30:547

Pimental E.r. 1981. collagen. Acta Histochem. et cyto-
chem. 14:35.

savic Z. and savic I. 2002. Animal casings. In “sausage cas-
ings”. p. 127. Victus Publishing. Vienna, Austria.

swatland H.J. 1984. the connective tissues. In “structure 
and Development of Meat Animals”. p. 56. Prentice Hall 
Publication. Englewood cliffs, NJ.

Wijnker J.J., tersteeg M.H.G., berends b.r., Vernooij J.c.M. 
and Koolmees P.A. 2008. Quantitative histological anal-
ysis of bovine small intestines before and after process-
ing into natural sausage casings. J. Food Prot. 71:1199.

Revised paper received May 7, 2009    Accepted January 28, 2010



PaPer

134  Ital. J. Food Sci. n. 2, vol. 22 - 2010

- Key words: cooking loss, meat burger, sensory property -

eVaLUaTION OF SOMe SeNSOrY PrOPerTIeS 
aND COOKING LOSS OF DIFFereNT BUrGer 

FOrMULaTIONS

K.M. aL-MraZeeQ, B.M. aL-aBDULLaH* and K.M. aL-ISMaIL
Department of Nutrition and Food Technology, Faculty of Agriculture, University of Jordan, 

Amman 11942, Jordan
*Corresponding author: Tel. +962 6 5355000, Fax +962 6 5355577

e-mail: basem@ju.edu.jo

AbstrAct

Five burger formulations were prepared to study the effect of replacing beef and chicken fat 
with olive oil, of mixing chicken meat with beef on some of the sensory properties and cooking loss 
during storage at -18°c for 1 and 3 months and after grilling at 75°c for 20 min. the five burger 
formulations were: beef, chicken, mixed beef and chicken (50:50), beef with olive oil (90:10), and 
chicken with olive oil (90:10). cooking loss, after formulation was between 43.28-51.30%; chick-
en with olive oil showed the lowest cooking loss, while the mixed treatment showed the highest 
cooking loss. At the end of storage (3 months), cooking loss significantly (P≤0.05) increased for all 
treatments. Mixing of chicken with beef significantly (P≤0.05) enhanced the sensory characteris-
tics of the beef burger, whereas addition of olive oil had a variable influence on the sensory char-
acteristics of the freshly prepared and stored burgers.
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INtrODUctION

burger is a meat product prepared from 
minced lean meat, with or without the addi-
tion of other ingredients. the total fat content 
must not exceed 15% (Js: 1334/2002). In Jor-
dan, burgers are prepared from two main meat 
sources: beef or chicken.

Many efforts have been made to improve the 
quality and stability of burgers because consum-
er demand for healthy fast food has increased 
rapidly in recent years (PAPADINA and bLOU-
KAs, 1999). Olive oil is the most mono-unsatu-
rated vegetable oil. It contains 56.3-86.5% mo-
no-unsaturated fatty acids (MUFA), 8-25% satu-
rated and 3.6-21.5% polyunsaturated fatty ac-
ids (PUFA). It also has tocopherols and phenol-
ic substances which act as antioxidants. Olive 
oil has a high biological value attributable to 
its high vitamin E/polyunsaturated fatty acid 
ratio (VIOLA, 1997). Olive oil has been used in 
the countries surrounding the Mediterranean 
basin for more than 8,000 years. It has never 
been associated with undesirable consequenc-
es for human health (INtErNAtIONAL OLIVE OIL 
cOUNcIL, 1983).

there is convincing evidence that high MUFA 
diets may be of benefit in both the prevention 
and management of diabetes. the majority of 
these beneficial effects, particularly those on 
carbohydrates and lipid metabolism, are due 
to the substitution of MUFA for either saturated 
fats or carbohydrates in the diet. the pharma-
cological properties of olive oil phenolics provide 
new insights about the mechanisms by which 
good quality olive oil may contribute to lowering 
chronic heart disease (cHD) mortality (QUILEs et 
al., 2006). Nutritionists generally recommend a 
change in the composition of the fat associated 
with meat products by substituting MUFA with 
saturated fatty acids (ZANArDI et al., 2000). Un-
saturated fatty acids in the diet have been shown 
to decrease plasma low density lipoprotein (LDL) 
cholesterol in the blood. However, polyunsatu-
rated fatty acids (PUFA) reduce high density lipo-
protein (HDL) cholesterol levels, while lowering 
LDL cholesterol. It is known that HDL cholester-
ol is correlated with a reduced risk of cHD. On 
the other hand, increasing mono-unsaturated 
fatty acid contents (MUFA) in the diet does not 
decrease the plasma HDL-cholesterol level but 
lowers LDL cholesterol in the plasma (MAttsON 
and GrUNDY, 1985).

the type of meat and fat that are used in meat 
products affects the following quality parame-
ters of these products: water-holding capaci-
ty, lipid binding and stability, oxidative stabil-
ity, sensory properties, emulsion characteris-
tics, textural characteristics, nutritional value 
and other characteristics. Little information has 
been published in the literature on the effect of 
partial replacement of beef meat with chicken 
meat and partial replacement of beef tallow or 

chicken fat with olive oil on the sensory proper-
ties of burgers. the aim of this study was to de-
termine the effect of partial replacement of beef 
tallow and chicken fat with olive oil, the effect 
of partial replacement of beef tallow and meat 
with chicken meat and fat (50:50) and the effect 
of grilling the above-mentioned formulations on 
some sensory properties of freshly prepared and 
stored burgers.

MAtErIALs AND MEtHODs

burger preparation

the raw materials (meat and olive oil) used 
to prepare the burgers were purchased from 
the local markets. the combinations of beef 
and chicken burgers with beef tallow, chicken 
fat and olive oil (table 1) were prepared as fol-
lows: samples were prepared in the meat tech-
nology laboratory at the University of Jordan. 
the fresh meat was coarsely ground in a Ho-
bart mincer (Hobart, London, UK) through an 
8 mm plate; water was added and then all was 
thoroughly mixed. the level of fat was adjusted 
to about 15% by adding beef or chicken fat or 
olive oil; the olive oil was added as such (olive 
oil) without any modification. Fat adjustments 
were carried out after determining the actual 
level of fat in the mixture by using the soxh-
let method. the prepared mixtures were then 
shaped into (100 g) patties using a household 
burger mould press (Meat technology Labora-
tory, University of Jordan). some of the freshly 
prepared burger samples were taken and an-
alyzed for cooking loss and for some sensory 
properties after grilling. the remaining sam-
ples were kept in a freezer (at -18°c); the fro-
zen samples were analyzed after one and three 
months of storage. cooking loss and some sen-
sory properties after grilling were determined.

Proximate composition

samples were analyzed before and after grill-
ing for moisture, fat and protein following AOAc 
(1995) procedures (analyses were carried out in 
duplicate).

Grilling

burgers were cooked directly from the frozen 
state by contact grilling on a preheated elec-
tric grill (model Lt15, Ankara, turkey) for 20 
min until they reached the brown cooked-color 
(grilling temperature 115°c, internal tempera-
ture 75°c for 15 sec). the upper part of the grill 
was closed and came into direct contact with the 
burgers. the internal temperature of the burg-
ers was monitored with a thermocouple (Digitec, 
Modena, Italy) placed at the geometric center of 
the sample.
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cooking loss

Percent cooking loss was determined by us-
ing weight differences between raw and cooked 
burgers as follows:

% cooking loss = 
= raw frozen burger weight (g) –
– cooked burger weight (g) × 100

 
raw frozen burger weight (g)

the frozen samples were weighed directly 
and then grilled. the samples were left to cool 
to room temperature, and were then weighed. 
the cooking loss was calculated using the sam-
ple weight data. triplicate samples were used 
for each treatment.

sensory evaluation

cooked burgers from each treatment were 
evaluated by 18 panelists from the sensory 
evaluation team at the Department of Nutri-
tion and Food technology. the panelists were 
both male and female, and were of different 
ages; they were requested to taste each sam-
ple separately without comparing it with oth-
er samples. Panelists were familiarized with 
the questionnaire form used. the samples 
were evaluated for desirability in appearance, 
color, tenderness, flavor, juiciness and overall 
acceptability using a 9-hedonic scale test as 
described by LArMOND (1991), varying from 9 
(like extremely) to 1 (dislike extremely). Piec-
es of bread and water were used to neutralize 
the taste between samples.

statistical analysis

statistical analysis of data was carried out us-
ing statistical analysis system package (sAs Inc., 
2000). the data obtained were analyzed using 

a split Plot Design to study the effect of treat-
ments on the cooking loss and sensory evalu-
ation results. the significant difference of the 
mean was determined using the Least signif-
icant Difference (LsD) method. the coefficient 
of correlation test between the sensory scores 
for the burgers was estimated (sAs Inc., 2000).

rEsULts

Moisture, fat and protein contents

the moisture, fat and protein contents of all 
the raw and grilled burgers during the storage 
time are presented in table 2. these data were 
collected in order to have a better understand-
ing of the product.

cooking loss

the cooking loss data obtained from the dif-
ference between the weight before and after grill-
ing is illustrated in table 3. the freshly prepared 
and stored chicken with olive oil sample showed 
the lowest cooking loss (43.28-47.39%), while the 
mixed sample showed the greatest loss (51.30-
53.17%). It can be observed that at each storage 
period, the cooking loss of all the samples, except 
those of chicken treated with olive oil, showed 
comparable values; the difference in cooking loss 
of these samples did not exceed 1.6%. cooking 
loss at the start and after one month of storage 
was not significantly (P>0.05) different, but there 
was a significant (P≤0.05) difference after three 
months of storage, since cooking loss was high-
er in the third month compared with the loss at 
the start and after one month.

table 4 shows the percentages of moisture 
and fat loss due to grilling. the moisture loss 
percentage of the freshly prepared samples was 
between 20.37 and 25.62%, whereas the fat loss 
percentage was between 18.85 and 21.79%. 

table 1 - burger formulations of beef, chicken, a combination of beef and chicken with beef tallow and chicken fat, beef with 
olive oil and chicken with olive oil.

	 	 	 Treatments

Ingredients	 Beef	burger	 Chicken	burger	 Beef	and	 Beef	burger	 Chicken	burger
	 	 	 chicken	with	 with	olive	oil	 with	olive	oil
	 	 	 burger	(1:1)	 (90:10)	 (90:10)

Meat	(kg)	 5	 5	 5	(2.5	kg	beef	 5	 5
	 	 	 and	2.5	kg	chicken)

Fat	content	 Approx.	 Approx.	 Approx.	 Approx.	 Approx.
adjustment	 15%	by	 15%	by	 15%	by	addition	 15%	by	 15%	by
to	15%	 addition	of	 addition	 of	beef	tallow	and	 addition	of	 addition	of
	 beef	tallow	 of	chicken	fat	 chicken	fat	(1:1)	 olive	oil	 olive	oil

Water	(kg)	 0.25	 0.25	 0.25	 0.25	 0.25



Ital. J. Food Sci. n. 2, vol. 22 - 2010  137

table 2 - Effect of formulation, storage time and grilling on moisture, fat and protein contents of burger samples.

	 	 Treatment
Characteristic	 Time	of
	 storage	 Beef	 Chicken	 Mixed	 Beef	with	olive	oil	 Chicken	with	olive	oil
	 (month)
	 	 raw	 grilled	 raw	 grilled	 raw	 grilled	 raw	 grilled	 raw	 grilled

Moisture%	 0	 65.55	 49.32	 66.73	 51.61	 66.61	 49.55	 65.42	 48.88	 66.51	 52.96
	 1	 65.42	 49.25	 66.68	 51.53	 66.59	 49.50	 65.40	 48.79	 66.41	 52.84
	 3	 65.48	 48.31	 66.54	 50.42	 66.41	 48.93	 65.35	 48.01	 66.30	 52.12
Fat%	 0	 15.11	 11.83	 15.33	 12.31	 15.02	 11.79	 15.23	 11.55	 15.00	 12.16
	 1	 15.06	 11.85	 15.34	 12.34	 15.10	 11.82	 15.18	 11.57	 15.14	 12.11
	 3	 15.10	 11.46	 15.40	 11.89	 15.15	 11.39	 15.13	 11.22	 15.11	 11.86
Protein%	 0	 18.24	 37.53	 17.23	 35.62	 17.31	 37.40	 18.13	 37.71	 17.52	 34.14
	 1	 18.28	 37.58	 17.26	 35.65	 17.32	 37.45	 18.01	 37.76	 17.49	 34.29
	 3	 18.37	 38.09	 17.30	 36.11	 17.43	 37.92	 18.21	 38.85	 17.51	 34.76

table 3 - Percentage cooking loss of burger samples in relation to storage period.

Characteristic	 Time	of	storage	 *Treatment**
	 (month)
	 	 Beef	 Chicken	 Mixed	 Beef	with	olive	oil	 Chicken	with	olive	oil

Cooking	loss%	 0	 b49.69c	
b50.22b	

b51.30a	
b50.26b	

b43.28d

	 1	 b49.86c	
b50.48b	

b51.53a	
b50.21b	

b43.02d

	 3	 a51.70c	 a52.63b	 a53.17a	 a52.78b	 a47.39d

Each	value	is	the	mean	of	three	replicates.
*Values	within	the	same	column	with	different	subscripts	are	significantly	(p<0.05)	different	according	to	LSD.
**Values	within	the	same	row	with	different	superscripts	denote	significant	differences	(p<0.05)	according	to	LSD.

table 4 - Moisture and fat loss of burger samples due to grilling in relation to formulation and storage.

Characteristic	 Time	of	storage	 *Treatment**

	 (month)
	 	 Beef	 Chicken	 Mixed	 Beef	with	olive	oil	 Chicken	with	olive	oil

Moisture	loss%	 0	 b24.76c	
b22.66d	

b25.62a	
b25.28b	

b20.37e

	 1	 b24.72c	
b22.72d	

b25.66a	
b25.40b	

b20.43e

	 3	 a25.70b	
a23.72c	

a26.10a	
a26.25a

	 a21.03d

Fat	loss%	 0	 b21.06b	
b19.70c	

b21.51a	
b21.79a	

b18.85d

	 1	 b21.00b	
b19.56c	

b21.72a	
b21.88a	

b18.94d

	 3	 a24.11c	 a22.79d	 a24.82b	 a25.84a	 a21.51e

Each	value	is	the	mean	of	two	replicates.
*Values	within	the	same	column	with	different	subscripts	are	significantly	(p<0.05)	different	according	to	LSD.
**Values	within	the	same	row	with	different	superscripts	denote	significant	differences	(p<0.05)	according	to	LSD.

burgers stored for three months showed higher 
(P≤0.05) loss in moisture and fat than those at 
the start and one month of storage.

sensory evaluation

the mean sensory scores for the various burg-
er treatments are reported in table 5. A 9-he-
donic scale test was used which ranged from 9 to 
1, where 9, 8, 7, 6, 5, 4, 3, 2 and 1 means: like 
extremely, like very much, like moderately, like 
slightly, neither like nor dislike, dislike slightly, 
dislike moderately, dislike very much and dis-
like extremely, respectively.

Appearance

regarding the appearance of the freshly pre-
pared samples, no significant (P>0.05) differ-
ences were found among the treatments. they 
ranged from like slightly to like moderately. Af-
ter one month of storage, the appearance scores 
of the mixed, chicken and beef treatments re-
mained within the same range, while chicken 
and beef treatments with olive oil declined from 
neither like nor dislike to like slightly. After three 
months of storage, the mixed treatment had the 
same score, whereas beef with olive oil showed 
a remarkable decline to dislike slightly. beef, 
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chicken and chicken with olive oil ranged from 
neither like nor dislike to like slightly.

color

the color scores of the freshly prepared sam-
ples determined by the panelists showed that 
the mixed sample had the highest value (6.89), 
while beef had the lowest value (5.67). the color 
of beef and beef with olive oil ranged from neither 
like nor dislike to like slightly, and no significant 
(P>0.05) difference was found between them. On 
the other hand, mixed, chicken and chicken with 
olive oil treatments had higher color scores than 
either beef treatment, where they ranged from 
like slightly to like moderately, and no significant 
(P>0.05) differences were found between them. 
storage significantly (P≤0.05) affected the color 
scores of chicken treatment and beef with olive 
oil treatment at the third month, while the color 
scores of the other treatments were not (P>0.05) 
affected by storage.

tenderness

the tenderness scores for the freshly pre-
pared samples showed that the chicken sam-
ple had the highest (P≤0.05) score followed by 
chicken with olive oil and mixed samples which 
ranged from like slightly to like moderately. beef 
and beef with olive oil samples had the lowest 
(P≤0.05) tenderness scores and ranged from dis-
like slightly to neither like nor dislike. storage 

table 5 - Effect of formulation and storage time on sensory evaluation scores of the burger samples.

Characteristic	 Time	of	storage	 Treatment
	 (month)
	 	 Beef	 Chicken	 Mixed	 Beef	with	olive	oil	 Chicken	with	olive	oil

Appearance	 0	 a6.11a	 a6.83a	 a6.94a	 a6.00a	 a6.56a

	 1	 a6.06ab	 ab6.22ab	 a7.00a	 a5.33b	 a5.61b

	 3	 a5.94ab	 b5.50b	 a6.83a	 b4.16c	 a5.72b

Color	 0	 a5.67b	 a6.61ab	 a6.89a	 a5.88b	 a6.67ab

	 1	 a5.56bc	 ab6.00ab	 a7.00a	 a5.39c	 a5.61bc

	 3	 a6.33a	 b5.11b	 a6.44a	 b4.00c	 a5.61ab

Tenderness	 0	 a4.44b	 a6.56a	 a6.10a	 a4.27b	 a6.44a

	 1	 a4.55b	 a6.33a	 a6.72a	 a4.50b	 a6.50a

	 3	 a4.60b	 a6.22a	 a6.67a	 a4.33b	 a6.17a

Flavor	 0	 a4.94b	 a6.33a	 a5.78ab	 a5.06b	 a6.06a

	 1	 a5.06bc	 a5.88ab	 a6.28a	 ab4.72c	 a5.12bc

	 3	 a4.83bc	 a5.50ab	 a5.94a	 b3.94c	 a5.63ab

Juiciness	 0	 a4.17b	 a6.44a	 a6.11a	 a4.44b	 a6.17a

	 1	 a4.27b	 a5.61a	 a5.67a	 a4.22b	 a5.44a

	 3	 a4.44b	 a5.61a	 a5.83a	 a3.56c	 a5.50ab

Overall	acceptability	 0	 a5.38b	 a6.52a	 a6.39ab	 a5.39b	 a6.10ab

	 1	 a5.00c	 ab6.06ab	 a6.50a	 ab4.44c	 a5.17bc

	 3	 a5.22a	 b5.51a	 a6.00a	 b3.72b	 a5.83a

Means	in	the	same	column	with	the	same	subscripts	denote	no	significant	differences	among	treatments	(p>0.05)	accord-
ing	to	LSD.
Means	in	the	same	row	with	different	superscripts	denote	significant	differences	among	treatments	(p<0.05)	according	
to	LSD.
Means	are	the	average	of	18	determinations.

time did not affect (P>0.05) the tenderness in 
the various treatments.

Flavor

Flavor evaluation of the burger samples im-
mediately after formulation showed that chick-
en, chicken with olive oil and mixed treatments 
had significantly (P≤0.05) higher flavor scores, 
which were close to like slightly. While the scores 
of beef and beef with olive oil treatments were not 
significantly (P>0.05) different and were close to 
neither like nor dislike. there was no significant 
(P>0.05) effect of storage on the flavor scores of 
all the treatments, except for beef with olive oil, 
which decreased during storage. However the 
flavor range of some treatments changed dur-
ing storage, chicken and chicken with olive oil 
samples which had a flavor range of like slight-
ly to like moderately at the beginning of storage 
which then changed to the range like slightly to 
neither like nor dislike. beef with olive oil also 
had a remarkable (P≤0.05) decrease in flavor 
scores at the end of storage time.

Juiciness

the juiciness scores of the freshly prepared 
burger samples showed that both chicken sam-
ples and the mixed sample had significant-
ly (P≤0.05) higher values that ranged from like 
slightly to like moderately. both beef samples 
had significantly (P≤0.05) lower scores that were 
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close to dislike slightly. the storage period af-
fected the juiciness range of both chicken sam-
ples and the mixed sample, since their range de-
creased to like slightly to neither like nor dislike. 
statistically, they were not significantly (P>0.05) 
different. However, storage period did not affect 
the range of either beef sample, but the range 
decreased to dislike slightly to dislike moderate-
ly for the beef with olive oil at the third month.

Overall acceptability

the overall acceptability evaluation of the 
freshly prepared burger samples showed that 
both chicken samples and the mixed sample 
which ranged from like slightly to like moder-
ately had significantly higher (P≤0.05) overall ac-
ceptability scores, while both beef samples that 
ranged from neither like nor dislike to dislike 
slightly were not significantly (P>0.05) different 
from chicken with olive oil and the mixed treat-
ments. During the storage period, beef, mixed 
and chicken samples remained in the same 
range, except for chicken which declined to the 
range of neither like nor dislike to like slight-
ly at the end of storage. Overall acceptability of 
the chicken with olive oil declined to the range of 
neither like nor dislike to like slightly, whereas 
beef with olive oil declined significantly (P≤0.05) 
to the range of dislike slightly to dislike moder-
ately at the third month of storage.

correlation between the sensory scores

table 6 shows the Pearson’s correlation coef-
ficients between the appearance, color, tender-
ness, flavor, juiciness and overall acceptabili-
ty for the burger formulations. there were sig-
nificant (P≤0.05) correlations between all of the 
sensory scores. High correlations were observed 
between appearance and color, appearance and 
overall acceptability, color and overall accepta-
bility, tenderness and juiciness, flavor and juic-
iness, flavor and overall acceptability, as well 
as juiciness and overall acceptability. Moderate 
correlations were observed between appearance 
and flavor, appearance and juiciness, color and 
flavor, color and juiciness, tenderness and fla-
vor, as well as tenderness and overall accepta-
bility, whereas low correlations were observed 
between appearance and tenderness, also color 
and tenderness.

DIscUssION

cooking loss

tables 3 and 4 illustrate the cooking loss, fat 
and moisture loss of burger treatments respec-
tively. burger treatments showed high cook-
ing loss ranging between 43-51%, for the fresh-
ly prepared treatments. this is in agreement 

with results obtained by rODrIGUEZ-EstrADA 
et al. (1997) and DrEELING et al. (2000) who 
found that cooking loss was highest for grilled 
or deep fat fried burgers. PAN and PAUL sINGH 
(2001) reported that more than 30% water was 
lost when the meat was heated to 70°c, and the 
starting temperature for fat loss was assumed 
to be 30°c, since the fat usually starts to melt 
at a temperature above 30°c.

the chicken sample with olive oil showed lower 
cooking loss when compared to the correspond-
ing samples without olive oil. this result shows 
the ability of the protein matrix to bind mono-
unsaturated fat. this result is in agreement 
with those of LUrUEŇA-MArtĺNEZ et al. (2004) 
who found that frankfurters prepared with olive 
oil had a lower percentage of fat separated dur-
ing cooking than those made with the same an-
imal fat. this difference was statistically signif-
icant, showing an important ability of the mix-
ture used to retain monounsaturated fat in the 
protein matrix.

KAYAArDı and GŐK (2003) studied four formu-
lations of turkish soudjouks; one control us-
ing 85% beef and 15% beef fat and three treat-
ments by replacing 20, 40 and 60% of beef fat 
with virgin olive oil incorporated as pre-emulsi-
fied fat with soy protein isolates. they found that 
weight loss was lower for soudjouks containing 
olive oil. sEVErINI et al. (2003) studied the par-
tial substitution of pork backfat with extra-vir-
gin olive oil in salami products. After 30 days of 
storage, the products with olive oil had a high-
er water activity than the basic formulation. the 
slow rate of dehydration of the samples contain-
ing oil was due to the production of water in oil 
emulsion in the samples with oil.

the chicken sample with olive oil had low-
er cooking loss when compared to beef samples 
which is due to a higher water holding capacity, 
lipid capacity and lipid stability of the chicken 
meat rather than beef meat (ZOrbA and KUrt, 
2006; DZUDIE et al., 2004). In the mixed treat-
ment the cooking loss value was expected to be 
between the beef and chicken sample values, but 
an unexpected result was obtained. the outcome 
showed that the mixed treatment had the high-
est cooking loss. More investigation is needed to 
explain these results.

the highest cooking loss was found after three 
months of storage which can be attributed to the 
weakness of the protein matrix to entrap mois-
ture and fat during storage. Moreover, this weak-
ness of the protein matrix results in a decrease 
in the water and lipid holding capacity and sta-
bility, which could be due to the denaturation 
of protein during frozen storage.

sensory evaluation

As shown in table 5, none of the sensory 
characteristics exceeded the range of like mod-
erately, while some of the sensory characteris-



140  Ital. J. Food Sci. n. 2, vol. 22 - 2010

table 6 - Pearson’s correlation coefficients among the sensory scores of the burger formulations.

Sensory	scores	 Appearance	 Color	 Tenderness	 Flavor	 Juiciness	 Overall	acceptability

Appearance	 1.00	 0.95*	 0.60*	 0.79*	 0.72*	 0.90*
Color	 0.95*	 1.00	 0.59*	 0.71*	 0.70*	 0.85*
Tenderness	 0.60*	 0.59*	 1.00	 0.78*	 0.96*	 0.79*
Flavor	 0.79*	 0.71*	 0.78*	 1.00	 0.84*	 0.92*
Juiciness	 0.72*	 0.70*	 0.96*	 0.84*	 1.00	 0.88*
Overall	acceptability	 0.90*	 0.85*	 0.79*	 0.92*	 0.88*	 1.00

*Correlation	is	significant	at	the	0.05	level.

tics declined to dislike slightly. these low sen-
sory scores for all the treatments could be at-
tributed to the fact that the burgers were free of 
additives that are usually added to these types 
of products such as spices, salt, protein deriv-
atives of vegetable origin, dietary fibers, anti-
oxidants, flavor enhancers and other additives 
which enhance the sensory characteristics and 
stability of the meat products.

Another factor which might have affected the 
sensory characteristics in this study is the fat 
content; it was about 15% in all burger treat-
ments, and these products should contain 20-
30% fat to give the desirable succulence and 
texture (WILsON et al., 1981). bErrY and LEDDY 
(1984) demonstrated that higher tenderness and 
juiciness values of ground beef patties were re-
lated to higher fat contents. consequently, pan-
frying yielded higher juiciness and flavor ratings 
than broiling, since broiling resulted in more fat 
loss. sOFOs and ALLEN (1977) reported that re-
ducing the fat content may alter meat product 
quality, since fat acts as a reservoir for flavor 
compounds and contributes to product texture. 
However, WArrIss (2000) attributed the reduc-
tions in juiciness as a result of cooking to the 
myofibrillar protein denaturation which leads to 
water loss from the meat.

Mixing of chicken with beef meat enhanced 
the sensory characteristics of the beef. In gen-
eral, mixed samples had higher sensory scores 
than beef samples, and were close to the chick-
en samples. Furthermore, the mixed treatment 
was the most stable with respect to the sensory 
evaluation during the storage period. the fresh-
ly prepared mixed treatment had higher appear-
ance and color scores (6.94 and 6.89, respec-
tively) than those of beef and chicken treatments 
(6.11 and 6.83, respectively for appearance) and 
(5.67 and 6.61, respectively for color). these high 
scores for appearance and color of the mixed 
treatment, compared to those scores of beef and 
chicken treatments, may have been due to a re-
duction in redness of the beef treatment and of 
yellowness in the chicken treatment. the ap-
pearance and color of the mixed treatment was 
between the beef and chicken treatments (be-
tween redness and yellowness), since beef con-
tains more myoglobin than chicken.

the sensory qualities of appearance and color 
are related as shown in table 6, so this modi-
fication in color in the mixed treatment affect-
ed the appearance, which in turn affected the 
panelist’s evaluation. FErNÁNDEZ-LÓPEZ et al. 
(2006) showed that appearance and color are 
the most important attributes among the sen-
sory characteristics which influence customer 
choice. In the meat industry, color also plays a 
very important part in quality evaluation, as it is 
one of the main appearance attributes that de-
termine the purchase decisions regarding meat 
(cArPENtEr et al., 2001).

the evaluation of tenderness of meat and meat 
products by panelists is correlated mainly with 
juiciness (table 6), so the scores for tenderness 
and juiciness of beef (4.44 and 4.17, respective-
ly), chicken (6.56 and 6.44, respectively) and 
mixed treatments (6.10 and 6.11, respectively) 
were very close. However, tenderness and juici-
ness scores of the mixed treatment were signif-
icantly higher than those of the beef treatment, 
and very close to those of the chicken treatment. 
this result indicates that tenderness and juic-
iness are more strongly related to the type of 
meat than other factors.

these results confirm those obtained by Ab-
DULLAH (2007) who studied the sensory proper-
ties of five canned luncheon meat formulations, 
and reported that juiciness is related to the type 
of meat used in the formulations, rather than 
the chemical composition of the luncheon meat. 
Although, reduction of the fat content in frank-
furters had been reported to decrease juiciness 
(PArK et al., 1989), in our study, as shown in 
table 2, the fat content of the mixed treatment 
(11.79%) was very close to that of the beef treat-
ment (11.83%), but the juiciness scores for the 
mixed treatment were higher than those of the 
beef treatment. this might be attributed to the 
fact that the taste panelists tended to not like 
juiciness that is associated with an increased 
fat content (LEE et al., 1987).

Overall acceptability of the mixed treatment 
(6.39) was between those of the beef and chick-
en treatments (5.38 and 6.52, respectively). this 
overall acceptability of each treatment was the 
result of the other sensory characteristics, which 
were evaluated by the panelists, since there were 
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high correlations between the overall acceptabil-
ity and all the other sensory attributes (table 6).

substitution of meat fat in beef and chick-
en samples with olive oil, in general, did not af-
fect the sensory characteristics, since no signifi-
cant differences were found between the sensory 
scores of the samples with and without olive oil 
(table 5). beef with olive oil showed lower sen-
sory scores after three months of storage com-
pared to the beef sample with tallow, whereas 
the sensory characteristics of the chicken with 
olive oil remained stable during the storage pe-
riod. these results agree with those of bLOU-
KAs et al. (1997) who reported that color of fer-
mented pork sausage in which animal fat was 
replaced with olive oil was lighter and more yel-
lowish than the control one, while there were no 
significant differences between treatments with 
respect to redness, odor and taste. bLOUKAs and 
PANErAs (1993) reported that low-fat frankfurt-
ers (10%) made with olive oil showed no signifi-
cant difference in color means and storage time 
compared to the control sample.

crOss et al. (1976) found a direct correlation 
between the juiciness and weight loss of steaks 
during cooking. the juiciest steaks were those 
which sustained the least weight loss. In con-
trast, in this study chicken with olive oil treat-
ment showed a lower cooking loss compared with 
the chicken treatment (table 3), but the ten-
derness and juiciness scores of these two treat-
ments were not significantly different. these re-
sults agree with those obtained by sUNDArAr-
AJAN et al. (1999) who found no direct correla-
tion between weight loss and juiciness indica-
tors of cooked hamburgers.

storage time did not significantly affect the 
sensory evaluation scores of each treatment, ex-
cept for chicken in which the appearance, color 
and overall acceptability at the end of storage 
were lower than the initial values. Appearance, 
color, flavor and overall acceptability of beef with 
olive oil were also affected by storage time. this 
decline in sensory parameters of these samples 
might be attributed to the oxidation which could 
deteriorate those parameters.

However, McMILLIN et al. (1991) reported that 
the sensory rancid flavor scores of beef patties 
did not agree strongly with the tbArs values. 
AWONOrIN (1993) found that the measured in-
creased in both peroxide value (PV) and tbArs 
values of smoked chicken sausage did not affect 
the panelist assessment for flavor. tenderness, 
flavor and color of frozen samples were not af-
fected by storage time, while juiciness and over-
all acceptability decreased as the period of cold 
storage increased.

changes in color of stored ground beef were 
found by HUNt et al. (1999). they reported that 
the longer meat was stored, the more predomi-
nant either oxymyoglobin (OMb) or metmyoglob-
in (MMb) was as opposed to deoxymyoglobin 
(DMb), which in turn, would predispose the meat 

to a faster browning rate. FErNÁNDEZ-LÓPEZ et 
al. (2006) reported that the redness of burgers 
decreased as storage time increased, since red-
ness values declined very rapidly during the first 
6 days of storage. PHILLIPs et al. (2001) also re-
ported a decrease in redness values of ground 
beef linked to longer storage time.
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AbstrAct

the evolution of some mechanical properties of the berry skin and pedicel during on-vine dry-
ing of wine-grapes was studied, in order to assess the suitability of two alpine cultivars, becuét 
and Fumin, for the production of icewines. this overripening process on the vine, which lasts un-
til complete freezing of the grapes, results in marked changes in the mechanical characteristics 
of the grapes. During grape dehydration, the skin thickness increased in both cultivars (becuét 
+73 µm, Fumin +85 µm). the skin hardness also increased, particularly in the becuét berries, in 
which the break skin force and break skin energy values increased of 0.148 N and 0.823 mJ, re-
spectively. In contrast, the peduncle detachment force decreased during the drying process; in 
becuét grapes, this occurred after only 15 days. While the two cultivars have different mechani-
cal properties, both proved to be suitable for the production of icewines (“Vini del ghiaccio”); the 
changes that occur during on-vine drying do not preclude the resistance of the berries to shatter-
ing and of the berry skin to splitting.
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INtrODUctION

Many varieties of wines world-wide are pro-
duced by partial or total use of overripe and/
or dehydrated grapes. Among these wines, 
there are those characterized by the absence 
of sugar (“dry”), and other, (“sweet” or des-
sert wines), which contain the presence more 
or less elevated levels (10-250 g/L) of resid-
ual sugar. the latter are generally very well-
known and are commercially more important. 
these include the “Passiti” wines, the “icew-
ines”, the sauternes, the tokaij and the Jer-
ez, as well as many other lesser known wines 
that are produced in almost all viticultural ar-
eas of the world (bArbANtI et al., 2008, sOLEAs 
and PIcKErING, 2007; GENOVEsE et al., 2007; 
MIKLÓsY et al., 2000).

Various withering procedures are used in the 
production of these wines. Dehydration of har-
vested grapes (off-vine grape drying) can be per-
formed directly in the sun, as in the produc-
tion of Passito di Pantelleria or in sweet Greek 
wines (AstOrINO and DI stEFANO, 2003; KArA-
GIANNIs et al., 2000), or indirectly in ventilat-
ed rooms, tunnel-dried (bELLINcONtrO et al., 
2004) with or without use of ventilation sys-
tems and/or thermohygrometric control (arti-
ficial overripening). On-vine grape drying is the 
withering technique that is used in the produc-
tion of sauternes and icewines (rIbÉrEAU-GAY-
ON et al., 2000).

the various withering techniques influence 
the evolution of many compounds such as glyc-
erol, aromatic substances (bAILLY et al., 2006; 
cOstANtINI et al., 2006), and polyphenols (AMAtI 
et al., 1983; FrANGIPANE et al., 2007) that con-
tribute directly to the sensory characteristics of 
the wine, as well as to the development and se-
lection of the microflora present on the grapes 
(cHAMbErLAIN et al., 1997; rIbÉrEAU-GAYON et 
al., 2000; UrsO et al., 2008). While the chemi-
cal and microbiological knowledge is available 
in the scientific literature, information about the 
evolution of the mechanical behavior of wine-
grapes during the different withering processes 
is very limited. In particular, there are no stud-
ies related to on-vine grape drying. Knowledge of 
the evolution of some mechanical variables such 
as the ease of pedicel detachment, or the hard-
ness and thickness of the skin, is important be-
cause these aspects are directly related to the 
phenomena of shattering, resistance to splitting 
and plant diseases (GAbLEr et al., 2003; LANG 
and DUrING, 1990).

canada, Germany and Austria are the main 
icewine producers followed by many other Euro-
pean countries including France, Hungary, slo-
venia and switzerland. Icewines (“Eiswein”) are 
produced according to strict production stan-
dards and regulations. Harvesting and wine-
making are monitored by public and/or pri-
vate institutions. In canada the grapes must 

be naturally frozen on the vine at -8°c or cold-
er and this temperature must be maintained 
throughout the pressing process without arti-
ficial refrigeration (cLIFF et al., 2002; NUrGEL 
et al., 2004). According to German regulations 
grapes must be frozen naturally at -7°c or low-
er and the must is required to have an Oechsle 
value of 125 degrees (ZIrALDO, 2000). the Vi-
dal, riesling, traminer, chardonnay and Mus-
cat Ottonel cultivars are traditionally used to 
produce icewines, but some countries use lo-
cal cultivars.

In Italy the climatic conditions for produc-
ing icewines (“Vini del ghiaccio”) are only pres-
ent in mountainous grape-producing environ-
ments. this study was conducted on two cul-
tivars, becuét and Fumin, that are mainly dis-
tributed in the Western Alps in Europe (scH-
NEIDEr et al., 2001). these cultivars can adapt 
to a shorter growing season and freezing tem-
peratures in those areas. One of the key factors 
in the economic development of viticulture and 
the wine industry in mountainous areas is the 
exploitation of ancient, local grape cultivars. In 
this context, the production of icewines could 
provide a major opportunity for companies op-
erating in alpine regions. the climatic condi-
tions suitable for the production of these wines 
are only found in such areas.

the purpose of this study was to assess the 
evolution of some mechanical characteristics 
during withering on the vine of different wine-
grapes cultivars used to produce icewines.

MAtErIALs AND MEtHODs

Grapes, sampling and chemical analyses

two red grapes varieties were studied: becuét 
and Fumin. the university experimental vine-
yard is located at 750 m asl on the sun-ex-
posed side of the susa Valley in the Province of 
turin (Piedmont, Italy). the study was carried-
out in 2007.

Four hundred berries, with attached ped-
icels, were sampled for each cultivar on six 
dates, in a random manner, during the over-
ripe period (20 september-to 19 December), ac-
cording to the sampling method described by 
cArbONNEAU et al. (1991). cluster fragments 
were randomly picked in the middle part of the 
cane or cordon; the first rows of the vineyard 
were excluded.

the climatic conditions (temperature, relative 
humidity, rain) in the vineyard were monitored 
by a Vantage PrO2 weather station (Davis In-
struments, Hayward, cA, UsA).

For each sampling date, the analytical vari-
ables of grape ripeness (soluble solids concentra-
tion, titratable acidity, pH) were estimated using 
EEc methods (1990). Malic acid was monitored 
by HPLc (scHNEIDEr et al., 1987).
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texture analysis

the mechanical properties of grapes were 
measured on sub-samples of 30 berries each 
from the 400 berries described above, for each 
cultivar and for each test. the remaining berries 
were used for chemical determinations.

to avoid any alteration, the tests were per-
formed on the day that the berries were picked. 
Prior to testing, the berries, arranged in a sin-
gle layer, were thermally conditioned at 20°c in 
a thermostatically controlled chamber.

A Universal testing Machine tAxt2i texture 
Analyzer (stable Micro systems - sMs, surrey, 
UK) equipped with a HDP/90 platform (with and 
without perforations) and a 5 kg load cell was 
used. All the acquisitions were made at 400 Hz; 
data were evaluated using the texture Expert 
Exceed software package (vers. 2.54 in Windows 
2000). the test conditions applied, the probe 
and the mechanical parameters measured (ta-
ble 1), were based on previous work (LEtAIEF et 
al., 2008a,b; rOLLE et al. 2007).

statistical analysis

Analysis of variance (ANOVA) was applied 
to all the variables studied. statistical analy-
ses were performed using the statistical soft-
ware sPss version 17.0 (sPss Inc., chicago, IL, 
UsA). All statistical analysis results are report-
ed in table 2.

rEsULts AND DIscUssION

After 90 days of withering on the vine, both 
cultivars reached the sugar level required for 
the production of icewines in Europe (Fig. 1). 
the early-morning temperatures (from -7° to 
-14°c) met the icewine production requirements. 
the sugar concentration increased regularly 
throughout the period of overripening in paral-
lel with berry dehydration and relative weight 
loss (Fig. 2).

the decrease in acidity during slow dehydra-
tion is also observed in long-term drying under 
uncontrolled environmental conditions and has 
been attributed to malic acid depletion (bELL-
INcONtrO et al., 2002). this aspect was par-
ticularly evident in Fumin grapes in which the 
titratable acidity and malic acid concentration 
decreased markedly (Fig. 1).

Fig. 3 shows the evolution of the berry skin 
mechanical variables. the Fsk and Wsk values, 
in spite of the elevated dispersion of the data, 
increased progressively during grape overrip-
ening on the vine, while Esk showed the oppo-
site trend which was more evident in the becuét 
grapes than in the Fumin ones. throughout the 
period of drying on-vine the becuét berry skin 
was characterized by higher values for both skin 
break force and skin break energy. these factors 
are important because they allow the grapes to 
resist fungal diseases, as well as strong winds.

In parallel with the hardening of the skin tis-

table 1 - Operating conditions used in the texture analysis of becuét and Fumin grapes.

Test	 Probe	-	Platform	 Test	 Force	 Mechanical	properties
	 	 speed

Berry	skin	 SMS	P/2N	Needle;	 1	mm	s-1	 compression	 Fsk	=	Berry	skin	break	force	(N)
hardness	 HDP/90	platform	 	 3	mm	 Wsk	=	Berry	skin	break	energy	(mJ)
	 	 	 	 Esk	=	Skin	Young’s	modulus	(N/mm)

Berry	skin	 SMS	P/2	Ø	2	mm;	 0.2	mm	s-1	 -	 Spsk	=	Berry	skin	thickness	(µm)
thickness	 HDP/90	platform

Peduncle	 SMS	A/PS	modified	 1	mm	s-1	 traction	 Fped	=	Peduncle	detachment	force	(N)
detachment	 with	rigid	arm;	 	 10	mm	 Wped	=	Peduncle	detachment	Energy	(mJ)
resistance	 HDP/90	perforated
	 (Ø	5	mm)	platform

table 2 - statistical analysis results. Latin letters (a, b, c) in the same column are used to compare the influence of overrip-
ening time within each cultivar. Greek letters (a, b) in the same column are used to compare the cultivar differences. the 
same letterare not significantly different (P≤0.05).

Over	 Berry	weight	 Fsk	 Wsk	 Esk	 Thickness	 Fped	 Wped
ripening
days	 Becuét	 Fumin	 Becuét	 Fumin	 Becuét	 Fumin	 Becuét	 Fumin	 Becuét	 Fumin	 Becuét	 Fumin	 Becuét	 Fumin

0	(20	sept)	 a	 a	 b,a	 a,b	 b,a	 b,b	 a,a	 a,a	 c,a	 d,a	 a,a	 a,a	 ab,a	 ab,a
14	(4	oct)	 a	 a	 ab,a	 a,b	 ab,a	 b,b	 b,a	 b,a	 b,a	 bc,a	 b,b	 a,a	 a,a	 ab,a
29	(19	oct)	 ab	 ab	 b,a	 a,b	 b,a	 b,b	 b,b	 ab,a	 ab,b	 a,a	 b,a	 ab,a	 bc,a	 b,a
48	(7	nov)	 ab	 ab	 ab,a	 a,b	 ab,a	 a,b	 c,a	 c,b	 ab,a	 cd,a	 b,b	 ab,a	 c,b	 ab,a
66	(25	nov)	 b	 b	 ab,a	 a,b	 ab,a	 a,b	 d,a	 c,a	 a,b	 a,a	 b,b	 ab,a	 bc,b	 a,a
90	(19	dec)	 b	 b	 a,a	 a,b	 a,a	 a,b	 d,a	 c,a	 a,a	 ab,a	 b,b	 b,a	 bc,b	 a,a
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Fig. 1 - Monitoring variables used for assessing overripening of grapes on the vine for the becuét and Fumin cultivars.

