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PrODUCTION OF HIGH PrOTeIN BreaD 
USING eXTrUDeD COrN 

aND SOYBeaN FLOUr BLeND

PRODUZIONE DI PANE AD ALTO CONTENUTO PROTEICO UTILIZZANDO 
UN IMPASTO ESTRUSO DI MAIS E DI SOIA
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Faculty of Food Technology and Biotechnology, University of Zagreb, 

Pierottijeva 6, 10000 Zagreb, Croatia
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AbstrAct

to obtain a high protein bread, 
wheat flour was enriched with defat-
ted soybean flour (DsF) by adding a 30 
or 40% (w/w flour) extruded blend of 
corn meal (cM) and DsF prepared in 
two ratios (w/w): 75% cM/25% DsF 
(blend 1) and 62.5% cM/37.5% DsF 
(blend 2). All bread samples had high 
protein content (>14 g/100 g dry mat-
ter), high protein digestibility in vitro 
(>93%) and a significantly improved 
amino acid composition and lysine 
score. the best nutritional value and 

riAssunto

Per ottenere un pane ad alto conte-
nuto proteico la farina di grano è sta-
ta arricchita con farina degrassata di 
soia (DsF) tramite l’aggiunta del 30 o 
40% (p/p farina) di miscela estrusa 
di mais (cM) e DsF preparata in due 
rapporti (p/p) 75% cM/25% DsF (mi-
scela 1) e 62,5% cM/37,5% DsF (mi-
scela 2). tutti i campioni di pane pre-
sentavano un alto contenuto protei-
co (>14 g/100 g di sostanza secca), le 
proteine erano altamente digeribili in 
vitro (>93%) e miglioravano significati-



124 Ital. J. Food Sci. n. 2, vol. 21 - 2009

sensory quality were obtained by add-
ing 30% of blend 2.

vamente la composizione in aminoaci-
di e il contenuto in lisina. il valore nu-
tritivo ottimale e la qualità sensoriale 
sono stati raggiunti con l’aggiunta del 
30% dell’impasto.

introDuction

cereals are a good source of nutrients 
and are a basic component of a balanced 
diet (GAtEnbY et al., 1995). cereals are 
rich in complex carbohydrates, low in 
fat, and contain a significant amount of 
proteins. in European countries, up to 
25% of the daily energy intake is provid-
ed by wheat and wheat products which 
provide up to 25 g of protein per person 
per day, i.e. about 26% of the daily pro-
tein intake (rosELL, 2003). cereal pro-
teins, however, are deficient in some es-
sential amino acids such as lysine, thre-
onine and tryptophan, but contain large 
quantities of sulphur-containing ami-
no acids (methionine and cysteine). in 
contrast, legume proteins are a relative-
ly rich source of lysine, tryptophan and 
threonine (brEssAni et al., 1990). soy-
bean is the most important legume due 
to its high protein content and relatively 
low price. the consumption of soy foods 
can have beneficial effects on nutrition 
and health, such as lowering plasma 
cholesterol, preventing cancer, diabetes 
and obesity and protecting against bowel 
and kidney diseases (sinGH et al., 2008). 
isoflavones from soybean improve bone 
strength and are potent antioxidants and 
free radical scavengers (EnDrEs, 2001). 
in 1999, the Food and Drug Administra-
tion (FDA) authorized the use of health 
claims on the labels of soy protein-con-
taining foods that say that foods con-
taining 6.5 g of soy protein per serving 
in a diet low in saturated fat and cho-

lesterol may reduce the risk of coronary 
heart disease by lowering blood choles-
terol levels. the addition of soy proteins 
to bakery products could therefore im-
prove their nutritional quality.

consumer demand for high protein 
bakery products is on the rise for vari-
ous reasons, including nutrition, health 
and weight control concerns. it is report-
ed that bread protein enrichment usu-
ally goes up to 20% although there have 
been some attempts to obtain bread with 
59% protein (MoHAMED et al., 2006). De-
fatted soy flour is the most widely used 
ingredient to obtain high protein bakery 
products (sHoGrEn et al., 1981). use of 
1-3% soy flour (dry flour basis) in bread 
increases absorption and moisture re-
tention which enhances bakery product 
freshness (sinGH et al., 2008). However, 
if a large amount of soy protein is incor-
porated in the bread, the crumb charac-
teristics are poor and loaf volume and ac-
ceptability decrease (DHinGrA and JooD, 
2001; DoXAstAKis et al., 2002; ribottA 
et al., 2005). booKWALtEr et al. (1987) 
reported that loaf volume decreased less 
in extruded soy products than in prod-
ucts made with non-extruded soy flour.