Fig. 2 - Evolution of becuét and Fumin grape berry weight (g) during overripening on the vine. Average value ± standard de-
viation (n=30).

sues, the average skin thickness also increased 
(Fig. 4), which partially explains the higher Fsk 
and Wsk values discussed above. the increase 
in thickness was particularly rapid in the first 
30 days. At the end of the withering period, the 
skin thickness in both cultivars had increased 
about 35%. there were no differences between 
becuét and Fumin with respect to spsk, although 
the latter generally had higher average values.

On 1 November 2007, there were 32 mm of 
rainfall in the vineyard after a prolonged period 
of drought (75 days). some of the abnormal data 

related to spsk, and the titratable acidity in the 
Fumin grapes on 7 of November can be attributed 
to this rainfall. During the rest of the experimen-
tal period there was no rain, but 30 cm of snow 
fell on 12 December. At the time of the last sam-
pling (19 December), the clusters carried a con-
siderable amount of snow, the weight of which 
could have caused a significant loss of grape ber-
ries if the detachment force was low. the evolu-
tion of the strength and energy of detachment of 
the pedicel showed that the becuét grapes had a 
greater propensity to fall during the entire wither-
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Fig. 3 - Trends in the mechanical properties of Becuét and Fumin grape berry skin during overripening on the vine. Fsk = Ber-
ry skin break force; Wsk = Berry skin break energy; Esk = Skin Young’s modulus. Average value ± standard deviation (n=30).

Fig. 4 - Variation of the thickness of Becuét and Fumin grape berry skin (µm) during overripening on the vine. Average val-
ue ± standard deviation (n=30).
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ing period (Fig. 5). this tendency could already be 
noted after 15 days of overripening and the low-
er Fped and Wped values occur when the chance of 
snow is higher. At the end of the dehydration pe-
riod, the Fumin grapes had average Fped values 
that were considerably higher (+57%), and dis-
played a more gradual decrease during the dry-
ing process. this cultivar also showed a progres-
sive Wped increase; during the traction test, before 
breaking away, the peduncle tends to deform the 
apical part of the berry and stretches the skin. 
this increasing elasticity of the Fumin grape skin 
tissues explains the higher energy of the detach-
ment values that were recorded.

the mechanical characteristics of the grapes 
showed a high variability which increased for 
almost all of the variables in the final stages of 
overripening due to non-homogeneous dehydra-
tion of the grapes. Despite this variability, the ev-
olution of the mechanical variables was evident. 
Even during the normal process of grape ripening 
from veraison to harvest, some changes in the me-
chanical properties occur, particularly regarding 
firmness (LEE and bOUrNE, 1980; rObIN et al., 
1997). However, these changes cannot be used as 
a criterion for determining the time of grape har-
vest. However, they can be used to discriminate 
the different production areas (LE MOIGNE et al., 
2008). Mechanical properties can also be used 
to characterize the different cultivars, even if the 

variables are strongly conditioned by the annual 
climatic trends (LEtAIEF et al., 2008b). the values 
for many of the variables, including Fsk, Wsk and 
Fped differed in the becuét and Fumin cultivars.

the skin break force is an important techno-
logical variable for red winegrapes because it 
is related to the extractability of phenolic sub-
stances from the skin (rOLLE et al., 2008). re-
garding the extraction of anthocyanins, there 
is an interaction between Fsk and the stages of 
ripening (rOLLE et al., 2009). Harder skins lead 
to a more complete extraction of anthocyanins, 
but with slower extraction kinetics. Fsk and spsk 
are directly related to the cell permeability in-
dex (EA%) (rIO sEGADE et al., 2008), which pro-
vides information relative to the ease of trans-
fer of these compounds. Higher EA% values in-
dicate a slower dissolution of anthocyanins in 
the must (cAGNAssO et al., 2008).

In the production of icewines, phenolic com-
pounds are only extracted during the pressing 
of the frozen grapes because there is no mac-
eration during fermentation. Due to the brevity 
of contact between the skin and must, varieties 
with hard skins could have a reduced anthocy-
anin content in the wine. this aspect is particu-
larly important for cultivars with a low anthocy-
anin content. the becuét cultivar, has highest 
Fsk values and is rich in anthocyanins (> 1,300 
mg/kg grapes) (GErbI et al., 2005), so even a 

Fig. 5 - trends in resistance to peduncle detachment in becuét and Fumin berries during overripening on the vine. Fped = Pe-
duncle detachment force; Wped = Peduncle detach energy. Average value ± standard deviation (n=30).
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brief contact time is sufficient to ensure ade-
quate color intensity in the wines.

cONcLUsIONs

the evolution of some mechanical variables of 
grapes during withering on the vine were shown. 
Icewines or “Vini del ghiaccio” cannot be produced 
with grape varieties that do not perform well in the 
strict environmental conditions required for with-
ering. the main characteristic required is high 
resistance to shattering and detachment force of 
the pedicel is an effective parameter for monitor-
ing this characteristic. the hardness and thick-
ness of the skin are important variables for re-
sistance to plant diseases; they also play an im-
portant role in must preparation.

the cultivars becuét and Fumin have differ-
ent mechanical properties but both proved to be 
suitable for the production of icewine. In addition 
to these mechanical variables, cultivars must be 
carefully selected to ensure that at technologi-
cal ripeness, the sugar levels are high in order 
to reduce the time on the vine. to avoid losing 
the product, the grapes should reach the desired 
sugar level as early as possible so that harvest 
of the dried grapes can be carried out as soon as 
the ambient temperature (<-7°c) permits.
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AbstrAct

the content of lead and cadmium in milk produced near a rural area subjected to illegal dump-
ing and the transfer of the two metals from milk to Mozzarella cheese were investigated. the con-
centrations found in milk (from 2.00 to 19.17 for Pb and from 0.04 to 1.43 mg L-1 for cd) did not 
exceed the maximum limits established by European community regulations. the cheese-mak-
ing process was responsible for the transfer of the metals into the cheese but the level of contam-
ination differed, also depending on the dairy, the production technology and the extent of exoge-
nous contamination. On the whole, the contribution that Mozzarella makes to the daily intake of 
lead and cadmium appears to be toxicologically negligible.
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INtrODUctION

the ingestion of contaminated foodstuffs is 
one of the possible causes of chronic lead and 
cadmium poisoning. this type of food contami-
nation is ascribed mainly to environmental pol-
lution caused by uncontrolled human activities. 
For this reason the periodical monitoring of Pb 
and cd levels is planned in the HAccP of food in-
dustries, in particular those involved in the pro-
duction of widely consumed foodstuffs. Among 
these are milk and cheese, in which, fortunate-
ly, very low concentrations are usually detected 
(KOOPs and WEstErbEEK, 1983; bALDINI et al., 
1988; LArsEN and rAsMUssEN, 1991; cAbrErA 
et al., 1995; GArcIA et al., 1999; trIPAtHI et al., 
1999; YUZbAsI et al., 2003). Nevertheless, epi-
sodes of milk contamination have been report-
ed, mainly in association with farms situated 
very close to highways (bHAtIA and cHOUDHrI, 
1996, sIMsEK et al., 2000), those that are sub-
jected to environmental contamination from in-
dustrial waste, or due to feeding animals with 
contaminated foodstuffs (bAArs et al., 1990; 
OKADA et al., 1997).

Pb and cd in milk are mainly associated with 
casein, and their distribution is not affected by 
the heating or freezing processes, with the ex-
ception of very strong treatments, such as des-
iccation (JENG et al., 1994; MAtA et al., 1996; 
MOrENO-rOJAs et al., 1999). As regards the fate 
of these metals during cheesemaking, the infor-
mation available in the literature is scarce and 
generally indicates that the metal concentration 
increase on going from milk to cheese. MAtA et 
al. (1995) reported having recovered almost all 
the lead and cadmium that had been experi-
mentally added to milk in the casein fraction ob-
tained by enzymatic coagulation; ZUrErA-cOsA-
NO et al. (1994) reported an increased lead con-
centration in the curd of Manchego-type cheese 
when compared to milk; cONI et al. (1996) re-
ported that curdling resulted in an increased 
concentration of the two elements. the evalua-
tion of the transfer of lead and cadmium from 
milk to cheese can be complicated because of 
the processing equipment used and the cheese-
making procedure (YUZbAsI et al., 2003), which 
may considerably change in connection with the 
type of cheese that is produced. the problem is 
far from being clearly defined, and the tolerance 
levels in dairy products have not yet been estab-
lished, with the exception of the lead concentra-
tion in raw matter which may be 20 mg/kg-1 (EU-
rOPEAN UNION cOMMIssION, 2001).

In the last decade increasing attention has 
been given to soil contamination caused by ille-
gal dumping of toxic substances in isolated ru-
ral areas, where police surveillance is difficult. 
this is a particularly serious problem in the ar-
eas in which dairy cattle are reared. Episodes of 
soil contamination by heavy metals due to ille-
gal dumping were recently discovered in a small 

area within a wide rural zone in Apulia, south-
ern Italy. these episodes raised concerns about 
the safety of the milk products, which prompt-
ed this investigation of the cd and Pb content in 
milk from farms located in this area, and about 
the fate of these metals during the manufacture 
of Mozzarella cheese.

MAtErIALs AND MEtHODs

Assessment of milk contamination

Milk samples were collected from eighteen 
farms located in the territory under study: nine 
farms were in the vicinity of the contaminated 
zone (less than 10 km, Group A), and the re-
maining nine farms were far away (more than 
50 km, Group b). the milk samples (about 2 L 
each) were collected directly from the storage 
tanks and transported in refrigerated bags to 
the lab, where they were immediately analyzed. 
Precautions were taken to minimize exogenous 
contamination.

Production of Mozzarella cheese

six batches of bulk milk were used to produce 
Mozzarella cheese using two different technol-
ogies, direct acidification (DA) and traditional 
lactic fermentation (tL), at three different dairy 
plants: one artisanal (Ad), and the other two in-
dustrial (IdA and Idb). the manufacturing pro-
tocols and experimental design are reported in 
schemes 1 and 2. two replicates (500 kg each) 
were performed for each cheesemaking trial.

Lead and cadmium determination 
by atomic absorption spectrometry (AAs)

standard solutions of cadmium and lead were 
purchased from sigma Aldrich (st. Louis, MO, 
UsA), nitric acid for AAs analyses and hydrogen 
peroxide for the mineralization process were pur-
chased from J.t. backer (Phillipsburg, NJ, UsA). 
the matrix modifier used in the analysis was 
obtained by dissolving 0.104 g of Mg(NO)3.6H2O 
(sigma-Aldrich) and 1.21 g of NH4H2PO4 (Flu-
ka, buchs, sG, switzerland) in a 100 mL flask 
with 2% HNO3 . All other reagents were of an-
alytical grade. For the mineralization process, 
a cEM MDs 2100 (cEM, Matthews, Nc, UsA) 
was used. the milk samples (4 g) were accu-
rately weighed in Advanced composite Vessels 
(AcV), then 3 mL of 70% HNO3 (purity level: [Pb] 
≤ 0.05 ppb, [cd] ≤ 0.01 ppb) and 3 mL of 30% 
H2O2 were added. the same procedure was used 
for the mozzarella samples (1.5 g), but 5 mL of 
30% H2O2 were used. Autosampler cups, plastic 
bottles and glassware were cleaned by soaking 
them in 1.40 mol L-1 HNO3 for 24 h and rinsing 
five times with Milli-Q water. they were dried 
and stored in a class 100 laminar flow hood. 
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scheme 1 - Manufacturing procedures of Mozzarella cheese.

scheme 2 - Ex-
perimental de-

sign for the 
cheesemaking 
trials. DA = di-
rect acidifica-
tion; tL = tra-
ditional lactic 
fermentation.
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the samples were then subjected to microwave 
oven programs adjusted for the purposes of the 
study. the sample solutions were then diluted 
with water to a final volume of 20 mL, in order 
to reduce the HNO3 concentration and to pro-
long the life of the graphite tube. An AAs shi-
madzu model AA6701 (shimadzu Ltd., Kyoto, 
Japan), equipped with flame and graphite atom-
iser and autosampler with wizAArd software for 
automatic dilution was used. background cor-
rection was carried out with a deuterium lamp. 
Hallow cathode lamps operating at 8 mA and a 
spectral band width of 0.5 nm were used to de-
termine cadmium and lead at their primary res-
onances of 228.8 and 283.3 nm, respectively. 
Argon at 0.1 mL min-1 was used as inert gas ex-
cept during the atomization step, where the flow 
was stopped. twenty mL were injected and py-
rolytic graphite L’vov platforms (shimadzu) were 
used. In order to avoid matrix interference, 4 mL 
of Zeeman matrix modifier (sigma Aldrich, co-
tati, cA, UsA) were added to each sample and 
standard injection.

statistical analysis

Mean values and standard deviations were 
calculated and analysed with the JMP package 
program (s.A.s. Ins., cary, Nc, UsA) for a one-
way analysis of variance (ANOVA) with the cd 
and Pb contents in the milk being the source of 
variance.

rEsULts AND cONcLUsIONs

Analytical characteristics

the calculation of the detection limits in the 
sample was carried out according to IUPAc rules 
(LONG and WINEFOrDNEr, 1983). Accuracy of 
the method was checked with recovery assays, 
by adding known amounts of Pb and cd to five 
milk samples and processing the mixtures in 
the same way as indicated for the experimental 
samples. Precision was determined by 10 rep-
licate determinations on each of five samples. 
the results are reported in table 1.

Assessment of milk contamination

the concentration of lead was higher than 
that of cadmium in all of the milk samples, in 

agreement with the data reported in the liter-
ature (table 2). On the average, the lead con-
tents were slightly higher than those common-
ly found in cow milk (GArcIA et al., 1999; HEr-
MANsEN et al., 2005), but all of the values were 
below the maximum limit established by EU 
regulations. the concentration levels were close 
to the tolerance level in only in two cases (sam-
ple 3 from Group A and sample 6 from Group 
b). the results clearly indicate that cadmium 
was always present in very low amounts. to 
date, a maximum limit for this element in milk 
has not yet been established by law, but the 
concentrations were similar to those reported 
in the literature (cAbrErA et al., 1995; tOKU-
sOGLU et al., 2004).

the relationships between milk contamination 
and the geographical area of origin are reported 
in Figs. 1 and 2. the statistical analysis did not 
show any significant difference between the two 
groups of farms regarding the lead and cadmi-
um levels which demonstrates an absence of a 
significant impact of soil contamination on milk 
quality. this finding confirms the results already 
obtained by other authors (sHArMA et al., 1982; 
VrEMAN et al., 1986; OsKArssON et al., 1992), 
who reported that only prolonged and acute con-
tamination of soil and fodder can cause a sig-
nificant increase in the concentration of heavy 
metals in milk. Moreover, in this geographical 
area farmers are resorting less and less to graz-
ing and therefore the cattle have less exposure 
to this type of pollution.

table 1 - Analytical characteristics for lead and cadmium determination.

	 Detection	limit	 Characteristic	mass,	 Recovery	assays	 Precision
	 (µg	kg-1)	 pg	 (%)	 (RSD,	%)

Lead	 0.08	 10.0	 97.3	±	0.8	 6.2
Cadmium	 0.03	 0.4	 95.2	±	0.5	 5.8

table 2 - concentrations of lead and cadmium (mg/kg± sD, 
mean values, n = 4) in milk samples from farms near the 
contaminated zone (less than 10 km, Group A) and from 
farms far away (more than 50 km, Group b).

	 Pb	 Cd
Sample
	 Group	A	 Group	B	 Group	A	 Group	B

	 1	 3.04±0.05	 6.76±1.15	 0.23±0.05	 0.53±0.06
	 2	 6.47±0.02	 3.15±0.12	 0.24±0.04	 0.12±0.03
	 3	 19.17±2.48	 10.70±0.26	 1.43±0.01	 0.35±0.02
	 4	 3.48±0.21	 2.00±0.16	 0.04±0.00	 0.09±0.01
	 5	 4.96±0.15	 4.43±0.28	 0.15±0.02	 0.43±0.09
	 6	 8.76±0.5	 15.54±1.62	 0.38±0.02	 0.76±0.14
	 7	 7.92±0.24	 4.77±0.35	 0.57±0.02	 0.30±0.03
	 8	 10.93±0.77	 9.15±0.80	 0.06±0.01	 0.06±0.01
	 9	 12.40±0.87	 7.56±0.52	 0.07±0.01	 0.06±0.02
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Fig. 1 - One-way analysis of variance (ANOVA) of lead concen-
trations in the milk samples from the two groups of farms. 
Group A= farms near the contaminated zone (less than 10 
km); Group b = farms far away from the contaminated zone 
(more than 50 km).

Fig. 2 - One-way analysis of variance (ANOVA) of cadmium 
concentrations in the milk samples from the two groups of 
farms. Group A= farms near the contaminated zone (less 
than 10 km); Group b = farms far away from the contami-
nated zone (more than 50 km).

table 3 - cadmium and lead (µg/kg± sD, mean values, n = 
4) in the milk batches used for cheesemaking.

Milk	Sample	 Pb	 Cd

Batch1	 3.17±	0.38	 0.30±0.02
Batch2	 15.59±3.21	 1.72±0.09
Batch3	 5.05±0.07	 2.07±0.03
Batch4	 9.38±0.21	 0.58±0.09
Batch5	 5.98±0.12	 0.97±0.02
Batch6	 11.81±0.17	 2.23±0.13

Pb and cd during the production 
of Mozzarella cheese

As previously observed for milk from the indi-
vidual farms, the lead content was greater than 
the cadmium in the six batches of milk used for 
cheesemaking (table 3). the extent of the trans-
fer of the metals from milk to cheese can be de-
duced from the data in table 4, where the lev-
els of Pb and cd in the samples of Mozzarella 
and the corresponding “concentration factor” (cf, 
metal content in cheese/metal content in milk), 

are shown. the results confirm that the cheese-
making process has a concentration effect, but 
the extent of the transfer of the two metals was 
different. the cf for cd ranged from 3.41 to 7.74, 
whereas that for Pb ranged from 2.43 to 35.26. 
the reasons for the wide variations can be in-
ferred from the data of table 5. First, the type 
of plant in which the cheesemaking trials were 
carried out had a great influence. the concen-
tration factor in the artisanal dairy was always 
higher than those of the two industrial plants 
which were similar to each other. As regards the 
production technology, the lactic fermentation 
seems to have favoured the transfer of lead but, 
in the case of the artisanal dairy, the cf was very 
high and exceeded the Pb values found in the 
raw materials. this abnormal data can only be 
explained by some exogenous contamination; the 
source could not be ascertained in the present 
study and will be the objective of a future inves-
tigation. In view of this, it should be noted that 
traditional and hand-craft production technolo-
gy involves a more complex series of operations 
than industrial technology based on direct acid-

table 4 - cadmium and lead (µg/kg ± sD, mean values, n = 4) in Mozzarella cheese manufactured from the milk batches of 
table 6. Ad = artisanal dairy; IdA and Idb = industrial dairies; DA = direct acidification; tL = traditional lactic fermentation; 
cf = concentration factor from milk to cheese.

Mozzarella	Sample	 Pb	 cf	 Cd	 cf

1	Ad	(DA)	 14.70±0.87	 4.64	 2.06±0.14	 6.87
2	Ad	(DA)	 91.43±10.04	 5.86	 12.47±0.56	 7.25
3	IdA	(DA)	 14.55±0.36	 2.88	 7.50±0.29	 3.62
4	IdA	(DA)	 22.79±1.17	 2.43	 2.38±0.07	 4.10
5	IdB	(DA)	 19.17±2.69	 3.21	 4.84±0.64	 4.99
6	IdB	(DA)	 32.83±5.69	 2.78	 8.59±0.48	 3.85
1	Ad	(TL)	 111.77±14.38	 35.26	 2.26±0.30	 7.53
2	Ad	(TL)	 217.84±19.04	 13.97	 13.32±1.60	 7.74
3	IdA	(TL)	 20.17±0.95	 3.99	 7.05±0.63	 3.41
4	IdA	(TL)	 29.27±0.32	 3.12	 2.64±0.11	 4.55
5	IdB	(TL)	 26.97±3.97	 4.51	 3.85±0.23	 3.97
6	IdB	(TL)	 48.42±2.55	 4.10	 11.60±0.94	 5.11
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ification. Among these operations, the produc-
tion and addition of the autochthonous lactic 
starter (the so-called “sieroinnesto”), the pro-
longed fermentation in open vats, curd-shred-
ding and hand-stretching, involve the use of sev-
eral tools and containers which could be a po-
tential source of contamination. Finally, some 
comments about the contribution that mozza-
rella makes to the daily intake of the two met-
als should be made. the average per capita con-
sumption of mozzarella in Italy is 5 kg per year 
(AMbrOsI, 2002; AGrIsOLE, 2005); this corre-
sponds to about 100 g per week. In the area un-
der study, these data are greatly underestimat-
ed, since mozzarella is consumed almost daily. 
Nevertheless, considering the Provisional tol-
erable Intakes (PtI) of 50 mg kg-1 body weight 
per week for lead and of 7 mg kg-1 for cadmium 
(NOEL et al., 2003), the data from this investi-
gation excludes any significant risk for human 
health. Even if the calculations are made from 
the highest contents observed (217.84 and 13.32 
mg kg-1 for Pb and cd, respectively), a person of 
average weight would have to eat more than 20-
40 kg Mozzarella per week in order to approach 
the PtI values, and much more in the case of 
the lowest concentrations.
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AbstrAct

Water extracts of borage (Borago officinalis L.) were prepared from raw stems and leaves and 
from cooked (boiled and steamed) stems. Antioxidant activity (AA) was determined by Abts and 
DPPH after their respective calibration with trolox as standard and the results of both assays 
are expressed as µg trolox/g fresh plant. total phenolic compounds (tPc) were also determined 
for each extract. the DPPH and Abts values in leaf extracts were similar and approximately 3.5 
times higher than the values obtained for stem extracts. the high antioxidant activity of leaf ex-
tracts might be attributed to the high amount of phenolic compounds (2.36 mg GAE/g fresh plant 
for leaves and 0.57 mg GAE/g fresh plant for stems). boiling significantly decreased the antioxi-
dant activity (51-52% decrease) and total phenolic compounds (67% decrease). steaming had no 
significant effect on the antioxidant activity values, whereas the total phenolic compound values 
showed approximately half of the decrease found for boiling (35%). borage water extracts, partic-
ularly those of their by-products (leaves), showed high antioxidant activity, that could potential-
ly be used for different applications in the food industry.
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IntroDuctIon

borage (Borago officinalis L.) is an herbaceous 
plant that belongs to the Boraginaceae family. It 
is consumed in many Mediterranean countries, 
and in some countries is considered to be a lux-
ury product because of its characteristic taste. 
the stems are the edible part of the plant and 
are cooked prior to consumption, whereas the 
leaves are discarded. borage seeds are tradition-
ally known for their oil, which has certain bene-
ficial effects associated with the high γ-linolenic 
acid content (KHAn and sHAHIDI, 2000). Howev-
er, the non-lipidic fraction of borage has received 
less attention and little information is available 
about it. Defatted borage seeds were subjected to 
ethanol extractions in order to evaluate the pres-
ence of antioxidant phenolic compounds, which 
were further evaluated in a meat model system 
(WEttAsInGHE and sHAHIDI, 1999). bAnDonIEnE 
and MurKovIc (2002) analyzed the presence of 
radical scavenging compounds in crude meth-
anolic extracts of borage leaves and observed a 
high radical-quenching ability due to the pres-
ence of rosmarinic acid, along with other phe-
nolic compounds.

Antioxidant compounds protect against harm-
ful free radicals and have been strongly associ-
ated with the reduced risk of chronic diseases, 
such as cardiovascular disease, cancer, diabe-
tes, Alzheimer´s disease, cataracts and age-re-
lated functional decline, as well as other health 
benefits (GunDGAArD et al., 2003). vegetable 
waste materials have been successfully explored 
as sources of natural antioxidants because, like 
other desirable compounds, higher concentra-
tions are available in the residues (scHEIbEr et 
al., 2001; oKonoGI et al., 2007). In relation to 
borage leaves, bAnDonIEnE et al. (2002) were the 
first to demonstrate a strong antioxidant activi-
ty in crude acetone extracts of borage.

Information on the antioxidant components, 
antioxidant activity and their changes during 
cooking is still limited (ZHAnG and HAMAuZu, 
2004). In general it is known that thermal pro-
cessing leads to losses in the bioactive com-
pounds of plant products due to their heat-in-
duced instability. However, if water is used as 
the heat-transfer medium, different and some-
times contradictory effects have been seen in the 
antioxidant activity of plant material. neverthe-
less, it is very important to find the best way to 
preserve the bioactive compounds and antioxi-
dant activities of processed plant materials (Go-
rInstEIn et al., 2009).

the total antioxidant capacity of a given food 
is not the sum of each single compound, but 
rather may result from the integrated and syn-
ergistic action of different compounds (DAnE-
sI and borDonI, 2008). no single assay can be 
considered a “total antioxidant capacity assay” 
even though it could be performed in both an 
aqueous solution and a lipophilic environment 

(PrIor et al., 2005). Different methods have 
been used to perform DPPH or Abts assays in 
plant products, so it is often difficult to com-
pare the results from different papers. Further-
more, different ways of expressing concentra-
tions also complicate the comparison of results 
(dry or fresh weight, molar or mass units, etc.). 
For DPPH, the results can be shown as the re-
maining DPPH, (PrIor et al., 2005), % Inhibition 
(PEscHEL et al., 2006), Ic50 (concentration that 
causes a 50% decrease in the initial DPPH con-
centration), (oKonoGI et al., 2007) or as the an-
tiradical efficiency AE = 1/(Ic50*tIc) (sAncHEZ-
MorEno et al., 1998). Abts results are usual-
ly expressed as trolox equivalents (either µM or 
µg) per amount of sample (rIvEro-PErEZ et al., 
2007) using either absorbance values at a cer-
tain time or measuring the area under the curve 
resulting from the absorbance decrease during 
that time (PErEZ-JIMEnEZ and sAurA-cALIxto 
2006; rE et al., 1999). trolox, a water soluble 
analogue of vitamin E, has been the choice ref-
erence standard in most cases due to its effec-
tiveness in both lipophilic and hydrophilic sys-
tems (nEnADIs et al., 2007). A more objective 
comparison of results could be possible by ap-
plying the same interpretation procedure with 
the same common standard and a unified stan-
dardization procedure (strAtIL et al., 2006).

the objective of this paper was to evaluate the 
antioxidant activity and total phenolic content of 
different parts of borage (stems and leaves) and 
to study the changes induced by different cook-
ing treatments of the edible part of this plant. 
Furthermore, a standardization procedure for 
expressing these results was attempted.

MAtErIAL AnD MEtHoDs

reagents

Abts (2,2-Azino-bis(3-ethylbenzothiazoline-6-
sulfonicacid) diammonium salt), DPPH (2,2-Di-
phenyl-1-picryl-hydrazyl) and Folin-ciocalteu 
reagent were purchased from sIGMA-ALDrIcH 
chemie GmbH (steinheim, Germany), trolox 
(6-hydroxy-2,5,7,8 tetramethylchromon-2-car-
boxylic acid) was purchased from sIGMA-AL-
DrIcH chemie GmbH (steinheim, Germany). 
Gallic acid (Gallic acid 1-hydrate) and metha-
nol were purchased from PAnrEAc Quimica sAu 
(barcelona, spain) and ethanol from oPPAc, s.A. 
(noain, spain).

Plant material and sample preparation

Fresh borage (Borago officinalis L.) (5 kg) was 
purchased from a local supermarket. the plants 
were separated into leaves and stems; they were 
cleaned, washed, and comminuted separately. 
the moisture content of the raw samples was 
measured according to the official AoAc Meth-
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od. the water extraction procedure was carried 
out as follows: 100 g of raw leaves were weighed 
and put into 100 mL of distilled water, preheat-
ed at 96ºc. the mixture was subjected to soni-
cation for 30 min at room temperature, and fil-
tered with a metallic filter. the extraction pro-
cess was repeated with another 100 mL of dis-
tilled water, and the two extracts were united 
and adjusted with distilled water to a final vol-
ume of 250 mL. the same procedure was used 
for the raw stem extracts, using Whatman n. 3 
filter paper instead of a metallic filter.

two different cooking procedures were applied 
to borage stems: a) 100 g of fresh cut stems were 
boiled with 1000 mL of distilled water for 30 min-
utes at 96ºc to simulate domestic processing; b) 
100 g of fresh stems were steam cooked with a 
conventional steam pot using 1,000 mL of dis-
tilled water for 30 min at 96ºc. the cooked sam-
ples were subsequently subjected to an extrac-
tion procedure using the same method as that 
used for the raw stem samples.

Each extract was diluted with distilled water 
to obtain different solutions with concentrations 
ranging from 0.0009 to 0.4 g of fresh plant/mL, 
which were subsequently used to evaluate the 
antioxidant activity and the total phenolic con-
tent. All extractions were performed in duplicate.

Determination of total phenolic content (tPc)

tPc was determined spectrophotometrically 
following the Folin-ciocalteu colorimetric meth-
od (sInGLEton and rossI, 1965). Dilutions of 
borage extracts ranging from 0.004 to 0.4 g/mL 
were chosen in order to obtain readings within 
the standard calibration curve made from dilu-
tions between 0.005 and 2 mg of gallic acid. the 
reaction mixture consisted of 0.1 mL of suitably 
diluted sample, 7.9 mL of distilled water, 0.5 mL 
of Folin-ciocalteu reagent, and 1.5 mL of a 20% 
sodium carbonate anhydrous solution (added 2 
min after the Folin-ciocalteu reagent). After the 
initial mixing, the tubes were allowed to stand 
at room temperature for 2 h in the dark. the 
optical density of the blue-colored resulting so-
lution was measured at 765 nm using a Lamb-
da 5-uv-vIs spectrophotometer (Perkin Elmer, 
Paris, France). the total phenolic content is ex-
pressed as mg of gallic acid equivalents (mg 
GAE)/g fresh plant, using the corresponding cal-
ibration curve and taking into account the con-
centration of the diluted extracts. Absorbance 
measurements were made in duplicate for each 
diluted solution.

DPPH method

the DPPH assay was performed according to 
the method of bLoIs (1958) with some modi-
fications. briefly, a DPPH solution of approx-
imately 20 mg/mL was prepared in methanol 
and subsequently diluted to obtain an absor-

bance of 0.8 at 516 nm (working solution). two 
mL of diluted water extracts of borage of differ-
ent concentrations (0.0009 g/mL - 0.2 g/mL) 
were allowed to react with 2 mL of DPPH work-
ing solution for 30 min in the dark, at room tem-
perature. A control sample was prepared with 
2 mL of methanol. the final absorbance of the 
reaction mixture was measured at 516 nm with 
a Lambda 5 uv-vIs spectrophotometer (Perkin 
Elmer, Paris, France). the radical scavenging 
capacity of each dilution was calculated as the 
percent of inhibition (% I), calculated accord-
ing to the formula:

% I = (Abscontrol- Abssample)/Abs control*100

Where Abscontrol was the absorbance of the 
control after 30 min of reaction and Abssample 
was the absorbance of the sample after 30 min 
of reaction. the percent of inhibition was plot-
ted versus the concentration of the extracts. A 
calibration curve with trolox (0.1-200 µg/mL) 
was used to calculate the antioxidant capacity 
in µg trolox/mL. results were finally expressed 
as µg trolox/g fresh plant. Absorbance meas-
urements were made in duplicate for each di-
luted solution.

Abts method

For the Abts assay, the procedure described 
by rE et al. (1999) was used with some modi-
fications. briefly, the Abts·+ chromogenic rad-
ical was generated by a chemical reaction mix-
ing an aqueous solution of Abts with K2s2o4 
(140 mM) to reach a 7 mM final concentration 
of Abts. the mixture was kept in the dark for 
12-16 h at room temperature (stock solution). 
before use, 1 mL of Abts·+ stock solution was 
diluted with ethanol (50%) to an absorbance 
of 0.70 (+/-0.02) at 741 nm (working solution). 
three mL of Abts·+ working solution were al-
lowed to react with 300 µL of suitably dilut-
ed water borage extracts (0.0009 g/mL - 0.2 
g/mL) or control (ethanol-50%) for 6 min, and 
then the absorbance was measured at 741 nm 
(Lambda 5 uv-vIs spectrophotometer, Perkin 
Elmer, Paris, France). the decrease in absorb-
ance was recorded as percent of inhibition (% 
I) and was calculated according to the formula: 

% I = (Abscontrol- Abssample)/Abs control*100

Where Abscontrol was the absorbance of the con-
trol after 6 min of reaction and Abssample was the 
absorbance of the sample after 6 min of reac-
tion. the percent of inhibition was plotted versus 
the concentration of the extracts. A calibration 
curve with trolox (0.1-60 µg/mL) was used to 
calculate the antioxidant capacity. results were 
finally expressed as µg trolox/g fresh plant. Ab-
sorbance measurements were made in duplicate 
for each diluted solution.



Ital. J. Food Sci. n. 2, vol. 22 - 2010  159

statistical analysis

Differences between raw, boiled and steamed 
stems were evaluated by a one-way AnovA and 
the tukey b Post hoc test was applied when ap-
propriate. A student-t test was used (p>0.05) to 
evaluate differences between raw samples (leaves 
and stems). A Pearson correlation test was per-
formed to study the correlation between pheno-
lic compounds and both Abts and DPPH. the 
correlation between Abts and DPPH was also 
evaluated (sPss 15.0, Inc., chicago, IL, u.s.A.).

rEsuLts AnD DIscussIon

Methodology (Abts versus DPPH)

calibration curves were plotted for both Abts 
and DPPH assays using trolox as the reference 
compound (Fig. 1 a, b) in order to express the 
results of the antioxidant activity of the samples 
using the same units for both methods. Within 
the range of trolox concentrations that nearly 
reached 100% of% I, Abts fit to a linear mod-
el (r2=0.999), whereas DPPH fit an exponential 
model (r2=0.994).

Increasing concentrations of different diluted 
borage extracts (g fresh plant/mL) were subject-
ed to both assays, and plotting the results of % 
I. vs. concentration (Figs. 2 and 3) were plotted. 
As occurred with trolox, Abts fit a linear mod-
el and DPPH fit an exponential model. these% I 
were transformed to their corresponding µg tro-
lox/mL values after applying the required cali-
bration equations (shown in Figs. 1 a, b). taking 
into account the concentration (g fresh plant/
mL) the antioxidant activity was then given for 
each diluted extract (µg trolox/g fresh plant). Af-
ter a careful examination of these data, only per-
centages of inhibition values between 20% and 

a) b)

Fig. 1 - calibration curves for Abts and DPPH assays using trolox as the reference compound.

80% were considered representative of each ex-
tract and were used to calculate the final mean 
value expressed as µg trolox/g fresh plant. rE 
et al. (1999) also selected this range for the Abts 
evaluation of different antioxidant solutions. At 
the concentrations tested in this study, in gen-
eral the Abts results did not reach 80%. For the 
DPPH results, the concentration of samples that 
had a % I greater than 80% could not be repro-
duced and consequently were not used to cal-
culate the mean antioxidant activity of the bor-
age extracts. to our knowledge, this is the first 
time that this approach has been used to obtain 
the antioxidant activity value of a plant extract. 
Most papers in the literature report only evalu-
ation of one or two extract concentrations in or-
der to make comparisons with fixed amounts of 
standard compounds.

the analysis of different borage extracts us-
ing these methodologies revealed similar values 
of µg trolox/g fresh plant for Abts and DPPH 
(p>0.05); the coefficients of variation were low 
in both cases (table 1). In wines, the results for 
both tests, expressed in mM trolox, gave higher 
values for Abts than for DPPH. this was attrib-
uted to the capacity of Abts to measure lipophil-
ic and hydrophilic activity, whereas DPPH seems 
to be more specific for lipophilic antioxidants 
(rIvEro-PErEZ et al., 2007). However, tHAIPonG 
et al. (2006) found that the data for Abts and 
DPPH were comparable in guava methanol ex-
tracts. this finding shows that the solvent used 
for the extractions plays a critical role in allow-
ing comparisons between tests, as reported by 
vEnsKutonIs et al. (2007). strAtIL et al. (2006) 
obtained nearly the same results for tEAc and 
DPPH, while the values obtained with the FrAP 
method were about 50% higher when testing 
the antioxidant activity of fruits and cereals. In 
that paper, significant correlations were found 
between total phenolic compounds and the total 
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Fig. 2 - Abts% Inhibition vs extract concentration (g fresh plant/mL).

Fig. 3 - DPPH% Inhibition vs extract concentration (g fresh plant/mL).
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Table 1 - Antioxidant activity measured by ABTS and DPPH.

	 	 	 Antioxidant activity

  ABTS DPPH Student t test
  (µgT/g fresh plant)	 (µgT/g fresh plant)

Raw	 Leaves	 1128.38±52.23A	 1236.71±117.19A	 ns
	 	 (4.63)	 (9.47)
	 Stems	 324.53±27.97Bb	 342.34±29.51Bb	 ns
	 	 (8.62)	 (8.62)

Cooked	 Boiled	 158.21±7.72a	 164.60±14.81a	 ns
stems	 	 (4.88)	 (8.99)
	 Steamed	 368.19±30.04b	 341.19±36.96b	 ns
	 	 (8.16)	 (10.83)

Results	are	expressed	as	means	±	standard	deviation	(Coefficient	of	Variation).
ABIn	the	same	column	for	raw	samples	denotes	significant	differences	between	leaves	and	stems	(student	t-test)	(p<0.05).
abIn	the	same	column	for	stems	denotes	significant	differences	(1	way	ANOVA),	among	raw,	boiled	and	steamed	samples.
ns:	not	significant	(p>0.05)	differences	between	DPPH	and	ABTS	values.

antioxidant activity of plants measured by dif-
ferent methods. In the present study, although 
some discrepancies were found in the decrease 
of TPC and AA as a consequence of steaming, 
high correlations were found between each of the 
AA parameters and TPC (R2=0.971 for ABTS and 
TPC; R2=0.979 for DPPH and TPC). Good cor-
relation values were also obtained between the 
DPPH and ABTS results (R2=0.985).

Antioxidant activity: leaves and stems

As shown in Table 1, raw borage leaf extracts 
showed significantly higher antioxidant activ-
ity than raw stem extracts (p<0.05). Values 
for both DPPH and ABTS in leaf extracts were 

1236.71 µg Trolox/g fresh plant and 1128.38 µg 
Trolox/g fresh plant respectively; approximate-
ly 3.5 times higher than the values obtained for 
stem extracts (342.34 µg Trolox/g fresh plant 
and 324.53 µg Trolox/g fresh plant). These re-
sults suggest that, since borage leaves are not 
used for human consumption and are usually 
discarded before cooking, they could be a by-
product used as a good source of bioactive com-
pounds. BAnDonIene et al. (2002) showed that 
an acetone extract of borage leaves efficient-
ly reduced the oxidation rate of rapeseed oil at 
80ºC in terms of peroxides. Pyo et al. (2004) 
also found significantly higher antioxidant ac-
tivity in the leaves of Swiss chard compared 
to the stems, although in that case both plant 

Fig. 4 - Phenolic compounds (mg GAe/g fresh plant).
Different small letters denote significant differences (one way AnoVA) among raw, boiled and steamed stems.
***Student-t test (p<0.01): significant differences between leaves and stems.
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parts are consumed. Significant differences in 
the antioxidant activity and the levels of phe-
nolics between leaves and stems or other plant 
parts of other vegetables have also been report-
ed (PeSchel et al., 2006).

The high antioxidant activity of borage leaf 
extracts could be due to the high levels of phe-
nolic compounds (2.36 mg GAe/g fresh plant 
for leaves and 0.57 mg GAe/g fresh plant for 
stems) (Fig. 4). Although there is an overes-
timation of total phenolic compounds when 
the plants are analyzed by the Folin-ciocalteu 
method due to interference with some reducing 
components such as ascorbic acid and sugars 
(PAddA and PichA, 2007), a linear correlation 
between radical scavenging activity and poly-
phenolic concentration has been found in dif-
ferent vegetables and fruits (KAhKonen et al., 
1999; MezAdri et al., 2008). This correlation 
was also found in this study, especially in raw 
extracts. it can therefore be concluded that the 
antioxidant activity of each extract is mostly re-
lated to the concentration of phenolic hydroxyl 
groups, as also reported by Pyo et al. (2004). 
TurKMen et al. (2005) reported that total phe-
nolic content of different fresh vegetables (pep-
per, squash, green beans, peas, leek broccoli 
and spinach) ranged from 183.2 to 1344.7 mg 
GAe/100 g on dry weight basis. These values 
are three times lower than those found for bor-
age extracts in this work (602 mg GAe/100 g 
dry weight for stems and 4,262 mg GAe/100 g 
dry weight for leaves).

Many studies report the phenolic content of 
different vegetables in mg GAe/g or 100 g (Wu 
et al., 2004; zhAnG and hAMAuzu, 2004; PAT-
TAhAMAKAnoKPorn et al., 2008). in these stud-
ies different mixtures of solvents were used; ac-
etone/water/acetic acid gave the highest val-
ues for fresh broccoli (337 mg GAe/100 g fresh 
plant) (Pyo et al., 2004). The other results in 
those papers did not exceed 236 mg GAe/100 g 
fresh plant, the value obtained with the borage 
leaf water extracts in the current work.

llorAch et al. (2003) evaluated water ex-
tracts of cauliflower by-products as a possible 
source of antioxidant phenolics; 1.8 g of total 
phenolic compounds per kg of cauliflower by-
product were obtained. Water extracts showed 
total phenolic values that were more similar 
than other conventional solvent extracts used 
with by-products (PeSchel et al., 1999). The 
advantages obtained were an easier manipu-
lation with a lower cost and a safer extraction 
process. PeSchel et al. (1999) found that the 
total phenolic content of extracts from differ-
ent plants obtained with organic solvents were: 
48.6, 251.4 and 514.2 mg GAe/g dry extract, 
for apple, golden rod and artichoke, respec-
tively. however, these authors pointed out that 
more nutritional studies are needed to deter-
mine the amount of extracts needed to obtain 
beneficial effects.

cooking effect

clear differences in the antioxidant activi-
ty and phenolic compounds were observed de-
pending on the type of thermal process applied 
to the borage stems. When stems were boiled, 
both ABTS and dPPh decreased significantly 
(51-52%) (Table 1), and the total phenolic com-
pounds decreased about 67% (Fig. 4). it can be 
concluded that boiling reduces the potential 
health benefits associated with the antioxidant 
compounds present in fresh borage. The water 
used in this type of cooking was probably en-
riched with, at least, some of these compounds 
due to a dilution effect. This aspect was con-
firmed by GliSzczynSKA-SWiGlo et al. (2006) in 
a similar work carried out with broccoli. These 
authors also found that cooking in water sig-
nificantly decreased most of the health-promot-
ing compounds of broccoli. They also confirmed 
that the loss of both vitamin c and polyphenols 
was mainly due to being leached into the cook-
ing water.

When steam cooking of borage stems was ap-
plied, no effect was observed in the antioxidant 
activity values. The ABTS and dPPh showed re-
sults that were similar to those obtained for raw 
stems (Table 1). Total phenolic compounds de-
creased with this treatment (around 35%, ap-
proximately half of the decrease found for boil-
ing (Fig. 4). in comparison to boiling, this mild-
er heat treatment, with no leaching-effect, re-
sulted in a higher antioxidant value and pheno-
lic content in the edible portions of borage. in 
both cooking methods, the relative loss of phe-
nolic compounds in the treated samples com-
pared to the fresh ones was more evident than 
that observed for the antioxidant activity. TurK-
Men et al. (2005) also reported different results 
for the phenolic compounds and antioxidant 
activity depending on the vegetables being ana-
lyzed and the cooking treatments applied. Some 
authors suggest that there is the possibility of 
formation of new antioxidant compounds (e.g. 
Maillard reaction products) during heat treat-
ment (nicoli et al., 1999).