Extrusion cooking has become more 
popular in the last decades for various 
reasons including improved product 
quality, higher productivity and greater 
energy efficiency (GuY, 2001). in extru-
sion cooking cereals are usually used in 
the form of flour or meal and high tem-
peratures are applied for a short time 
which helps retain many heat-sensitive 



Ital. J. Food Sci. n. 2, vol. 21 - 2009 125

food components (GuY, 2001). During 
the extrusion of cereals, starch under-
goes partial gelatinization that results in 
improved starch digestibility (coLonnA 
et al., 1989). Extrusion cooking with soy-
bean has been used mostly to produce 
textured soy protein products. Almost 
half of the amino acids in soy protein 
have carboxyl, amino, or amide groups 
that are potentially free. these may enter 
into the formation of isopeptide bonds if 
sufficient energy is provided by the ex-
trusion process (stAnLEY, 1989). there-
fore, extrusion cooking needs to be opti-
mized so as not to decrease amino acid 
availability and to obtain the desirable 
physical properties. some of the bene-
fits of extrusion cooking with soy flour 
are: increased protein digestibility (Qin 
and KWon, 1996), inactivation of an-
tinutritional factors such as trypsin in-
hibitors, hemagglutinins, goitrogens, an-
tivitamins and phytates (snYDEr et al., 
1987), control of bitter flavour and ho-
mogeneous bonding to other food ingre-
dients (bJorcK and AsP, 1983).

the aim of the present study was to 
produce a high protein, easily digestible 
bread, with excellent sensory quality. 
since the use of soybean flour can have 
a negative impact on the sensory profile 
of bread, it was blended with corn meal 
to give it a pleasant aroma and sweet 
taste. the blend of corn meal and defat-
ted soybean flour was extruded, milled 
and then added to the wheat flour to be 
used in bread making. the nutrition-
al and sensory qualities of the enriched 
breads were evaluated.

MAtEriALs AnD MEtHoDs

All raw materials were obtained from 
a local market: wheat flour (WF; pro-
tein 13.5%, fat 0.69%, total dietary fi-
bre 0.91%, moisture 13.04%, ash 0.52%) 
“Podravka”, croatia; corn meal (cM; pro-
tein 8.1%, fat 0.46%, total dietary fibre 
0.90%, moisture 11.98%, ash 0.32%) 

“Mlinar”, croatia; defatted soybean flour 
(DsF; protein 48.6%, fat 1.52%, total di-
etary fibre 4.76%, moisture 6.54%, ash 
6.51%), “sojaprotein”, serbia.

Wheat flour rheology was determined 
according to icc standard Methods by 
amylograph (icc standard 126/1), ex-
tensograph (icc standard 114/1) and 
farinograph (icc standard 115/1). the 
gluten content of wheat flour was deter-
mined in compliance with icc standard 
106/2. For laboratory baking the im-
prover that contained 10% of amylolitic 
enzymes, monoglycerides and ascorbic 
acid (Puratos, Groot-bijgaarden, bel-
gium), compressed yeast from Kvasac 
Ltd. (Lesaffre Group, Prigorje brdovecko, 
croatia), salt and tap water was added.