The literature shows that the effect of ther-
mal treatment on the potential antioxidant ac-
tivity of vegetables is different depending on 
several factors such as species, intensity and 
modality of the treatment. Analyzing the influ-
ence of heat treatment on the antioxidant ac-
tivities and polyphenolic compounds of Shiita-
ke mushroom extracts choi et al. (2006) found 
that they increased as heating temperature and 
time increased. These results are in agreement 
with those found by deWAnTo et al. (2002), who 
showed that thermal processing enhanced the 
nutritional value of tomatoes by increasing the 
bio-accessible lycopene content and total anti-
oxidant activity.

on the contrary, some studies on brocco-
li and cauliflower showed that heat treatments 
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(blanching and cooking) had a detrimental ef-
fect on the polyphenols and antioxidant activity 
in comparison with the raw products (Gebczyn-
ski and kmiecik, 2007). zhanG and hamauzu 
(2004) also found that the antioxidant compo-
nents (including phenolic compounds) and an-
tioxidant activity in broccoli decreased marked-
ly during conventional and microwave cooking. 
Racchi et al. (2002) found that boiling had dif-
ferent effects on the antiradical activity of wa-
ter-soluble components depending on the type 
of vegetable. Testing the effect of thermal treat-
ment on the water-soluble fraction of different 
vegetables, Roy et al. (2007) concluded that nor-
mal cooking temperatures (75°-100ºc, 10-30 
min) were detrimental to the phenolic content 
and to the antiradical and antiproliferative ac-
tivities of many vegetable juices; however mild 
heating (50ºc, 10-30 min) preserved 80-100% 
of the phenolic content.

all of these findings confirm that more re-
search is needed to determine the effects of 
cooking on total phenolics, as stated by Rick-
man et al. (2007) in a recent review of the nu-
tritional value of different fresh and processed 
fruits and vegetables. 

in summary, borage water extracts, particu-
larly, those of their by-products (leaves) showed 
great antioxidant activity, that could potential-
ly be used for different applications in the food 
industry. steam cooking of borage was a better 
technology than traditional boiling for preserv-
ing the antioxidant activity and total phenolic 
content of borage.
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AbstrAct

the agronomic and fruit quality characteristics of the peach cultivars ‘Ufo3’, ‘Ufo4’ and ‘sweet-
cap®’ cultivars grown in Murcia, spain are reported. the cultivar ‘sweetcap®’ is a mid-season flat 
peach while ‘Ufo3’ and ‘Ufo4’ are early flat peaches. ‘sweetcap®’ displayed good plantation uni-
formity, had an average yield of 5.1 kg/m2, a high calibre fruit and weight (162.5 g), high soluble 
solids content (12.7ºbrix), high pulp yield (97.0%) and high quality taste. the cultivars ‘Ufo3’ and 
‘Ufo4’ also displayed good plantation uniformity, with a higher average yield than ‘sweetcap®’ (5.2 
and 5.3 kg/m2, respectively), an average fruit weight that was slightly less, 90.6 g for ‘Ufo3’ and 
103.3 g for ‘Ufo4’, flatter fruit, and a soluble solids content ranging from 11.4º to 12.2ºbrix. the 
‘Ufo4’ cultivar had lower acidity and very high-quality tasting fruit (high ssc/tA ratio).
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INtrODUctION

Peach [Prunus persicae (L.) batsch] is the 
third most important fruit grown in the world, 
after apples and pears. Peach production comes 
mainly from china, the Mediterranean area (It-
aly and spain) and the United states (FAOstAt, 
2007). In spain, peach is one of the most im-
portant fruit species cultivated and it produces 
around 26% of the total EU production. spain is 
the second largest European producer after Ita-
ly (FAOstAt, 2007). In 2007 the spanish Mur-
cia region (cArM, 2008), the third most impor-
tant peach producing region, produced 241,292 
tons: 85.5% peaches, 9.5% nectarines and 5.0% 
flat peaches.

traditionally, production and marketing of flat 
peaches in spain has been limited both in quan-
tity and quality. the main drawbacks of tradi-
tional cultivars are their lack of appealing col-
our, low consistency of the fruit and excessive 
cracking of the pistil which means the product 
does not meet market quality demands. In ad-
dition the traditional varieties do not sufficiently 
supply year-round demands. Just over a decade 
ago new flat peach cultivars, which have more 
attractively coloured fruit and good consisten-
cy, were introduced into spain and peach pro-
duction and marketing have increased. the new-
ly introduced flat peach cultivars came mainly 
from France (Agro selection Fruits) and Italy (Is-
tituto sperimentale per la Frutticoltura, rome), 
but these countries have not yet experienced the 
production increase that has occurred in spain.

In the 1980s, the Istituto sperimentale per la 
Frutticoltura in rome began a breeding program 
to obtain a cultivar with a higher yield, improved 
organoleptic quality, better consistency of flesh 
and increased fruit size and without split pits. 
All these objectives were set to create a number 
of cultivars that ripened at different times, so as 
to avoid an oversupply at any one time. to ful-
fil these goals, crosses were made using paren-
tal genotypes with flat fruit and genotypes with 
standard or globe-shaped fruit (NIcOtrA et al., 
2001a,b). the result was a new type of peach, 
called UFO. the UFO series contains 9 cvs: from 
‘Ufo1’ to ‘Ufo9’.

In the 1990s, Arsène and Laurence Maillard 
began a genetic improvement program to obtain 
new flat peach varieties. the ‘sweetcap®’ Mail-
larflat cultivar and the ‘regalcake®’ and ‘Nect-
acake®’ series of cultivars were developed and 
these have been greatly strengthened in recent 
years with the acquisition of many varieties that 
virtually cover the whole fruit production calen-
dar, from mid- to late-season.

the basic difference between the cultivars 
originating in Maillard (France) and those in It-
aly, is that the cultivars from Maillard are mid-
season (second half of June) and late-season 
varieties (mid september), while those originat-
ing in rome are mostly early varieties with some 

mid-season and one or two late-season varie-
ties. the results of the two programs are com-
plementary in terms of providing new flat peach 
cultivars that cover a wider harvesting period.

In this study the agronomic behaviour and 
organoleptic quality parameters were evaluat-
ed in two Italian Ufo flat peach cultivars (‘Ufo3’ 
and ‘Ufo4’) and the ‘sweetcap®’ cultivar (Mail-
larflat). the cultivars were all grafted onto the 
GF-677 hybrid rootstock, widely used for peach. 
While literature reports numerous studies on the 
agronomic performance of this rootstock when 
grafted with different peach cultivars (GIOrGI et 
al., 2005, HUDINA et al., 2006, sPOrNbErGEr et 
al., 2005 and ZArrOUK et al., 2006). the char-
acterization of morphological, physical or orga-
noleptic properties of the cultivars under assay 
have not been reported.

MAtErIALs AND MEtHODs

the peach cultivars [Prunus persicae (L.) bat-
sch] ‘Ufo3’ and ‘Ufo4’ (originating from crossing 
Maybelle x saturn, of Italian origin) and ‘sweet-
cap®’ (obtained by Maillard of French origin) 
were studied. All cultivars were grafted onto the 
hybrid rootstock GF-677 (Prunus persicae x Pru-
nus amygdalus).

the trial was conducted at an experimental 
orchard located near cieza, Murcia, spain (Lat-
itude 38º 17´N – 1º 27´W). soil conditions were 
poor and stony in the first layer (0-10 cm) and 
clayish below this level (clay loam texture). soil 
was highly calcareous with a 15% content of ac-
tive lime and a pH of 7.8. the ‘Ufo3’ and ‘Ufo4’ 
planting density was 4 x 1.5 m, and that for 
‘sweetcap® was 5 x 2.5 m, trained to a central 
leader system. the study was conducted during 
the period 2005-2008. conventional commer-
cial summer pruning and drip irrigation treat-
ments were performed. A randomised block de-
sign was used with five single-tree replications 
for each variety. Guard rows were used to pre-
clude edge effects.

the onset of bud sprouting, full bloom and 
petal fall were recorded on five trees per variety 
and on four branches per tree. branches were 
homogeneous in all cases with a similar length 
(30-60 cm), located at three different heights in 
the tree (low, medium, high) and marked at the 
phenological stage A (bAGGIOLINI, 1952). Full 
bloom was recorded when more than 50% of the 
flowers were open.

the number of fruits/m2 and yield (kg/m2) 
were measured. the number of fruits/m2 was de-
termined as the ratio between the total number 
of fruits per tree and the tree spacing. Yield (kg/
m2) was determined as the ratio between the total 
kilograms of fruit per tree and the tree spacing.

samples of 50 fruits per variety (10 fruits 
per tree) were hand-harvested at random at 
the commercial maturity stage, on the basis of 
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their skin colour (fully-coloured). Immediately 
after harvest, fruits were transported in an air-
conditioned car to the laboratory. Fresh weight, 
equatorial, suture and polar diameter, flesh 
thickness, flesh firmness, stone weight, width 
and length, pulp yield, pH, soluble solid con-
tent (ssc), titratable acidity (tA), ssc/tA ra-
tio and colour were measured. Fruit and stone 
weight were measured with a sartorius digital 
balance (model bL-600, 0.01 g accuracy, Goet-
tingen, Germany). Fruit equatorial, suture and 
polar diameter and flesh thickness, as well as 
stone width and length were measured with Mi-
tutoyo electronic digital slide gauge (model cD-
15Dc, 0.01 mm accuracy, England, U.K.). Pulp 
yield percentage was calculated as (fruit weight- 
stone weight)/fruit weight x100.

Flesh firmness (FF) was measured with a ber-
tuzzi Penetrometer (model Ft-327, Facchini, Al-
fonsine, Italy) with an 8-mm cylindrical plunger 
and measurements were made on the two oppo-
site faces in the equatorial zone. the cIELAb L* 
(brightness or lightness; 0= black, 100 = white), 
a* (-a* = greenness, +a* = redness) and b* (-b* = 
blueness, +b* = yellowness) colour variables were 
measured on the skin on the four opposite faces 
in the equatorial zone, using a chromatometer 
(cr-300, Minolta co., Osaka, Japan).

the chemical analyses were carried out on 
four juice samples (10 peaches each). the juice 
was extracted using a blender and filtered 
through cheesecloth. Juice pH was calculat-
ed by a crison pH-meter (model MicropH 2001, 
barcelona, spain). soluble solids content (ssc) 
was measured at 20ºc with a refractometer (At-
ago co., tokyo, Japan). titratable acidity (tA) 
was determined with an acid-base potentiome-
ter (0.1N NaOH up to pH 8.1) and is expressed 
as grams per liter (g/L) of malic acid. the ripe-
ness index (rI) was calculated as the ratio of sol-
uble solids content and total acidity.

statistical analysis

statistical analyses were performed using 
sPss 16.0 for Windows. A basic descriptive sta-
tistical analysis was followed by an analysis of 
variance test for mean comparisons, with stand-
ard errors. to discriminate among the means 
(multiple range test), the Fisher´s least signifi-
cant difference (LsD) procedure was used at the 
95.0% confidence level. Pearson correlation co-
efficients were determined.

rEsULts AND DIscUssION

Agronomic parameters

During the three-year study, the onset of 
bud sprouting in ‘Ufo3’ and ‘Ufo4’ cultivars oc-
curred around the first two weeks of February, 
two weeks ahead of the ‘sweetcap ®’cultivar (late 
February) (table 1). ‘Ufo3’ and ‘Ufo4’ can be con-
sidered early harvest cultivars: (late May-ear-
ly June). the fruit was harvested in 8-12 days. 
‘sweetcap ®’ is clearly a mid-season harvest cul-
tivar, (mid July). the fruit was harvested in 15-
21 days. Under the tested cultivation conditions, 
‘Ufo3’ was harvested 26 days earlier than ‘big 
top’ and 21 days earlier than ‘Ufo4’.

there was no significant difference in yield 
among the cultivars studied (mean value 5.2 
kg/m2). the number of fruits per m2 in cultivars 
‘Ufo3’ and ‘Ufo4’ were similar (53.6 and 49.2 
fruit/m2, respectively) and were greater than 
that of ‘sweetcap ®’ (39.5 fruits/m2).

Fruit quality parameters

the fresh fruit weight for cultivar ‘Ufo3’ (90.6 g) 
was 7.8% greater than that obtained by NIcOtrA 
et al. (2001a), while the average fruit weight for 

table 1 - Dates of onset of bud sprouting, full bloom, petal fall and harvesting (2005-2008) of the three peach cultivars.

	 Onset of	 Full bloom	 Petal fall	 Harvesting
 bud sprouting

Ufo3	 7-9 February	 25 February	 12-16 March	 27 May-10 June
Ufo4	 12-14 February	 1 March	 16-19 March	 2 June-15 June
Sweetcap®	 20 February	 7-10 March	 30 March	 3 July-25 July

table 2 - Fresh weight, equatorial, suture and polar diameter and flesh thickness of the three peach cultivars.

Cultivar	 Fruit	weight	 Equatorial	diameter	 Suture	diameter	 Polar	diameter	 Flesh	thickness
	 (g)	 (mm)	 (mm)	 (mm)	 (mm)

Ufo3	 90.66±1.87	a	 64.17±0.46	a	 65.05±0.49	a	 35.99±0.26	a	 21.54±0.32	a
Ufo4	 103.73±1.70	b	 67.87±0.39	b	 68.42±0.41	b	 36.62±0.30	a	 23.10±0.27	b
Sweetcap®	 162.54±2.14	c	 78.50±0.51	c	 75.81±0.43	c	 44.92±0.28	b	 24.95±0.33	c

Values	with	different	letters	within	columns	indicate	statistically	significant	differences	(95%	LSD).	Mean	values	±	S.E.	for	the	3-year	study	
(sample	size	for	each	parameter	is	50	fruits).
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cultivar ‘Ufo4’ (103.4 g) was 9.75% lower than 
that obtained by NIcOtrA et al. (2001a). these 
differences are probably due to the different en-
vironmental conditions. the cultivar ‘sweetcap 
®’ had the heaviest fruit (162.5 g), probably due 
to being a later ripening variety compared to the 
Ufo cultivars tested (table 2).

‘sweetcap ®’ produced the largest but the least 
flattened fruit (largest polar diameter) compared 
with the ‘Ufo3’ and ‘Ufo4’ cultivars. ‘Ufo3’ and 
‘Ufo4’ had a greater fruit diameter compared 
with those obtained by NIcOtrA et al. (2001b, 
2002) but lower than that of ‘sweetcap ®’ (table 
2). Flesh thickness was significantly greater for 
‘sweetcap ®’ (24.9 mm) than for ‘Ufo3’ and ‘Ufo4’. 
‘Ufo3’ had the lowest flesh thickness values.

Fruit from the three cultivars had low-acidity 
with pH values greater than 4.0 (DIrLEWANGEr 
et al. 2006) (table 3). ‘sweet cap®’ had a great-
er tA compared to ‘Ufo3’ and ‘Ufo4’ (table 3).

the total soluble solids content (table 3) for 
the early cultivars ‘Ufo3’ and ‘Ufo4’ was 11.4° 
and 12.2°brix, respectively; the values were low-
er than those obtained by NIcOtrA et al. (2001b). 

the mid-season cultivar ‘sweetcap ®’ had a val-
ue of 12.7° brix, which was not significantly dif-
ferent from cultivar ‘Ufo4’. the highest ssc/tA 
ratio was recorded for the ‘Ufo4’ cultivar (high 
quality taste).

table 4 shows that the ‘Ufo3’ fruit had light-
er, smaller stones (3.2 g), while the ‘sweetcap ®’ 
cultivar produced fruit with larger heavier stones 
(4.6 g). the highest pulp yield (97%) was recorded 
for ‘sweetcap®’; despite having the largest stone, 
the fruit was the largest and heaviest.

Flesh firmness (table 5) was very similar 
among the three cultivars, although cultivars 
‘sweetcap ®’ and ‘Ufo3’ had the most consist-
ent fruit flesh.

Fruit colour is an important factor for market-
ability and consumer acceptance and can also be 
indicative of the ripeness index. cultivars ‘Ufo3’ 
and ‘Ufo4’ produced the reddest (high a* values) 
skin, while cultivar ‘sweetcap®’ had the yellow-
est skin (high b* and low a* values) (table 5). the 
a*/b* ratio was the lowest for the ‘sweetcap®’ 
cultivar. the L values of fruit of ‘Ufo3’, ‘Ufo4’ and 
‘sweetcap®’ did not differ significantly.

table 3 - pH, soluble solids content (ssc), titratable acidity (tA) and ssc/tA ratio of the three peach cultivars.

Cultivar	 pH	 SSC	 TA	(g/L)	 SSC/TA
	 	 (ºBrix)

Ufo3	 4.48±0.07	b	 11.45±0.29	a	 0.32±0.02	a	 37.08±2.98	b
Ufo4	 4.32±0.08	ab	 12.25±0.35	ab	 0.29±0.03	a	 47.00±4.25	c
Sweetcap®	 4.15±0.04	a	 12.74±0,15	b	 0.53±0.02	b	 25.04±1.42	a

Values	with	different	letters	within	columns	indicate	statistically	significant	differences	(95%	LSD).	Mean	values	±	S.E.	for	the	3-year	study	
(sample	size	for	each	parameter	is	n=12).

table 4 - stone weight, width and length of stone and pulp yield of the three peach cultivars.

Cultivar	 Stone	weight	 Stone	width	 Stone	length	 Pulp	yield
	 (g)	 (mm)	 (mm)	 (%)

Ufo3	 3.22±0.08	a	 19.49±0.17	a	 20.49±0.18	a	 96.01±0.098	a
Ufo4	 3.59±0.05	b	 20.05±0.14	b	 22.00±0.26	b	 96.48±0.063	b
Sweetcap®	 4.64±0.06	c	 21.62±0.11	c	 22.73±0.18	c	 97.04±0.064	c

Values	with	different	letters	within	columns	indicate	statistically	significant	differences	(95%	LSD).	Mean	values	±	S.E.	for	the	3-year	study	
(sample	size	for	each	parameter	is	50	fruits).	

table 5 - colour and flesh firmness of the three peach cultivars.

Cultivar	 L	 a*	 b*	 a*/b*	 Flesh	firmness
	 	 	 	 	 (kg/cm2)

Ufo3	 54.12±1.01	a	 21.66±0.53	b	 28.71±0.41	a	 0.772±0.023	b	 5.71±0.19	ab
Ufo4	 51.47±1.06	a	 21.00±0.55	b	 28.08±0.44	a	 0.771±0.026	b	 5.37±0.18	a
Sweetcap®	 54.59±1.27	a	 19.16±0.60	a	 30.79±0.53	b	 0.652±0.028	a	 5.93±0.15	b

Values	with	different	letters	within	columns	indicate	statistically	significant	differences	(95%	LSD).	Mean	values	±	S.E.	for	the	3-year	study	
(sample	size	for	each	parameter	is	50	fruits).
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correlation analyses

the interdependence of the variables was as-
sessed by a correlation analysis in which forty-
two pairs of variables were correlated (table 6).

correlation analyses showed that the greatest 
correlation was between fruit weight and equa-
torial diameter (r = 0.87), suture diameter (r = 
0.79) and polar diameter (r = 0.85), as well as 
fruit weight and flesh thickness (r =0.61) and 
fruit weight and stone weight (r = 0.62). the 
pH was negatively correlated with tA (r = -0.68) 
and positively correlated with the ssc/tA ratio 
(r = 0.69), while the tA was negatively correlat-
ed with the ssc/tA ratio (r = -0.91).

skin brightness was negatively correlat-
ed with skin redness (a* values) r = -0.70 and 
a*/b* ratio (r = -0.77). similar results have 
been reported for other clingstone peaches 
(DrOGOUDI and tsIPOUrIDIs, 2007). skin red-
ness (a* value) was positively correlated with 
the a*/b* ratio (r = 0.98), while the skin yel-
lowness was negatively correlated with a*/b* 
ratio (r = -0.76).

We conclude that the ‘sweetcap ®’ cultivar is 
a good mid-season flat peach due to its potential 
size, production uniformity and very high-quali-
ty taste. cultivars ‘Ufo3’ and ‘Ufo4’ are two good 
options for early flat peach cultivars for market-
ing. they may weigh less and be smaller than 
‘sweetcap®’. this is compensated by their early 
harvest because they can get very high prices, 
since they are the first on the market. the size 
of cultivars ‘Ufo3’ and ‘Ufo4’ improved under our 
growing conditions (Murcia, spain), compared 
to reports by NIcOtrA et al. (2001b). ‘Ufo4’ was 
proven to be more regular compared to ‘Ufo3’, 
which was more variable.

Given the remarkable variability in flat peach-
es, this study must be extended to other cul-
tivars present on the market and to promote 

those with a high organoleptic, nutritional and 
nutraceutical profile. the results of this study 
confirm that these three flat peach cultivars are 
highly recommended and of interest to the Mur-
cia area and other Mediterranean countries with 
similar edaphoclimatic conditions.
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AbstrAct

Pineapple, apple and pear were studied as fresh-cut fruit compared to the whole ones upon stor-
age at 4°c. Pineapple did not show any symptom related to enzymatic browning even after 216 h 
of storage, in comparison symptoms were evident in apple and pear as soon as 24 h after cutting. 
the different sensitivity of the three types of fruit was linked to the high content in ascorbic acid 
in pineapple as compared to apple and pear.
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INtrODUctION

In recent years, the demand for fresh-cut (or 
minimally processed) fruit has increased in re-
lation to their convenience as ready-to-eat and 
fresh-like quality products that improve human 
health (LIU, 2003). However, it is known that 
fresh-cut fruit and vegetables are more perish-
able in comparison to intact fruit and vegetables 
(GIL et al., 2006). Fresh-cut fruit deteriorates 
faster because of internal and external brown-
ing of the cut surfaces (MArtINEZ and WHItA-
KEr, 1995; GIL et al., 2006; tOIVONEN and 
brUMMEL, 2008) that alters the quality and, 
consequently, the marketing of the products. 
surface browning is caused by oxidative en-
zymes, in particular polyphenol oxidase (PPO), 
which oxidizes phenols to quinones, which are 
slightly coloured. the quinones condense and 
react non-enzymatically with amino acids and 
proteins, leading to brown melanin pigments 
(MArtINEZ and WHItAKEr, 1995; brEcHt et al., 
2004). this phenomenon has been well stud-
ied in lettuce and other salad vegetables (cAM-
POs-VArGAs and sALtVEIt, 2002). research 
has shown that in some cases, like rocket sal-
ad, resistance to browning is associated with 
higher activities of phenylalanine ammonia ly-
ase (PAL) and PPO, as compared with lettuce 
(DEGL’INNOcENtI et al., 2007). However, rock-
et salad is characterized by a higher content of 
ascorbic acid (AsA), which can probably pre-
vent the occurrence of browning by acting on 
PPO activity. It is well known that AsA is the 
key component of the commercial anti-brown-
ing formulations available on the market (rU-
PAsINGHE et al., 2005). AsA controls PPO ac-
tivity through its ability to reduce quinones to 
the native diphenols (NIcOLAs et al., 1994) and 
typically it is used as an anti-browning agent in 
fresh-cut fruit and vegetables (ALtUNKAYA and 
GOKMEN, 2008; rOJAs-GrAU et al., 2008). How-
ever not many studies have been carried out on 
the role of endogenous ascorbic acid content on 
preventing browning (MDLULI and OWUsU-AP-
ENtEN, 2007).

It has been reported that the nutrient con-
tent of fresh-cut fruit can decrease as a conse-
quence of the cutting process (brEcHt et al., 
2004). Nutrient losses may also be accelerated 
when plant tissues are wounded (KLEIN, 1987). 
However, literature on this topic is controver-
sial. In fact, stresses such as light, temperature, 
water-stress and wounding affect the physiolo-
gy of fresh produce by triggering responses that 
could induce the accumulation of phenolic com-
pounds (KAYs, 1997) and induce the activation 
of the enzyme PAL. rEYEs et al. (2007) reported 
that the antioxidant capacity of some fruit and 
vegetables was positively influenced by cutting 
being that the levels of ascorbic acid and pheno-
lic compounds were much higher in cut tissue 
as compared with intact tissues. Other research 

has demonstrated that wounding increases the 
antioxidant capacity of lettuce (KANG and sALt-
VEIt, 2003) and purple-flesh potatoes (rEYEs 
and cIsNErOs-ZEVALLOs, 2003).

the objective of this study was to investigate 
the role of endogenous AsA in the sensitivity to 
browning of fresh-cut pineapples, apples and 
pears upon storage. changes in the content of 
soluble solids content, flesh firmness and an-
tioxidant capacity were evaluated in the fresh-
cut fruit.

MAtErIALs AND MEtHODs

Fruit material and storage conditions

Pineapples (Ananas comosus L. cultivar 
smooth cayenne), apples (Malus domestica 
borkh cultivar Golden Delicious) and pears 
(Pyrus communis L. cultivar coscia) were pur-
chased at a local market. the pears were ob-
tained between June and August 2006, while 
the apples and pineapples between October and 
December 2006. All fruit was at an acceptable 
ripening stage based on eating quality. they 
were carefully selected for regular shape, uni-
form size and absence of external defects (for 
each species). the fruit was gently washed with 
chlorinated drinking water and excess water 
was removed with cheesecloth. All fruit was di-
vided into two lots of 30 pieces for pineapple and 
20 for apple and pear. One lot was processed as 
fresh-cut fruit pieces, prepared as reported be-
low for the different species; they were random-
ly divided and put into clear oval PEt (Polyeth-
ylene terephthalate) hinged containers (1.5 L) 
(Elipack EL390, bonsai Plastics, London, UK) 
that were not gas tight when closed. the oth-
er lot was stored as whole fruit and on the day 
of sampling was processed in the same way as 
the fresh-cut samples. All fruit, fresh-cut and 
whole, was maintained at 4°c in the dark for 
the entire period of the experiments which were 
repeated three times and results were pooled 
together.

In the laboratory, at room temperature, 30 
pineapples were peeled and the cores were re-
moved with a sharp stainless steel knife. the 
peeled pineapples were cut into 2 cm thick slic-
es and the fruit slices were cut into 2 x 2 x 2 cm 
pieces. On each sampling day, three whole piec-
es of fruit were cut and processed as described 
for fresh-cut samples. Pineapple as fresh-cut or 
whole fruit was stored for 216 h.

Apples and pears were cored and cut into 
2-cm thick slices with a sharp knife. the fruit 
slices were cut into 2 x 2 x 2 cm pieces. On 
each sampling day, three whole apples and 
three whole pears were cut and processed as 
described for the fresh-cut samples. Apples and 
pears as fresh-cut or whole fruit were stored 
for 48 h.
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Visual symptoms

the fruit was scored to estimate visually the 
extent of browning development. the rating scale 
reported in our previous report (DEGL’INNOcENtI 
et al., 2005) was used to estimate visually the ex-
tent of browning in the fresh-cut fruit: the score 
ranged from 0 (no injury) to 9 (severe injury, i.e., 
complete browning of the cut).

Firmness and soluble solids determination

the penetration test consists of measuring 
the strength necessary to penetrate the flesh-
fruit with a metal point of a known diameter to 
a pre-established distance. the measure was 
performed by using a digital penetrometer in-
stalled on a driving column equipped with an 8 
mm probe (Model 53205, tr, Forlì, Italy). Meas-
urements were carried out on a flat surface, 
from opposite sides of the fruit in the centre of 
each piece of pineapple, apple and pear samples. 
Flesh Firmness (FF) is expressed in kg.

soluble solids concentration (ssc) was esti-
mated using the mean of two refractometer read-
ings taken on juice obtained from each sample, 
using a digital refractometer (Model 53011, tr, 
Forlì, Italy). Measurements are expressed as °brix

Analysis of vitamin c

Ascorbic acid was assayed by using a starch-
iodine titration following the methods reported 
by sIGMANN and WHEELEr (2004). twenty mil-
lilitres of juice sample per replicate were diluted 
with 80 mL of distilled water and titrated with 
an iodine solution (0.5 g in 400 mL distilled wa-
ter). Ascorbic acid is a weak reductant, which re-
acts stoichiometrically and rapidly with the gen-
erated iodine to give dehydroascorbic acid. Io-
dine is quantified with starch and the complex 
formed is typically blue. the amount of ascor-
bic acid in the fruit juices is proportional to the 
amount of iodine required to turn the solution 
blue. to determine the amount of ascorbic acid, 
a control titration was carried out: a solution of 
ascorbic acid (0.1 g in 200 mL of distilled wa-
ter) was titrated with iodine. the iodine volume 
used to turn the solution blue corresponded to 
25 mg of ascorbic acid. Vitamin c is expressed 
as mg Ascorbic Acid/100 g fresh weight.

Extraction and analysis of phenols

For analysis of phenolic compounds, a 4 g 
sample was homogenized with 10 mL of HPLc 
grade methanol, and the homogenates were fil-
tered and centrifuged at 15,000 g at 20°c for 15 
min. the content of phenols in the extract was 
determined according to the method reported 
by DEWANtO et al. (2002) based on the method 
of Folin-ciocalteau. the values are expressed as 
mg gallic acid (GA)/100 g FW.

Analysis of antioxidant capacity

the method used to test the antioxidant ca-
pacity of the fruit extracts measured the iron-
reducing capacity of a pool of antioxidant sub-
stances (FrAP) (bENZIE and strAIN, 1996). 
this assay is quick and simple to perform and 
linearly related to the molar concentration of 
antioxidant(s) present. the assay was carried 
out on 4 g samples of fruit homogenized with 
10 mL of HPLc grade methanol; the homoge-
nates were filtered and centrifuged at 15,000 g 
at 20°c for 15 min. the FrAP reagent contains 
1 mM 2,4,6-tripyridyl-2-triazine (tPtZ) and 2 
mM ferric chloride in 0.25 M sodium acetate (pH 
3.6). the Fe2+ forms a complex with 2,2’-dipyri-
dyl. An intense blue coloration is formed when 
the ferric-tripyridyltriazine (Fe3+-tPZ) complex is 
reduced to the ferrous form at 593 nm. the fi-
nal value of FrAP content is expressed as mmol 
Fe2+/100 g FW.

Enzyme extraction and assay

PAL (E.c. 4.3.1.5) activity was determined 
evaluating the accumulation of trans-cinnam-
ic acid at 290 nm, using phenylalanine as PAL 
substrate, according to the method reported in 
DEGL’INNOcENtI et al. (2005). PAL activity is ex-
pressed as mmol trans-cinnamic acid h-1g-1FW.

For PPO (E.c. 1.10.3.2) analysis, fruit samples 
were extracted according to the method report-
ed by cAMPOs-VArGAs and sALtVEIt (2002). two 
grams of fruit tissue were homogenized with 6 mL 
of 50 mM phosphate buffer (pH 6.5), 0.5 mL of 
2 mM β-mercaptaethanol and an aliquot of poly-
vynilpyrrolidone. the homogenate was filtered 
and centrifuged at 20,000 g at 4°c for 20 min. Af-
ter centrifugation, an aliquot of the supernatant 
was applied to a sephadex G25 column, previ-
ously equilibrated with 50 mM phosphate buffer 
(pH 6.5). PPO activity was assayed as reported by 
cOUtUrE et al. (1993): 0.2 mL of 0.1 mM caffeic 
acid ethanolic solution was added to a volume of 
pineapple and pear fruit extract. For apple, chlo-
rogenic acid was used. the absorbance was re-
corded at 480 and 400 nm for 5 min, respective-
ly, for caffeic or chlorogenic acid. PPO activity is 
expressed as units g-1 fresh weight, 1 unit being 
the amount of enzyme that increases the absorb-
ance by 0.001 during reaction kinetics.

statistical analysis

Data are the means of three or more replicates 
depending on the analysis. Data were subjected 
to two-way ANOVA, with storage and post-har-
vest treatments as variability factors. compari-
son between the means was carried out using a 
Least significant Difference (LsD) test at P=0.05. 
to correlate the antioxidant capacity and phe-
nols or vitamin c content, a regression analy-
sis was carried out.
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rEsULts

Fresh-cut pineapples were stored at 4°c for 
216 h when visual quality was judged to be un-
marketable and the appearance of the slices was 
compromised by flaccidity and turgor loss. How-
ever, at this time of storage, fresh-cut pineapples 
did not showed any color alterations, attribut-
able to enzymatic browning (Fig. 1). In compar-
ison, evident symptoms of browning were ob-
served in apple and pear slices as soon as 24 h 
after cutting. the score in apple was 5.5 after 
24 h of cold storage, which then increased sig-
nificantly (P<0.05), reaching a value of 8.5 by 48 
h. A similar pattern was evidenced in fresh-cut 
pears with values of browning of 6 after 24 h of 
cold storage and a value of 9 at the end of stor-
age. this difference in sensitivity to browning 
between pineapples, pears and apples was used 
to characterize a model of the browning process 
in fruit. From the analysis of visual aspects of 
the three types of fruit, it is evident that fresh-
cut pineapples appear resistant to browning as 
compared with apples and pears.

In pineapples flesh firmness diminished af-
ter cutting because there were significant differ-
ences in FF between fresh-cut and whole fruit 
(table 1). Also soluble solids content decreased 
as an effect of storage in pineapple. In fact, in 
whole as in the fresh-cut fruit ssc diminished 
significantly. stored whole apples were firmer 
than the fresh-cut apples (table 1). No changes 
in ssc were observed in fresh-cut apples, while 
an increase was recoded in whole stored apples. 
Finally, firmness decreased in pear pieces over 
the 3-day storage period, while no changes were 
reported in the whole fruit. there were no differ-
ences in ssc among pieces from whole or fresh-
cut pears up to 3 days.

PAL is the most important enzyme involved 
in enzymatic browning because it catalyzes the 
step by which primary metabolism is diverged 
to the phenylpropanoid pathway. In whole pine-
apple PAL activity did not change during stor-
age (Fig. 2), while a significant increase was ob-
served in fresh-cut pieces after 120 h of stor-

age even if at the end the values of PAL activity 
were similar to the ones obtained at the begin-
ning of the experiment. In whole apples PAL ac-
tivity increased slightly after 24 h of storage at 
4°c but at 48 h, at the end of the experiment, 
the enzymatic activity was similar to values re-
corded at the beginning (Fig. 2). In comparison, 
PAL activity in fresh-cut apples increased sig-
nificantly upon storage. In addition, in fresh-cut 
pear pieces PAL activity increased upon storage, 
while no changes were observed in pieces from 
whole fruit.

In whole pineapple, PPO activity increased af-
ter 120 h of storage however, on the following 
days the PPO activity decreased to values lower 
than the ones reported at the beginning of stor-
age (Fig. 3). Fresh-cut pieces of pineapples also 
presented a decrease in PPO activity. At the end 
of storage (216 h) no differences in PPO activi-
ty were recorded between whole and fresh-cut 
pineapples. PPO did not change in whole ap-
ple, while a significant increase was observed in 
fresh-cut pieces 48 h after cutting (Fig. 3). Final-
ly, in pear the activity of PPO increased in whole 
and fresh-cut fruit (Fig. 3). In fact, an increase 

Fig. 1 - Estimate of browning in fresh cut pineapple (open 
rhomb), apple (open circle) and pear (closed circle). Values are 
the means of six replicates. bars indicate standard deviation.

table 1 - changes in organoleptic characteristics of several fresh-cut processed fruit determined at the start and at the end 
of the storage.

	 Flesh	Firmness	(kg)	 Soluble	Solids	Content	(°Brix)

Storage	 	 Start	 End	 Start	 End

Pineapple	 whole	 2.3±0.07	a	 2.1±0.02	a	 16.9±0.61	a	 11.6±0.02	c
	 fresh-cut	 2.4±0.06	a	 1.6±0.64	b	 17.0±0.63	a	 14.9±1.29	b

Apple	 whole	 4.7±0.06	a	 4.7±0.55	a	 13.5±1.20	b	 15.3±1.05	a
	 fresh-cut	 4.8±0.08	a	 2.6±0.44	b	 13.8±1.22	b	 13.1±0.25	b

Pear	 whole	 5.0±0.52	a	 4.9±0.20	a	 12.5±0.50	a	 12.4±0.38	a
	 fresh-cut	 5.1±0.81	a	 1.1±0.23	b	 12.7±0.22	a	 11.5±0.45c

Each	value	represents	the	mean	of	three	replicates	±	one	standard	deviation.	Mean	values	followed	by	the	same	letters	are	not	significantly	
different	for	P	=	0.05	following	a	two	way	ANOVA	test	with	storage	and	post-harvest	treatment	as	variability	factors.
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Fig. 3 - PPO activity in pieces of whole (closed circle) or fresh 
cut (open circle) stored fruit. Values are the means of three 
replicates. bars indicate standard deviation. Means flanked 
by the same letters are not significantly different for P=0.05 
following a two way ANOVA test with storage and post-har-
vest treatment as variability factors.

Fig. 2 - PAL activity in pieces of whole (closed circle) or fresh 
cut (open circle) stored fruit. Values are the means of three 
replicates. bars indicate standard deviation. Means flanked 
by the same letters are not significantly different for P=0.05 
following a two way ANOVA test with storage and post-har-
vest treatment as variability factors.

was observed after 24 of storage at 4°c but in 
fresh-cut pieces PPO activity increased 12-fold 
as compared with the initial levels, while only 
2 times in whole fruit. At the end of the storage 
(48 h) in fresh-cut pears PPO activity remained 
higher than whole fruit.

the content of phenols in pineapples and ap-
ples did not present changes between whole and 

fresh-cut fruit when stored 4°c for 216 h and 48 
h, respectively (Fig. 4). Even in pears, no signif-
icant differences were observed in whole stored 
and fresh-cut fruit, while slightly changes were 
observed after 24 and 48 h of storage when phe-
nol content values in fresh-cut pieces were high-
er than in whole pears (Fig. 4).

the most evident difference among the three 
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Fig. 5 - Vitamin c content in pieces of whole (closed circle) 
or fresh cut (open circle) stored fruit. Values are the means 
of three replicates. bars indicate standard deviation. Means 
flanked by the same letters are not significantly different for 
P=0.05 following a two way ANOVA test with storage and 
post-harvest treatment as variability factors.

Fig. 4 - Phenol content in pieces of whole (closed circle) or 
fresh cut (open circle) stored fruit. Values are the means of 
three replicates. bars indicate standard deviation. Means 
flanked by the same letters are not significantly different 
for P=0.05 following a two way ANOVA test with storage and 
post-harvest treatment as variability factors.

fruit species was the vitamin c content. In fact, 
the vitamin c content in pineapple was signif-
icantly higher compared to apples and pears 
(P<0.05) (Fig. 5). In whole and minimally proc-
essed pineapples a significant loss in vitamin c 
was observed, and at the end of storage, the val-

ues decreased and were similar in fresh-cut and 
whole fruit (-59 and -63%, respectively) (Fig. 5). 
A decrease in vitamin c was recorded in whole 
apples after 48 h, reaching values lower than the 
initial ones. Vitamin c significantly diminished 
upon storage in fresh-cut apples. In pears, a de-
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crease in ascorbic acid was observed in whole 
fruit, while an increase was recorded in fresh-
cut fruit after 48 h (Fig. 5).

the antioxidant capacity in pineapple, deter-
mined by FrAP assay, did not change, in whole 
or in fresh-cut fruit (Fig. 6). Pears and apples 
showed values of antioxidant capacity lower 
than pineapples (P<0.05). In whole apples only 
a slight increase was observed at 24 h of storage 
which was noticed as well, in a more pronounced 
way, in fresh-cut fruit (Fig. 6). At the end of stor-
age (48 h), the antioxidant capacity decreased 
and reached values similar to the ones found in 
whole and fresh-cut apple. there was an inter-
esting difference in the FrAP assay for pears, 
which presented an increase in whole fruit and 
a decrease in fresh-cut fruit after 24 h of stor-
age (Fig. 6). At the end of storage at 4°c (48 h) 
values of antioxidant capacity of whole fruit re-
mained higher than fresh-cut pears.

DIscUssION

the three types of fruit considered in this 
study differed in their sensitivity to browning; 
in fact, pineapples did not show any symptoms 
attributable to this disorder even 216 h after 
storage as fresh-cut products, while apples and 
pears showed brown areas as soon as 24 h after 
cutting. Another important difference was the vi-
tamin c content which was very much higher in 
pineapple as compared to apple or pear.

browning of fresh cut fruit or vegetables is 
attributable to the combined action of enzymes 
PAL and PPO (tOIVONEN and brUMMEL, 2008). 
PAL, activated by cutting, increased the con-
centration of phenolic substances which is the 
substrate utilized by PPO. browning reactions 
have generally been assumed to be a direct con-
sequence of PPO action on phenols (MArtINEZ 
and WHItAKEr, 1995, tOIVONEN and brUMMEL, 
2008) and this phenomenon has been well de-
fined for lettuce by DEGL’INNOcENtI et al. (2007). 
PAL increased upon storage in the three types 
of fruit, while PPO activity increased only in ap-
ple and pear, but the phenol content increased 
significantly only in pear.

the biochemical pattern in apples was dif-
ferent. the content of phenols did not change, 
probably due to the increase in PAL and the 
parallel increase in PPO activity, which typical-
ly used phenols as substrates. similar results 
were found by other authors in apple and ap-
ple products (NIcOLAs et al., 1994). In fresh-
cut pears, different results were obtained and 
an increase in PPO action was observed after 
24 h of storage, while the PAL activity showed 
a significant increase at 48 of storage. It seems 
that in this species the first enzyme stimulated 
by cutting was PPO, which, by using phenols, 
determined a decrease in their content. Later, 
PAL action increased and induced an accumu-

Fig. 6 - Antioxidant capacity in pieces of whole (closed circle) 
or fresh cut (open circle) stored fruit. Values are the means 
of three replicates. bars indicate standard deviation. Means 
flanked by the same letters are not significantly different for 
P=0.05 following a two way ANOVA test with storage and 
post-harvest treatment as variability factors.

lation of phenols. It is well known that in pears 
PPO activity is not a limiting factor in enzymat-
ic browning (LArrIGUADIErE et al., 1998). since 
PPO is inside the cytoplasm or plastids and its 
substrates in the vacuole (NIcOLAs et al., 1994), 
enzymatic browning is the direct consequence 
of membrane disintegration caused by cutting 
operation.
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the resistance to browning showed by fresh-
cut pineapple is related to different factors. 
PAL increased only after 120 and 144 hours 
of storage, while the behaviour of PPO activ-
ity upon storage was characterized by values 
lower than those recorded at the time of cut-
ting after 122 and 216 hours. the decrease in 
PPO activity observed in fresh-cut pineapple 
is presumably linked to the high ascorbic acid 
content found in this fruit. Other authors have 
reported a strong correlation between brown-
ing of fruit tissue and AsA levels (POINtING and 
JOsLYN, 1947). browning of fresh fruit occurs 
when AsA drops below a certain threshold. It 
seems that browning does not occur until AsA 
in the tissue is oxidised (VELtMAN et al., 1999). 
On the other hand, VELtMAN et al. (1999) re-
ported that the low level of ascorbic acid in 
the pear core is strictly related to the start of 
browning. A similar patter to those recorded 
in fresh-cut pineapple was also found in min-
imally processed spinach, a vegetable charac-
terized by a high content of ascorbic acid (bOt-
tINO et al., 2009). In spinach the availability of 
endogenous AsA reduced a great part of PPO 
enzymatic reaction products, thus inhibiting 
enzymatic browning. In other words, AsA did 
not stop the enzymatic reaction itself, but de-
layed the subsequent polymerization events; 
in fact, no decrease in PPO activity was ob-
served. In pineapple, PPO activity diminished 
in parallel with the decrease of ascorbic acid 
content to indicate a possible important role 
of the antioxidant ascorbic acid in the preven-
tion of browning.

the antioxidant capacity of fruit is very impor-
tant (KAUr and KAPOOr, 2001). the resistance 
of pineapples to enzymatic browning confers to 
this fruit optimal quality for storage as fresh-cut 
product. Pineapple also represents a significant 
source of ascorbic acid, which is one of the most 
important vitamins for human nutrition and it 
also acts as an antioxidant (GONZALEZ-AGUI-
LAr et al., 2005). However, when pineapples are 
stored as fresh-cut fruit the content of ascor-
bic acid significantly decreases. the decrease of 
ascorbic acid during storage and processing in 
fruit and vegetables is a common phenomenon 
(WrIGHt and KADEr, 1997; cOccI et al., 2006) 
and similar results were obtained in pineapple 
by GIL et al. (2006). It is important to emphasize, 
however, that even if the ascorbic acid content in 
pineapple slices decreases, the antioxidant ca-
pacity does not change, indicating that it is not 
just this organic compound that contributes to 
the total antioxidant capacity.

Different results were obtained for apples and 
pears in which the higher sensitivity to browning 
certainly altered their marketability as fresh-cut 
products. In addition, the ascorbic acid content, 
which was significantly lower than that record-
ed in pineapples, decreased upon storage, neg-
atively influencing the fruit quality.

In conclusion, fresh-cut processing results 
in stress factors for fruit which determines a 
shorter shelf-life in comparison to whole fruit 
independent of differences of fruit species. bi-
ological variation and species differences add 
to the complexity and make it difficult to pro-
vide a single solution to this scenario. Enzymat-
ic browning is certainly a deleterious process 
that negatively influences the storage of fresh-
cut fruit and understanding of the biochemi-
cal mechanisms involved is the key to improv-
ing the shelf-life.
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ABSTRACT

The aim of this research was to measure the ability of laying hens fed a tomato extract-supple-
mented diet to deposit dietary lycopene into the egg yolk, and to investigate the effects of lycopene 
on yolk pigmentation. Twenty Isa Brown hens were individually caged and fed two dietary treat-
ments: 1) control diet (C) and 2) control diet + 0.08% (w/w) tomato extract dissolved in soybean 
oil (2% w/w) (TE). The tomato extract-supplemented diet provided a calculated lycopene level of 
13 mg/g. Feed and water were provided ad libitum. Colorimetrical and HPLC analysis confirmed 
that the dietary lycopene was incorporated into the egg yolk at values ranging from 0.12 to 0.16 
mg/g yolk (as is). Dietary tomato extract affected L*, a* and b* values of yolk and approximately 
0.13% lycopene was transferred from the feed to the yolk. The data suggest that the TE diet re-
sulted in a significant lycopene carry over and the intensity of egg yolk colour was influenced by 
dietary lycopene supplementation.
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INTRODUCTION

Diet optimisation is the most important is-
sue for many human nutritionists. Due to its 
nutritive excellence, egg is an ideal food and al-
lows nutritional imbalances in modern diets to 
be overcome (SURAI, 2002).

Life-expectancy is increasing in developed 
countries and advances are being made in food 
technology, so consumers are paying more at-
tention to diet as part of a healthy lifestyle. In 
an effort to re-evaluate animal-derived products, 
several studies have been performed to increase 
the enhanced levels of functional substances 
such as lutein, selenium and n-3 fatty acids in 
egg. Results have shown that eggs are not only 
a good nutritional product but are also a good 
vector for delivering essential nutrients for hu-
man health (SURAI, 2000; SURAI et al., 2000; 
LESKANICH and NOBLE, 1997).

Carotenoids, the most conspicuous and 
widespread group of pigments in nature, have 
many physiological functions. Most carotenoids 
found in food have antioxidant activity, act-
ing as free-radical scavengers. Many authors 
have studied the dietary carotenoid intake of 
humans, but there are no data on the optimal 
levels (HAZELS MITMESSER et al., 2000). Even 
if no dietary references have been proposed for 
carotenoids, some authors have described the 
carotenoid plasma and serum response after 
tomato product intake (STAHL and SIES, 1996). 
Lycopene is one of the main components of the 
carotenoid fraction in tomato and the mean 
value ranges from 2 to 14 mg/100 g of fresh 
tomato (ZANFINI et al., 2007). Lycopene exerts 
peculiar biological effects; in particular, it has 
the greatest ability to quench singlet oxygen 
(DI MASCIO et al., 1989). Moreover, it has been 
shown that the dietary intake of lycopene from 
tomatoes is inversely related to the risk of cer-
tain types of cancer, such as prostate, diges-
tive-tract and lung cancers (GIOVANNUCCI et 
al., 1995; FRANCESCHI et al., 1994; LE MARCH-
AND et al., 1989).

The purpose of this work was to investigate 
the effect of lycopene supplementation on egg 
yolk pigmentation and to determine the amount 
of lycopene that crossed over in laying hens fed 
with a tomato extract-supplemented diet in a 
view of designing lycopene enriched eggs.

MATERIALS AND METHODS

Chemicals

A lycopene standard was obtained from Sig-
ma (St. Louis, MO, USA). Diethyl ether, hexane, 
acetone, ethanol and dichloromethane were p.a. 
grade, while acetonitrile and isopropanol were 
HPLC grade. All solvents were purchased from 
Merck (Whitehouse Station, NJ, USA).

Tomato extract

The tomato extract was obtained from San 
Marzano canned peeled tomatoes (10.8 kg). The 
San Marzano cultivar was chosen due to its 
high carotenoid, lycopene and β-carotene con-
tents (STRAZZULLO et al., 2007). Canned toma-
toes were homogenised in a blender for 5 min. 
The puree was extracted with diethyl ether (w/v 
1:2) under stirring, in the dark overnight in or-
der to obtain a high yield of carotenoids in the 
lipophilic fraction. The upper red layer contain-
ing the carotenoids was filtered, concentrated 
in a rotary evaporator in vacuum (T <35°C) and 
dried under N2 as suggested by STRAZZULLO et 
al. (2007). The extract was stored at -30°C pend-
ing diet formulation.

Animals and diets

Twenty Isa Brown laying hens (20 weeks old) 
were individually caged (1,925 cm2/bird) in two 
double-deck cage batteries; the mean ambient 
temperature during the experimental period was 
20°-25°C. The birds were randomly divided into 
two groups, of ten hens each. The control group 
(C) was fed with a standard layer diet (contain-
ing 2% oil w/w) and the test group (TE, toma-
to extract) was fed the same diet supplemented 
with 0.08% (w/w) tomato extract (equivalent to 
13 mg of lycopene/g diet) previously dissolved in 
the oil fraction. Soybean oil was used to incor-
porate the tomato lypophilic extract in the feed. 
The composition of the diet is reported in Ta-
ble 1. The trial lasted 14 days and the animals 
were monitored daily. Feed and water were pro-
vided ad libitum.

On days 1, 7 and 14 of feeding, the eggs laid 
in each experimental unit were collected (n=10), 
weighed and cracked. Shells, albumen and yolks 
were separated and weighed and the egg yolk 
colour was measured. Egg yolks and albumens 
were then lyophilized and stored at -20°C for 
further analyses.

Yolk measurement and analysis

The yolk colour was determined (n=10) at 
room temperature (20°C) by using a portable 
Minolta Colorimeter CR-331C (Minolta Camera, 
Osaka, Japan) with D65 illuminant and the 2° 
standard observer. The results are expressed in 
terms of lightness (L*), redness (a*) and yellow-
ness (b*) in the CIELAB colour space model (CIE, 
1978). Additional reflectance data such as chro-
ma (C*), and hue angle (h*) were also calculated. 
The colorimeter was calibrated throughout the 
study using a standard white ceramic tile. Co-
lour difference (ΔE*) was calculated as follows: 
ΔE*= [(ΔL*)2 + (Δa*)2 + (Δb*)2]1/2, where the ΔL*, 
Δa*, and Δb* values are the differences in colour 
co-ordinates between treatments.

Yolk and albumen dry matter, ether extract 
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and ash were assessed by AOAC methods (1990) 
(n=5). Crude protein was determined by using 
“Rapid N” (FARINA and BEDETTI, 2007) (n=5).

The yolk lycopene value was determined by 
HPLC (n=5). Lyophilized yolk (600 mg) was ex-
tracted with 40 mL of hexane-acetone-95% eth-
anol (50:25:25 v/v/v). The mixture was kept 
on ice and agitated continuously on a magnet-
ic stirrer plate for 15 min at 150 RPM until all 
the lycopene was completely extracted. Agitation 
was continued at room temperature for another 
5 min after adding 6 mL of deionised water. Af-
ter decanting, the upper non-polar layer (NPL) 
containing lycopene was filtered and then, con-
centrated in a rotary evaporator in vacuum (T < 
35°C) and dried under N2.

The HPLC apparatus consisted of a Dion-
ex P680 pump (Dionex, Sunnyvale, CA,USA) 
equipped with a Rheodyne Model 7725i injection 
valve (Rheodyne, Rohnert Park, CA, USA), a Di-
onex UVD-170/U UV-vis detector (λ=470 nm), 
a Dionex thermostatted column compartment 
TCC-100, and a Chromeleon® 6 data handling 
system (Dionex, Sunnyvale, CA, USA).

An AscentisTM C18 column (25 cm × 4.6 mm, 

5 µm particles) (Supelco, Bellefonte, PA, USA) 
was used for the analysis. Twenty µL of NPL dis-
solved in 1 mL of dichloromethane were inject-
ed into the chromatographic system by a full 
loop injection system. The system was run iso-
cratically with a mobile phase containing ace-
tonitrile-isopropanol (90:10 v/v) for 25 min at 
a flow rate of 2.5 mL/min. The column temper-
ature was kept at 30°C for all of the chromato-
graphic runs. The identification and quantifica-
tion of lycopene were obtained through the com-
bined use of the retention time, and co-chroma-
tography with standard.

The lycopene yield (expressed in terms of per-
centage) from feed to egg yolk were calculated 
by the following equation:

Lycopene transfer efficiency = Lycopene de-
position in egg yolk (A) × 100 / Lycopene con-
sumption by feed (B)
where:

A = yolk weight (g) × 
×  yolk lycopene concentration (µg/g)
B = feed consumption (g/d/bird) ×

× feed lycopene concentration (µg/g).

Statistical analysis

Data were analyzed by one-way ANOVA us-
ing SPSS (SPSS, 2008) considering the dietary 
treatment as the only factor for each sampling 
day. Statistical significance was accepted at P 
< 0.05. Results are presented as mean ± stand-
ard deviation (SD).

RESULTS AND DISCUSSION

Diets were isonitrogenous and isoenergetic 
(Table 1) and satisfied the energy requirements 
of the laying hens

The quality traits of eggs on days 1, 7 and 14 
are reported in Table 2. Dietary treatment did 
not affect these parameters. This supports the 
findings of LEESON and CASTON (2004), who ob-
served production parameters were not influe 
ced by diet in laying hens fed with different in-
clusion levels of lutein in corn-soy diets.

The chemical composition of yolk and albu-
men was not influenced by dietary treatment as 
illustrated in Table 3; the dry matter, crude pro-
tein, ether extract and ash values were in agree-
ment with the literature (CEROLINI et al., 2008; 
THAPON and BOURGEOIS, 1994).

Colorimetrical data (Table 4) showed that yolks 
from hens fed with the supplemented tomato ex-
tract diet were darker than those of the control 
group. On days 7 and 14, the values of yolk co-
lour parameter a* of the TE group were signifi-
cantly higher (P < 0.01), and the L* values were 
lower (P < 0.05 and < 0.01, respectively) as were 
the b* values (P < 0.05). As expected, tomato 
extract contributed to egg yolk colour because 
lycopene, a red pigment, is darker than the yel-

Table 1 - Ingredients and calculated composition of ba-
sal diet1.

Ingredients	 g/kg

Corn	 	 590
Wheat	roughage	 	 15
Soybean	meal		 	 180
Alfalfa	meal	 	 30
Corn	gluten	 	 40
Oil	 	 20
Calcium	carbonate	 	 82
Dicalcium	phosphate	 	 23
NaCl	 	 5
DL-Methionine	 	 3
L-Lysine	 	 2
Vitamin	and	mineral	premix2	 	 10

Calculated composition

ME		 MJ/kg	 11.51
Crude	protein	%	 	 16.60
Ether	extract	%	 	 4.55
Crude	fiber	%	 	 4.19
Ash	%	 	 13.00
Dry	matter	%	 	 87.06
Calcium	%	 	 3.79
Phosphorus	%	 	 0.74
Methionine	%	 	 0.57
Lysine	%	  	 0.85

1Diet	was	fed	at	120	g/bird/day.
2Premix	provided	(mg/kg	of	diet):	vitamin	A,	1500	IU;
vitamin	D,	800	IU;	vitamin	E,	10	mg;	vitamin	K,	0.5	mg;
riboflavin,	3.6	mg;	pantothenic	acid,	10	mg;	vitamin	B12,	0.1	mg;
choline	chloride,	200	mg;	niacin,	17.0	mg;	manganese	sulfate,	66	
mg;	zinc	sulfate,	60.5	mg;
iron	 sulfate,	 49.5	 mg;	 copper	 sulfate,	 49.5	 mg;	 calcium	 iodate,	
0.26	mg;
sodium	selenite,	0.10	mg.
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low lutein and zeaxanthin pig-
ments normally present in egg 
yolk (OLSON et al., 2008).

In a previous study with Isa 
Brown laying hens, FERRAN-
TE et al. (2003) showed that 
a tomato extract-supplement-
ed diet resulted in a higher a* 
value in egg yolk. The differ-
ence in the h* co-ordinate val-
ue (P < 0.01) between groups 
C and TE increased from day 
7 to 14. Moreover, tomato ex-
tract addition resulted in a de-
tectable colour difference; the 
variation was higher on day 
7 than on day 14 (ΔE*= 4.93 
and 3.71, respectively). Com-
pared to a* and b*, the L* pa-
rameter, influenced the calcu-
lated colour variation (ΔE) the 
most. In fact, on days 7 and 14 
the ΔL* values were 4.08 and 
2.77; Δa* were 2.39 and 2.06 
and Δb* were 1.38 and 1.35, 
respectively.

The influence of lycopene 
on egg yolk colour was also 
observed by KARADAS et al. 
(2006). In their trial on adult 
Japanese quails fed a diet con-
taining tomato powder, the 
Roche colour fan showed a well 
defined orange colour in the 
egg yolk which was the result 
of a combination of yellow xan-
thophylls and lycopene.

The carotenoid content in 
egg yolk is a reflection of their 
dietary provision, as previously 
reported by SURAI et al. (1998), 
SURAI and SPEAKE (1998) and 
SURAI (2002). In this study, 
lycopene transfer was further 
confirmed by HPLC, measur-
ing the lycopene incorporated 
in the egg yolk. No lycopene 
content was detected in the 
eggs on day 1. The lycopene 
content in the yolk, increased 
in the TE group: 0.12 mg/g on 
day 7 and 0.16 mg/g on day 
14. Therefore assuming a feed 
intake of 120 g/bird/d and a 
15 g daily yolk mass produc-
tion, the transfer efficiency of 
lycopene calculated from the 
tomato extract-supplemented 
diet to the egg yolk was about 
0.13% (w/w). This value is in 
accord with that reported by 
KNOBLICH et al. (2005). Re-
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amined the effect of lycopene addition on egg 
yolk in laying hens, testing at much higher lev-
els; the result was much greater yolk lycopene 
deposition (0.6-4.5%). The Authors showed that 
the transfer efficiency of lycopene declined as its 
dietary intake increased.

CONCLUSIONS

The results of this study confirm that the in-
tensity of egg yolk colour is influenced by a ly-
copene-supplemented diet. Lycopene is a good 
natural pigmenting compound, especially for 
the redness index. During the trial an average of 
0.13% lycopene crossed over into the egg yolk; 
the lycopene transfer occurred even at low di-
etary concentrations.

The use of tomato extract introduced directly 
into the diet through a lipid phase (soybean oil) 
is relevant in terms of hen feedstuff. Compared 
to tomato peel or tomato supplemented diet (as 
proposed by KNOBLICH et al. 2005), the method 
described here to obtain a supplemented diet re-
sulted in an increase of lycopene intake by hens, 
because no fibrous ingredients were used and 
digestibility was not affected.
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AbstrAct

the influence of different levels of nitrogen (N1, N2), phosphorous (P1, P2) and N+P (N1P1, 
N1P2, N2P1, N2P2) mixed fertilizers was investigated on volatile substances, soluble sugars, or-
ganic acids, titratable acidity, dry matter and lycopene of “corbarino” cherry-like tomatoes. the 
flavour volatiles reached the highest concentrations in red-ripe cherry-like tomatoes treated with 
N1. Glucose, fructose, dry matter and titratable acidity increased only in N+P fertilized samples. 
Among the organic acids, citric increased, malic decreased and oxalic was constant in all the fer-
tilized samples. Lycopene reached the highest values in N2 and N2P2 samples.
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INtrODUctION

tomato, a key vegetable in the Italian Mediter-
ranean diet, has recently gaining been attention 
in relation to the prevention of some human dis-
eases. this interest is due to the presence of car-
otenoids and particularly lycopene, which is an 
unsaturated alkylic compound, that appears to 
be an active compound in the prevention of can-
cer and cardiovascular risk and in slowing down 
cellular aging, owing to its high antioxidant and 
antiradical power (GErstEr 1997; GIOVANNUc-
cI et al. 1995). Lycopene is found in fresh, red-
ripe tomatoes as all-trans (79-91%) and cis- (9-
21%) isomers (stAHH and sIEs, 1992; sHI et al. 
1999; bOILEAU et al. 2002).

Lycopene and vitamins give a measure of the 
nutraceutical quality, while flavour volatiles, sol-
uble sugars, organic acids, etc. express the nu-
tritional quality.

In red-ripe tomato fruit, many volatile com-
pounds have been identified [2(E)-hexenal, hex-
anal, 3(Z)-hexen-1-ol, β-ionone, 2(E)4(Z)-dec-
adienal, 2-isobutylthiazole, 3(Z)-hexenol, lina-
lool, methylsalicylate, 2-methoxyphenol, 6-me-
thyl-5-hepten-2-one, 6-methyl-5-hepten-2-ol, 
2,3-epoxygeranial, neral, geranial, nerylace-
tone, β-damascenone, α-terpineol etc.] (DI cE-
sArE et al. 2003).

Hexanal, 2(E)-hexenal, 3(Z)-hexen-1-ol, 2-iso-
butylthiazole, are considered to be responsi-
ble for the fresh tomato flavour (DIrINcK et al. 
1976). While, according to other authors (bUt-
tErY et al. 1989; bUttErY, 1993; bUttErY and 
LING, 1993 a,b) 3(Z)-hexenal, β-ionone, hexanal, 
β-damescenone, 2(E)-hexenal, 1-penten-3-one, 2 
and 3-methylbutanols, 2-isobutylthiazole, 2-iso-
butylcyanide, 2(E)-heptenal, phenylacetaldehyde, 
6-methyl-5-hepten-2-one, 3(Z)-hexenol, 2-phe-
nylethanol, methylsalycilate are considered to be 
important contributors to tomato flavour.

soluble sugars and organic acids play an im-
portant role in the characterization of the tomato 
taste. sugars (glucose, fructose and traces of su-
crose) and organic acids (citric, malic and oxalic) 
represent half of the total dry matter of tomato 
fruit (sILVEstrI and sIVIErO, 1991).

In tomato cultivation, fertilizer application 
regimes can play an important role both to in-
crease the yield and size and to improve the nu-
tritional and nutraceutical quality of the fruit.

A large amount of N is required for optimum 
production as the tomato root absorbs a great 
deal from the soil. N-deficiency can cause a de-
crease in production (number and size of toma-
toes), a reduction in storage quality, colour, and 
tomato taste (sAINJU et al., 2003).

secondary plant metabolites which lack N in 
their structure such as lycopene, β-carotene, 
phenolics and flavonols are favoured under N-
limiting conditions, although photosynthetic 
activity is not simultaneously reduced. Howev-
er nitrogen-containing compounds are favoured 

when N is readily available and not limiting to 
growth (DOrAIs et al., 2008).

As far as nutritional quality and suitability for 
processing are concerned, many authors have 
highlighted the negative effects of excessive N, 
such as an increase in pH and a decrease in 
soluble sugars, soluble solids, dry matter, sug-
ars/dry matter ratio and firmness (Kaniszews-
ki et al., 1987; KOONEr and rANDHAWA, 1990; 
PArIsI et al., 2006).

XU et al. (2001) found that by using an ap-
plication of nitrogen within the proper range in-
creased the concentration of the volatile com-
pounds in tomato, while an excessive N appli-
cation decreased their concentration.

YU-tAO et al. (2007) studied the effects of ap-
plications of N levels on volatile substances, taste 
compounds and firmness of fresh tomato fruits. 
the results pointed out that increasing N appli-
cation increased the concentrations of 1-penten-
3-one, hexanal, 3(Z)-hexenal, 2-methyl-4-pente-
nal, 2(E)-hexenal, 6-methyl-5-hepten-2-one, ti-
tratable acidity, soluble sugars and soluble sol-
ids; under the same conditions the concentra-
tions of phenylacetaldehyde decreased, where-
as the concentration of 2(E)4(E)-hexadienal and 
firmness of fresh tomato fruit initially increased 
and then decreased.

WrIGHt and HArrIs (1985) pointed out that 
flavour scores indicated that increasing N and 
K fertilization had a detrimental effect on toma-
to flavour. An increase in titratable acidity and 
soluble solids was found with increasing fertili-
zation. concentrations of hexanal, 2-hexanone, 
benzaldehyde, phenylacetaldehyde, β-ionone 
and 6-methyl-5-hepten-2-one increased with in-
creasing N+K levels.

Phosphorous fertilization is a key compo-
nent in the metabolism and regulation of sev-
eral pathways involved in the biosynthesis of 
secondary plant metabolites, many of which 
are nutraceuticals. P may increase the level of 
some phytochemicals such as ascorbic acid, an-
thocyanins, flavonoids and lycopene, although 
interaction with climatic factors and the grow-
ing season may occur (brUULsEMA et al. 2004). 
sAItO AND KANO (1970) found that by increasing 
P-fertilization from 0 to 100 mg L-1 nutrient so-
lution under hydroponic growth conditions, the 
colour of the tomato fruit greatly improved and 
consequently lycopene content was increased.

OKE et al. (2005) studied the effect of P ferti-
lizer on the quality of tomato under field condi-
tions for three consecutive years, evaluating the 
pH, titratable acidity, lycopene, vitamin c, fla-
vour volatiles etc. they noted that the influence 
of P application on several of the quality param-
eters mentioned above was marginal, while cli-
matic features had a more predominant effect.

In this study, the effects of two different levels 
of N and P and their mixture (N+P) on the nutri-
tional and nutraceutical quality of “corbarino” 
cherry-like tomatoes was evaluated.
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MAtErIALs AND MEtHODs

Plant source: the study was performed on 
“corbarino” cherry-like tomatoes (accession 
Pc05), a traditional ecotype originating in south-
ern Italy (campania region), characterized by 
small fruits (13-20 g) having a strong fruity 
odour and flavour, excellent health and nutri-
tional properties and highly suitable for canning 
(GIOrDANO et al., 1999, 2000; ANDrEAKIs et al., 
2004; sINEsIO et al., 2007).

the unfertilized tomatoes were grown in soil 
with a high content of organic matter (1.3% car-
bon) and available P (85 ppm), but low in avail-
able N (N Kjeldhal = 0.091%; NO3 = 7.0 ppm; 
NH4 = 11.5 ppm).

Fertilization was applied at two different lev-
els of N (100 kg ha-1= N1; 200 kg ha-1= N2), P (150 
kg ha-1= P1; 300 kg ha-1= P2) and their mixture 
(N1P1=100 kg ha-1 N+150 kg ha-1 P; N1P2= 100 kg 
ha-1 N+300 kg ha-1P; N2P1= 200 kg ha-1 N+150 kg 
ha-1 P and N2P2= 200 kg ha-1 N+300 kg ha-1 P). 
Each level of P (P2O5) was applied before trans-
planting, while the amount of N for each treat-
ment was applied in four doses during the crop 
cycle: 25% before transplanting as (NH4)2sO4, 
25% at 30 DAt (days after transplanting), 25% 
at 60 DAt and 25% at 80 DAt as NH4NO3.

All the samples were cultivated, at battipaglia 
(sele Valley, sA) in open fields and harvested at 
the red-ripe stage between 20-24 August 2008.

the average yield of tomatoes (t/ha) according 
to the treatment applied is reported in table 1. 
Each test was repeated three times.

Extraction-concentration and analysis of vol-
atile substances: the volatile compounds were 
extracted and concentrated by microwave-res-
in-solvent combined method and the extracts 
obtained were analyzed quali-quantitatively by 
Gc/Ms. the method and the operating condi-
tions were reported in a previous note (DI cE-
sArE et al., 2003).

soluble sugars and organic acids: they were 
extracted with double distilled water and ana-
lyzed by HPLc (FOrNI et al., 1992).

Lycopene: It was extracted using an hexane: 

acetone: ethanol mixture (2:1:1) and the hex-
ane layer was analyzed by HPLc (MIGLIOrI et 
al., 2008).

Dry matter: It was determined using a lab-
oratory oven at 85°c up to a constant weight 
(AOAc, 1980).

statistical analysis: tukey test was used to 
evaluate the differences among the different lev-
els of fertilization. Mean values were considered 
significantly different when ρ≤0.05.

rEsULts AND cONcLUsIONs

Volatile substances: table 2 shows the vol-
atile compounds identified in unfertilized and 
fertilized cherry-like tomatoes (alcohols, carb-
onyl compounds (aldehydes and ketones), phe-
nolic derivatives, heterocyclic compounds and 
terpenes). results are in agreement with what 
was found in fresh tomato fruits by bUttErY et 
al. (1989), bUttErY (1993), bUttErY and LING 
(1993 a,b).

As for alcohols, 3-methyl-1-butanol decreased 
in all the fertilized samples and this trend was 
more evident in N2P1 and N2P2. All the other alco-
hols increased only in N1 samples, and they de-
creased in all the other fertilized samples, with 
respect to the unfertilized one.

Among the carbonyl compounds, 1-penten-3-
one, 2(E)-hexenal, 2(E)-heptenal, 2(E)4(E)-deca-
dienal increased with all the fertilized samples. 
Hexanal and 6-methyl-5-hepten-2-one increased 
in both levels of N, but decreased or were simi-
lar in the other fertilizations, with respect to the 
unfertilized sample.

Methyl salicylate increased with both levels of 
N and in the N+P samples, but decreased with 
both levels of P.

2-isobutylthiazole increased in N1 samples, 
but decreased in all the other fertilized samples.

concerning terpenes, linalool increased in N1, 
N2, P1 and P2 samples, but decreased in the N+P 
samples. All the other terpenes increased in N1 
and N2 samples and decreased or were constant 
in P1 and P2 and N+P fertilized samples.

As reported above, it can be seen that most of 
the contributor volatile compounds showed the 
highest concentration in N fertilized samples es-
pecially at the lower level. As N supply increased, 
so did the similar behaviour of increasing con-
centrations of several volatile compounds, in 
agreement with YU-tAO et al. (2007). A lot of 
studies have demonstrated that the concentra-
tions of amino acids and fatty acids increased 
with increasing N supply (MOZAFAr, 1993). s-
amino acids (cysteine and methionine) are pre-
cursor of thiazole, as 2-isobutylthiazole. Aromat-
ic amino acids are precursors of phenolic vola-
tile compounds (EscHIN, 1990). Leucine and va-
line are precursors of 2-methyl-1-butanol, 3-me-
thyl-1-butanol and lycopene whose conversion 
gives 6-methyl-5-hepten-2-one, 6-methyl-5-hep-

table 1 - tomato yield (t/ha) according to the treatment 
applied. Different letters indicate significant difference 
(ρ≤ 0.05).

	 Treatment	 Average	yield
	 	 (t/ha)

	 Unfertilized	 36.8	a
	 N1	 60.4	ab
	 N2	 64.7	ab
	 P1	 39.0	a
	 P2	 44.3	a
	 N1P1	 59.0	ab
	 N1P2	 59.9	ab
	 N2P1	 69.6	b
	 N2P2	 73.4	b
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ten-2-ol and terpenes. Fatty acids are precur-
sors of lipids, whose degradation gives aldehydes 
and ketones (WrIGHt and HArrIs, 1985; cAr-
bALLO et al., 1994; WEstON and bArtH, 1997). 
this could explain why the concentration of all 
classes of volatile compounds increased with in-
creasing N supply.

Except for linalool and 2(E)-hexenal, which 
showed the highest concentrations in P1 and 
P2 samples, all the other volatile compounds 
showed lower values with respect to unfertilized 
and/or N1 and N2 ones. In N+P samples, the val-
ues were always lower than the unfertilized sam-
ple, apart from some carbonyl compounds and 
methyl salycilate. these results agree with OKE 

et al. (2005) who observed no major differences 
in the volatile concentrations vs. various phos-
phorous supplementations.

chemico-physical and nutraceutical parame-
ters: the values of soluble sugars, organic acids, 
titratable acidity, dry matter and lycopene are re-
ported in table 3. the concentrations of glucose 
and fructose were quite comparable with the un-
fertilized sample in the cherry-like tomatoes fer-
tilized with N or P. On the contrary, in the sam-
ples fertilized with both N + P, there was an in-
crease of glucose in N2P1 and N2P2, and fructose 
in N2P1. No effects on sugar contents of N ferti-
lization up to 200 kg/ha were found in peeled 
tomato by PArIsI et al. (2006).

table 2 - Quali-quantitative composition (µg/100 g d.m.) of volatile compounds identified in “corbarino” cherry-like tomatoe 
samples, treated with N and P fertilizers. Different letters indicate significant difference (ρ≤ 0.05).

	 	 Fertilized
COMPOUNDS	 Unfertilized
	 N1	 N2	 P1	 P2	 N1P1	 N1P2	 N2P1	 N2P2

ALCOHOLS
3-methyl-1-butanol	 409.62	c	 373.52	b	 264.15	ab	 270.03	ab	 299.40	ab	 287.96	ab	 301.79	ab	 230.16	a	 220.12	a
2-methyl-1-butanol	 28.63	bc	 55.32	e	 20.90	d	 11.95	a	 25.83	b	 23.32	c	 21.16	b	 24.72	b	 20.67	c
6-methyl-5-hepten-2-ol	 8.17	d	 17.92	d	 7.16	c	 7.47	c	 6.33	b	 4.41	a	 5.21	ab	 5.58	ab	 4.15	a
phenethyl	alcohol	 112.91	d	 255.79	e	 109.00	d	 100.33	d	 43.65	b	 63.48	bc	 29.43	a	 72.07	c	 71.42	c

CARBONYL	COMPOUNDS
1-penten-3-one	 4.21	b	 13.10	c	 16.78	d	 11.85	a	 13.16	c	 14.03	c	 16.01	d	 11.81	c	 15.06	d
hexanal	 214.90	b	 256.43	c	 284.60	c	 198.09	a	 204.48	ab	 213.32	b	 224.52	b	 186.90	a	 176.16	a
2(E)-hexenal	 28.86	b	 47.62	c	 43.71	c	 37.37	a	 41.91	ab	 38.04	bc	 46.58	c	 33.59	ab	 28.86	b
2(E)-heptenal	 22.04	b	 40.43	c	 51.10	d	 29.68	bc	 38.94	c	 43.66	c	 40.25	c	 21.83	b	 24.67	a
6-methyl-5-hepten-2-one	 212.43	ab	 333.52	c	 262.32	b	 191.46	a	 173.16	a	 195.81	a	 183.16	a	 159.62	a	 162.13	a
2(E).4(E)-decadienal	 35.45	a	 70.26	c	 75.37	c	 34.69	a	 41.42	ab	 54.15	b	 67.81	bc	 36.65	a	 58.53	b

PHENOLIC	DERIVATIVES
methyl	salicylate	 79.32	b	 227.06	e	 173.04	d	 67.38	a	 72.40	ab	 146.27	cd	 151.34	cd	 124.95	c	 131.66	c

HETEROCYCLIC	COMPOUND
2-isobutylthiazole	 242.93	b	 288.35	c	 215.22	b	 200.86	b	 182.81	b	 204.82	b	 201.11	b	 100.13	a	 115.86	a

TERPENES
linalool	 51.04	b	 91.49	c	 87.84	c	 180.98	d	 163.65	d	 44.80	b	 8.47	a	 55.77	b	 52.31	b
neral	 30.07	b	 50.39	c	 39.13	ab	 24.14	a	 25.66	a	 24.31	b	 27.00	ab	 20.43	a	 18.92	a
geranial	 54.19	c	 95.44	e	 67.31	d	 44.63	b	 38.18	ab	 36.29	a	 47.71	b	 32.11	a	 44.37	b
β-damascenone	 25.86	b	 52.13	d	 42.93	c	 17.39	a	 18.12	a	 16.59	a	 27.50	b	 23.99	b	 24.56	b
neryl	acetone	 26.29	b	 37.86	cd	 40.42	d	 21.16	b	 20.09	c	 11.97	a	 29.50	bc	 19.53	b	 24.91	b
β(Z)-ionone	 41.41	c	 48.22	c	 51.33	d	 24.25	a	 31.99	b	 19.53	a	 25.13	a	 21.99	a	 18.75	a

table 3 - Effect of N and P fertilizers on chemical-physical and nutraceutical parameters of “corbarino” cherry-like tomatoes. 
soluble sugars are expressed in g/100 g f.w., organic acids and lycopene in mg/100 g f.w., titratable acidity in meq/100 g f.w.
Different letters indicate significant difference (ρ≤ 0.05).

	 	 Fertilized
	 Unfertilized
	 N1	 N2	 P1	 P2	 N1P1	 N1P2	 N2P1	 N2P2

SOLUBLE	SUGARS
Glucose	 2.37	a	 2.37	a	 2.27	a	 2.19	a	 2.39	a	 2.54	a	 2.50	a	 2.91	b	 2.64	b
Fructose	 2.64	a	 2.43	a	 2.38	a	 2.59	a	 2.63	a	 2.64	a	 2.62	a	 2.91	b	 2.64	a
ORGANIC	ACIDS
Oxalic	 5.72	b	 5.41	b	 6.04	b	 5.88	b	 5.90	b	 5.44	b	 6.10	b	 4.84	a	 6.15	b
Citric	 346.28	b	 422.63	c	 466.74	c	 317.90	a	 407.91	c	 442.82	c	 411.18	c	 508.33	d	 472.54	d
Malic	 55.11	b	 43.27	a	 51.03	ab	 43.51	a	 51.73	c	 49.34	b	 45.77	a	 46.72	ab	 44.02	a
TITATRABLE	ACIDITY	 8.06	a	 10.31	c	 10.39	c	 9.13	b	 8.69	a	 8.02	a	 9.84	b	 12.28	d	 11.43	d
D.M.	%	 9.28	b	 9.60	b	 9.88	b	 8.68	a	 8.73	a	 10.12	c	 9.90	b	 9.93	b	 10.29	c
LYCOPENE	 6.84	a	 10.49	bc	 15.15	d	 8.96	b	 12.68	c	 9.38	b	 9.17	b	 11.56	c	 14.62	d
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For organic acids, oxalic acid was constant in 
all the samples except N2P1, where it decreased 
in comparison to the unfertilized sample. citric 
acid showed the lowest value only in the unfer-
tilized sample, while malic acid decreased in all 
samples, except in N2 where it was similar to the 
unfertilized sample.

Dry matter decreased in P1 and P2 samples and 
increased in N1P1 and N2P2, while it remained 
constant in the other samples, compared to the 
unfertilized one. taking into account the ef-
fects of N on this quality trait, these results are 
in agreement with those of PArIsI et al. (2006).

titratable acidity increased in all the ferti-
lized samples, and the highest values were in 
N2P1 and N2P2.

WrIGHt and HArrIs (1985) and LI et al. (1997) 
reported that organic acids, soluble sugars and 
titratable acidity increased with increasing rates 
of N and K application. In our research, a dif-
ferent response of soluble sugars, organic acids 
and titratable acidity can be observed with re-
spect to the cited literature. In fact, the highest 
concentrations of glucose, fructose and titrat-
able acidity were achieved by mixing N and P.

the unfertilized sample showed the lowest 
concentration (6.84 mg/100 g f.w.) of lycopene 
whereas it increased up to 10.49 mg/100 g f.w. 
in N1 and 15.15 mg/100 g f.w. in N2 in the fields 
fertilized with N.

In the fields fertilized with P, lycopene in-
creased up to 8.96 mg/100 g f.w. in P1, and 
12.68 mg/100 g f.w. in P2. these values were 
higher than the unfertilized samples, but lower 
than the samples treated with N.

When the fields were treated with both N + P 
fertilizations, in N1P1 and N1P2, lycopene ranged 
9.17 to 9.38 mg/100 g f.w. but in N2P1 and N2P2, 
the values were 11.56 and 14.62 mg/100 g f.w., 
respectively. the latter value and that of N2 were 
the highest ones observed among all the samples.

similar behaviour was observed by KObrYN et 
al. (2004) in three tomato types (cluster, cher-
ry and large-fruit), cultivated on rockwool and 
fertilized with different levels of nitrogen. the N 
supply increased the content of lycopene in all 
tomato types, but this effect was more evident 
in the cluster one.

the same results were obtained by ELKNEr 
et al. (2004) in two tomato types (Fanny F1 and 
Dual plus F1) fertilized with N+K and drip irri-
gated, fertigated and broadcast irrigated. Drip 
irrigation and fertigation with N+K and complex 
fertilizers had a positive effect on ascorbic acid, 
pectin and hemicelluloses and in particular on 
lycopene content in Dual plus F1.

DE PAscALE et al. (2008) studied the effects 
of three different rates of N supply (0, 100, 200 
kg/ha) on the nutritional value of organically 
and conventionally grown tomatoes. they ob-
served that carotenoids and antioxidant activity 
increased in organic tomatoes, even if the yields 
were lower than conventional ones.

recent studies have pointed out that lyco-
pene, as well as other carotenoids, are synthe-
sized from isoprenoids that are products of me-
valonic acid (MVA) and methylerythritol-4-phos-
phate (MEP) pathway (bOtELLA-PAVIA and rOD-
rIGUEZ-cONcEPcION, 2006). Increasing of N fer-
tilization could most likely enhance the action 
of enzymes involved in these pathways such as 
deoxyxylulose 5-phosphate synthase.

Our results indicate that the effect of N sup-
plementation is more evident than P and mix-
ing (N+P) fertilizations in carotenoid biosynthe-
sis, even if phosphorous is a key component 
(AtP, NADP(H)2). However OKE et al. (2005) 
found that P supplementation may not signifi-
cantly affect the processing quality parameters 
of tomato fruit. this may depend on the start-
ing P content in the soil, which is already ad-
equate for complete synthesis of nutraceutical 
compounds (Vegetable Production recommen-
dations, 1999), as reported above.

Under these experimental conditions, besides 
the total yield (table 1), N fertilization positive-
ly influenced the physico-chemico-organolep-
tic and nutraceutical parameters, compared to 
P fertilization and N+P mixings. In fact, cherry-
like tomatoes fertilized only with N had a high-
er concentration of volatile substances and lyc-
opene in their tissues. these compounds im-
prove the organoleptic characteristics and, per-
haps most importantly, prevent chronic diseas-
es, such as cancer, cardiovascular and neuro-
degenerative diseases.

Our data clearly shows that, even if P fertiliza-
tion in combination with nitrogen increases the 
nutraceutical quality, it can be limited or avoid-
ed if the P content in the soil is enough to regu-
late the cellular metabolism of tomatoes.
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AbstrAct

Processing is required to render the products of some fish species edible, thus enhancing their 
economic value. the aim of the present study was to evaluate the nutritional value of goldfish (Car-
assius auratus L.) products from Lake trasimeno (Umbria, Italy). the same number of fillets (n=20), 
raw and pre-cooked pulp samples, as well as of croquettes were used to evaluate the proximate 
composition, total lipid fatty acid profile and the protein and lipid oxidative stability. the water 
holding capacity (WHc) and the percentage of cooking loss (cL) were also assessed. Despite the low 
amount of lipids (1.85%), fresh goldfish fillets were characterized by a high PUFA level (54.30%), 
with DHA being the most abundant long-chain fatty acid (15.60%) followed by EPA (9.45%). Fillet 
processing reduced both WHc and cL of the final products, while the production of tbArs and 
carbonylated proteins increased, especially in croquettes (+ 59 and + 77%, respectively). throm-
bogenic and atherogenic indexes also increased due to the PUFA reduction, reaching statistical 
significance only for the croquettes (0.53 vs 0.21 and 0.46 vs 0.34, respectively). these results 
suggest that goldfish fillets are characterized by a high nutritional value and a good oxidative sta-
bility. However, more efforts are needed to preserve these characteristics throughout processing.
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INtrODUctION

trasimeno is one of the largest and shallow-
est lakes of the Italian peninsula with an aver-
age surface area of about 122 km2 and a maxi-
mum depth of less than 6 m. It is located about 
twenty kilometres west of Perugia, in central It-
aly. It is a closed lake with no natural outlets. 
Its catchment basin is located entirely on litho-
types with a low permeability and almost corre-
sponds to a hydro-geological basin (DrAGONI et 
al., 2003). the water, seeping through the pleis-
tocenic and recent sediments in the basin, prob-
ably reaches the lake via the aquifer surround-
ing it. because of these characteristics, the wa-
ter level of the lake undergoes considerable var-
iations in accordance with the rate of local rain-
fall and, thus, it strictly depends on meteorolog-
ical and climatic conditions (bUrZIGOttI et al., 
2003). Despite the high variability in the water 
level, Lake trasimeno is very rich in fish such 
as chub (Leuciscus cephalus L.), rudd (Scardin-
ius erythrophthalmus L.), eel (Anguilla anguil-
la L.), pike (Exos lucius), carp (Ciprinus carpio), 
tench (Tenca tenca), goldfish (Carassius auratus 
L.) and herbivore carp (Ctenopharyngodon idel-
lus Val.) (NAtALI, 1989).

Goldfish is one of the most common autoctho-
nous fish species in Lake trasimeno (MEArEL-
LI et al., 1990; GHEttI et al., 2007; LOrENZO-
NI et al., 2007). the high invasive capacity of 
this fish is due to its notable tolerance to ex-
treme environmental conditions (low tempera-
tures, high rate of pollution, murky water with 
a low percentage of oxygen), high sexual fertili-
ty and a wide feeding regimen (LUsHcHAK et al., 
2001, 2005, 2007; FOrD and bEItINGEr, 2005). 
It usually lives in shallow ponds, lakes rich in 
vegetation and slow moving rivers. During the 
dry season or winter it burrows into the mud. 
Goldfish feed on plants, insect larvae and plank-
ton. because of these characteristics, the gold-
fish population, as well as other similar autoc-
thonous fish species, such as carp and tench, 
has greatly increased over the last years to the 
detriment of the autochthonous fish species, 
causing an alteration in the equilibrium of the 
Lake trasimeno fish community (MEArELLI et 
al., 1990; LOrENZONI et al., 2007). For this rea-
son, it is of great importance to find solutions 
to reduce the number of goldfish and simul-
taneously benefit the local fishermen’s year-
ly income.

One of the major disadvantages of goldfish is 
the presence of a high number of fine inter-mus-
cular bones which limits its direct consumption. 
Moreover, consumers’ perception of goldfish, 
which is generally considered as a pet animal, 
should also be taken into account. raw gold-
fish fillets could be a solution to the first prob-
lem, as they can be easily processed into more 
edible products and these products could be a 
further stimulus for goldfish fishing and mar-

keting. the second limitation could be more dif-
ficult to overcome.

the goals of this study were to determine the 
nutritional value of the fillets of the Lake trasi-
meno goldfish, taking into account the proximate 
and fatty acid composition and to investigate po-
tential modifications of the chemical composi-
tion, oxidative stability and physical properties 
of the goldfish products (pulp and croquettes). 
Differences between pulp samples before and af-
ter pre-cooking were also evaluated.

MAtErIAL AND MEtHODs

the study was carried out in collaboration 
with the “Albatrasimeno” Fisherman coopera-
tive of s. Feliciano (Perugia, Italy). Forty goldfish 
were caught by net in April 2008 and taken to 
the laboratory of the cooperative for processing 
as described below.

Fillets, pulp samples 
and croquette preparation

Goldfish, of an average live weight of 550 g, 
were eviscerated after washing with running wa-
ter and the heads and tails were removed, dor-
sal and ventral fillets were dissected and twen-
ty of them (mean weight of 100 ± 13 g) were tak-
en for analysis. the others were double minced 
(∅ 4.5 and 2.5 mm) and the pulp samples ob-
tained were used for nutritional evaluation be-
fore (mean weight of 100 ± 3 g, each) and af-
ter cooking (weight of 100 ± 2 g, each). In de-
tail, forty pulp samples were pre-cooked at 72° 
c for 6 min and twenty were used for the cro-
quette preparation (25 ± 1 g, each). the follow-
ing ingredients were used to prepare the gold-
fish croquettes: pre-cooked goldfish pulp (65%), 
red potatoes (16%), grated bread (6%), parmesan 
cheese (6%), egg (5%), parsley (1%) and salt (1%).

All fillet samples, raw and pre-cooked pulp 
and croquettes (n=20) were taken to the labo-
ratory of the Department of Applied biology for 
nutritional evaluation.

Proximate analyses 
and fatty acid composition

All samples were analysed in duplicate to de-
termine the proximate composition. In detail, 
moisture, ash, and total nitrogen were assessed 
using the AOAc methods (1995. N. 950.46b, 
920.153, and 928.08, respectively). total pro-
tein was calculated by Kjeldahl nitrogen using 
6.25 as the conversion factor. total lipids were 
extracted in duplicate from 5 g of each homog-
enised sample and calculated gravimetrically 
(FOLcH et al., 1957).

Fatty acids were determined by gas chroma-
tography after lipid extraction according to the 
method of FOLcH et al. (1957). One mL of lipid 
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extract was evaporated under a stream of nitro-
gen and the residue was derivatized by adding 
3 mL of sulfuric acid (3% in methanol). After in-
cubating at 80°c for 1 h, methyl esters were ex-
tracted with petroleum ether and 1 µL was in-
jected into the gas chromatograph (Fisions Mega 
2 carlo Erba Gas chromatograph, model HrGc 
Milano, Italy), equipped with a flame ionization 
detector. separation of fatty acid methyl esters 
(FAME) was carried out on an Agilent (J&W) cap-
illary column (30 m x 0.25 mm I.D, cPs Analit-
ica, Milan, Italy) coated with a Db-Wax station-
ary phase (film thickness of 0.25 µm). the op-
erating conditions were those described by DAL 
bOscO et al. (2007). Individual fatty acid me-
thyl esters (FAME) were identified by reference 
to the retention time of FAME authentic stand-
ards. the relative proportion of each fatty acid 
in the samples was expressed as a percentage.

the mean value of each fatty acid was used 
to calculate the sum of the saturated (sFA), mo-
nounsaturated (MUFA) and polyunsaturated 
(PUFA) fatty acids and to calculate the peroxid-
ability index (PI) according to the equation pro-
posed by ArAKAWA and sAGAI (1986):

PI = (% monoenoic x 0.025) + (% dienoic x 1) + 
(% trienoic x 2) + (% tetraenoic x 4) + (% pentae-
noic x 6) + (% hexaenoic x 8).

the concentration of each fatty acid (mg/100 
g of fish) was calculated from the lipid content 
of the fish using 0.91 as the conversion factor 
according to JOHANssON et al. (2000).

the amount of each fatty acid was also used 
to calculate the atherogenicity and thrombo-
genicity indexes as proposed by ULbrIcHt and 
sOUtHGAtE (1991):

ples (cooled for 30 min at 15°c) with respect to 
the weight of the raw samples.

Assessment of oxidative stability

the extent of lipid oxidation was quantified by 
spectrophotometry (Hitachi U-2000) as thio-bar-
bituric acid reactive substances (tbArs) accord-
ing to the method of KE et al. (1977) and using 
a molar extinction coefficient of 156 x 103 M/cm 
at 532 nm. results are expressed as malondial-
dehyde (MDA) equivalents (mg MDA/kg).

the amount of the products of oxidative dam-
age to proteins (protein carbonyl groups, PcGs) 
were measured spectrophotometrically by reac-
tion with 2,4-dinitrophenylhydrazine (DNPH) ac-
cording to the method proposed by LUsHcHAK et 
al. (2005). In detail, samples were homogenized 
(1:10 w/v) using a Potter-Elvehjem glass homog-
enizer in 50 mM potassium phosphate buffer, 
pH 7.0, containing 0.5 mM EDtA. A few crys-
tals of phenylmethylsulfonyl fluoride were add-
ed prior to homogenization to inhibit proteases. 
A 250 mL aliquot of this homogenate was then 
mixed with 0.5 mL of 10% (final concentration) 
trichloroacetic acid and centrifuged for 5 min at 
13,000 g. the resulting pellets were mixed with 
1 mL of 10 mM DNPH in 2 M Hcl and incubat-
ed for 1h at room temperature. control samples 
were mixed with 1 mL of 2 M Hcl. After washing 
three-times with 1ml of ethanol-butylacetate (1:1 
v/v), pellets were dissolved in 1.5 mL urea (6M) 
and PcGs were measured by means of a spec-
trophotometer (Hitachi U-2000) set at 370 nm, 
using a molar extinction coefficient of 22 x 103 
M/cm. the values are expressed as nanomoles 

- atherogenic index = (c12:0 + 4xc14:0 + c16:0)/[(ΣMUFA + Σ (n-6) + Σ (n-3)];
- thrombogenic index = (c14:0 + c16:0 + c18:0)/[(0.5 x ΣMUFA + 0.5 x (n-6) + 3 x (n-3) + (n-3)/(n-6)].

Evaluation of pH, water holding capacity 
and cooking loss

the pH was measured with a Knick digital pH-
meter (broadly corp., santa Anna, cA, UsA) af-
ter homogenizing the samples with iodoacetate 
(KOrKEALA et al., 1986).

the Water Holding capacity (WHc) was evalu-
ated (NAKAMUrA and KAtOH, 1985) by centrifug-
ing one gram of sample, placed on a tissue paper 
inside a tube, for 4 min at 1,500 x g. the water 
remaining after centrifugation was quantified by 
drying the samples at 70°c overnight. WHc was 
calculated as follows: (weight after centrifuga-
tion - weight after drying)/initial weight x 100.

to evaluate cooking loss, samples of about 
20 g were placed in open aluminium pans and 
cooked in an electric oven (pre-heated at 200°c) 
for 15 min to an internal temperature of 80°c 
(cYrIL et al., 1996). cooking loss was estimated 
as the percentage of weight of the cooked sam-

of PcGs per milligram protein in the urea solu-
tion. Protein concentration was measured by the 
brADFOrD (1976) method with coomassie bril-
liant blue G-250 and using bovine serum albu-
min as a standard.

the sum of thiol groups (sH) was spectropho-
tometrically measured at 412 nm (molar extinc-
tion coefficient of 13,6 x 103 M/cm) in superna-
tants after reaction with 5,5’-dithio-bis (2-ni-
trobenzoic acid) as described by LUsHcHAK and 
bAGNYUKOVA (2006). sample homogenates were 
prepared as described for the PcG assay and su-
pernatants were obtained after centrifugation at 
4°c for 15 min at 15,000 g. the thiol levels are 
expressed as micromoles of sH-groups per gram.

reagents

Unless otherwise noted, all chemicals were an-
alytical and were purchased from sigma chem-
ical co (st Louis, MO, UsA).
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statistical evaluation

the data were analysed with a one way linear 
model (statacorp®, 2005) evaluating the effect of 
technological treatment. Differences among gold-
fish products were evaluated by t-test, report-
ing the mean and standard error of the mean 
(sEM), at P<0.05.

rEsULts AND DIscUssION

Proximate composition and physical traits 
of goldfish fillets, pulp and croquettes

the proximate composition of natural goldfish 
(fillets) and processed products (pulp and cro-
quettes) is reported in table 1. the amount of 
protein in the raw fillets (17.15%) was similar to 
the levels observed by tAKEUcHI et al. (1979) and 
by HOssIAN and JAUNcEV (1989) in carp (Cipri-
nus carp; 16-19%), whereas it was much high-
er with respect to the protein content of sutchi 
catfish (Pangasius hypophthalmus; 12.6%, Or-
bAN, 2007). the latter fish species is common-
ly used for croquettes or other processed prod-
ucts because of its very low cost.

the lipid level of the goldfish fillets (1.85%) 
was much lower than that of brown (2.8%) and 
of rainbow trout (4.20%), which are both fresh-
water fish (DAL bOscO et al., 2007). It was also 
lower than the crucian carp (Carassius carassi-
us L.), which represents about 4.10% of the to-
tal weight, including the skin (KOLAKOWsKA et 
al., 2000). On the other hand, the lipid level of 
goldfish fillets was very similar to the lipid con-
tent of other lean freshwater fish species, such 
as burbot (Lota lota L.), zander (Stizostedion lu-
cioperca L.) and roach (Rutilus rutilus L.) and 
marine garfish (Belone belone L.), having a lipid 
content less than 2% (KOLAKOWsKA et al., 2000).

Grinding did not cause any significant mod-
ification in the proximate composition of gold-
fish fillet, while cooking of raw pulp caused a sig-
nificant reduction in the moisture content and 
a consequent increase in the amounts of pro-

table 1 - Proximate composition and physical traits of goldfish fillets, pulp and croquettes.

	 Fillet	 Pulp	 Croquette	 SEM
	 	 	
	 Raw	 Cooked

Moisture	 %	 79.86c	 78.57c	 75.93b	 72.05a	 2.11
Protein	 	 17.15a	 18.20b	 20.11c	 24.10d	 0.31
Lipids	 	 1.85a	 1.95a	 2.15ab	 2.54b	 0.42
Ash	 	 1.14	 1.28	 1.82	 1.31	 0.36
pH	 	 6.46b	 6.40b	 6.68c	 6.16a	 0.12
WHC*	 ”	 54.41c	 50.51b	 47.10a	 48.69a	 2.07
Cooking	loss	 ”	 30.49b	 31.44b	 22.55a	 23.58a	 1.86

N=20	per	group;	a..d:	P<0.05.
Legend:	*WHC	stands	for	water	holding	capacity.

tein and lipids. the addition of ingredients to 
the pre-cooked pulp for croquette preparation 
negatively affected (P<0.05) all of the aforemen-
tioned parameters.

the pH value of fillets was also affected by 
processing. the pH was significantly increased 
after cooking, whereas it was reduced after the 
addition of various ingredients to the cooked 
pulp (table 1). Heat is known to cause varia-
tions in the electric charge of acid groups, sep-
aration of peptide chains and production of new 
compounds, reducing the concentration of hy-
drogen-ions (GrAU, 1978). sHErMAN (1961) 
has also attributed the increased pH of cooked 
pork meat to the fission of protein chains at la-
bile linkages involving imidazole, -sH and -OH 
groups, followed by hydrogen bonding between 
carboxyl and amino groups. On the contrary, ad-
dition of various ingredients to the cooked pulp 
probably increased the number of acid groups, 
decreasing the pH of the croquettes.

regarding the physical traits of goldfish fil-
let and processed products, it was found that 
grinding reduced (P<0.05) the WHc of fillets/
pulp most probably by breaking down the mus-
cle cell membranes (table 1). this parameter 
was further reduced by thermal treatment, in-
creasing the amount of water lost by cooking. 
It is well known that protein denaturation and 
coagulation, induced by heat, may reduce the 
space within the myofibril protein resulting in 
water loss (HAMM, 1969) and reduction in WHc 
(HONIKEL, 1998). the lower cooking loss of the 
cooked pulp, despite the lower WHc, could be 
justified by the reduced moisture level.

Nutritional characteristics

the fatty acid profile of the total lipids of fil-
lets, pulp and croquettes is reported in table 2. 
the percentage of total sFA in the goldfish fil-
let (29.00%) is similar to that of crucian carp 
(29.55%) (KOLAKOWsKA et al., 2000), but much 
lower than that of sutchi catfish (41.1%). On 
the contrary, the total PUFA (54.30%) of gold-
fish was 1.6 and 4.3 times higher than that 
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found in crucian carp (32.98%, KOLAKOWsKA 
et al., 2000) and sutchi catfish (12.5%, OrbAN, 
2007), respectively. Goldfish was poorer in to-
tal MUFA than crucian carp (16.68 vs 32.98%, 
KOLAKOWsKA et al., 2000).

the major fatty acids of goldfish fillet were: 
palmitate (16:0) for sFA, oleate (c18:1n-9) for 
MUFA, arachidoneate (c20:4n-6), eicosapento-
neate (c20:5n-3, EPA) and docosahexaeonate 
(c22:6n-3, DHA) for PUFA. A similar fatty acid 
profile was also observed in two other fish spe-
cies from lakes in central Italy, such as the 
common whitefish (Coregonus lavaretus) and 
the European perch (Perca fluviatilis) (Lazio re-
gion, PrAL 1999-2001). In particular, it was 
found that the fat of European perch, fished in 
Lake trasimeno, contains about 33.32% PUFA, 
of which 9.78 and 19.94% are represented by 
EPA and DHA, respectively (POLI et al., 1994). 
compared with other fish species, the level of 
these n-3 PUFA in goldfish fillet was much high-
er than in crucian carp (4.98 vs 9.45% and 9.93 
vs 15.60% for EPA and DHA, respectively KOLA-
KOWsKA et al., 2000). Moreover, the percentage 
of EPA in goldfish fillet was similar to that re-
ported for gilthead sea bream (Dicentrarchus la-
brax, 10.91%) and European sea bass (Aurata 
sparus, 10.94%), while the percentage of DHA 
was even higher (15.60 vs 10.69% and 13.99%, 
respectively; tUrcHEttO et al., 1994). In sutchi 

catfish, both of these long-chain PUFAs are low-
er, while the amount of linoleic acid is very high, 
representing about 44% of the total PUFA (Or-
bAN, 2007). Differences in the fatty acid profile 
among fish species are due to the dietary hab-
its, phytoplacton and zooplacton availability and 
other environmental factors, such as tempera-
ture and oxygen availability, as well as endog-
enous factors, like age and behaviour/metabo-
lism/physiology.

the fatty acid profile of the fillet was affected 
in various ways by the three processing steps. 
Grinding of fillet increased the percentage of 
MUFA, by increasing the amount of palmitoleic 
acid (c16:1n-7), while reduced the percentage 
of PUFA, especially arachidonic acid (c20:4n-6), 
EPA and DHA. consequently, the amounts of to-
tal n-3 and n-6 PUFA in the raw pulp decreased, 
reaching a statistical significance only for the 
n-6 series. the reduction of PUFA in raw pulp 
could be ascribed to exposure of a higher sur-
face area of meat to oxygen after mincing, which 
was also confirmed by the higher tbArs level as 
discussed below (table 3). PUFA are known to 
be more susceptible to oxidation than the other 
fatty acid groups because of the higher number 
in double bonds.

Apart from the reduction in EPA and DHA 
levels, cooking did not produce any further 
modification in the main fatty acid of the pulp. 

table 2 - Fatty acid profile (%) of goldfish fillets, pulp and croquettes.

	 Fillet	 	 Pulp	 	 Croquette	 SEM

	 	 Raw	 	 Cooked

C14:0	 1.08a	 1.78a	 1.73a	 2.89b	 0.92
C16:0	 19.19a	 18.67a	 18.64a	 24.01b	 2.14
C18:0	 6.30a	 5.65a	 7.71b	 8.94c	 1.01
Others	 2.43a	 2.62a	 2.00a	 3.16b	 0.87
Total	SFA*	 29.00a	 28.72a	 30.08a	 39.00b	 2.65
C14:1n-6	 0.03a	 0.11ab	 0.06a	 0.21b	 0.12
C16:1n-7	 3.55a	 5.97b	 5.09b	 5.08b	 0.45
C18:1n-9	 9.28a	 10.94a	 11.44a	 19.12b	 1.89
Others		 3.82b	 4.64b	 5.08c	 2.78a	 0.85
Total	MUFA**	 16.68a	 21.66b	 21.67b	 27.19c	 1.80
C18:2n-6	 5.57a	 6.86a	 7.05a	 12.64	 2.03
C20:3n-6	 0.73c	 0.60b	 0.66bc	 0.07a	 0.10
C20:4n-6	 9.05c	 7.41b	 9.07c	 4.56a	 0.57
C18:3n-3	 5.84c	 8.57d	 4.18b	 3.09a	 0.41
C20:3n-3	 0.58c	 0.66d	 0.44b	 0.22a	 0.02
C20:5n-3	 9.45b	 7.83c	 7.20b	 3.40a	 0.32
C21:5n-3	 0.68b	 0.40a	 0.63b	 0.14a	 0.31
C22:5n-3	 1.33b	 2.49c	 3.08d	 1.46a	 0.29
C22:6n-3	 15.60d	 10.17b	 11.63c	 5.94a	 0.79
Others	 5.47d	 4.61c	 4.29b	 2.29a	 0.27
Total	PUFA***	 54.30c	 49.60b	 48.23b	 33.81a	 3.12
Total	PUFA	n-3	 36.22b	 32.43b	 29.31b	 15.40a	 9.08
Total	PUFA	n-6	 18.09b	 17.18a	 18.93c	 18.42b	 0.74

N=20	per	group;	a..d:	P<0.05.
Legend:	 *SFA	stands	for	saturated	fatty	acids;	**MUFA	stands	for	monounsaturated	fatty	acids;	***PUFA	stands	for	polyunsaturated	fatty	ac-
ids.
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On the contrary, addition of ingredients to the 
cooked pulp for croquette preparation resulted 
in a considerable increase in sFA and MUFA, 
especially oleic acid (c18:1n-9), and a concom-
itant decrease in PUFA (P<0.05), especially the 
n-3 group. Among the ingredients used, Parme-
san cheese is very rich in oleic acid and might 
have contributed to the final concentration of 
this fatty acid in the croquettes. Eggs are also 
rich in various fatty acid groups, chiefly c16:0, 
c18:1n-9 and c18:2n-6.

the quantitative levels of the main fatty acid 
groups are reported in table 3. It is worth not-
ing that 100 g of goldfish fillet, containing only 
1.85 g of total lipids, may provide a consider-
able amount of n-3 fatty acids, approximate-
ly 610 mg, of which 159 mg are represented by 
EPA and 263 mg by DHA. these findings are in 
agreement with those reported by HEPbUrN et 
al. (1986), WEstrE et al. (1993) and HYVONEN 
and KOIVIstOINEN (1994). HEPbUrN et al. (1986) 
found that crucian carp fillet provides the same 
level of PUFA as goldfish, but it contains a high-
er amount of lipid (5%).

the n-6/n-3 ratio of fresh goldfish fillet, an ac-
knowledged nutritional index for human health, 
was lower than that reported for the rainbow 
trout living in the Valnerina Lake, central Italy 
(0.50 vs 0.62, DAL bOscO et al., 2007), but high-
er than in crucian carp (0.22, KOLAKOWsKA et 
al., 2000). When fillets were processed into cro-
quettes, the value was doubled (P<0.05). Also 
the other nutritional indexes (atherogenic and 
trombogenic) changed during processing, reach-
ing their highest value for goldfish croquettes 
(P<0.05). these changes are in accord with the 
changes in the fatty acid composition (sFA in-
creased to the detriment of PUFA) which oc-

table 3 - Quantitative fatty acid contents, oxidative status and nutritional indexes of goldfish fillets, pulp and croquettes.

	 Fillet	 	 Pulp	 	 Croquette	 SEM

	 	 Raw	 	 Cooked

SFA*	 mg/100	g	 488.21a	 509.64a	 588.51a	 901.45b	 54.62
MUFA**	 ”	 280.81a	 384.36b	 423.97b	 628.47c	 65.47
Σ	n-3	 ”	 609.68b	 575.38b	 573.35b	 355.84a	 47.81
Σ	n-6	 ”	 304.46a	 304.77a	 370.27ab	 425.64b	 56.69
EPA	 mg/100	g	 159.09c	 138.94b	 140.87b	 78.59a	 12.49
DHA	 ”	 262.63b	 180.47ab	 227.54b	 137.30a	 53.24
PUFA***	 ”	 914.14b	 880.15b	 943.62b	 781.48a	 87.98
n-6/n-3	 	 0.50a	 0.53a	 0.63a	 1.19b	 0.35
Thiols	 µmol/g	 0.27a	 0.22a	 0.10b	 0.08b	 0.11
PCGs§	 nmol/mg	protein		 1.43a	 3.13b	 4.22b	 6.23c	 1.21
TBARS¥	 mg	MDA/kg	 0.54a	 0.79b	 0.83b	 1.33c	 0.42
Peroxidability	index	 	 273.12b	 216.98b	 226.78b	 80.27a	 39.87
Atherogenic	index	 	 0.34b	 0.37b	 0.23a	 0.46c	 0.10
Trombogenic	index	 	 0.21a	 0.38b	 0.27a	 0.53c	 0.13

N=20	per	group;	a..d:	P<0.05.
Legend:	 *SFA	stands	for	saturated	fatty	acids;	**MUFA	stands	for	monounsaturated	fatty	acids;	***PUFA	stands	for	polyunsaturated	fatty	ac-
ids;	§PCGs	stands	for	protein	carbonylated	groups;	¥TBARS	stands	for	thiobarbituric	acid	reactive	species.

curred after each treatment (mincing, cooking, 
addition of ingredients).

Finally, the thrombogenic index of fresh gold-
fish fillets was identical to that of Valnerina 
rainbow trout, whereas the atherogenic index 
was much lower (0.34 vs 0.45, DAL bOscO et 
al., 2007), most probably due to the lower lev-
el of sFA.

Oxidative stability

the Peroxidability Index of goldfish fillet, 
measuring the relationship between the fatty 
acid composition of a tissue and its susceptibility 
to oxidation, was quite high (273.12), in agree-
ment with its high content in long-chain poly-
unsaturated fatty acids (table 3). these results 
are similar to the findings of tEstI et al. (2006), 
but higher with respect to the value reported for 
the Valnerina rainbow trout (273.12 vs 230.03, 
DAL bOscO et al., 2007). this index tended to 
drop after grinding and cooking, reaching sta-
tistical significance only after the addition of in-
gredients for croquette production. this trend 
was similar to that observed for PUFA during 
transformation.

the extent of lipid and protein oxidation of 
goldfish fillet, pulp and croquette were evaluated 
by measuring the end products of lipid peroxida-
tion (tbArs) and protein carbonylation (PcGs). 
Accordingly, it was found that both mechani-
cal and thermal treatments seriously compro-
mised the oxidative stability of processed prod-
ucts, as verified by the increase in production ei-
ther of tbArs or PcGs (table 3). Food products 
rich in PUFA (the primary targets for free radi-
cal attack), as the Lake trasimeno goldfish, are 
more prone to undergo oxidation if no precau-
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tion is taken during processing. In fact, the lev-
el of tbArs significantly increased after grind-
ing, as a consequence of a greater oxygenation 
of the minced fish fillet. On the other hand, heat 
shock has been demonstrated to increase lipid 
oxidation, and the rate of tbArs production de-
pends on the temperature of cooking and dura-
tion (DAL bOscO et al., 2001). the conditions 
used in the present study for the cooking of raw 
pulp of goldfish only slightly elevated the tbArs 
level. In contrast, addition of ingredients like salt 
and parmesan cheese during croquette prepara-
tion resulted in a considerable increase in both 
lipid and protein oxidation products (P<0.05), 
also because of higher amounts of protein (24.10 
vs 17.15%) and lipids (2.54 vs 1.85%). However, 
tbArs production never exceeded the thresh-
old level (2.5 mg MDA/kg, cAstELLINI et al., 
2006), confirming no sign of sensorial deterio-
ration in the processed products. Finally, it was 
found that PcG levels were significantly corre-
lated with tbArs concentration (r=0.89, P<0.05, 
data not shown), throughout goldfish process-
ing, suggesting a possible relationship between 
these two oxidative stress markers. Hence, it is 
likely that production of toxic aldehydes, such 
as MDA, during lipid oxidation, might have trig-
gered protein carbonylation.

In addition to carbonylation, involving protein-
NH2 groups, processing of goldfish fillet modified 
the protein-sH groups as well (table 3). thiols 
are known to play a key role in oxidative stress 
by donating a hydrogen atom to the reactive free 
radicals and may protect, along with other anti-
oxidants, biomacromolecules against oxidative 
damage (DrÖGE, 2002). the chief low-molecu-
lar weight thiol is glutathione, which plays a key 
role also in the maintenance of high levels of oth-
er protein-related thiols by reducing the forma-
tion of disulfides in collaboration with thioredox-
in and glutaredoxin (scHAFEr and bUEttNEr, 
2001). As for the other two oxidative stress in-
dexes, the level of total thiols underwent a no-
ticeable reduction during cooking, underlying 
the necessity of additional antioxidants, such 
as vitamin E or c, to preserve the oxidative sta-
bility of goldfish proteins in the processed prod-
ucts. Finally, transformation of NH groups into 
carbonyls and oxidation of sH, might also have 
contributed to the changes in pH, WHc and cL 
values, during processing.

cONcLUsIONs

the data of the present study, taken togeth-
er, suggest that goldfish from Lake trasimeno 
are characterized by a high nutritional quality 
(high levels of EPA and DHA) and good oxidative 
stability, both comparable to that of other val-
uable fish species. Nevertheless, the presence 
of a large number of bones limits direct con-
sumption of goldfish. For this reason, it is nec-

essary to process them into more easily edible 
products using various technological processes 
which may alter the original nutritional quality. 
Among these, grinding and pre-cooking seem to 
slightly reduce the nutritional value, while ad-
dition of salt, parmesan cheese and eggs to the 
pre-cooked pulp results a significant reduction 
of PUFA, mainly of the n-3 series and a reduc-
tion of the oxidative stability of the final product 
with a consequent increase in both atherogenic 
and thrombogenic indexes. Even so, the goldfish 
croquettes can be considered as a good source 
of n-3 PUFA, providing an amount of approxi-
mately 78.59 mg of EPA and 137.30 mg of DHA 
per 100 g of consumed product; this latter val-
ue is higher than the daily recommended value 
for adult men (120 mg day-1 of DHA) as speci-
fied by NrF (2001). Further studies are needed 
to optimize the processing in order to preserve 
the nutritional characteristics of goldfish fillets.
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AbstrAct

Fish freshness can be evaluated by sensory, physical and biochemical parameters. the purpose 
of the present work was to evaluate the potential utilisation of enzyme activity changes as indica-
tors of shelf life in ice-stored sea bass. changes in the enzyme content and organoleptic score of 
ungutted ice-stored sea bass were monitored over a two-week period. Organoleptic score and ac-
tivity of ccO and LDH decreased gradually with a 50% reduction after 10 days of storage in ice. 
the results show that monitoring the activity of the mitochondrial and cytoplasmic enzymes of 
fish muscle can be used as an indicator of fish freshness.
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IntrODuctIOn

Fish and seafood are highly perishable foods. 
spoilage of chilled, fresh and minimally proc-
essed fish is a function of endogenous enzyme 
and bacterial activity (GrAm and Huss, 1996; 
sHImADA et al., 2000, EIE et al., 2007). com-
pared to land animals (AGuIAr et al., 2009), 
fish flesh has a higher water content, a high 
free amino acid pool and contains less connec-
tive tissue (bucHtOvá et al., 2009, DumAs et al., 
2010). these lead to rapid biochemical changes 
during cold-storage and shorten the shelf-life of 
fish (Huss, 1988). the development of unpleas-
ant odours of raw fish correlates well with bac-
terial spoilage and storage time (POns-sAncHEz-
cAscADO et al., 2006).

the demand for sea bass in Europe con-
stitutes a significant element of the Europe-
an fish market; sea bass is widely cultivated in 
the mediterranean sea. consumers of Europe-
an sea bass frequently buy this product fresh, 
within a few days of ice-cold storage. the shelf-
life of ice-stored fish varies according to sever-
al parameters and can be extended depending 
on the initial bacterial and lipid content, as well 
on the season, killing method and handling con-
ditions (Huss, 1988; GrIGOrAkIs et al., 2004; 
LAmbOOIJ et al., 2008). An initial autolytic en-
zymatic process, followed by bacterial spoilage 
in the later stages of shelf-life, are the post-mor-
tem changes that occur during ice-storage of 
sea bass (kyrAnA and LOuGOvOIs, 2002; PAPA-
DOPOuLOs et al., 2003).

several methods exist to assess fish quality. 
sensory, microbial, chemical and physical post-
mortem changes of sea bass have been well re-
viewed (ALAsALvAr et al., 2002; kyrAnA and 
LOuGOvOIs, 2002; kOutsOumAnIs et al., 2002; 
PAPADOPOuLOs et al., 2003; GrIGOrAkIs et al., 
2004; OzOGuL et al., 2005; cAkLI et al., 2006; 
HOwGAtE, 2006).

recent developments of electronic devices 
such as the electronic nose systems offer new, 
rapid methodologies for assessing the quali-
ty of seafood. using an electronic nose appara-
tus, LImbO et al. (2009) reported a significant 
reduction of sea bass freshness after 8 days in 
cold storage at 2°c.

In general, the release of proteolytic enzymes 
from muscle cell lysosomes occurs immediate-
ly after death (Huss, 1988). the decomposition 
of structural and enzymatic muscle proteins re-
sults in a progressive protein structural loss and 
degradation of metabolic enzymes. As a result, 
enzyme activity can influence the postharvest 
quality of seafood (HAArD, 2000). During stor-
age, the rate of protein degradation is proportion-
al to the storage time (bAucHArt et al., 2007). 
thus, the level of protein decomposition during 
ice-storage should be related to the shelf-life of 
fish during ice-cold storage. this is a well-known 
phenomenon observed during storage of terres-

trial animal meat (cOLLIns et al., 1991; GODIk-
sEn and JEssEn, 2001). Among the various en-
dogenous enzymes, the roles and post-mortem 
activities of specific proteinases such as caplain 
and cathepsins have been studied in sea bass 
(LADrAt et al., 2003; DELbArrE-LADrAt et al., 
2004; cHérEt et al., 2006). However, there is a 
lack of data on the activity and changes in oth-
er endogenous enzymes that occur during ice-
storage of sea bass. such information would be 
useful in providing new alternative indexes for 
evaluating sea bass freshness.

the aim of the present work was to monitor 
post-mortem changes in a cytoplasmic and a 
mitochondrial enzyme during ice-storage of sea 
bass. Lactate dehydrogenase (LDH) is located 
in the cytoplasm and catalyses the interconver-
sion of lactate and pyruvate. muscle tissue is 
rich in this enzyme and its presence is related 
to the capacity for anaerobic glycolysis. cyto-
chrome c oxidase (ccO) is a membrane-bound 
mitochondrial enzyme which catalyses the re-
duction of molecular oxygen to water in the last 
step of the mitochondrial respiratory chain. the 
post-mortem changes of these two basic meta-
bolic enzymes have been studied in ice- or fro-
zen-stored meat of terrestrial origin (cOLLIns et 
al., 1991; GODIksEn and JEssEn, 2001) and fro-
zen fish (DAmODArAn nAmbuDIrI and GOPAku-
mAr, 1992), but not ice-stored fish.

mAtErIALs AnD mEtHODs

Fish samples

maricultured sea bass of commercial size (av-
erage weight 364.06±19.07 g) were obtained from 
a commercial fish farm (sagiada, nw Greece) 
in April 2008. standard killing methodology by 
immersion in ice / water (at 2/1 ratio) was fol-
lowed, and ice-stored fish were transported to 
the laboratory within a day after killing. Fish 
were washed, and whole, ungutted samples were 
stored in insulated polystyrene boxes filled with 
ice in cold storage at 3°±1°c. boxes had perfo-
rated bottoms to allow melting ice to drain. sam-
ples of the epaxial muscle tissue were obtained 
for analysis (three fish per sampling day, on the 
1st, 3rd, 7th, 10th and 15th day of ice-storage).

Assay of enzymes

All enzyme assays were performed in dupli-
cate according to methods previously described 
(tyLEr and nAtHAnAILIDEs, 1995; nAtHAnAI-
LIDEs et al., 2010). Duplication in analysis was 
chosen to ensure repeatability of the method for 
each fish. Each enzyme assay was performed 
on three fish on each sampling day. Homoge-
nates were prepared and the ccO activity was 
assayed at 20°c by monitoring the reduction of 
ferrocytochrome c absorbance at 550 nm, in a 
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medium containing 0.075 m potassium phos-
phate buffer, pH 6.8 and 0.025 mm ferrocyto-
chrome c. the activity of the glycolytic enzyme 
lactate dehydrogenase (LDH) was assayed (by 
the rate of nADH oxidation at 340 nm when 
LDH catalyses the reversible oxidation of pyru-
vate to lactate) in a medium of 50 mm potas-
sium phosphate buffer (pH 7.0), containing 
0.15 mm nADH and 0.60 mm sodium pyruvate 
(omitted from the control). Enzyme activity is 
reported in units per mg protein. Protein con-
tent was estimated using the Folin-Lowry meth-
od (LOwry et al., 1951). All reagents were ob-
tained from sigma-Aldrich (st Louis, mO, usA). 
the use of triton X-100 in the homogenisation 
buffer together with the absence of high-speed 
centrifugation of the muscle homogenates en-
sured that the total ccO activity was assayed 
(tyLEr and nAtHAnAILIDEs, 1995; GODIksEn 
and JEssEn, 2001).

sensory evaluation of fish quality

A trained sensory panel of four persons eval-
uated the odour of raw fish. Organoleptic eval-
uation included gill and vent odours. these two 
characteristics were scored according to the 
modified tFru scheme according to ALAsAL-
vAr et al. (2002) using a four-point scale (0= 
fresh, 3= spoiled).

statistics

One way Analysis of variance (AnOvA), and 
tuckey test were used to make multiple compar-
isons of the means for the enzyme studied and 
odour scores (zAr, 1984). In all cases, the confi-
dence level was 95%. A two-tailed Pearson corre-
lation was used to correlate the enzyme chang-
es with the respective values previously found 
(GrIGOrAkIs et al., 2004) k-values of ice-stored 
sea bass. the sPss 10.0 software was used for 
the statistical analysis.

rEsuLts AnD cOncLusIOns

During ice-storage, significant changes were 
observed in the lactate dehydrogenase (LDH) 
and cytochrome c oxidase (ccO) activities in 
the white epaxial muscle of sea bass (Figs. 1 
and 2, respectively). the LDH activity decreased 
significantly already after day 3 of ice-storage. 
On day 3, the average value was 767 µmoles 
min-1 mg protein-1, compared to an initial val-
ue of 858 µmoles min-1 mg protein-1 on day 1 of 
storage. the value continued to decrease until 
it reached a value of 503 µmoles min-1 mg pro-
tein-1 on the 10th day of ice-storage (Fig. 1). the 
ccO activity remained almost unchanged (no 
significant changes) until the 7th day of storage 
and decreased thereafter. thus, the non-signif-
icant change from 6.86 to 5.57 µmoles min-1 mg 
protein-1 in the first seven days was followed by 
a rapid decrease to 2.61 µmoles min-1 mg pro-
tein-1 on the 15th day of storage (Fig. 2). the dif-
ferences in the loss of activity between the two 
enzymes may be the result of different post-mor-
tem conditions in the cytoplasm and inner-mi-
tochondrial membrane environment. neverthe-
less, both enzymes exhibited an initial reduc-
tion after 3 (LDH) or 7 (ccO) days of storage in 
ice, this reduction was more marked after 10 
days of storage.

the panellists reported a significant reduction 
in the organoleptic quality of odour in ice-stored 
sea bass. On the 15th day of ice-storage, the fish 
exhibited deterioration in odour and the smell 
was characterized as “unpleasant” to “unaccept-
able” by the panellists. the odour changes ob-
served during ice storage are presented in Fig. 3.

there was a very good correlation between 
the LDH and ccO activities and the k-values, 
according to GrIGOrAkIs et al. (2004). the re-
spective two-tailed Pearson correlations for LDH 
and ccO were -0.977 (p<0.001) and -0.846 
(p<0.001), respectively.

similar to the present results, the LDH activi-

Fig. 1 - changes of LDH activity (µmoles min-1 mg protein-1) 
of white epaxial muscle tissue of sea bass during ice-cold 
storage. best-fit curve is third order polynomial, with regres-
sion value 0.97. Different letters (a,b,c,d) denote statistically 
significant changes of activity over storage time.

Fig. 2 - changes of ccO activity (µmoles min-1 mg protein-1) 
of white epaxial muscle tissue of sea bass during ice-cold 
storage. best-fit curve is third order polynomial, with regres-
sion value 0.93. Different letters (a,b,c) denote statistically 
significant changes of activity over storage time.
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ty decreased in frozen-stored fish muscle in five 
fish species (DAmODArAn nAmbuDIrI and GOPA-
kumAr, 1992); these results indicate that this 
enzyme is suitable for evaluating freshness in 
ice-stored or frozen-stored fish. the LDH activ-
ity was significantly reduced even after the 3rd 
day of ice storage, and this indicates that the re-
spective enzyme can be a very good freshness in-
dicator for sea bass. the correlation of LDH ac-
tivity with initial quality changes, and its suit-
ability as a freshness index has been previous-
ly proposed for frozen mullet, pearlspot milkfish 
and tilapia (DAmODArAn nAmbuDIrI and GOPA-
kumAr, 1992).

On the other hand, ccO activity seems to be 
a more suitable spoilage indicator, because it 
indicates the degree of spoilage rather than the 
freshness stage of the fish. It remains rather 
stable during the first seven days of ice-storage 
and then decreases significantly. both enzymes 
can be useful indexes for assessing the shelf-life 
of ice-stored sea bass. this is confirmed by the 
strong negative correlation of both enzymes with 
the k-value and organoleptic scores.

the spoilage rate during ice-storage of sea 
bass varies according to the initial handling and 
storage conditions and the killing method used 
(OzOGuL et al., 2005; cAkLI et al., 2006). In the 
present work, after 10 days of storage, sea bass 
received lower organoleptic scores due to the 
development of unpleasant odours and after 15 
days the fish were characterized by strong un-
pleasant odours (Fig. 3); this period also coin-
cides with the acceptability limit provided in the 
literature (kyrAnA and LOuGOvOIs, 2002; tALI-
ADOurOu et al., 2003; GrIGOrAkIs et al., 2004; 
PALEOLOGOs et al., 2004; cAstrO et al., 2006). 
these researchers reported the initial develop-
ment of an off-flavour and moderate sensory 
scores after 9 days in ice-storage. the results 
did not vary between gutted and ungutted ice-
cold stored sea bass (ÖzOGuL et al., 2005; POLI 
et al., 2006). In agreement with the aforemen-
tioned literature, the present results also indi-
cate that unpleasant odours develop within 10 

Fig. 3 - Organoleptic changes in sea bass during ice storage, 
evaluated by a four-member panel, as represented by the 
sum of the average gill (0= fresh, 3= spoiled) and vent (0= 
fresh, 3= spoiled) odour scores (total odour score).

Fig. 4 - changes (%) in the activity of ccO and LDH, total 
odour scores and k value (k-value data obtained from GrIG-
OrAkIs et al., 2004) of white epaxial muscle tissue of sea 
bass during ice-cold storage.

days. this is a critical period for the quality of 
ice-stored sea bass, and can be characterized 
as the high quality shelf-life of the fish, since 
significant quality reduction occurs thereafter. 
A 50% reduction in ccO and LDH activity, co-
incides with the previously reported (GrIGOr-
AkIs et al., 2004) 50% increase in the respective 
k value in ice-stored sea bass (Fig. 4).

the results of the present work show that pro-
teolytic activity in the white muscle of sea bass 
flesh during ice-cold storage coincides with a 
reduction of muscle ccO and LDH contents. 
In conclusion, the monitoring of ccO and LDH 
activities during ice-cold storage provides re-
liable indexes of the shelf-life of this product. 
the changes in these two enzymes indicate that 
LDH may be a useful index of freshness, since 
it exhibited alterations even at the early stages 
of ice-storage, while ccO appears to be more 
suitable for determining the degree of spoilage, 
since the levels changed significantly in the lat-
er stage of shelf-life.
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AbstrAct

the safety of ready-to-eat vegetables was evaluated in relationship to microbiological risk to hu-
man health associated with their consumption through the study of hygiene-health requirements. 
Vegetable quality was tested using standard methods to enumerate E. coli and Enterobacteriace-
ae, that are indicators of contamination in food processing. the presence of other microorgan-
isms such as Salmonella spp. and Listeria monocytogenes was also ascertained. During the warm 
seasons (spring and summer), the ready-to-eat products had high aerobic plate counts at 30°c 
(8.9x106 cfu/g); Enterobacteriaceae were also recorded (2.4x104 cfu/g). therefore, these products 
should be transported and stored according to the strict requirements of the cold chain cycle. An 
information campaign targeting both the demand and supply sides should be carried out. con-
sumers should be made aware of the necessity to preserve the food cold-chain in order to mini-
mize the risk of microbial contamination (e.g., by using thermal bags to transport food). Likewise, 
ready-to-eat products should be properly labelled.
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INtrODUctION

It is estimated that 30% of the population in 
developed countries is affected annually by path-
ogens associated with food consumption (sAL-
MAsO and tOZZI, 2001; GILLI and cArrArO, 
2002). roughly 50% of the cases occur in domes-
tic environments. the consequences of this situ-
ation are unacceptable, first, because they seri-
ously affect social health and, secondly, from an 
economic viewpoint, because they imply higher 
health care costs as well as loss of work-hours. 
Furthermore, food-borne diseases jeopardize the 
image of market products.

consumer demand for freshly prepared and 
minimally processed fruit, vegetables and sal-
ads is increasing. Industry has responded to 
consumer demand by creating a wide range of 
fresh products (DE sIMONE,1995; FrAZZOLI, 
2005). these products include raw fruit and 
vegetables that have been processed so as to 
be ready for consumption without further op-
erations (washing or cooking). these products 
are used in public catering (hospitals, schools, 
canteens), restaurants and for family consump-
tion (MAssANtINI and sALcINI, 2003). the pro-
duction and consumption of these products is 
affected by limited shelf-life, potential microbi-
al contamination and proliferation during prod-
uct preparation and high market prices (sAGOO 
et al., 2003; VENtUrA et al., 2005). As a conse-
quence, good manufacturing practices are re-
quired to guarantee the safety of these freshly 
prepared products; particular attention must 
be given to potential microbial contamination 
pathways.

In fact, food-borne pathogens and spoilage 
flora can arise in food products, thus enhanc-
ing the risk of food-borne diseases and reducing 
product shelf-life (ALbENZIO et al., 1998; LEONI 
and LEGNANI, 2003; bOrIOLI, 1996; scOcOZ-
ZA et al., 2003; PrANZEttI and GALLI, 2005).

recent EU regulations concerning food hy-
giene (Ec 852/2004) refer to the control and 
prevention of microbiological hazards in food, 
especially Salmonella spp. and Listeria monocy-

togenes. the aim of this study was to evaluate 
the safety and potential microbiological risks to 
human health of ready-to-eat food through the 
study of hygiene-health requirements. E. coli 
and Enterobacteriaceae were enumerated us-
ing standard control methods to test the micro-
biological quality of vegetables. these microor-
ganisms are indicators of contamination during 
food processing. In the framework of a compre-
hensive approach to food safety, tests were also 
carried out to ascertain the presence of micro-
organisms such as Salmonella spp and Listeria 
monocytogenes.

MAtErIALs AND MEtHODs

sampling

sampling was carried out between May 2007 
and August 2008. samples of ready- to-eat food 
were taken from refrigerated units (tempera-
tures between 6°-8°c), in local retail shops in 
sardinia. A total of 206 samples were collect-
ed. Produce commodities included herbs, sal-
ads, mushrooms and vegetable soups (table 
1). samples were transported to the laborato-
ry in thermal bags at a temperature of 4°±3°c, 
measured with a primary thermometer.

Microbiological assay

ten g of sample were suspended in buffered 
peptone water at a ratio of 1:10. After homog-
enization in a stomacher (PbI, Milan), serial 
dilutions of the suspension and cultures were 
prepared in agar medium according to the in-
clusion method and surface plated in keeping 
with IsO 6887. the aerobic colony counts were 
taken after culturing the samples at 30ºc (IsO 
4833/2004).

the quantitative analysis of Enterobacteriace-
ae was carried out following the IsO procedure 
(IsO 21528-2:2004); API 20E was used to iden-
tify the Enterobacteriaceae groups. the quanti-
tative analysis of E. coli was carried out follow-
ing the IsO procedure (IsO 16649-2:2001). For 
the qualitative determination of Salmonella (UNI 
EN IsO 6579:2004), 25 g of sample were taken 
and then homogenized with 225 mL of buffered 
peptone water. the homogenized sample was 
kept in the pre-enrichment stage at 37°c for 
18 h. the selective enrichment step was carried 
out in Muller-Kauffmann broth at 37°c for 24 
h and, in rappaport-Vassiliadis broth at 41.5°c 
for 24 h. cultures were transferred to specific 
media, Agar XLD (Xylose Lysine Deoxycholate) 
and ss (Salmonella and Shigella), which were 
incubated at 37°c for 24 h.

to detect the presence of Listeria monocy-
togenes (UNE EN IsO 11290-1:2005), the en-
richment step was carried out using 25 g of the 
homogenized sample in Listeria Fraser broth. 

table 1 - commodities classified by produce type.

Sample type Commodity Number of samples

herbs parsley 38
 basil 36

salad tomatoes 40
 lettuce 47
 carrots 23

mushroom champignons 11

vegetable soup  11

Total  206
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table 2 - Microbiological requirements for ready-to-eat vegetables (Ministerial Decree of the French republic of 22/03/93).

Microbiological parameters n c minimum maximum

Aerobic colony count
Production(a) 5 2 5x105 5x106

Consumption    5x107

E. coli 5 2 10 102

Salmonella 5 0 absent absent
Listeria monocytogenes 5 0 absent absent

Notes: (a) except for parsley, cress, aromatic herbs whose values are m=5x104/g M= 5x107/g
n= number of units which form the sample; c= number of units that give the values between m and M; m= conformed values;
M= Maximum acceptable study.

the homogenized material was kept at 37°c for 
48 h and subsequently cultured on Aloa agar 
and incubated at 37°c for 48 h. Finally, a bio-
chemical profile of the isolated strains was car-
ried out using API Listeria in order to indentify 
the Listeria species. the analysis of the test re-
sults is based upon the limits set by the Europe-
an community (Ec 2073/2005) and the French 
regulations (table 2).

statistical assay

the total bacterial load and Enterobacteriace-
ae data were treated as continuous variables, 
while differences in E. coli levels in different 
samples were elaborated as dichotomous var-
iables (absent below 100 cfu/g, present over 
100 cfu/g).

the presence of other microorganisms such 
as Salmonella spp. and, Listeria monocytogenes 
were calculated as discrete variables. Differenc-
es between groups were assessed through the χ2 
Pearson test for dichotomous variables and the 
Mann-Whitney test or student’s t-test for con-

tinuous variables considering two hot and two 
cold seasons.

the distribution of potentially pathogenic and 
spoilage microorganisms were studied in rela-
tion to seasonal and monthly temperatures. EPI 
Info (Epi info2006) and sPss (rel. 15.0.1.2006, 
chicago, UsA) were used to analyze the data.

rEsULts

In 2007-2008, the temperature data were re-
corded at the Meteorological station of cagliari 
sardinia (Italy). the highest temperatures (25.2°, 
26.2° and 22.6°c) were recorded in July, August 
and september, respectively.

the median values of the aerobic colony 
counts at 30°c expressed in cfu/g are reported 
in table 3. the aerobic counts decreased mark-
edly in the colder seasons. the median values 
for mushrooms decreased from 6.4 x103 cfu/g 
in summer to 1 cfu/g in autumn and 2 cfu/g in 
winter. Likewise, the colony count in vegetable 
soups dropped from 1.2x102 cfu/g in the spring 
to 1 cfu/g in the autumn and winter.

the results from two six-month periods show 
a significant difference in the E. coli contami-
nation levels (table 4) for all types of ready-to-
eat products (p=0.014). In particular, a medi-
an value of 6.9x102 cfu/g was recorded in July, 
1.1x103 cfu/g in August and 1.2x103 cfu/g in 
september.

the Enterobacteriaceae counts for May, June, 
August and september 2007-2008 were: 2.9 x103 
cfu/g, 1.1 x103 cfu/g, 9.7 x103 cfu/g, and 1.1 
x103 cfu/g, respectively. the difference between 
Enterobacteriaceae detected in autumn-winter 
(1.3x103cfu/g) and in spring-summer (7.9 x103 
cfu/g) was significant (p<0.001 – Mann Whit-
ney U test).

the Enterobacteriaceae contamination val-
ues were lower during the cold months of Jan-
uary, February, October and December. A val-
ue of 1.4 x103 cfu/g was detected in January, 
1.7 x103 cfu/g in February, 1.8 x103 cfu/g in 
October and 1.8 x103cfu/g in December (Fig. 
1). Likewise, the aerobic colony contamination 

table 3 - Median values of aerobic colony count in ready-
to-eat products (cfu/g) in different seasons.

 Summer Spring Autumn Winter

mushroom 6.4x103 2.5x103 1 2
seasoning 3.0x103 3 2 2
salad 1x103 12 1 1
vegetable soup 32 1.2x102 1 1

table 4 - Number of samples from all ready-to-eat products, 
with E. coli contamination according to season (χ2, p=0.014)

 E. Coli

	 <100 cfu/g >100 cfu/g Sample size

Autumn-Winter 39 5 44
Spring-Summer 114 48 162
Sample size 153 53 206
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levels detected in mushrooms were higher in 
spring and summer; the Enterobacteriaceae val-
ues were 1.3 x103 cfu/g in spring and 1.4. x103 
cfu/g in summer. Microbiological identification 
was carried out for all the different typologies 
and in different seasons of ready-to-eat prod-
ucts (table 5). Salmonella spp. was only found 
in one sample of salad; the contamination lev-
el was 0.49%.

DIscUssION AND cONcLUsIONs

the results of the total bacterial load in ready-
to-eat products revealed that the risk of micro-
organism contamination was the highest in the 
spring and summer (table 3).

these products have an average shelf-life of 
seven days due to the high microbial load of the 
raw material that was not sufficiently reduced 
during processing. the quality of ready-to-eat 
products depends on six factors: quality of raw 
materials, selection of suppliers, careful saniti-
zation of tools and equipment, processing, staff 
training according to good manufacturing prac-
tices and temperature control in work rooms 
and storage areas without interruption of the 
cold chain. All of these factors should be ful-
filled in order to guarantee product quality for 
five to eight days.

the results of this study confirm that season-
al differences in temperature can influence the 
productive cycle of ready-to-eat products there-

table 5 - Percent of microorganisms isolated in all seasons from ready-to-eat products.

Microorganism % Microorganism %

Citrobacter freundii 12.50 Enterobacter cloacae 21.16
Mucor pilori 2.43 Salmonella spp. 0.49
Escherichia coli 15.73 Aeromonas spp. 1.94
Klebsiella oxytoca 16.27 Proteus vulgaris 7.74
Serratia marcescens 11.96 Pseudomonas aeruginosa 8.06

Fig. 1 - Monthly En-
terobacteriaceae con-
tamination values in 

ready-to-eat products.

by affecting the average levels of microbial con-
tamination and shelf-life limits. In spring and 
summer, processing, delivery and storage tem-
peratures should be carefully observed.

based on the results of this study the expi-
ration dates currently shown on packages are 
too optimistic, especially during the summer. 
to guarantee consumer health especially dur-
ing spring and summer, every type of product 
should be washed before being eaten.

During spring and summer ready-to-eat prod-
ucts should be transported and stored accord-
ing to the requirements of the cold chain. con-
sumers should be encouraged to preserve the 
cold chain by transporting fresh foods in ther-
mal bags. ready-to-eat products should be cor-
rectly labelled with accurate consumer informa-
tion concerning transportation and storage tem-
peratures.
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AbstrAct

the aim of this study was to investigate the antibacterial activity of aqueous extracts of the spe-
cies Helichrysum arenarium L., Inula helenium L. and Cichorium intybus L. and their synergistic ac-
tion with the preservatives sodium nitrite, sodium benzoate and potassium sorbate in vitro against 
selected food-spoiling bacteria, for potential use in the food industry. synergism was noticed for all 
aqueous extracts and in relation to: Agrobacterium radiobacter var. tumefaciens, Bacillus subtilis, 
Bacillus mycoides, Erwinia carotovora, Enterobacter cloaceae and Pseudomonas fluorescens. syn-
ergism was established at plant extract and preservative concentrations corresponding to 1/4 and 
1/8 MIc values, which indicates the possibility of avoiding the use of higher concentrations of the 
preservatives tested.
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INtrODUctION

Helichrysum arenarium L., Inula helenium L., 
Cichorium intybus L. (Asteraceae family) are aro-
matic, perennial plants widely distributed in ser-
bia. they have been known in European herb-
al medicine for long time for their beneficial ef-
fects (LEMbErKOVIcs et al., 2002; cZINNEr et al., 
1999; KONIsHI et al., 2002; NAssIrIAN and Es-
LAMI, 2008). traditional herbal medicines offer 
a novel source of antioxidants for the food in-
dustry for boosting both the shelf-life and nutri-
tional content of food (HINNEbUrG et al., 2006). 
According to reviews by KALOGErOPOULOs et al. 
(2009) and KOstAKI et al. (2009), the antioxidant 
properties of plants could provide alternatives 
to synthetic preservatives.

C. intybus L., best known as a caffeine-free 
substitute for coffee which can also be used in 
winter salads and in cooking, is regarded as a 
food source of nutritionally relevant phytochem-
icals (stEVENs et al., 2001; FIGUEIrA, et al., 
2004). A steam distilled produce of H. arenarium 
L with a yellow-reddish essential oil, popular in 
fragrance for its unique scent, is best described 
as a mixture of burnt sugar and ham. the ben-
eficial effects of H. arenarium L. are attributed 
mainly to the presence of flavonoids which may 
be related to their antioxidant activity (KErY et 
al., 2001), but they are also influenced by other 
organic (phenolics: coumarins, phenolic acids, 
etc.) and inorganic (macro- and micro-elements) 
ingredients (cZINNEr et al., 2001).

I. helenium L. leaves are used in cooking and 
their taste is bitter and aromatic; the root is can-
died and eaten as a sweetmeat. bioactive com-
pounds isolated from I. helenium L. are respon-
sible for its antimicrobial activity (VAJs et al., 
1989).

there is a major drive towards natural rather 
than chemical or synthetic additives in food, as 
they are perceived by consumers to be safe (bAG-
AMbOULA et al., 2003). Use of plant extracts as 
natural preservatives has been especially high-
lighted since the European Food safety Author-
ity (EFsA, 2008) said that rosemary extract was 
safe to use as an antioxidant in food. Different 
kinds of preservatives are used to prevent bi-
odeterioration of food products. In our test we 
chose three preservatives most commonly used 
in the food industry: sodium benzoate, sodium 
nitrite, potassium sorbate. sodium benzoate is 
a controversial additive, as recent studies have 
highlighted health concerns regarding its use 
(HAWs et al., 2007; MccANN et al., 2007) and 
the commonly used preservative sodium nitrite 
has been under the spotlight since 2007 (JIANG 
et al., 2007).

Nowadays plant extracts are widely used as 
food preservatives since plant matrices possess 

natural antimicrobial products to protect them-
selves from microbial infection, thereby expand-
ing the possibilities for more effective and safe 
preservation of food. the aim of this study was 
to determine the antibacterial activity of H. are-
narium L., I. helenium L. and C. intybus L. grown 
in serbia and to estimate the efficiency of the 
combined actions of the plant extracts and se-
lected preservatives against food spoilers and 
thereby expanding the possibilities for more ef-
fective and safe preservation of food.

MAtErIAL AND MEtHODs

Plant material

H. arenarium L., I. helenium L., C. intybus L. 
were collected during the summer of 2006 on 
Mt. suvobor (serbia). Identification and classi-
fication of the plant material was performed at 
the Faculty of science, University of Kragujevac. 
the voucher specimen of the plant was depos-
ited in the Herbarium of the Faculty of science, 
University of Kragujevac.

Preparation of plant extracts

Aqueous extracts were obtained by boiling dry 
ground plant material (50 g) in a water bath for 
2-3 h at 80°c. Following filtration, the aqueous 
extract was evaporated in a water bath and redis-
solved in a defined volume of solvent (5% dimeth-
ylsulfoxid). the DMsO solvent was purchased 
from Merck (Germany). solvent control (DMsO) 
was maintained throughout the experiment.

Preparation of preservatives

the preservatives used in the experiment was 
as follows: sodium benzoate (c Product, bel-
grade, 2007); sodium nitrite (Laboratory of bi-
ochemistry, Faculty of science, University of 
Kragujevac); and potassium sorbate (c Prod-
uct, belgrade, 2007). Different concentrations of 
preservatives were created by dissolving them in 
liquid Mueller-Hinton broth (torlak, belgrade). 
before testing, preservatives were heat treated 
at 80°c for 15 min.

test microorganisms

the antibacterial activity of aqueous extracts 
was tested in vitro against the Gram-positive 
bacteria: Bacillus mycoides (PMFKg-b1), Bacillus 
subtilis (PMFKg-b2) and Staphylococcus aureus 
(PMFKg-b30); and the Gram-negative bacteria: 
Agrobacterium radiobacter var. tumefaciens (PM-
FKg-b11), Enterobacter cloacae (PMFKg-b22), Er-
winia carotovora (PMFKg-b31), Escherichia coli 
(PMFKg-b26), Pseudomonas fluorescens (PM-
FKg-b28), Proteus sp.(PMFKg-b20). All micro-
organisms were obtained from stock cultures of 
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the Laboratory of Microbiology (Faculty of Sci-
ence, University of Kragujevac).

Minimal inhibitory concentrations (MIC)

MIC was determined by the tube dilution 
method (NCCLS, 1997).A solution of each ex-
tract was serially diluted twofold in Mueller-Hin-
ton broth so the final concentrations of the ex-
tracts in the medium ranged from 40 mg/mL to 
1.25 mg/mL. Initial inocula were prepared by 
suspending growth in sterile saline and turbid-
ity was adjusted to correspond to the 0.5 Mc-
Farland standard and was then diluted (1:10). 
0.1 mL of prepared inocula was added into each 
tube to obtain final turbidity (approximately 104 

CFU/mL). The MIC was defined as the lowest 
concentration of the plant extract at which vis-
ible growth is inhibited. The test tubes were in-
cubated at 27°C/ 24 h. Each test included con-
trols consisting of the medium with the solvent 
(5% DMSO), medium with bacterial suspension 
and sterility control. All tests were performed in 
duplicate. MIC of preservatives was determined 
in the same way (NCCLS, 1997). The final con-
centrations of the preservatives ranged from 10 
mg/mL to 0.3 mg/mL.

Synergism

Synergism between aqueous extracts with 
chosen preservatives was assessed by the check-
erboard assay method (SATISH et al., 2005). The 
following combinations were tested: extract of 
each tested plant+ (sodium benzoate, sodium 
nitrite, potassium sorbate). From the first to the 
sixth horizontal column, each extract of the com-
bination was doubly diluted in Mueller- Hinton 
broth (MIC values up to 32), while each of the 
tested preservatives of the combination was dou-
bly diluted (MIC values up to 32) and added in 
a quantity of 0.1 mL from the first to the sixth 
vertical row. Each test tube contained a differ-
ent concentration of plant extract/ preservative 

combination. Test tubes were inoculated with 
0.1 mL prepared inocula and incubated 27°C/ 
24 h. The MIC was defined as the lowest concen-
tration of tested agents in combination at which 
visible bacterial growth was inhibited. Each test 
included two controls consisting of the substrate 
with and without the solvent.

The synergism between plant extracts and 
preservatives was determined by calculating the 
fractional inhibitory index (FIC) according to the 
formula: ∑FIC = FICA + FIC B = [A]/ MIC

A
 + [B]/ 

MIC
B
. Where FIC A is the MIC of drug A in the 

combination/ MIC of drug A alone, and FIC B 
is the MIC of drug B in the combination/ MIC 
of drug B alone. The interaction was defined 
as synergistic if the FIC index was less than or 
equal to 0.5, additive if the FIC index was great-
er than 0.5 and less than or equal to 1.0, indif-
ferent if the FIC index was greater than 1.0 and 
less than or equal to 2.0 and antagonistic if the 
FIC index was greater than 2.0 (CLIMO et al., 
1999; KITAHARA et al., 2006).

RESULTS

The antibacterial activity of the aqueous ex-
tracts tested was quantitatively estimated by 
MIC values and the results are presented in Ta-
ble 1. The minimal inhibitory concentration var-
ied, depending on the type and concentration of 
plant extracts and taxonomic characteristics of 
the species of microorganism tested. All plant 
extracts exerted an antimicrobial effect. The 
negative control (5% DMSO) did not inhibit the 
growth of the bacteria tested.

Considering the range of MIC values the 
strongest antibacterial activity was exhibited by 
the extract of C. intybus. MIC values fluctuated 
from 5-20 mg/mL. Escherichia coli and Staphy-
lococcus aureus were the most resistant (MIC 
20 mg/mL), while the most sensitive was Pseu-
domonas fluorescens. MIC for the aqueous ex-
tract of H. arenarium and I. helenium fluctuat-

Table 1 - MIC values of tested plant extracts and preservatives.

	 MIC(mg/mL)

	 aqueous	extracts	 preservatives

Bacterial	species	 C.	int.	 H.	are.	 I.	hel.	 S.	benz.	 S.	nit.	 P.	sor.

Agrobacterium	tumefaciens	 10	 5	 10	 10	 1	 10
Bacillus	mycoides	 10	 5	 5	 10	 2	 10
Bacillus	subtilis	 10	 5	 10	 10	 1	 10
Enterobacter	cloaceae	 10	 10	 10	 10	 2	 10
Erwinia	carotovora	 10	 5	 10	 10	 2	 5
Escherichia	coli	 20	 40	 40	 5	 2	 5
Proteus	sp.	 10	 10	 20	 10	 2	 10
Pseudomonas	fluorescens	 5	 10	 10	 5	 0.5	 10
Staphylococcus	aureus	 20	 20	 40	 10	 1	 10

S.	nit.	-	sodium	nitrite,	S.	benz.	-	sodium	benzoate,	P.	sor.	-	potassium	sorbate;
C.	int.	-	Cichorium	intybus;	H.	are.	-	Helichrisum	arenarium;	I.	hel.	-	Inula	helenium.
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ed from 5-40 mg/mL. Escherichia coli (MIc 40 
mg/mL) was the most resistant in relation to 
both aqueous extracts the MIc values of pre-
servatives ranged from 5 to10 mg/mL for sodi-
um benzoate, from 0.5 to 2 mg/mL for sodium 
nitrite and from 5 to 10 mg/mL for potassium 
sorbate. A synergistic effect was determined for 
all the aqueous extracts tested. regarding syn-
ergism, types of interactions between plant ex-
tracts and preservatives, as deduced from cal-
culation of the FIc index were, additive and had 
an indifferent effect (table 2).

For the H. arenarium L. extract, synergism was 
established in combination with sodium ben-
zoate and sodium nitrite, in relation to Bacillus 
subtilis and Agrobacterium tumefaciens. FIc val-
ues ranged from 0.375 to 0.50.the MIc values of 
plant extracts were reduced up to ¼ MIc, while 
MIc of preservatives was reduced up to 1/8 MIc 
(table 3). According to the FIc index this com-
bination showed additive and indifferent effect.

C. intybus L. extract showed synergism with 
all the tested preservatives. synergism was de-
tected against Agrobacterium tumefaciens, Bacil-
lus subtilis, Bacillus mycoides and Enterobacter 
cloacea. FIc values were from 0.375 to 0.50. MIc 

values of plant extracts and preservatives were 
reduced up to 1/8 MIc values (table 4). Additive 
and indifferent effects were established.

synergism of I. helenium L. extract was estab-
lished with sodium nitrite and potassium sorbate 
in relation to Bacillus subtilis and Pseudomonas 
fluorescens. FIc ranged from 0.375 to 0.50. MIc 
values of plant extracts was reduced up to ¼ MIc 
and MIc of preservatives up to 1/8 MIc. In ad-
dition to synergism for this combination, addi-
tive and indifferent effects were noticed. the re-
sults are presented in table 5.

DIscUssION

H. arenarium L., I. helenium L., C. intybus L. 
are plants which are used in a variety of food 
preparations. In agreement with earlier studies 
(DErIU et al., 2008; PEtrOVIc et al., 2004; cHI-
NOU et al., 1997), this work also showed signif-
icant antibacterial activity of the aqueous ex-
tracts tested. the most resistant species against 
all tested plant extracts were Escherichia coli and 
Staphylococcus aureus. cHINOU et al. (2004) 
showed antibacterial activity of Helichrysum 

table 2 - FIc values of tested bacterial species and types of interaction between plant extracts and preservatives.

	 ∑FIC*	index

	 H.	arenarium	+	 C.	intybus	+	 I.	helenium	+

Bacterial	species	 S.	nit.	 S.	benz.	 P.	sor.	 S.	nit.	 S.	benz.	 P.	sor	 S.	nit.	 S.	benz.	 P.	sor.

Agrobacterium	 0.50(S)	 0.50(S)	 0.75(A)	 1.00(A)	 0.375(S)	 0.75(A)	 1.00(A)	 1.00(A)	 1.00(A)
tumefaciens
Bacillus	mycoides	 1.00(A)	 0.75(A)	 1.00(A)	 0.75(A)	 1.00(A)	 0.50(S)	 1.00(A)	 0.75(A)	 1.50(I)
Bacillus	subtilis	 0.50(S)	 0.375(S)	 0.75(A)	 0.50(S)	 0.50(S)	 0.375(S)	 0.50(S)	 0.75(A)	 1.50(I)
Enterobacter	cloaceae	 1.00(A)	 1.00(A)	 1.50(I)	 1.00(A)	 0.375(S)	 1.00(A)	 2.00(I)	 2.00(A)	 0.75(A)
Erwinia	carotovora	 0.375(S)	 1.50(I)	 0.75(A)	 0.75(A)	 0.75(A)	 1.00(A)	 0.75(A)	 0.75(A)	 0.75(A)
Escherichia	coli	 2.00(I)	 2.00(I)	 2.00(I)	 1.50(I)	 1.00(A)	 1.50(I)	 0.75(A)	 1.50(I)	 0.75(A)
Proteus	sp.	 0.75(A)	 1.00(A)	 1.00(A)	 0.75(A)	 0.75(A)	 0.75(A)	 0.75(A)	 0.75(A)	 1.25(I)
Pseudomonas	 1.00(A)	 0.75(A)	 1.00(A)	 1.00(A)	 0.75(A)	 0.75(A)	 0.375(S)	 1.00(A)	 0.375(S)
fluorescens
Staphylococcus	 2.00(I)	 1.50(I)	 2.00(I)	 1.25(I)	 1.50(I)	 1.50(I)	 1.25(I)	 1.50(I)	 2.00(I)
Aures

∑FIC*-	most	effective	combination;	(S)-synergistic	effect,	(A)-additive	effect,	(I)-indifferent	effect;	S.	nit.	-	sodium	nitrite,	S.	benz.	-	sodium	ben-
zoate,	P.	sor.	-	potassium	sorbate.

table 3 - FIc values showing synergism for combination of H. arenarium/ preservatives.

	 	 MIC(mg/mL)
	 MIC(mg/mL)	 H.	arenarium+

	 	 	 	 Sodium	 FIC	 Sodium	 FIC
Bacterial	species	 Extr.	 S.	n.	 S.	b.	 nitrite	 values	 benzoate	 values

Agrobacterium	tumefaciens	 5	 1	 10	 1.25+0.25	 0.50	 1.25+2.5	 0.50
Bacillus	subtilis	 5	 1	 10	 1.25+0.25	 0.50	 1.25+1.25	 0.375
Erwinia	carotovora	 5	 2	 10	 1.25+0.25	 0.375

S.	n.	sodium	nitrite;	S.	b.	sodium	benzoate.
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amorginum L. (MIC values 6.50-20 mg/mL). In-
ula racemosa L. inhibited the growth of bac-
terial species at a concentration of 10 mg/mL 
(LOKHANDE et al., 2007).

Earlier studies showed that aqueous extracts 
of C. intybus L. possess antialergic effects (MIN 
KIM et al., 1999) and aqueous extracts of H. are-
narium L. antiviral effects (GUARINO and SCI-
ARRILLO, 2003).

Due to the results of our work, along with re-
cent studies which have highlighted health con-
cerns from use of artificial preservatives (HAWS 
et al., 2007; JIANG et al., 2007; McCANN et al., 
2007), the potential synergism between plant ex-
tracts and preservatives was tested. Synergistic 
effect of plant extracts with preservatives was 
tested by ROMANO et al. (2009). They proved 
that plant extracts enhanced the antibacteri-
al and antioxidant efficiency of preservatives. 
GARCIA-IŇIGUEZ de CIRIANO et al. (2009) dem-
onstrated that aqueous plant extracts are a val-
uable alternative for food preservation.

To our knowledge there have been no stud-
ies that tested the potential synergism between 
aqueous extracts of H. arenarium L., I. helenium 
L. and C. intybus L. with preservatives. We es-
tablished synergism for the combination of all 
three aqueous extracts.

Ethanol and methanol extracts of C. intybus 
L. have been reported to exert significant activ-
ity (MUTHUSAMY et al., 2008; PUSHPARAJ et 
al., 2007). In the present study the aqueous ex-
tract showed significant activity. INNOCENTI et 

al. (2005) reported Quercetin 3-O-glucuronide 
as the main phenolic compound in C. intybus L, 
one of the most potent antioxidants, also pre-
senting antibacterial effect. Synergism was es-
tablished in relation to 4 bacterial species and 
with all preservatives tested. MIC values of so-
dium benzoate and potassium sorbate in com-
bination were reduced up to four times and the 
MIC of sodium nitrite in combination was re-
duced up to three times. Compared to C. inty-
bus L., H. arenarium L. and I. helenium L. ex-
tracts were less effective. Synergism was detect-
ed in relation to a fewer number of species test-
ed. These two extracts in combination with the 
preservatives tested reduced the MIC values of 
sodium nitrite and sodium benzoate up to four 
times, while there was no synergism with po-
tassium sorbate. SROKA et al. (2004) demon-
strated that some of the phenolic compounds 
identified in H. arenarium possess antiradical 
and antioxidant properties. Among them quer-
cetin (flavonoid) and caffeic acid (phenolic acid) 
are known as strong antioxidants. 10-Isobu-
tyryloxy-8, 9-epoxythymol isobutyrate, a ma-
jor compound from I. helenium L. is responsible 
for its antibacterial activity, as shown by STO-
JAKOWSKA et al. (2005).

Bacillus subtilis, a common food spoilage bac-
teria, was the most sensitive on combinations of 
tested agents. In relation to this species, syner-
gism was established in different combinations 
of three aqueous extracts with all tested preserv-
atives. Also Agrobacterium radiobacter var. tume-

Table 4 - FIC values showing synergism for combination of C. intybus/preservatives.

	 MIC(mg/mL)
	 MIC(mg/mL)	 	 	 	 	 C. intybus+

	 	 	 	 	 Sodium	 FIC	 Potassium	 FIC	 Sodium	 FIC
Bacterial	species	 Extr.	 S.	b.	 P.	s	 S.	n.	 benzoate	 values	 sorbate	 values	 nitrite	 values

Agrobacterium 10	 10	 10	 1	 1.25+2.5	 0.375
tumefaciens
Bacillus mycoides 10	 10	 10	 2	 	 	 2.5+2.5	 0.50
Bacillus subtilis 10	 10	 10	 1	 2.5+2.5	 0.50	 1.25+1.25	 0.375	 2.5+0.25	 0.50
Enterobacter cloaceae 10	 10	 10	 2	 2.5+1.25	 0.375

S.	n.	-	sodium	nitrite,	S.	b.	-	sodium	benzoate,	P.	s.	-	potassium	sorbate.

Table 5 - FIC values showing synergism for I. helenium/ preservatives.

	 	 	 	 	 MIC(mg/mL)
	 	 MIC(mg/mL)	 	 	 I. helenium+

	 	 Sodium	 Potassium	 Sodium	 FIC	 Potassium	 FIC
Bacterial	species	 Extr.	 Nitrite	 sorbate	 nitrite	 values	 sorbate	 values

Bacillus subtilis	 10	 1	 10	 2.5+0.25	 0.50
Pseudomonas 10	 0.5	 10	 2.5+0.06	 0.375	 2.5+2.5	 0.50
fluorescens
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faciens showed significant sensitivity. synergism 
was detected for combinations H. arenarium L. 
/ sodium nitrite, sodium benzoate and C. inty-
bus L. / sodium benzoate.

According to MIc values and FIc index Es-
cherichia coli and Staphylococcus aureus exert-
ed the greatest resistance when plant extracts 
were tested alone or in combination with pre-
servatives.

the combination of tested extracts with so-
dium nitrite, sodium benzoate and potassium 
sorbate inhibited the growth of a significant 
number of bacterial species at a lower concen-
tration than when the single agents were assayed 
separately. synergism was recorded at 1/4 and 
1/8 MIc values of preservatives, which indicat-
ed the possibility of avoiding the use of higher 
concentrations of tested preservatives that could 
lead to accumulation of toxic products in pre-
served food. Aqueous extract did not decrease 
the activity of preservatives because there was 
no antagonism.

cONcLUsIONs

the results confirmed that the aqueous ex-
tracts of Helichrysum arenarium L., Inula hele-
nium, L., Cichorium intybus L. possess anti-
microbial activity and according to the syner-
gism exhibited with sodium benzoate, potas-
sium sorbate and sodium nitrite, suggest that 
these aqueous extracts may be used in biotech-
nological fields as natural preservative ingre-
dients in food.
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AbstrAct

the dry-slaughter process for poultry includes mechanical defeathering followed by a waxing 
phase, without scalding. the aim of the present work was to study the impact of dry-slaughter 
procedures on the microbiological quality of poultry carcasses. A total of 161 laying hens were 
examined. sponge swab samples were collected from different carcass sites at three successive 
processing stages (i.e. from the neck after stunning and from the breast after defeathering and 
after waxing). Each carcass sample was analyzed for counts of total aerobic mesophilic bacteria, 
coliforms, Escherichia coli, Staphylococcus aureus and the incidence of Salmonella spp. In addi-
tion, fecal swab samples collected from each bird were analyzed for the presence of Salmonella 
spp. the microbiological analysis results showed low levels of carcass contamination for each mi-
croorganism, at all stages of the dry-slaughter process. However, an increase in the levels of Sta-
phylococcus aureus was recorded in the post-waxing phase. Salmonella spp. was not found in any 
of the samples tested.
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INtrODUctION

the microbiology of carcass meats depends 
greatly on the conditions under which ani-
mals are reared, slaughtered and processed. 
the main microorganisms on poultry meat are: 
Pseudomonas spp., Micrococcus spp., Staphylo-
coccus spp., Flavobacterium spp., Acinetobacter 
spp., Moraxella spp., Escherichia coli, coliforms, 
Listeria spp., Salmonella spp., Campylobacter 
spp., Streptococcus D, Clostridium perfringens, 
yeast and molds (JAMEs et al., 2006; NYcHAs 
and DrOsINOs, 2000). Along with saprophytic 
and spoilage microorganisms, some of the bac-
teria found on poultry meat can cause food-
borne diseases in humans, specifically Salmo-
nella spp., C. jejuni and C. coli, Cl. perfringens, 
L. monocytogenes, S. aureus and E. coli (JAMEs 
et al., 2006; sUN and OcKErMAN, 2005). some of 
these microorganisms originate from the bird’s 
intestinal tract, and others from the environ-
ment with which the bird had contact at some 
point before or during slaughter (NYcHAs and 
DrOsINOs, 2000).

the traditional poultry slaughtering process 
may cause extensive microbial contamination 
of carcasses, especially because of cross-con-
tamination that occurs during scalding and de-
feathering (AbU-rUWAIDA et al., 1994; cLOUsEr 
et al., 1995; GEOrNArAs et al., 1997; MEAD et 
al., 1994). After bleeding, the birds are usually 
immersed in tanks of scalding hot water main-
tained at about 51°/52°c to facilitate the sub-
sequent operation of defeathering. Depending 
on the capacity of the tanks and the frequen-
cy of water replacement, after a couple of hours 
of operation, levels of aerobic mesophilic bacte-
ria in the water normally reach 106 to 107 cFU/
mL, 104 to 105 cFU/mL of which are Enterobac-
teriaceae. these contamination levels remain 
constant throughout the day because the wa-
ter temperature can kill microorganisms such 
as psychrophiles and psychrotrophs, but most 
of the bacteria introduced by live birds are mes-
ophiles and these conditions favour their surviv-
al (ANONYMOUs, 2007). Particularly dangerous at 
this stage is the survival of pathogenic bacteria 
such as Salmonella and Campylobacter that may 
be transferred from carcass to carcass through 
cross-contamination (cAsON et al., 2000; HIN-
tON et al., 2004; MULDEr et al., 1978; PErEIrA 
et al., 2008). cAsON et al. (2000) reported that 
these bacteria may be a source of contamina-
tion later in the process, and could persist in 
the finished product.

the hygiene deficiencies inherent in the above-
described process justify an evaluation of poul-
try slaughtering techniques that use alternative 
methods to scalding. At the European Union (EU) 
level there are no approved chemical treatments 
for decontaminating carcasses during slaugh-
ter, but the EU standing Veterinary committee 
recently upheld the ban on the importation of 

chicken meat from the United states that is de-
contaminated with chlorine. the system of dry-
slaughter of poultry considered in this study is 
based on the exclusion of water from the entire 
process, particularly the absence of scalding 
tanks. the poultry carcasses are defeathered 
mechanically by means of rotating disks, then 
waxed by immersion in a liquid paraffin bath 
maintained at about 60°c, and then peeled and 
hand-finished. the application of this system is 
currently limited to small scale slaughtering of 
poultry, but it could be used on a larger scale 
to reduce cross-contamination and to improve 
the microbiological condition of poultry carcass-
es (cHIEsA and VErcELLOttI, 1992).

In this work the impact of poultry dry-slaugh-
ter procedures on the microbiological quality of 
the product was studied and the microbial pro-
files of carcasses during different stages of the 
slaughter process were evaluated.

MAtErIALs AND MEtHODs

Processing plant

the work was conducted at a poultry slaugh-
terhouse located in the Province of Vercelli, 
northern Italy. the slaughterhouse is licensed 
to process 1,000 birds a week according to Ital-
ian and European Union legislation. About 200 
animals of several avian species (chickens, pi-
geons, guinea fowl, pheasants, red partridges, 
peacocks and germani) are slaughtered daily, 
three days a week. the number varies depend-
ing on the market demand.

the facility is functionally and hygienically di-
vided into five main areas; the carcasses proceed 
from an “unclean zone” (areas n. 1 to n. 3) to a 
“clean zone” (areas n. 4 and n. 5). the slaughter 
process includes the following stages: in area n. 
1 (ante-mortem), electrostunning by means of a 
clamp apparatus, bleeding by internal jugular 
severing and crop cleaning; in area n. 2, machine 
plucking; in area n. 3, pneumatic gun eviscera-
tion; in area n. 4, waxing and hand peeling and 
in area n. 5, hand-finishing of carcasses.

sampling design and sampling sites

between January and June 2009, a total of 
161 laying hens (naked-neck breed) were exam-
ined as follows: (i) carcass samples were taken 
from three different carcass sites at three suc-
cessive processing stages, i.e. from the neck re-
gion after stunning, from the right side of the 
breast after defeathering and from the left side 
of the breast after waxing, for a total of 483 sam-
ples; and (ii) faecal samples were collected from 
each bird immediately after stunning, for a to-
tal of 161 samples.

Moreover, in an intermediate stage of the 
study samples were taken from the hands of the 
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workers throughout one working day in order to 
assess their hygienic status during the perform-
ance of tasks.

sample collection

carcass samples were taken with a non-de-
structive sponge swabbing method using com-
mercial kits, specifically the sterile “speci-
sponge” (International Pbi s.p.A., Milan, Italy), 
which consists of an airtight plastic bag contain-
ing a cellulose acetate sponge premoistened with 
10 mL of phosphate buffer solution. When sam-
pling, the sponge was removed from the bag with 
a gloved hand and rubbed, for no less than 20 s, 
on an area (100 cm2) outlined by a sterile tem-
plate, at each site selected for the carcass sam-
pling. After swabbing, the sponge was returned 
to its original bag.

the faecal samples were collected using cloa-
cal swabs. After sampling, each swab was placed 
in a sterile plastic test tube containing 10 mL 
of buffered Peptone Water (Oxoid s.p.A., Mi-
lan, Italy).

the hands of the workers were sampled by 
sponge swabbing (“speci-sponge” sterile kit, In-
ternational Pbi s.p.A.), by rubbing the sponge 
over the surface of the palms of both hands, 
tested separately.

All samples were placed in refrigerated con-
tainers (4°±2°c), transported to the laboratory; 
the microbiological analyses were performed 
within 24 h of sampling.

Microbiological analyses

Each carcass sample was analyzed for counts 
of total aerobic mesophilic bacteria, coliforms, 
Escherichia coli, Staphylococcus aureus and the 
incidence of Salmonella spp.; the faecal samples 
were examined for Salmonella spp.; and the sam-
ples from the hands of the workers were exam-
ined for Staphylococcus aureus.

Mesophilic aerobic bacteria counts were de-
termined on Petrifilm Aerobic count Plate (3M 
Microbiology, MN, UsA) and incubated at 30°c 
for 48 h (AFAQ/AFNOr 3M-01/1-09/89).

total coliform and E. coli counts were deter-
mined on Petrifilm coliform count Plate (3M 
Microbiology) and Petrifilm select E. coli count 
Plate (3M Microbiology) and incubated at 30°c 
for 24 h (AFNOr 3M-01/2-09/89A) and at 42°c 
for 24 h (AFAQ/AFNOr 3M-01/08-06/01), re-
spectively.

Staphylococcus aureus counts were deter-
mined with Petrifilm staph Express count Plate 
(3M Microbiology) and incubated at 37°c for 24 
h and for an additional 3 h at 37°c if the Petri-
film staph Express Disk (3M Microbiology) was 
used (AFNOr 3M-01/09-04/03).

Salmonella spp. determination was carried 
out following the IsO 6579:2002/cor.1:2004 
instructions. there was a pre-enrichment of 

the sample in buffered Peptone Water (Oxoid 
s.p.A.), incubated at 37°c for 18 h, followed by 
enrichment in rappaport-Vassiliadis Enrich-
ment broth (Oxoid s.p.A.) and Muller-Kaufmann 
tetrathionate broth (Oxoid s.p.A.), incubated at 
41.5°c for 24 h and at 37°c for 24 h, respective-
ly. the isolation and identification were done by 
spreading the enrichment broths on XLD Medi-
um (Oxoid s.p.A.) and brilliant Green Agar (Ox-
oid s.p.A.) and incubating at 37°c for 24 h and 
at 35°c for 18-24 h, respectively. In the case of 
presence of suspect colonies of Salmonella spp., 
the methodology calls for biochemical confirma-
tion and further serotyping.

rEsULts AND DIscUssION

the trial was based on constant microbiologi-
cal monitoring, during the process of dry-slaugh-
tering of poultry to evaluate the trend of bacte-
rial contamination of carcasses. the following 
carcass sampling points were chosen: an ear-
ly stage of the slaughter process (samples tak-
en from the neck after stunning), which gave an 
indication of the general bacteriological state of 
the bird; at the stages of defeathering and wax-
ing (samples taken from the breast after each 
of the two processing steps), these stages were 
considered unique to the dry-slaughter process.

As reported by GOKsOY et al. (2004), LILLArD 
(1990) and tsOLA et al. (2008), the choice of the 
microbial groups to examine on poultry carcass-
es was focused on the total aerobic mesophilic 
bacteria. these were identified as the main indi-
cators of variability of bacterial contamination of 
carcasses along the slaughter process, and to-
tal coliforms, E. coli, Salmonella spp. and S. au-
reus were identified as the most common among 
the microorganisms on poultry meat that are re-
sponsible for spoilage (coliforms and E. coli) and 
potentially responsible for foodborne disease in 
humans (E. coli, Salmonella and S. aureus). Fae-
cal samples were also tested for Salmonella spp. 
to have a complete picture of the presence of the 
pathogens present at slaughter. Salmonella spp. 
is the only one that must be tested for by law on 
poultry carcasses (Ec, 2005; 2007).

the distribution of total aerobic mesophilic 
bacteria, total coliform, E. coli and S. aureus 
counts (Log cFU/cm2) for carcass samples from 
each sampling site is presented in table 1. these 
data show: a decrease in the contamination lev-
els of total aerobic mesophilic bacteria at the 
different stages of slaughter considered; a de-
crease in the contamination levels of total colif-
orms and E. coli and a decrease in the number of 
samples contaminated by any of them through-
out the stages of slaughter and an increase in 
the number of samples contaminated with Sta-
phylococcus aureus following the waxing process.

these findings indicate a reduction in car-
cass contamination along the different stages of 
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slaughtering by all the microorganisms exam-
ined, except for Staphylococcus aureus which was 
found at levels of 103 cFU/cm2 in all of the sam-
ples taken from the hands of the workers. this re-
sult is indicative of poor hand hygiene by the staff 
while performing their duties and could explain 
the increased contamination of carcasses with S. 
aureus after waxing. In fact, after the immersion 
of carcasses in the liquid paraffin bath, the wax-
ing phase requires removal of the wax from each 
carcass by hand-peeling. because of the intense 
handling, at this stage the operators could be an 
important source of carcass contamination.

Overall, the levels of carcass contamination for 
all of the microorganisms considered, including 
S. aureus were low, throughout all of the stages 
of the dry-slaughter process.

Salmonella spp. was not found in any of the 
carcass samples tested and was absent in all 
161 faecal samples. these data exclude the pres-
ence of the microorganisms in the animals test-
ed and serve as proof of the wholesome quali-
ty of their meat. However, in order to evaluate 
the quality of the product for consumer safety, 
the study will be extended to include testing for 
other pathogenic bacteria, particularly Campy-
lobacter spp. on poultry carcasses.

cONcLUsIONs

the results demonstrate that the dry-slaugh-
ter process used for poultry reduces microbi-
al contamination in the carcasses and high-
light the importance of applying Good Manu-
facturing Practice (GMP), especially in a con-

table 1 - Distribution of counts (Log cFU/cm2) of total aerobic mesophilic bacteria, total coliforms, E. coli and S. aureus for 
carcass samples.

	 	 Log	CFU/cm2

Microbial	 Sample	 	 	 	 	 	 Absent	 Positive
group	 sitesa	 0-1	 1-2	 2-3	 3-4	 4-5	 	 samples	(%)	
	 	 	 	 	 	 	 	
total	 NPS	 0	 1	 24	 103	 33	 0	 161/161(100)
aerobic	 BPD	 0	 22	 77	 58	 4	 0	 161/161(100)
mesophilic	 BPW	 0	 44	 97	 20	 0	 0	 161/161(100)
bacteria

total	 NPS	 15	 20	 26	 7	 0	 93	 68/161(42.2)
coliforms	 BPD	 6	 23	 10	 0	 0	 122	 39/161(24.2)
	 BPW	 10	 16	 0	 0	 0	 135	 26/161(16.1)

E. coli	 NPS	 4	 33	 15	 5	 0	 104	 57/161(35.4)
	 BPD	 13	 27	 12	 1	 0	 108	 53/161(32.9)
	 BPW	 9	 6	 3	 0	 0	 143	 18/161(11.1)

S. aureus	 NPS	 42	 49	 17	 0	 0	 53	 108/161(67)
	 BPD	 78	 21	 4	 0	 0	 58	 103/161(63.9)
	 BPW	 56	 63	 1	 0	 0	 41	 120/161(74.5)

aNPS	=	neck	post-stunning;	BPD	=	breast	post-defeathering;	BPW	=	breast	post-waxing.

text of slaughtering where the procedures re-
quire hand work. Given their crucial role, op-
erators, must be fully aware of slaughterhouse 
procedures and must follow hygienic practic-
es in order to exclude being a potential source 
of contamination.

the dry-slaughter process is most suitable for 
a small-scale production unit, as an alternative 
to traditional slaughtering of poultry. slaugh-
terhouses like the one described in this study 
could be constructed by several producers in 
the Italian poultry sector. the system is partic-
ularly well suited to marginally disadvantaged 
areas, or for work on a continuous supply chain 
because of its simplicity, low cost of equipment 
(low-tech equipment) and ease of management 
(small number of personnel are required for the 
operation). Finally this method could satisfy the 
need to ensure quality products that meet spe-
cific consumer protection requirements through 
improved production techniques applied to the 
entire production chain.
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AbstrAct

the efficacy of electrolyzed oxidizing water (EOW) as a disinfectant of food processing surfaces 
was evaluated. bacterial inactivation was first tested by direct contact of EOW with bacterial sus-
pensions. then three different surfaces (teflon, stainless steel and ceramic) were artificially con-
taminated and bacterial survival was determined after treatment with water and EOW. Efficacy was 
tested for mesophilic bacteria and for Salmonella Typhimurium, Listeria monocytogenes, verotoxi-
genic Escherichia coli O157:H7 and Staphylococcus aureus. contact test (30 s) of EOW with bacte-
rial suspensions resulted in an 8 log reduction in bacterial populations. spraying treatment of ar-
tificially contaminated surfaces revealed different degrees of disinfectant activity of EOW on differ-
ent bacterial species. No differences in efficacy were detected between different surfaces. chang-
es in the physico-chemical properties (pH, oxidation-reduction activity (OrP), free cHLc) of EOW 
were measured during contact with different surfaces. After low-pressure spraying both OrP ac-
tivity and free-chlorine content rapidly decreased with time. Low-pressure spraying does not seem 
to affect EOW disinfectant activity. EOW has a very strong disinfectant activity which, along with 
its easy and safe use, makes it a good alternative to many other more widely used disinfectants.
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INtrODUctION

Problems related to food safety are a major 
public health issue. Foodborne pathogens are 
currently estimated to be responsible for one-
third of human diseases in the developed world. 
Although animals and humans are a major 
source of bacterial food contamination, indirect 
contamination caused by processing plant envi-
ronment and production equipment plays a sig-
nificant role. Disinfecting food processing sur-
faces is a key procedure for reducing and even 
eliminating bacterial contamination which might 
cause changes to the sensory characteristics of 
foodstuffs or be responsible for foodborne dis-
ease outbreaks (PArK et al., 2002). cross con-
tamination via inanimate surfaces is an impor-
tant factor in food-borne infections (DEZA et al., 
2005) and a wide variety of surfaces such as 
plastic, ceramic, stainless steel, glass, etc. can 
carry pathogenic microorganisms. Equipment 
in food processing plants, as well as protective 
clothing and gloves worn during working activi-
ties, have been shown to be carriers of foodborne 
pathogens (LIU and sU, 2006). Moreover, surfac-
es in public areas (toilets, laboratories, hospital 
instruments) carry high levels of bacteria and 
pathogens (PArK et al., 2002). Procedures to re-
duce or even eliminate pathogens from surfac-
es is one of the key points of an effective HAc-
cP program in the food industry and in control-
ling food contamination in homes, food markets, 
restaurants, health facilities and public areas 
(VENKItAANArAYANAN et al., 1999).

Electrolyzed oxidizing water is obtained from 
the electrolysis of a Nacl solution (ca 2 g/L). 
When electricity flows through the Nacl solu-
tion it generates two types of water: the cath-
ode produces alkaline electrolyzed water con-
taining sodium hydroxide (pH 116, OrP ≈ -795 
mV), while the anode produces acidic electro-
lyzed water containing hypochlorous acid (pH 
2.4-2.7, OrP ≈ 1,150 mV); the concentration of 
the residual chlorine depends on the EO water 
machine setting.

the disinfectant activity of EOW lies in its low 
pH, its OrP activity and the presence of free chlo-
rine and hypochlorous acid (sHArMA and DEMIr-
cI, 2003; stEVENsON et al., 2004). Hypochlorous 
acid inactivates the bacterial cell by oxidation of 
sulphydric components of the membrane and 
by inactivation of respiratory enzymes, inhibi-
tion of AtP production and restraint of transport 
systems of the bacterial cell (PArK et al., 2002). 
the strong oxidation-reduction activity of the 
EOW sequesters the membrane electrodes, ren-
dering them unstable and helping antibacterial 
compounds to enter the bacterial cell. the low 
EOW pH influences the permeability of the bac-
terial membrane, affecting metabolic and repro-
duction activities of microorganisms (FAbrIZIO 
et al., 2002; LIAO et al., 2007). EOW possesses 
antimicrobial activity against a variety of micro-

organisms on crops, bacteria and fungi. In re-
cent years, EOW has gained interest as a disin-
fectant used in agriculture, dentistry, medicine 
and the food industry (HUANG et al., 2007). EOW 
is an effective antimicrobial agent for cut vege-
tables like lettuce, alfalfa seeds, sprouts, pears, 
apples, peaches, tomatoes and strawberry, for 
cutting boards (VENKItANArAYANAN et al., 1999), 
poultry carcasses (FAbrIZIO et al., 2002; PArK 
et al., 2002; HINtON et al., 2007), eggs (rUssELL, 
2003) and food processing equipment: for vari-
ous surface materials commonly found in food 
processing facilities (AYEbAcH and HUNG, 2005), 
stainless steel and glass surfaces (DEZA et al., 
2005), surfaces in food service areas (GUENtZEL 
et al., 2007) and on Listeria monocytogenes bio-
films formed on stainless steel (AYEbAcH et al., 
2005; KIM et al., 2001), as a sanitizer for treat-
ing different surfaces (PArK et al., 2002b) and 
for use in abattoirs (bAcH et al., 2006), on sea-
food processing surfaces (LIU et al., 2006) and 
gloves (LIU and sU, 2006) and for cleaning and 
disinfecting materials used in milking systems 
(WALKEr et al., 2005a, b).

the aim of this study was to evaluate the ef-
ficacy of electrolyzed oxidizing water (EOW) as a 
disinfectant for food processing surfaces to de-
fine its possible use in operating conditions in 
a slaughterhouse. the antibacterial characteris-
tics of EOW and its changes with time after use 
were also tested to define the most appropriate 
ways of application.

MAtErIALs AND MEtHODs

All tests were performed at the experimental 
slaughterhouse of the Veterinary Medicine Fac-
ulty of the University of bologna (Italy).

EOW solution

Electrolyzed oxidizing water was generated 
with a Vn 1000M EO water generator (Akuate-
ch s.r.l®, treviso, Italy) through electrolysis of a 
dilute salt solution (3% Nacl). the current pass-
ing through the EO water generator was 90 am-
peres, the voltage between the electrodes was 24 
volts and the flow rate was about 12 L/min. the 
EO water was used within a week after being 
produced. chemical characteristics, like pH and 
oxidation-reduction activity (OrP), were meas-
ured on arrival at the laboratory with a pH me-
tre (HI 98240, Hanna Instrument, Padova, Italy), 
using r334 and Fc201D electrodes to measure 
OrP and pH, respectively. the direct iodomet-
ric titration method was used to determine free 
chlorine in the EOW solution (IsO7393-3:1990).

the principle of direct iodometric titration is 
the oxidation reaction under acidic conditions 
(pH 4 or less) of potassium iodide by chlorine 
with the release of free iodine: one mL of a sat-
urated solution of potassium iodide was added 
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to a known volume of EOW solution. the free io-
dine was immediately titrated with a sodium thi-
osulfate standard solution until the yellow colour 
was almost discharged. then 1 mL of a starch 
solution was added as indicator and the titra-
tion continued until the blue colour was com-
pletely discharged.

the concentration of free chlorine was then 
calculated by the volume of thiosulfate solution 
consumed.

bacterial cultures

two bacterial cultures were used to test the 
EOW solution: mesophilic bacterial suspension 
(Mbs) and pathogen suspensions (i.e. Salmonel-
la Typhimurium, Staphylococcus aureus, vero-
toxigenic Escherichia coli O157:H7 and Listeria 
monocytogenes).

the mesophilic bacterial suspension was ob-
tained from samples collected at the experimen-
tal slaughterhouse of the Veterinary Medicine 
Faculty of the University of bologna (Italy). Af-
ter slaughtering activities and before cleaning 
and disinfecting the working areas, 100 cm2 ar-
eas from three different types of surfaces (stain-
less steel viscera slip, teflon sectioning area and 
ceramic tile skinning area) were sampled with a 
sterile cotton swab. the collected material was 
suspended in 10 mL of saline solution and lat-

er 10 µL were plated on Petri dishes containing 
standard Plate count Agar (PcA, Oxoid) and in-
cubated at 30°c for 72 h to allow the growth of 
the microorganisms. bacterial growth was col-
lected using a sterile plastic loop and then sus-
pended in 100 mL of sterile saline solution. tur-
bidity was adjusted to obtain a bacterial sus-
pension equal to number 3 on the MacFarland 
scale (about 9x108 cFU/mL). to determine the 
exact concentration of the bacterial suspension 
100 µL of serial dilutions of the original mes-
ophilic suspension were seeded and incubat-
ed in PcA Petri dishes at 30°c. A colony count 
was done after 72 h. the suspension was dilut-
ed once more before use.

suspensions of the above-mentioned patho-
gens were also prepared. Detailed characteris-
tics and origin of strains used in this study are 
listed in table 1. strains were seeded on tryp-
tone soya sgar (tsA, Oxoid, cambridge, UK) 
supplemented with bacto Yeast Extract (Difco, 
Maryland, UsA) and incubated at 37°c. bac-
terial growth was collected after 24 h and sus-
pended in a 10 mL saline solution and turbid-
ity was adjusted to number 3 on the MacFar-
land scale (about 9x108 cFU/mL). Each path-
ogen suspension used for the inactivation test 
was obtained by mixing equal parts of the pre-
pared suspensions of the three available strains 
(table 1). the exact titration of each pathogen 

table 1 - bacterial strains used and their origin.

Microorganism species Strain Origin

Salmonella Typhimurium ATCC 14028
29RA1 Wild strain from poultry Isolated from infectious
  disease laboratory of the
  Department
6221/2155 Wild strain from pork Isolated from infectious
  disease laboratory of the
  Department
Staphylococcus aureus ATCC 25923
270/5 Wild strain from cow’s milk Isolated from infectious
  disease laboratory of the
  Department
B/122/1 Wild strain from poultry Isolated from food
  hygiene laboratory of the
  Department
Verotoxigenic E. coli ATCC 700927
O157: H7
ED166 Wild strain from beef Isolated from food
  hygiene laboratory of the
  Department
ED933 Wild strain from bovine Isolated from food
 faeces hygiene laboratory of the
  Department
Listeria monocytogenes ATCC 7644
B/122/4 Wild strain from pork Isolated from food
  hygiene laboratory of the
  Department
B/122/7 Wild strain from bovine Isolated from food
 faeces hygiene laboratory of the
  Department
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solution was checked by seeding 100 µL of se-
rial dilutions of the initial suspensions in PcA 
Petri dishes and incubating them at 37°c for 
24-48 h. All suspensions were diluted once 
more before use.

test 1 or “contact test”
One mL of each bacterial suspension (mes-

ophilic suspension, Salmonella Typhimurium, 
Staphylococcus aureus, verotoxigenic Escherichia 
coli O157:H7 and Listeria monocytogenes) was 
added to both 9 mL of acidic EOW and 9 mL 
of tap water. After incubation at room temper-
ature for 30 s, 1 mL of each inoculated liquid 
was serially diluted using tubes containing 9 
mL of neutralization buffer (Difco) and 0.L mL 
of each dilution was seeded in PcA Petri dish-
es to count mesophilic bacteria and each path-
ogen and then incubated at 30°c for 72 h and 
37°c for 24-48 h, respectively.

to identify low numbers of bacteria or injured 
bacterial cells after treatment, 1 mL of the bacte-
rial suspensions in contact with EOW (see above) 
was added to 20 mL of tryptone soya broth sup-
plemented with yeast (tsb-Y, Oxoid) and incu-
bated at 37°c for 48 h to allow multiplication of 
bacteria. these broths (0.1 mL) were seeded in 
tsA-Y and incubated at 37°c. A colony count 
was done after 48 h of incubation.

test 2: Efficacy on artificially contaminated 
surfaces

All tests were performed on equipment sur-
faces in the experimental slaughterhouse of the 
Veterinary Medicine Faculty of the University 
of bologna (Italy) which are regularly used for 
slaughtering cattle, swine and goat-like animals. 
tests were performed on three different surfac-
es: ceramic, stainless steel and teflon.

six 100 cm2 areas near one another were iden-
tified on the surfaces as illustrated in Fig 1. be-

fore contamination, each area was disinfected by 
direct application of pure ethyl alcohol and then 
flamed with a portable bunsen burner.

contamination by mesophilic bacterial sus-
pension (Mbs): six 100 cm2 areas were contam-
inated with 1 mL of a 107 cFU/mL suspension 
of Mbs, for a total contamination surface area 
of about 105 cFU/cm2.

contamination by Mbs and pathogen suspen-
sion: 5 mL of each pathogen suspension (Sal-
monella Typhimurium, Staphylococcus aureus, 
verotoxigenic Escherichia coli O157:H7 and Lis-
teria monocytogenes) were mixed with 5 mL of 
Mbs and diluted to obtain 107 cFU/mL sus-
pensions. Each of these suspensions was used 
to contaminate six 100 cm2 areas, that is, 1 mL 
of suspension was spread over each of the six 
100 cm2 areas.

After complete drying of the contaminated 
surfaces, treatment was performed by spraying 
tap water on three 100 cm2 of the six contami-
nated areas for five seconds and spraying EOW 
on the remaining three areas for five seconds, 
using a low pressure pump with a 1.2 mm di-
ameter outlet.

Once the surfaces had dried by unaffected 
evaporation to simulate the operating condi-
tions, a sample was collected from each area and 
bacteria were isolated and counted. In detail, a 
sterile gauze was rubbed over the whole treat-
ed area 10 times and then put in a sterile plas-
tic bag containing 100 mL of sterile saline solu-
tion. After mixing in a stomacker (blender Eco 
400, PbI, Milan, Italy) 1 mL of the sample ob-
tained and 1 mL of five serial 10-fold dilutions 
were seeded in plastic Petri dishes containing 
PcA for mesophilic bacteria count (after incuba-
tion at 30°c for 72 h), and selective agar medi-
um for each type of pathogen (37°c for 24-48 h).

Each of these experiments was repeated twice.

test 3: EOW disinfectant activity after appli-
cation on surfaces

In order to test the two materials with higher 
and lower conductivity, OrP, pH and free chlo-
rine ion quantity, modifications were tested in 
EOW after contact with two different surface 
materials (teflon and stainless steel). EOW (200 
mL) was placed in containers to form 2mL EOW 
films at the bottom of the containers. the phys-
ico-chemical characteristics above were meas-
ured after 0, 2, 4, 6 and 24 h of treatment.

the pH and OrP were measured with a Han-
na Instrument HI 98240 pH metre with r334 
and Fc201D electrodes for measuring OrP and 
pH, respectively. Quantification of free chlorine 
ion was determined by iodometric titration fol-
lowing the procedure described by GArY (2003) 
and FAbrIZIO et al. (2002).

test 4: Influence of spraying on EOW chemi-
cal characteristics

EOW was sprayed in teflon and stainless steel 

Fig. 1 - Artificially contaminated areas.
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containers by a low pressure pump with a 1.2 
mm diameter outlet. Immediately after spray-
ing, the liquid was collected and tested for pH 
and OrP.

rEsULts AND DIscUssION

EOW solution

On delivery, EOW had a pH of 2.69, an OrP 
of 1,135 mV and the free chlorine concentration 
was about 110 mg/L.

test 1 or “contact test”
the culture of tubes containing tap water had 

the same number of colonies as the amount in-
oculated (table 2). No colony was isolated from 
the samples treated with EOW by direct plating. 
A statistically significant 8 log reduction (p<0.05) 
in the bacterial population was recorded com-
paring EOW with tap water.

Further enrichment of all samples confirmed 
total inactivation of bacterial cells in the tubes 
containing EOW.

test 2: Efficacy on artificially contaminated 
surfaces

table 3 shows the bacterial counts on each 
type of surface after treatment with either tap 
water or EOW. significant differences (p<0.001) 
on bacterial inactivation were found between 
treatments with EOW and tap water for each 
microorganism under study. complete inactiva-
tion was always obtained for Salmonella Typh-
imurium, verotoxigenic Escherichia coli and Lis-
teria monocytogenes, especially after treatment 
with EOW. However, no differences were found 
when comparing the disinfectant activity on the 
three different surfaces.

treatment with EOW for 5 seconds on artifi-
cially contaminated surfaces led to a significant-
ly greater reduction of bacterial concentration 
than that obtained by treatment with tap wa-
ter (p<0.001) for each microorganism. In detail, 
mesophilic bacteria were reduced by 2.28 log on 
the average, while pathogens showed an average 

reduction of 1.77 log, with a maximum reduc-
tion of 2.12 log for E. coli O157:H7 and a mini-
mum reduction for S. Typhimurium of 1.34 log.

No statistically significant difference in inac-
tivation was found between the different surfac-
es for either mesophilic or pathogen bacteria. 
Only one test on ceramics showed an extremely 
high level of inactivation (3.23 log). However, the 
smooth nature of ceramics might be partly re-
sponsible for the greater efficacy of EOW. While 
stainless steel and teflon are more vulnerable to 
degradation with use and time, ceramics tend to 
maintain a smooth surface that facilitates activ-
ity of disinfectants against bacteria.

A major result was that complete inactivation 
of bacteria was reached by treatment with EOW 
only when the level of contamination after treat-
ment with water was equal to or less than 2.1 
log. this proves the higher efficacy of EOW com-
pared to water and suggests that the final result 
may depend on initial contamination. Moreover, 
all tests were performed on artificially contam-
inated surfaces resulting in highly contaminat-
ed areas (105 cFU/cm2). Future research should 
focus on the dynamics of inactivation at differ-
ent initial bacterial concentrations.

the activity of EOW was compared with that 
of another disinfectant (iodophor, IOD), result-
ing in a greater efficacy of EOW especially in re-
ducing total aerobic bacterial contamination of 
surfaces (bAcH et al., 2006).

besides its greater efficacy as a disinfectant, 
other advantages of EOW compared with oth-
er well-known disinfectants include: i) no risk 
for users, ii) highly concentrated disinfectant 
solutions are avoided since EOW can be deliv-
ered ready to use or produced in the place of 
use (PArK et al., 2002 a), iii) easy and relatively 
cheap to produce (FAbrIZIO et al., 2002) and iv) 
very low environmental impact (FAbrIZIO et al., 
2002), whereas organic acid disinfectants may 
be very harmful to the environment and even 
modify the sensory characteristics of food prod-
ucts (FAbrIZIO et al., 2002).

Hypochlorite solution is one of the most wide-
ly used disinfectants, mainly because of its wide 
bactericidal spectrum and its relatively low price 
(LIU et al., 2006). EOW has a higher bactericidal 
activity than an equally concentrated hypochlo-
rite solution, mainly because of its low pH and 
high OrP (PArK et al., 2002 a), and a 200 mg/L 
hypochlorite solution (LIU et al., 2006; PArK et 
al., 2005).

the bactericidal efficacy of EOW is reduced 
when relatively large amounts of organic materi-
al are present. this is characteristic of many oth-
er disinfectants, including hypochlorite (bAcH 
et al., 2006; LIU et al., 2006). this effect can be 
reduced by using the alkaline solution derived 
from the production of EOW before applying 
the acidic EOW. the alkaline solution contains 
a high concentration of sodium hydroxide that 
acts as a detergent by reacting against fats and 

table 2 - EOW efficacy on bacterial suspensions.

Microorganism species Bacterial population
 (log

10
CFU/mL)

a

 Tap water 30’’ EOW 30’’

Mesophilic bacteria 8.83±0.14 N.G.
b

Salmonella Typhimurium 8.53±0.16 N.G.
b

Staphylococcus aureus 8.89±0.01 N.G.
b

Verotoxigenic E. coli O157:H7 8.60±0.09 N.G.
b

Listeria monocytogenes 8.67±0.07 N.G.
b

a
average of six tests ± standard deviation;

b
no growth of viable colonies in TSA Petri dishes.
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proteins and dissolving and breaking the poly-
meric compounds outside the bacterial mem-
brane. this enhances the subsequent activity 
of the acidic components (AYEbAH et al., 2005).

test 3: EOW disinfectant activity after appli-
cation on surfaces (pH, OrP and free chlorine)

the pH did not undergo marked changes over 
time, except for a small decrease over 6 h, where-
as modifications in the OrP activity and free 
chlorine content of EOW occurred. As seen in 
table 4, both parameters showed a fast reduc-
tion with time, reaching half of the initial val-
ue after 24 h in the case of OrP activity and al-
most a two-fold reduction in free chlorine con-
tent after a 6 h treatment.

test 4: Influence of spraying on EOW chemi-
cal characteristics (pH and OrP)

Low-pressure spraying slightly influenced 
EOW characteristics and its physico-chemical 
properties (table 4). the pH remained between 
2.69 and 2.83 and OrP was reduced from 1,135 
to 1,109 mV.

On the other hand, after application on two 
types of surfaces, the free chlorine concentration 
dropped rapidly over time, along with a parallel 
decrease of OrP which, in 24 h, reached the lev-
els regularly present in tap water. the hypochlo-
rous acid is the most active form of chlorine. It 
penetrates the bacterial cell and inhibits essen-
tial respiratory enzymes (FAbrIZIO et al., 2002); 

it is 80 times more efficient than hypochlorite 
ion (KIM et al., 2000). When hypochlorite is add-
ed to water, it generates undissociated hypochlo-
rous acid. the hypochlorous acid dissociates 
into the anion hypochlorite in an alkaline envi-
ronment and into chlorine gas in an acid envi-
ronment (IZUMI, 1999). thus, the chorine level 
in EOW tends to decrease when EOW is in con-
tact with air due to the evaporation of chlorine 
gas or self-decomposition (LEN et al., 2002).

cONcLUsIONs

the results of this study proved the efficacy of 
EOW in reducing the mesophilic bacterial con-
tamination in operating conditions using short 
treatments (5 min) and using partially contam-
inated working equipment. the contamination 
levels in food industry environments are usual-
ly lower than that used in our study, especially 
when considering pathogenic bacteria. the ef-
ficacy of EOW to inactivate the entire popula-
tion of pathogens present on surfaces might be 
even higher under natural working conditions. 
EOW can be considered a good alternative to hy-
pochlorite, which must be used in large amounts 
and may be harmful to humans by intake via 
food (bAcH et al., 2006; FAbrIZIO et al., 2002; 
LIU et al., 2006; sHArMA and DEMIrcI, 2003). 
EOW has been proven to be very unstable af-
ter application on surfaces which might make 

table 4 - changes in EOW characteristics with time after spraying on steel and teflon surfaces.

Time pH ORP (mV) Free chlorine (mg/L)

 Steel Teflon Steel Teflon Steel Teflon

0 min 2.69 2.69 1139 1139 110.76 110.76
1 h 30 min 2.81 2.67 1123 1150 31.8 33.7
3h 30 min 2.85 2.71 1127 1134 8.9 11.0
6 h 2.55 2.56 688 925 1.8 0.71
24 h 2.37 2.44 542 550 1.9 0.35

table 3 - bacterial counts after treatment with either tap water or EOW on each type of surface.

Microorganism species   Bacterial population (log
10

 CFU/ cm
2
)a

 Ceramics  Stainless steel  Teflon

 Tap water EOW Tap water EOW Tap water  EOW

Mesophilic bacteria  2.77±0.09 0.9±0.4 2.31±0.15 0.15±0.27
c
 2.51±0.10 1.03±0.47

Salmonella Typhimurium 1.23±0.22 NG b 1.5±0.09 NG
b
 1.3±0.45 NG

b

Staphylococcus  aureus 2.30±0.06 0.38±0.40
c
 2.03±0.15 NG

b
 2.47±0.31 0.23±0.40

c

Verotoxigenic E. coli O157:H7 2.18±0.22 NG b 2.09±0.21 NG
b
 2.09±0.21 NG

b

Listeria monocytogenes 2.27±0.56 NG b 1.57±0.56 NG
b
 1.09±0.19 NG

b

a
average of six tests ± standard deviation;

bno growth of viable colonies in TSA Petri dishes in all tests;
cno growth of viable colonies in TSA Petri dishes in one or two tests.
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it unnecessary to rinse surfaces after its appli-
cation and before the initiation of working activ-
ities, depending on the length of time between 
disinfection and onset of working activities. this 
would save time and, hence be more profitable.
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short communication

AbstrAct

ricotta Forte is a niche dairy product belonging to the traditional Italian agroindustrial prod-
ucts of the Puglia region. It is produced from sheep, cow or goat whey proteins as “classic” ricotta, 
but is characterized by a prolonged shelf life. the intense fermentation process that is the result 
of a unique manufacturing technology that requires a considerable amount of handling and pro-
longed ripening makes the product a favourable substratum for biogenic amine (bA) production. 
the aim of the present study was to determine the presence of the most important bAs, such as 
cadaverine, putrescine, histamine, tyramine, b-phenylethylamine, spermine and spermidine, in 
samples of different kinds of ricotta Forte produced and purchased within the traditional area. 
High levels of bAs were detected in all the samples, especially in those to which no preservative 
(sorbic acid) was added.  since ricotta Forte is used mostly in small quantities (one-two teaspoons) 
as a flavouring ingredient in pasta, meatballs, appetizers, etc. to enrich and enhance their taste, 
the amount of bAs eaten is not alarming. However its consumption is not recommended for per-
sons belonging to categories at risk for such compounds.

- Key words: biogenic amines, food safety, HPLC, Ricotta Forte, traditional products -
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INtrODUctION

ricotta Forte is a creamy, spreadable dairy 
product with a china-white colour; it has a 
hot and savoury taste and a sharp but pleas-
ant smell (resmINI et al., 1999). It was includ-
ed among the traditional Italian agroindustrial 
products of the Puglia region by the ministerial 
Decree of 18 July 2000 (m.D., 2000). It is most-
ly produced in the salento area in the provinc-
es of brindisi and bari, especially between may 
and October. sheep whey is usually used but 
cow and/or goat whey is also used. Its particu-
lar hot, sharp taste makes ricotta Forte a niche 
product used by a rather narrow segment of con-
sumers,  mostly made of estimators of “ancient 
tastes” influenced by a food culture based on 
strong, sharp flavours. ricotta Forte originated 
from the need to preserve for an extended time 
the part of the ricotta that was produced but 
not immediately eaten. However, current pro-
duction is based on both unsold and specifical-
ly prepared ricotta (tANtIllO, 2007). Only about 
10% of all sheep milk produced in the Puglia re-
gion is used to manufacture ricotta (including 
ricotta Forte) and the yield is very low (about 
5%). therefore the quantity of ricotta Forte pro-
duced is rather small (about 40 q per year) (re-
smINI et al., 1999).

In the early stages, the processing technolo-
gy is the same as that used for “classic ricotta”, 
a typical Italian dairy product obtained by acid 
and thermal curdling of whole sheep whey from 
cheese-making, sometimes supplemented with 
milk but with no starters added.

the whey is heated slowly in a copper or steel 
boiler over direct heat to a temperature of about 
80°c. Once the curdled whey proteins have com-
pletely risen to the surface, the mass is collect-
ed by a skimmer and put in rush or plastic bas-
kets to drain. At this stage the manufacturing 
process of the two types of ricotta diversifies. 
the draining time for classic ricotta is short (1-4 
h) followed by packaging and fast marketing. 
the draining time for ricotta Forte lasts for 3-4 
days. It is then put in glazed terracotta, wood-
en or plastic truncated conical containers. tra-
ditionally, the mass is kept in such containers 
in underground cellars at a constant tempera-
ture (around 10°c) and rH (65 to 85%) for 2-6 
months (sometimes 18-24 months). the mass 
is periodically mixed using a wooden spoon to 
prevent mould growth and to help the acidify-
ing activity of fermenting microorganisms. In in-
dustrial processing this stage is carried out in 
steel tanks equipped with blades that provide 
a slow, continuous mixing of the product (tAN-
tIllO, 2007). At the end of ripening, the ricotta 
has acquired the typical smell, dark ivory colour 
and sour taste. At this stage it is removed from 
the container, salted (0.2-1.5% with Nacl) and 
packed in glass jars. the product can be stored 
for 10-12 months at temperatures lower than 

15°c but during this period the colour chang-
es to brown-grey and a yellow oily layer forms 
on the surface which increases its shelf life (re-
smINI et al., 1999).

the particular organoleptic features and the 
manufacturing process are based on ancient 
practices. research is needed to increase knowl-
edge about this product, not only to enhance it 
but also to ensure quality standards and a good 
level of hygiene and safety that are not always 
achieved in local and artisan processes.

the long ripening process characterized by 
strong fermentative phenomena and the pro-
longed shelf life of ricotta Forte could favour 
the production of biogenic amines (bAs). these 
compounds are formed by the decarboxyla-
tion of amino acids due to tissue and/or micro-
bial enzymes especially in fermented or long-
term stored food (reA et al., 2005). the pres-
ence of bAs is important due to the toxic effects 
that some of them (particularly histamine and 
tyramine) may have on the human body due to 
their vasoactive action. consumers who are par-
ticularly at risk include children, the elderly, 
subjects suffering from digestive tract patholo-
gies, alcoholics and drug users. People with de-
ficiencies or defects of natural detoxifying mech-
anisms mostly at the gastrointestinal level, such 
as monoamine oxidase (mAO), diamino oxidase 
(DAO) and histamine methyltranferase (Hmt), 
could experience the onset of symptoms even 
at low bA doses.

besides the above-described health concerns, 
bAs may also be indicators of the quality and 
hygiene of the raw materials, compliance with 
good manufacturing practices and food condi-
tions (cANtONI, 1995; reA et al., 2008b).

the aim of the work was to qualitatively and 
quantitatively determine the most important bAs 
present in samples of ricotta Forte purchased 
on the market. this was done to acquire better 
knowledge about the hygienic and safety fea-
tures of this particular traditional Italian prod-
uct about which little information is available 
in the literature.

mAterIAls AND metHODs

samples of three brands of ricotta Forte pack-
aged in glass jars taken from different selling 
units were purchased from dealers located in 
the province of lecce (Puglia region) and ana-
lyzed. two brands were produced by artisan fac-
tories: one was made with mixed whey from cow, 
sheep and goat without preservatives; while the 
other was prepared with sheep whey with sorb-
ic acid added as preservative. the third ricotta 
Forte was purchased from a street trader dur-
ing a village festival; the label said it was pro-
duced from sheep whey without preservatives, 
by the dealer himself.

the concentrations of the most impor-
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tant bAs (histamine, putrescine, cadaver-
ine, tyramine, b-phenylethylamine, spermine 
and spermidine) were determined according 
to reA et al. (2005). For each sample 10 g of 
ricotta Forte were homogenized in 35 ml of 
5% trichloroacetic acid, centrifuged at 3,000 
rpm for 10 min and filtered in a 100 ml flask. 
the extraction process was repeated once 
and both filtrates were collected. Working so-
lutions containing 10 mg/ml of each amine 
(sigma, st. louis, mO, UsA) in distilled water 
were prepared as standards and used for ar-
ranging the calibration curves. A 10 mg/ml 
solution of 1,7-diaminoheptane (sigma, UsA) 
in water was prepared and added (960 µl) as 
internal standard (I.s.) to each sample dur-
ing the extraction step. extracts and standard 
solutions were derivatized by dansyl chloride 
(sigma, UsA) just before injection onto an HP 
1090 liquid chromatograph (Hewlett Packard, 
Avondale, PA, UsA) equipped with an HP diode 
array detector (DAD). An HP spherisorb c 18 
ODs 2 (250x4 mm, particle size 5 µm) column 
mounted with a guard column lichrocArt 4-4 
lichrosPHer 100 rP-18 (particle size 5 µm) 
(merck, Darmstadt, Ge) was used. bAs were 
identified by comparing the HPlc profile of 
samples to the pattern obtained from standard 
amines at known concentration. Quantitative 
determinations were carried out using the ra-
tio of each bA area to the I.s. area of the same 
sample and reporting such a value on the cal-
ibration curve of standards. All samples were 
analysed in triplicate.

the recovery percentage was determined by 
comparing the concentration of each amine de-
tected in a sample extract without standards to 
the concentration of the corresponding amine 
in another extract from the same sample with 
a known amount of standard added (500 µl of 
each working solution), according to the follow-
ing formula:

r(%) = (bA2-bA1)/bA3

Where:
bA1 = bA content before addition;
bA2 = bA content after addition;
bA3 = bA added.

resUlts AND DIscUssION

recovery percentages of bAs ranged from 
79.30% for cadaverine to 111.49% for b-phe-
nylethylamine, with intermediate values of 
94.61% for putrescine, 91.78% for histamine, 
105.05% for tyramine, 92.15% for spermidine 
and 111.43% for spermine. With the exception 
of cadaverine, recoveries were all higher than 
88% which is considered to be the acceptable 
limit (HerNANDez-JOver et al., 1996). these 
data confirm the extreme versatility of the ana-
lytical method and its suitability for a wide va-
riety of food products of animal origin including 
dairy products (reA et al., 2008a).

the bA contents in the samples are reported in 
table 1; the bA concentrations were much low-
er in sheep ricotta with sorbic acid added com-
pared to the products without the preservative.

In all samples the highest concentrations of 
bAs were cadaverine, tyramine and putrescine in 
a decreasing order, with the exception of sheep 
ricotta Forte, with preservative added, in which 
putrescine was slightly higher than tyramine.

the very high concentration of cadaverine in 
all three types of products could be responsi-
ble for the slightly lower efficacy of the analyt-
ical method in recovering this compound, any-
way the recovery was close to 80%. cadaverine 
and putrescine are responsible for off-flavours 
(KrAUse et al., 1997) and are present in many 
foods of animal and plant origin, while tyramine 
is typically in cheese and other dairy products 
because the proteinic component is particu-
larly rich in tyrosine. tyrosine is quantitative-
ly the third most abundant amino acid both in 
caseins and whey proteins from cow milk after 
glutamine and lysine that are precursors of pu-

table 1 - bA content (ppm) in samples of different types of ricotta Forte (mean±s.D.).

	 Types	of	Ricotta	Forte

Biogenic	amines	 Mixed	 Sheep	 Sheep
	 without	preservative	 with	preservative	 without	preservative
	
b-Phenylethylamine	 491.33±76.18	 n.d.	 721.80±6.48
Putrescine	 1469.10±236.25	 431.68±10.61	 1468.51±39.15
Cadaverine	 3759.50±610.34	 1044.61±28.80	 4641.05±140.49
Histamine	 1256.96±207.40	 201.44±5.29	 1273.51±38.92
Tyramine	 2797.78±473.75	 387.77±8.97	 2142.08±65.33
Spermidine	 12.14±7.72	 n.d.	 17.27±1.24
Spermine	 19.34±5.60	 21.12±1.00	 29.79±1.28
Total	 9806.14±1426.21	 2089.98±363.11	 10294.01±1596.36

n.d.	=	not	detected.
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trescine and cadaverine, respectively (cANtArel-
lI, 1984; sAlvADOrI Del PrAtO, 2001). sever-
al cases of “cheese reaction” have been report-
ed in the literature (sHAlAby, 1996; vAle and 
GlOrIA, 1998; mccAbe-sellers et al., 2006) in 
which tyrosine causes peripheral vasoconstric-
tion, increase of cardiac output, lacrimation, sal-
ivation, dyspnea, migraine and hyperglycemia.

the histamine concentration observed in the 
samples of both mixed and sheep ricotta Forte 
without preservatives was very high. the hista-
mine level is of concern because it is known that 
100-180 mg of this substance can induce symp-
toms in subjects weighing 60 kg (strAttON et al., 
1991; rODrIGUez-Jerez et al., 1994; leHANe 
and Olley, 1999). Furthermore, cadaverine, 
tyramine and putrescine, the most abundant 
bAs in the present study, act as potentiators of 
histamine toxicity; they may interfere with en-
zymatic detoxification mechanisms in the body 
and thus potentiate the effects of this substance 
(strAttON et al., 1991; HerNàNDez-JOver et 
al., 1996; vAlsAmAKI et al., 2000). the bA con-
tent was high in the tested samples, especially 
histamine and tyramine that are considered to 
be the most dangerous compounds. However, it 
must be emphasized that ricotta Forte is eaten 
in very small amounts; it is used to flavour pas-
ta and as an ingredient of meatballs, appetizers 
and potato croquettes to enrich and enhance 
their taste. From interviews carried out with-
in the area of traditional production and con-
sumption, it was found that the average amount 
of product used in the different preparations is 
one or two teaspoons (about 9-18 g), due to its 
particularly strong taste. If ricotta Forte is eat-
en in such low doses, the present data are not 
alarming because the highest amounts of his-
tamine and tyramine eaten would be 22.9 and 
50.4 mg, respectively, considering the samples 
containing the highest levels of bAs.

Finally, as for the hygienic significance of 
bAs, the high total concentration of cadaver-
ine, tyramine, putrescine, histamine and b-phe-
nylethylamine detected in samples of both mixed 
and sheep ricotta Forte without preservatives 
could be due to the growth of lactic acid micro-
bial flora with strong decarboxylating activity 
(JOOsteN AND NOrtHOlt, 1987; HAlAsz et al., 
1994; bOver-cID and HOlzAPFel, 1999; sUz-
zI and GArDINI, 2003; AymerIcH et al., 2006) 
due to contamination during manufacturing. 
tANtIllO (2007) reported that the manufactur-
ing process of ricotta Forte hardly meets hygi-
enic standards of modern technology although 
the products showed good microbiological qual-
ity at the end of ripening having no pathogens 
and being rich enough in lactic acid bacteria and 
yeasts to have high stability and long shelf-life 
even at room temperature. However, some spe-
cies among these contaminant microorganisms 
can be responsible for bA production in several 
types of food including dairy products (sHAlA-

by, 1996; GArDINI et al., 2006). these findings 
could help to explain why much lower bA con-
centrations were detected in samples of ricot-
ta Forte with sorbic acid added. the sorbic acid 
favours lactic acid fermentation and has anti-
microbial activity especially against yeasts and 
moulds as well as some contaminant bacteria 
(strAtFOrD and ANslOW, 1998; cerUttI, 1999; 
JAy et al., 2009).

cONclUsIONs

the results concerning the bA content in sam-
ples of ricotta Forte suggest moderate use by 
subjects belonging to categories at risk, although 
the data are not alarming due to the generally 
small quantities eaten.

besides observing strict production hygiene, 
the addition of authorized preservatives would 
undoubtedly limit bA production during ripen-
ing. this would enable an indispensable compro-
mise between the pursuit of “ancient” or “tradi-
tional” tastes and food safety. Nevertheless, the 
real effect of using preservatives in this product 
must still be studied in detail, because this as-
pect was not one of the aims of the present pa-
per. It was an accidental finding, even though 
expected. Further investigations are needed to 
characterize the microbiological profile and con-
duct an in-depth study of the bacterial and fun-
gal flora (moulds and yeasts) responsible for bA 
production.  Other technological practices such 
as the inoculation of microbial cultures with re-
duced decarboxylating activity or those able to 
degrade bAs should also be investigated (bOver-
cID et al., 2001), even though the isolation and 
use of appropriate starters are probably not ap-
plicable in this product (tANtIllO, 2007).

the implementation of further studies aimed 
at improving the knowledge and increasing the 
awareness of traditional products, the develop-
ment of a suitable technology in which the pro-
duction criteria meet current health standards 
while respecting ancient traditions, and the es-
tablishment of an appropriate marketing poli-
cy, could enable this niche product to appear 
on new markets.
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AbstrAct

A simple and rapid flotation method for separating insect fragments in bran and fine bran was 
developed. A 25 g sample is properly hydrated by immersion and stirring (10 min) in hot (90°c) 
distilled water (600 mL) and then sieved (mesh sieve n. 140) under jets of cold tap water. the trap-
ping is quantitatively transferred to a Wildman trap flask, dissolved in ethanol (60%) and floated 
with light mineral oil. the material floated is paper-filtered with a buchner funnel under vacu-
um. Material obtained from three consecutive flotations and filtrations are microscopically exam-
ined and the insect fragments are counted. the new method which requires low input of facilities 
and non-toxic reagents could be useful to detect insect fragments in bran and fine bran used for 
the production of whole food or animal feed.
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INtrODUctION

cereals are an important source of food for 
humans and animals worldwide (Aisbitt et al., 
2008; Larson et al., 2008). A large number of 
insect species attack and reproduce almost con-
tinuously in stored cereals and cereal-derived 
products (Domenichini, 1997; süss and Loc-
atelli, 2001; buntin et al., 2007). Insect infes-
tation generally results in substrate contami-
nation directly through body fragments, frass 
and cuticle and indirectly by microorganism 
dissemination, heat damage and molds (Magan 
et al., 2003). As a consequence, insects are one 
of the main causes of biological contamination 
of cereal products and play an important role 
in the hygienic quality of raw materials and ce-
real products.

several techniques have been developed to 
measure insect contamination in wheat (Quinn 
et al., 1992; schatzki et al., 1993; rotundo et al., 
2000; Perez-Mendoza et al., 2003). While the use 
of bran and fine bran is increasing in the prep-
aration of a wide variety of whole foods for hu-
man consumption and animal feed (Matz, 1991; 
Leelavathi and rao, 1993; sudha et al., 2007), 
a specific method for isolating insect fragments 
in these wheat milling fractions is not current-
ly available.

the test currently used to determine the pres-
ence of insect fragments is the same method 
used to assess insect contamination in flour and 
processed cereal products. this method involves 
acid hydrolysis of a sample, followed by extract-
ing (flotation and filtration) and counting (micro-
scopically) of the insect fragments. this method 
is not very suitable for assaying bran and fine 
bran. Given that the digestion time of plant frag-
ments is very similar to that of insects, some in-
sect fragments will be digested during sample 
hydrolysis. to avoid this problem, the hydroly-
sis must be stopped before the plant fragments 
are completely digested. this leads to the float-
ing of a conspicuous amount of undigested plant 
fibre which makes it very difficult to count the 
insect fragments.

A simple flotation method was developed 
which exploits the hygroscopic nature of fibre-
rich substrates, that causes a rapid weight in-
crease through water adsorption, in contrast to 
the hydrophobic character of insect fragments, 
due to the lipid content of the cuticle layers. to 
this end, the hydration and flotation steps were 
optimised by studying various parameters such 
as the time necessary for an adequate hydration 
of the sample, the amount of material floated and 
the recovery of insect fragments from bran and 
fine bran samples to which a known number of 
insect legs had been added.

Finally, the accuracy of the method was 
evaluated by analysing the milled bran and 
fine bran fractions of wheat samples that had 
been previously contaminated with an increas-

ing number of dead adult granary weevils, Si-
tophilus granarius (L.) (coleoptera: Dryoph-
thoridae).

MAtErIALs AND MEtHODs

Insects

S. granarius were reared on whole wheat ker-
nels in cylindrical glass containers (Ø 10 x 18 
cm) covered with a fine wire screen (mesh sieve 
n. 18) and kept at 25°±2°c, 60±5% r.H. with a 
L12:D12 photoperiod. Dead adults were dried at 
120°c for 4 h and their legs were used to con-
taminate bran and fine bran samples that were 
to be analysed in order to optimize the method. 
Whole dried insects were used to contaminate 
intact wheat kernel samples that were then em-
ployed to evaluate the method.

chemicals

Denatured ethanol (purity 95%) was pur-
chased at a local market and diluted (v:v) in 
distilled water to obtain different ethanol solu-
tions (20, 40, 60, 80%). Petroleum ether (purity 
>95%, product n. 77379), light mineral oil (pu-
rity >95%, product n. M8410) and diethyl ether 
(purity > 99%, product n. 346136) were supplied 
by sigma-Aldrich (Milan, Italy).

Preparation of bran and fine bran samples

Durum wheat (Triticum durum L., var. sime-
to) samples (3 kg) were milled in a cereal mill 
(buhler AG, MLU 202 model, Uzwil, switzer-
land) to reproduce large-scale processing con-
ditions. to exclude any insect contamination, 
wheat kernels were incubated at 25°±2°c and 
60±5% r.H. for two months and sieved (mesh 
sieve n. 7) before milling.

Uninfested wheat samples (n = 8) were milled 
to obtain bran and fine bran that were to be 
used for the hydration and flotation steps. to 
test the accuracy of the method, bran and fine 
bran contaminated by insect fragments were 
prepared by adding increasing numbers of 
dried S. granarius adults (0, 9, 18, 36, 54, 72 
insects/3 kg wheat sample) to the wheat sam-
ples before milling.

Development of the method

to determine the time needed to ensure an 
adequate hydration of the bran and fine bran, 
samples (25 g) from each fraction were placed 
in individual flasks (1 L) containing hot (90°c) 
distilled water (600 mL) and kept on a heat-
ed stirring plate. For each sample, the time 
needed for the bran and fine bran to be com-
pletely settled on the bottom of the flask was 
measured.
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to establish the optimal conditions for sepa-
rating the insect fragments from the plant frag-
ments, the samples were diluted in different 
ethanol solutions (20, 40, 60 or 80%) in com-
bination with petroleum ether or light mineral 
oil used as a flotation means. samples of bran 
or fine bran to which 10 adult insect legs had 
been added were properly hydrated, transferred 
to a fine mesh stainless steel sieve (mesh sieve 
n. 140) and washed repeatedly with jets of cold 
tap water. the material retained by the sieve was 
transferred to a Wildman flask (1 L), dissolved in 
an ethanol solution and subjected to three con-
secutive flotations with petroleum ether or min-
eral oil (40 mL each time) following the proce-
dure described in the Italian Official Method of 
Filth-test (G.U., 1994).

the material that had floated to the neck of 
the flask was skimmed off and filtered through a 
disc (Ø 110 mm) of lined filter paper (schleicher 
& schuell, 0858, Dassel, Germany) in a buch-
ner funnel connected to a water vacuum pump. 
the content on the filters (n = 3 per sample) 
was checked under a stereomicroscope and the 
number of insect legs was counted. When miner-
al oil was used, the filters with the retained ma-
terials were rinsed with diethyl ether to remove 
the oil. After solvent evaporation, filters were 
dried (105°c) to a constant weight. the percent 
recovery of insect legs, after arcsin √ x transfor-
mation, and the dry weight of the floated mate-
rial in the various flotation tests were then sub-
jected to analysis of variance (ANOVA) followed 
by student t-test or Least significant Difference 
(LsD) test for the separation of means. the sPss 
(statistical Package for the social sciences) ver-
sion 10.0.7 for Windows (sPss Inc., chicago, IL) 
was used for the analyses.

Evaluation of the method

Each bran and fine bran fraction from the 
wheat kernel samples that had been contam-
inated with varying numbers of adult insects 

before milling was spread out on a flat surface 
and divided into 4 equal portions. After mixing 
and scattering the opposite quarters, small al-
iquots of test material were collected from 5 dif-
ferent points to get 4 samples (25 g each) for 
analysis. these were analysed using the opti-
mal conditions established for sample hydra-
tion and flotation; filtration and microscopic 
examination of the filters were performed ac-
cording to the Italian Official Method of Filth-
test (G.U., 1994).

A linear regression analysis was performed 
between the mean number of insect fragments 
found in the bran and fine bran samples and the 
number of insects added to the wheat samples 
before milling. the coefficient of determination 
(r2) and the significance (P) of the angular coef-
ficients of the regression lines were calculated 
(Alder and roessler, 1977).

rEsULts

Development of the method

bran and fine bran samples settled complete-
ly to the bottom of the flask within 10 min. Dis-
solving the bran samples in 60 or 80% ethanol 
solution significantly reduced the quantities of 
floating material compared with samples dis-
solved with lower alcohol concentrations using 
either petroleum ether or mineral oil (table 1). 
Using 60 or 80% ethanol, the amount of float-
ing material was significantly less in mineral oil 
compared with petroleum ether.

Fine bran samples dissolved in 60% etha-
nol had significantly less floating material than 
those dissolved in lower alcohol concentrations, 
with both petroleum ether and mineral oil. From 
60 to 80% ethanol, petroleum ether significant-
ly reduced the amount of floating material (ta-
ble 1). From 20 to 60% ethanol, the amount of 
floating material was significantly less in miner-
al oil compared with petroleum ether.

table 1 - Mean quantity (± s.D.) of material (plant fragments and insect legs) floated by petroleum ether or mineral oil in bran 
and fine bran samples (n = 5) dissolved in different percentages of ethanol solutions.

Ethanol	 	 Material	floated	(g)
(%)
	 Bran	 Fine	bran

	 Petroleum	ether	 Mineral	oil	 Petroleum	ether	 Mineral	oil

20	 3.00±1.28	a	 3.03±0.78	a	 4.21±1.80	a	 2.77±0.45	a*
40	 2.52±0.96	b	 2.41±0.19	b	 2.36±0.89	b	 1.62±0.38	b*
60	 1.72±0.51	c	 0.19±0.10	c*	 1.31±0.32	c	 0.42±0.09	c*
80	 1.32±0.25	c	 0.18±0.04	c*	 0.54±0.13	d	 0.34±0.14	c

Values	in	the	same	column	with	different	letters	are	significantly	different	at	P	=	0.05	(LSD	test).
For	a	set	substrate	and	an	ethanol	solution,	the	asterisk	indicates	significant	differences	at	P	=	0.05	(Student’s	t-test)	between	the	mean	quan-
tities	of	material	floated	by	petroleum	ether	or	mineral	oil.
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the mean percent recovery of insect legs from 
bran samples with petroleum ether flotation 
ranged from 58 to 72% and did not change sig-
nificantly with increasing ethanol concentra-
tions (table 2). Using mineral oil, the mean per-
cent recovery of insect legs at 20% ethanol (78%) 
was significantly lower than that at 60 and 80% 
ethanol (92%). With ethanol solutions from 20 
to 60%, the recovery of insect legs was signifi-
cantly higher with mineral oil than with petro-
leum ether.

the mean percent recovery of insect legs from 
fine bran samples dissolved in 60 or 80% ethanol 
was significantly higher than those obtained at 
lower ethanol concentrations when floated with 
either petroleum ether or mineral oil (table 2). At 

60 and 80% ethanol, the mean recovery of insect 
legs did not vary significantly between the two 
flotation means. Using 20 and 40% ethanol, the 
mean percent recovery of insect legs was signif-
icantly higher when mineral oil was used com-
pared to petroleum ether.

Evaluation of the method

the angular coefficients of the regression lines 
calculated between the mean number of insect 
fragments per bran or fine bran sample and the 
number of insects added to the corresponding 
wheat sample before milling were 0.05 for bran 
and 0.57 for fine bran (Fig. 1) and significant at 
the P = 0.05 and P = 0.01 levels, respectively. 

Fig. 1 - Linear regression analysis between the mean number of insect fragments in bran and fine bran samples (25 g; n = 4) 
and the number of adult insects (9, 18, 36, 54, 72) added to wheat samples before milling, coefficients of determination (r2) 
and significance (P) of the angular coefficients.

table 2 - Mean percent recovery (± s.D.) of insect legs from bran and fine bran samples (n = 5) dissolved in different percent-
ages of ethanol solutions and floated with petroleum ether or mineral oil.

Ethanol	 Insect	legs	(%)
(%)
	 Bran	 Fine	bran

	 Petroleum	ether	 Mineral	oil	 Petroleum	ether	 Mineral	oil

20	 58.00±13.04	a	 78.00±4.47	a*	 34.00±5.48	a	 70.00±7.07	a*
40	 64.00±13.42	a	 84.00±5.48	ab*	 44.00±5.48	a	 76.00±5.48	a*
60	 68.00±13.04	a	 92.00±8.37	b*	 78.00±14.83	b	 90.00±7.08	b
80	 72.00±19.24	a	 92.00±4.47	b	 88.00±4.47	b	 90.00±7.08	b

Values	in	the	same	column	with	different	letters	are	significantly	different	at	P	=	0.05	(LSD	test).
For	a	set	substrate	and	an	ethanol	solution,	the	asterisk	indicates	significant	differences	at	P	=	0.05	(Student’s	t-test)	between	the	mean	per-
cent	recovery	of	insect	legs	using	petroleum	ether	or	mineral	oil.
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the linear regression r2 values were 0.91 and 
0.99 for bran and fine bran, respectively.

cONcLUsIONs

the hydration of 25 g bran or fine bran sample 
in hot (90°c) distilled water (600 mL) and stir-
ring for 10 min, resulted in a complete settling 
on the bottom of a glass flask (1 L).

Dissolving the hydrated bran or fine bran sam-
ple in increasing concentrations of ethanol re-
sulted in a significant reduction of the floating 
material in the neck of the Wildman flask when 
either petroleum ether or mineral oil was used 
as a flotation mean.

A 60% ethanol solution was shown to ensure 
a small amount of plant fragments on the fil-
ters which allowed for easy detection and quick 
counting of the insect fragments. Mineral oil 
provided the best results both for a smaller 
amount of plant fragments floated and a larger 
number of insect legs recovered (≥ 90%). In ad-
dition, mineral oil is less volatile and less harm-
ful than petroleum ether, so its use reduces the 
health risks for operators. therefore, for a sim-
ple, accurate detection of insect fragments in 
bran and fine bran samples, a properly hydrat-
ed sample should be dissolved in a 60% etha-
nol solution followed by three consecutive flota-
tions with mineral oil.

In this study, the high coefficient of determi-
nation (r2) values and the significance (P) of the 
angular coefficient values indicate positive, sig-
nificant correlations between the insect frag-
ments found in bran and fine bran and the level 
of insect contamination in wheat. consequent-
ly, the method developed provides a suitable 
way to measure the number of insects present 
in wheat before milling. since regression analy-
sis for fine bran showed the highest r2 value and 
the lowest P value, this milling fraction is more 
suitable than the bran fraction for estimating 
the insect infestation level in cereal grains with 
a high accuracy.

the different values for the slopes of the re-
gression lines indicate that different amounts 
of insect fragments were found in bran and fine 
bran samples. this result suggests that a differ-
ent distribution of insect fragments occurs dur-
ing the milling process.

the method here developed requires very sim-
ple equipment and inexpensive, non-toxic chem-
ical reagents. therefore, it can be used in the 
whole food and animal feed processing indus-
tries to assess the insect contamination in bran 
and fine bran.
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AbstrAct

sunflower oil consumption in turkey has been increasing for the past decade due to dietary 
and health concerns. However, consumption of sunflower oil exceeds its production. Efforts have 
been made to overcome the production deficit for the last decade by importing the oil, but this 
deficit has continued to increase. the aim of this study was to explore turkish consumer behav-
iour with respect to sunflower oil consumption in the city of Erzurum. Factor and regression anal-
yses were used to determine significant factors related to sunflower oil attributes and the soci-
oeconomic and demographic characteristics of the consumers. to this end, factor and multiple 
linear regression analyses using the sPss statistical program were carried out on the data from 
a 250-household survey. the results show that consumer satisfaction with sunflower oil and its 
price play an important role in consumer buying decisions and the amount bought is related to 
sunflower oil attributes. With regard to consumer buying power and frequency, vegetable oil ex-
penditures are directly affected by the stage of the life-cycle and job position. these factors also 
play an important role in consumer buying attitudes and behaviour. these findings are also ben-
eficial to marketers, manufacturers and retailers for product design and developing new market-
ing tactics and strategies.
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INtrODUctION

Fats are usually divided into two groups: an-
imal fats and vegetable oils. consumption of 
animal fats, such as butter and edible tallow 
which are high in saturated fats has remained 
stable. In contrast, vegetable oils, such as sun-
flower, corn, soybean, olive and cottonseed oil 
which are low in saturated fats are covering an 
increasing percentage of the total fat and oil in-
take (GrIGG, 1999; bAYAr and YILMAZ, 2004; 
GOKsU, 2007).

Fats and oils improve the texture and mouth-
feel of foods and are a source of energy. If con-
sumed in the correct proportion to other foods, 
they are a primary source of energy. In addition, 
fats and oils help humans absorb fat-soluble vi-
tamins, including vitamins A, D, E and K, and 
they are necessary building blocks of cellular 
membranes. sterols found in fats and oils also 
help hormone production and regulation and the 
absorption of calcium (GrIGG, 1999; DEMIrcI 
and bOLUKbAsI, 2003; AYAZ, 2008; NsA, 2009; 
UrE, 2009).

to consume the right kind of fats or oils is 
very important for health and dietary concerns. 
sunflower oil is light in taste and appearance 
and supplies more Vitamin E than any other 
vegetable oil. In addition, it is a combination 
of monounsaturated and polyunsaturated fats 
with low saturated fat levels. therefore, con-
sumers have shown a strong preference for sun-
flower oil because about 90% of the fat found 
in sunflower oil is unsaturated, so cholester-
ol levels are lower (GrIGG, 1999; NsA, 2009). 
consumers prefer sunflower oil because of the 
taste, frying performance and health benefits. 
the vitamin E in sunflower is a required nu-
trient that functions as an antioxidant and de-
creases the risk of heart disease and cancer 
and bolsters immune function (GrIGG, 1999; 
NsA, 2009).

spurred by increased income and a 1.3% pop-
ulation growth in turkey, as well as rapidly ex-
panding food processing industries and socio-
economic changes, the overall growth in con-
sumption of sunflower oil is outpacing that of 
most other vegetable oils. While the average an-
nual consumption of sunflower oil (sunflow-
er oil production plus import minus export) in 
the world, EU and turkey increased by 2.1, 3.3 
and 6.4%, respectively, between 2000 and 2007; 
that of corn, soybean and olive oils in the world, 
EU and turkey changed as follows: 0.9, 5.4 and 
2.0%; -3.4, 8.8 and 1.8%; 4.5, -6.1 and -2.9%, 
respectively (table 1).

When sunflower oil consumption in turkey 
is compared with that in the EU and the world, 
it is clear that turkish sunflower oil consump-
tion is much higher. While sunflower oil pro-
duction and importation have been increas-
ing in the last decade, its exportation has been 
steadily decreasing. this is due to the domestic 

consumption of sunflower oil; about 50% of all 
vegetable oil consumed in turkey is sunflow-
er oil (KOLsArIcI et al., 2000; GOKsU, 2007). 
sunflower oil consumption per capita in 2000 
and 20071 was 1.6 and 1.7 kg in the World, 
5.4 and 6.7 kg in the EU, and 7 and 9.7 kg, in 
turkey, respectively (table 1). this shows that 
sunflower oil consumption per capita increased 
more in turkey than in the EU and through-
out the world. 

considering sunflower oil consumption and 
production levels in turkey, it is clear that sun-
flower oil production can not meet the national 
demand. While total consumption of sunflow-
er oil was 467,782 and 707,520 tons, in 2000 
and 2007, respectively, production in 2000 and 
2007 was 481,370 and 577,260 tons, respec-
tively (FAOstAt, 2009). these figures show 
that the sunflower oil deficit has increased 
gradually each year. to offset this deficit, the 
importation of sunflower oil has increased. this 
has also caused an important foreign curren-
cy outflow.

Given these trends, the following questions 
arise: Why do people tend to prefer more sun-
flower oil? What salient attributes of sunflow-
er oil attract consumers to purchase it? to an-
swer these questions, it is important to ana-
lyze turkish sunflower oil consumers’ attitudes. 
today consumers have more choices, so pur-
chasing decisions are more complex and many 
factors influence purchasing decisions. these 
factors can be classified as marketing-related, 
psychological and sensorial factors (tOPcU et 
al., 2009). consumer attitudes and behaviour 
in relation to the purchase of vegetable oil have 
been widely studied (NIELsEN et al., 1998; DA 
cOstA et al., 2000; MUrrAY and DELAHUNtY, 
2000; WĄDOŁOWsKA et al., 2002; ZENNEr et al., 
2003; KrYstALLIs and NEss, 2005; NEWbY et 
al., 2006; AKbAY, 2007; HADDAD et al., 2007; 
tOPcU et al., 2008, 2009; tOPcU and IsIK, 
2008; tOPcU, 2009; tOPcU and UZUNDUMLU, 
2009). these studies have shown that the most 
important factors affecting consumer decisions 
were price, quality, oil type, brand-name, nu-
tritional value, taste, freshness, health and di-
etary concerns.

consumers have limited processing capacity 
and so they can use only a certain part of the 
available information when choosing a product 
in order to reduce the complexity of selection (LA-
rOcHE et al., 2001). brand-name can make this 
process less complex since consumers believe 
that brand, price and quality are closely corre-
lated. consumers create a link between brand-
names and product attributes. If the product is 
a well-known, trusted brand-name then, with-
out further questioning of the price or quality, 
the consumer decides to purchase the product. 
the brand benefits the decision-making process 
by identifying major attributes and the quality 
image of the product which reduces the feeling 
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of risk. Moreover, the brand-name can give the 
consumer prestige in social settings, and it al-
lows them to learn and evaluate the results of 
different shopping experiences.

The aim of this study was to analyze Turk-
ish sunflower oil consumer behaviour and pur-
chasing decisions in Erzurum, Turkey. Due to 
the increasing consumer demand for sunflower 
oil and the growing competition between manu-
facturers and retailers, this study could be im-
portant for determining variations in consumer 
trends due to different sunflower oil attributes.

MATERIAL AND METHODS

The preliminary data used in this study were 
obtained from a survey conducted in Erzurum2, 
Turkey. In order to determine the sample size, 
while minimizing sample bias and representing 
the population correctly, the city centre was di-
vided into three districts: the west-side Aziziye 
district with 6,562 households, the south-side 
Palandoken district with 30,022 households, 
the nord and east-sides Yakutiye district with 
44,077 households (ANONYMOUS, 2007).

To determine the sample size for each district, 
the following formula was used (TOPCU, 2009):

 

Where:
n = sample size
Z = Z value, (1.96 for 95% confidence level)
p = percentage making a choice, (0.8 used for 
sample size needed)
c = confidence interval, (used 0.05 = ±5).

Then, based on the population of each district, 
the weighted sample size and distribution of the 
surveys for each district were determined pro-
portionally. A total of 250 surveys were distrib-
uted with 20, 93 and 137, questionnaires allo-

cated to the Aziziye, Palandoken and Yakutiye 
districts, respectively.

Each district was divided into sub-districts 
and then a face-to-face survey was conducted 
with randomly selected heads of households (ei-
ther the wife or husband) in various parts of the 
sub-districts. The survey was conducted either 
in their home or at shopping centres.

Participants in the survey were asked to re-
spond to each statement, indicating the sig-
nificance level of the sunflower oil attributes 
for them. A Likert-format 1-5 scale was used 
(where 1 refers to the least important and 5 re-
fers to the most important attribute). Of the 35 
attributes, five are related to physical attributes 
(packaging material and appearance, product 
weight (litre (L)), shelf life, ease-of-use), nine 
are related to sensory and real quality (food 
safety and hygiene, brand name, loyalty and 
individuality, health and dietary concern, nu-
trition and energy value, colour and viscosi-
ty, taste and flavour, quality), eight are relat-
ed to the sale-increasing activities (ISO regis-
tration certificate, promotion/discount, price, 
brand penetration, new design, product varie-
ty, outreach to customer, brand/retailer adver-
tisement), ten are related to individual prefer-
ences (specialized product line, trust of manu-
facturer and retailer, manufacturer experience, 
use of environment-friendly material, price-
quality relation (perceived value of food prod-
uct), product origin, natural/ecological oil, re-
tailer loyalty, consumer experience), three are 
related to social status (reference groups and 
influence of customs, roles and status). Each 
question was reduced to a single statement to 
which responses were collected using the Lik-
ert scale described above.

Demographic and socioeconomic information 
about the consumer was also gathered (gender, 
age and occupation group, education, vegetable 
oil, food and other expenditures, social influence, 
income, etc.) in the survey. These data consist 

Table 1 - Total annual vegetable oil consumption and per capita consumption*.

Oil types World EU Turkey

	 	 2000	 2005	 2006	 2007	 2000	 2005	 2006	 2007	 2000	 2005	 2006	 2007

Sunflower C	 9893	 10387	 11325	 11527	 2601	 2857	 3419	 3290	 468	 711	 927	 708
 P 1.6 1.6 1.7 1.7 5.4 5.8 7.0 6.7 7.0 10.0 12.9 9.7
Corn C	 2049	 2108	 2081	 2195	 260	 210	 212	 189	 112	 124	 140	 152
 P 0.3 0.3 0.3 0.3 0.5 0.4 0.4 0.4 1.7 1.7 2.0 2.1
Soybean C	 25249	 33557	 33506	 36143	 1947	 2507	 3112	 3310	 231	 388	 301	 119
 P 4.1 5.2 5.1 5.4 4.0 5.1 6.3 6.7 3.5 5.5 4.2 1.6
Olive C	 2645	 2707	 2877	 3064	 1790	 1821	 2138	 2043	 171	 23	 92	 132
 P 0.4 0.4 4.4 0.5 3.7 3.7 4.4 4.1 2.6 0.3 1.3 1.8

Source:	(FAOSTAT,	2009).
C:	Annual	consumption	(1,000	tons);	P:	Annual	consumption	per	capita	(kg).
*Consumption	and	per	capita	consumption	for	all	years	were	calculated	as	(production+import/export)	and	(production+import/export)/popu-
lation	from	FAOSTAT	data,	respectively.
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of string variables (i.e. gender: 1: male and 2: fe-
male; occupation: 1: businessman, 2: blue-col-
lar state worker, 3: white-collar state employee, 
4: small-scale retailer, 5: pensioner, 6: unem-
ployed, 7: housewife and 8: student education: 
1: literate, 2: elementary school, 3: high school 
and 4: college) and numeric variables (i.e. age, 
monthly vegetable oil expenditure (€/L), food and 
other expenditures) that are measured by scale 
and nominal measures.

After editing and coding, the data were first 
subjected to factor analysis to determine the 
main factors related to sunflower oil attitudes 
and the demographic and socioeconomic charac-
teristics that affect sunflower oil buying behav-
iours. regression analysis was then carried out 
to measure the effectiveness of target consum-
ers’ buying behaviour. the sPss statistical soft-
ware was used to perform these two analyses.

these techniques have been widely used in 
marketing studies that analyze food product at-
tributes (O’cONNOr et al., 2006; tOPcU, 2006; 
ENNEKING et al., 2007; HADDAD et al., 2007; 
tOPcU and IsIK, 2008; WADOLOWsKA et al., 
2008; tOPcU and UZUNDUMLU, 2009; tOPcU et 
al., 2009).

Factor analysis is a data reduction technique 
that reduces the number of variables used in 
an analysis by creating new variables (called 
factors) that combine redundancy in the data 
(sPss 15.0, 2006).

the first step in factor analysis is to deter-
mine the number of relevant factors. the factor 
analysis in this study reduced the number of 
sunflower oil attributes and consumers’ demo-
graphic and socioeconomic characteristics from 
35 to 9 and the number of factors from 16 to 5 
(total of 14 factors) having Eigen-values great-
er than 1.0. this was done by principal com-
ponent analysis3 using the varimax rotation 
method4. Factor analysis was used initially to 
identify underlying aspects that could explain 
a correlation among a set of food attributes and 
the socioeconomic and demographic attitudes 
and the associated consumption values. the 
purpose of the factor analysis was to identify 
those attributes and consumers’ demographic 
and socioeconomic characteristics that account 
for a relatively large proportion of the variance 
in the sample.

In the second step of the analysis, the data 
obtained from the factor analyses were used for 
multiple linear regression analysis. For this end, 
linear functional form and enter regression se-
lection technique were chosen to estimate the 
relationship between a dependent variable and 
the independent variables. sPss 15.0 statistical 
software program was used for both factor and 
regression analyses. the multiple linear regres-
sion model could be written as follows:

sFc = f (F1, F2, F3, F4, F5, F6, F7, F8, F9, 
F10, F11, F12, F13, F14, iå )

Dependent Variable
sFc: Monthly sunflower oil consumption (L/

month)

Independent Variables
F1 : social status
F2 : brand loyalty
F3 : Food reliability
F4 : Product freshness
F5 : Manufacturer image
F6 : retailer loyalty
F7 : satisfaction with food quality
F8 : Product price (€/L)
F9 : consumer experiences
F10 : current expenditure (€)
F11 : Family life-cycle stage
F12 : Vegetable oil expenditure (€/L)
F13 : Job position
F14 : Fixed expenditure (€)

coefficient estimates were obtained using or-
dinary least squares (OLs). Individual and group 
significance of these coefficients were tested us-
ing t and F tests, respectively. Multicollineari-
ty among variables was detected by calculat-
ing the variance-inflating factor (VIF). the pres-
ence of auto-correlation was assessed using 
the Durbin-Watson d statistic (GUJArAtI, 2005; 
sPss 15.0, 2006).

rEsULts AND DIscUssION

Kaiser Normalization (KMO) which compares 
partial correlation coefficients with observed 
ones was calculated as 0.83 for sunflower oil at-
tributes and as 0.69 for consumer demographic 
and socioeconomic characteristics, which means 
that the data sets are at a perfect level for fac-
tor analyses since the test score is greater than 
0.50 (tables 2 and 3).

the principal component analysis, using var-
imax rotation, first grouped 35 variables relat-
ed to sunflower oil attributes into nine factors 
with Eigen-values greater than 1.0. these nine 
factors explained 62.29% of the total variance. 
F1 accounted for 24.82% of the total variance 
and was dominated by attributes and customs 
of the reference group. therefore, F1 is associ-
ated with social status. F2 accounted for 8.94% 
of the total variance, and is information about 
brand and usage. Hence, F2 is more associated 
with brand loyalty. F3 reported 6.15% of the to-
tal variance, and was dominated by food safety, 
hygiene and food content. so, it could be named 
as food reliability. F4 explained 4.59% of the to-
tal variance and related to product freshness 
due to natural or ecological product with shelf-
life, taste and flavour attributes. F5, F6, F7, F8 
and F9 accounted for 4.25, 3.70, 3.54, 3.29 and 
3.02% of the total variance, respectively, on the 
other hand; and dealt with manufacturers and 
retailers attitudes, the product sensory quality 
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Table 2 - Factors and correlated variable loadings related to sunflower oil attributes.

Variables	 Factor	loadings*

	 F1	 F2	 F3	 F4	 F5	 F6	 F7	 F8	 F9

Social	status	(F1)
Reference	group	influence	 0.795	 -0.013	 0.112	 0.114	 0.005	 0.085	 0.050	 -0.078	 0.111
Roles	and	status	 0.729	 0.142	 0.048	 0.126	 -0.065	 0.210	 0.065	 0.063	 0.044
Brand	personality	 0.728	 0.269	 0.074	 -0.003	 0.276	 0.176	 -0.021	 0.013	 -0.138
Influence	of	customs	 0.582	 0.114	 0.034	 -0.160	 -0.011	 -0.127	 0.311	 0.039	 0.272

Brand	loyalty	(F2)
Product	origin	 -0.013	 0.721	 0.211	 0.031	 0.091	 0.077	 0.145	 0.076	 -0.049
Brand	penetration	 0.174	 0.612	 0.150	 0.317	 0.226	 0.108	 0.102	 -0.091	 0.187
New	design	 0.242	 0.586	 0.122	 0.150	 0.199	 0.099	 0.020	 0.104	 -0.161
Brand	name	 0.155	 0.553	 0.106	 0.117	 0.026	 0.325	 0.290	 -0.015	 0.146
Packaging	appearance	 0.238	 0.541	 -0.060	 0.062	 0.008	 0.341	 -0.055	 0.203	 0.218
Ease-of-use	 0.090	 0.508	 0.339	 0.009	 -0.111	 -0.030	 0.103	 0.192	 0.366
Brand	loyalty	 0.187	 0.507	 0.160	 -0.289	 0.203	 0.197	 0.392	 0.132	 0.128

Food	reliability	(F3)
Health	and	dietary	concern	 0.066	 0.050	 0.706	 0.200	 0.146	 -0.139	 0.069	 0.095	 -0.054
Food	safety	and	hygiene	 0.019	 0.041	 0.651	 0.107	 0.035	 0.076	 0.300	 0.028	 0.166
Nutrition	and	energy	value	 0.074	 0.242	 0.619	 0.289	 0.074	 0.218	 -0.042	 0.122	 0.011
Oil	colour	and	viscosity	 -0.056	 0.292	 0.600	 0.003	 0.167	 0.099	 0.279	 -0.060	 0.063
Packaging	material	 0.042	 0.083	 0.538	 0.058	 0.073	 0.288	 -0.066	 0.290	 0.214
Weight	 -0.101	 0.354	 0.504	 0.223	 0.273	 0.015	 -0.104	 0.139	 0.357

Product	freshness	(F4)
Natural/ecological	oil	 0.103	 0.366	 0.084	 0.738	 0.119	 0.178	 0.020	 -0.103	 -0.012
Shelf-life	 0.056	 -0.015	 0.266	 0.706	 -0.012	 -0.102	 0.282	 0.008	 -0.025
Taste	and	flavour	 0.174	 0.038	 0.227	 0.568	 0.269	 0.025	 0.049	 -0.035	 0.234
ISO	registration	certificate	 0.208	 0.261	 0.312	 0.407	 0.094	 0.273	 -0.142	 0.066	 0.045

Manufacturer	image	(F5)
Specialized	at	a	product	line	 0.097	 -0.057	 0.086	 0.174	 0.775	 0.154	 -0.095	 0.123	 0.062
Trust	to	manufacturer	 0.077	 0.140	 0.189	 0.154	 0.762	 0.047	 0.133	 0.030	 0.203
Manufacturer	experience	 0.083	 0.116	 0.217	 0.044	 0.703	 0.351	 -0.002	 0.067	 0.047

Retailer	loyalty	(F6)
Using	environment-friendly	material	 0.163	 0.235	 0.049	 0.111	 0.184	 0.691	 0.227	 0.138	 0.039
Product	variety	 0.172	 0.053	 0.325	 0.020	 0.218	 0.675	 0.111	 0.134	 -0.057
Trust	to	retailer	 -0.389	 0.333	 -0.062	 0.314	 0.473	 0.589	 0.134	 -0.018	 -0.034
Retailer	loyalty	 -0.175	 0.259	 -0.306	 0.031	 0.114	 0.547	 0.317	 0.060	 -0.052
Reach	to	customers	 0.273	 0.329	 0.009	 0.055	 0.382	 0.508	 0.118	 0.054	 -0.140
Brand/retailer	advertisement	 0.334	 0.115	 -0.186	 -0.166	 -0.248	 0.506	 -0.053	 -0.076	 0.313

Satisfaction	with	food	quality	(F7)
Quality	 0.073	 0.015	 0.290	 0.211	 0.062	 0.073	 0.679	 -0.011	 -0.024
Quality-price	relation	 -0.015	 -0.046	 -0.015	 0.270	 0.114	 0.075	 0.577	 0.496	 0.250

Product	price	(F8)
Price	 0.013	 0.073	 0.119	 -0.040	 0.070	 0.075	 0.064	 0.868	 -0.100
Promotion/discount	 0.144	 0.246	 0.180	 -0.182	 -0.052	 0.111	 -0.123	 0.587	 0.141

Consumer	experience	(F9)
Consumer	experience	 0.068	 0.014	 0.226	 0.096	 0.194	 0.060	 0.139	 0.045	 0.769

Eigen-value	 8.686	 3.130	 2.153	 1.606	 1.486	 1.293	 1.238	 1.151	 1.056
Share	of	explained	variance	(%)	 24.817	 8.944	 6.152	 4.589	 4.245	 3.696	 3.537	 3.289	 3.018
Cumulative	share	of	explained	 24.817	 33.762	 39.913	 44.502	 48.747	 52.442	 55.979	 59.268	 62.286
variance	(%)

KMO	(Kaiser-Meyer-Olkin)	Statistic	 	 	 	 	 	 	 	 	 0.831
Bartlett’s	test	of	Sphericity	 (Chi-square,	df:	595):	3555.608	(p:	0.000)

*Bold	numbers	indicate	the	largest	loading	for	each	variable.
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table 3 - Factors and correlated variable loadings related to consumer demographic and socioeconomic characteristics.

	 Factor	loadings*
Variables
 F10	 F11	 F12	 F13	 F14

Current	Expenditure	(F10)
General	food	expenditure	 0.903	 0.024	 0.099	 -0.038	 -0.045
Food	expenditure	in	markets	 0.897	 0.040	 -0.047	 0.002	 0.046
Clothing	expenditure	 0.596	 0.001	 0.410	 0.027	 0.037

Family	life-cycle	stage	(F11)
Lifestyle	 -0.009	 0.856	 0.027	 -0.094	 0.315
Marital	status	 -0.037	 0.813	 -0.005	 0.005	 0.232
Age	 0.014	 0.806	 0.082	 -0.182	 -0.026
Gender	 -0.064	 0.767	 0.101	 -0.295	 0.067

Vegetable	oil	expenditure	(F12)
Store-brand	oil	expenditure	 -0.165	 -0.091	 0.805	 -0.197	 0.085
Manufacturer-brand	expenditure	 0.165	 -0.154	 0.695	 -0.139	 0.215

Job	position	(F13)
Income	 -0.004	 -0.048	 0.117	 0.791	 0.224
Education	 -0.034	 0.114	 -0.068	 0.790	 0.020
Occupation	 0.065	 0.535	 -0.002	 0.581	 0.143

Fixed	expenditure	(F14)
Education	expenditure	 0.378	 0.073	 0.040	 0.121	 0.545
Sheltering	expenditure	 0.331	 -0.052	 -0.002	 0.368	 0.540
Health	expenditure	 0.214	 0.176	 -0.144	 0.299	 0.526
Entertainment	expenditure	 0.329	 0.100	 0.184	 0.227	 0.419

Eigen-value	 3.616 2.459 1.764 1.299 1.127
Share	of	explained	variance	(%)	 22.601 15.368 11.027 8.119 7.042
Cumulative	share	of	explained	variance	(%)	 22.601 37.969 48.996 57.115 64.157

KMO	(Kaiser-Meyer-Olkin)	Statistic	 	 	 	 	 0.690
Bartlett’s	test	of	Sphericity	 (Chi- square, df: 120): 1373.407 (p:0.000)

*Bold	numbers	indicate	the	largest	loading	for	each	variable.

and price and consumer experiences. the fac-
tors were therefore called manufacturer image, 
retailer loyalty, satisfaction with food quality, 
product price and consumer experience, respec-
tively (table 2).

For the second factor analysis based on prin-
cipal component analysis, using varimax rota-
tion, 16 variables were grouped into five fac-
tor groups related to consumers’ demographic 
and socioeconomic characteristics with Eigen-
values greater than 1.0. these five factors ex-
plained 64.16% of the total variance. F10, F11, 
F12, F13 and F14 accounted for 22.60, 15.37, 
11.03, 8.12 and 7.04% of the total variance, re-
spectively. therefore, these factors were named 
current expenditure, family life-cycle stage, veg-
etable oil expenditure, job position and fixed ex-
penditure, respectively (table 3).

the overall multicollinearity in the model was 
measured by calculating the variance inflating 
factor (VIF) (table 3). the calculated VIF values 
were between 1.006 and 1.086, indicating ac-
ceptable levels of multicollinearity since the val-
ues were between 1.00 and 2.50. the Durbin-

Watson d statistic was used to determine the au-
to-correlation. the computed d value (2.46) lies 
between du (1.92) and 4-du (1.62). therefore, in 
the regression model there is no problem relat-
ed to auto-correlation or multicollinearity (KA-
LAYcI, 2005). so, this data set could be used in 
regression analysis.

In the regression model, the regression coeffi-
cient (Adj.R2) was calculated to be 0.81. the OLs 
estimates of the model coefficients and other sta-
tistical measurements are shown in table 4. the 
F-statistic was calculated to be 75.61 (p: 0.000) 
and the null hypothesis was rejected; all coef-
ficients were equal to zero. On the other hand, 
the partial regression coefficients of F4, F7, F8, 
F10, F11, F12, F13, F14 and F3, F9 were found 
to be meaningful at the 1 and 5% significance 
levels, respectively, an addition, all regression 
coefficient signs were found to be correct and 
complied with economic theory.

two factors, the coefficients of sunflower oil 
price (F8) and fixed expenditure (F14) have neg-
ative signs (table 4). As F8 and F14 among con-
sumer expenditures increased, the amount of 
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table 4 - Multiple linear regression analysis results.

n: 250 R2: 0.82 Adj R2: 0.81 F (14,235): 75.61* dL=1.62 du=1.92 DW dh=2.46

 Multiple linear regression model Collinearity statistics Correlations
Variables	
	 Coefficients	 Std.error	 th-value	 p-value	 Tolerance	 VIF	 Zero-order	 Partial	 Part

Constant	 50.956	 1.259	 40.472	 0.000*	 -	 -	 -	 -	 -
F1	 0.003	 1.287	 0.114	 0.909	 0.921	 1.085	 0.091	 0.679	 0.088
F2	 0.025	 1.271	 0.885	 0.377	 0.967	 1.034	 0.074	 0.604	 0.072
F3	 0.052	 1.313	 2.573	 0.011**	 0.944	 1.059	 0.780	 0.795	 0.753
F4	 0.047	 1.286	 2.656	 0.010*	 0.905	 1.104	 0.107	 0.733	 0.102
F5	 0.029	 1.277	 1.032	 0.303	 0.944	 1.060	 0.043	 0.389	 0.040
F6	 0.037	 1.277	 1.297	 0.196	 0.978	 1.022	 0.058	 0.526	 0.059
F7	 0.025	 1.281	 2.882	 0.008*	 0.950	 1.053	 0.058	 0.140	 0.013
F8	 -0.012	 1.288	 -3.054	 0.003*	 0.921	 1.086	 -0.160	 0.078	 0.007
F9	 0.056	 1.283	 1.986	 0.048**	 0.992	 1.008	 0.069	 0.084	 0.008
F10	 0.003	 1.312	 3.324	 0.001*	 0.941	 1.062	 0.018	 0.020	 0.002
F11	 0.151	 1.293	 5.312	 0.000*	 0.971	 1.030	 0.017	 0.038	 0.004
F12	 0.866	 1.330	 29.552	 0.000*	 0.958	 1.044	 0.136	 0.043	 0.004
F13	 0.187	 1.293	 6.549	 0.000*	 0.994	 1.006	 0.064	 0.025	 0.002
F14	 -0.168	 1.289	 -5.904	 0.000*	 0.930	 1.075	 -0.021	 0.019	 0.002

*p<0.01
**p<0.05.

sunflower oil consumption decreased noticea-
bly. these results show that, if food prices on 
the competitive market and fixed expenditures 
among expendable income of consumers in-
crease, sunflower oil consumption decreases 
with respect to the demand. these results are 
similar to those reported in previous studies 
conducted for vegetable and olive oils (MtIMEt 
et al., 2008; tOPcU et al., 2008; tOPcU, 2009).

the other factor coefficients have positive 
signs; when their effects increased, sunflower oil 
consumption increased significantly. sunflow-
er oil attributes, consist of food reliability (F3), 
product freshness (F4), satisfaction with food 
quality (F7) and consumer experiences (F9), while 
consumers’ socioeconomic and demograph-
ic characteristics, include current expenditure 
(F10), family life-cycle stage (F11), vegetable oil 
expenditure (F12) and job position (F13). All of 
these factors affect consumer buying behaviour 
and exert an important influence on sunflower 
oil consumption (table 4).

consumer satisfaction with sunflower oil in-
cluded the attributes of food reliability and fresh-
ness, satisfaction with food quality and consum-
er experiences which were the most important 
factors in the decision to purchase it. these find-
ings are supported by previous research relat-
ed to product satisfaction (MtIMEt et al., 2008; 
tOPcU et al., 2008, 2009; tOPcU and UZUNDUM-
LU, 2009).

the results of this study also provide improved 
information about how consumer demographic 
and socioeconomic characteristics affect turk-
ish consumer attitudes toward sunflower oil. 
based on current expenditures and associated 

with job position, vegetable oil expenditures are 
significantly affected by family life-cycle stage. 
As family life-cycle stage increased and job po-
sition improved, vegetable oil consumption in-
creased (i.e. in turkey more sunflower oil has 
been consumed in the last decade than vegeta-
ble oils such as corn, soybean and olive oil) (FA-
OstAt, 2009).

In particular, sunflower oil has the highest vi-
tamin E concentration among vegetable oils. It 
is widely used for meal sector, and is consumed 
more than other vegetable oils in turkey (GOK-
sU, 2007). consumption has increased yearly 
and expenditure for sunflower oil has steadily 
increased compared with other vegetable oils. 
this increase could be due to increased die-
tary and health concerns. It is also cheaper 
than the other oils because it is the most wide-
ly produced oil in turkey. these results were 
obtained from previous research based on con-
sumer demographic and socioeconomic char-
acteristics (MtIMEt et al., 2008; tOPcU et al., 
2008, 2009; tOPcU, 2009; tOPcU and UZUN-
DUMLU, 2009).

cONcLUsION

the results of this study indicate that food reli-
ability and freshness, satisfaction with food qual-
ity and consumer experiences (consumer satis-
faction with sunflower oil and its price) play an 
important role in sunflower oil purchasing deci-
sions and consumption. considering consumer 
buying power and frequency, demographic and 
socioeconomic characteristics play an important 



246  Ital. J. Food Sci. n. 2, vol. 22 - 2010

role in consumer buying attitudes and level of 
consumption. Vegetable oil expenditures are af-
fected by life-cycle stage and job position; about 
50% of all vegetable oil consumption is sunflower 
oil. sunflower oil consumption has continuous-
ly increased in parallel with the increase of all 
the factors considered except for fixed expendi-
ture. these findings could also be beneficial for 
marketers, manufacturers and retailer for de-
signing a product and developing new market-
ing tactics and strategies.

While this study has some scientific merit for 
the academic community and food manufactur-
ing sector, it is not without some limitations. the 
results of this research have limited generaliz-
ability since the data were collected in a single 
city. If the survey was conducted on a national 
scale the larger data base would give more ob-
jective results about target consumer attitudes. 
In future studies, this model could be expanded 
to include more factors and other vegetable oils, 
and sunflower oil consumers could be divided 
into groups based on demographic and socioe-
conomic characteristics.

NOtEs

1 total annual amounts of vegetable oil consumption and 
their consumption per capita in 2007 were calculated as 
(production+import/export) and (production+import/ex-
port)/population from FAOstAt data, respectively.

2 Erzurum (39°45’N latitude and 41°15’E longitude) is lo-
cated in the north-east region of turkey and is on the silk 
road. Erzurum is one of the biggest provinces in the re-
gion with a total population; 962,000 and the city centre 
population is 402,000.

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 vari-
ance and are all uncorrelated with each other. Principal 
component analysis is used to obtain the initial factor so-
lution. It can be used when there is a single correlation 
matrix.

4 this method is an orthogonal rotation method that min-
imizes the number of variables that have high loading 
on each factor. It simplifies the interpretation of the fac-
tors.
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