corn flour and soybean flour 
blend extrusion process

the extrusion cooking of corn meal 
and the corn meal/defatted soy flour 
blend was carried out in a twin-screw 
co-rotating extruder (APV baker type 
MPF 50:15, Peterborough, uK). blends 
of corn flour and defatted soy flour were 
prepared in two different ratios: 75% 
cM/25% DsF (w/w) (blend 1) and 62.5% 
cM/37.5% DsF (blend 2). the High tem-
perature short time (Htst) extrusion 
cooking was performed with a constant 
supply of raw materials 76 kg/h, screw 
speed 370 rpm and two round dies, di-
ameter 2 mm. screw configuration was 
0.25 D spacer, 6.0 D Feed screw, 1.0 
D 4x60° Forward Paddles, 4.5 D single 
Lead screw, 2.25 D 9×90° Forward Pad-
dles and 1.0 D single Lead screw. Af-
ter cooling at ambient temperature, ex-
truded blends were ground in a vertical 
centrifugal mill (Ferkar 5, Velenje, slov-
enia) and passed through a 0.45 mm 
mesh sieve.

Laboratory bread-making

Wheat flour was used as the basic raw 
material and the extruded blends (1 or 
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2) were added in quantities of 30 or 40% 
(w/w total flour). control bread (sample 
0) was made of wheat flour plus extrud-
ed corn meal (30%, w/w). Farinograph 
water (60% in bread 0, 1 and 3; 64% in 
bread 2 and 4), yeast (2.5%), salt (1.8%) 
and the improver (1.5%) were added to 
the flour components in the mixer. the 
dough was mixed in a laboratory mixer 
(Diosna, osnabrück, Germany) at 28°c 
for 6 min at low speed and for 2 min at 
high speed. Dough was allowed to rest 
for 30 min (bulk fermentation); divided 
into 550 g loaves; rounded and placed 
in baking pans; they were then final-
ly proofed at 35°c and 80% relative hu-
midity for 50 min. breads were baked 
at 210°c for 10 min and then at 170°c 
for 15 min.

After cooling for 1 h at ambient tem-
perature, breads were weighed and the 
bread volume was determined with the 
rapeseed displacement method. Dough 
yield (Dy)% (dough mass expressed in g, 
prepared from 100 g of flour) and bread 
volume yield (by) mL/100 g (bread vol-
ume expressed in mL, obtained from 100 
g of flour) were calculated according to 
curic et al. (2002).

nutritional value

the chemical analyses of raw materi-
als, extruded products and breads were 
carried out in triplicate following the 
icc standard Methods. the following 
parameters were determined: moisture 
content (icc standard 110/1), ash con-
tent (icc standard 104/1), crude protein 
content (icc standard 105/2), fat con-
tent (icc standard 136) and crude fibre 
content (icc standard 113). the con-
version factor of nitrogen to protein was 
6.25 for all samples. the bread energy 
value was calculated. the energy values 
used for the macronutrients were: pro-
tein, 16 kJ/g; carbohydrates, 16 kJ/g 
and fat, 36 kJ/g.

Protein content, in vitro protein digest-
ibility and amino acid composition were 

determined first in the composite sam-
ples and then separately in the crumb 
and crust of the baked breads.

the amino acid composition of the 
raw materials and final products were 
determined using the AAA 400, inGos 
automatic amino acid analyzer (Prague, 
czech republic) according to csAPo et 
al. (2005). Hydrolysis of the samples was 
performed in the presence of 6M Hcl at 
110°c for 24 h under nitrogen atmos-
phere. tryptophan was determined after 
alkaline hydrolysis (csAPo et al., 2005). 
the amino acid score was calculated us-
ing the ioM/Fnb 2002 scoring pattern 
(institutE oF MEDicinE, FooD AnD 
nutrition boArD, 2002).

In vitro protein digestibility (iVPD) was 
determined with pepsin assay accord-
ing to the method of MALiWAL (1983) 
with modifications by FAGEEr et al. 
(2004). samples were digested with 2 
mg pepsin/g protein (3200-4500 iu/
mg, sigma, taufkirchen, Germany) at 
37°c for 2 h. the reaction was stopped 
by adding 10% trichloroacetic acid (tcA). 
After filtration, the nitrogen content in 
the tcA-soluble fraction was determined 
by the Kjeldahl method (icc standard 
105/2). the protein digestibility of the 
samples was calculated as a ratio of ni-
trogen content in the filtrate and that in 
the sample.

sensory analysis

the sensory properties of the baked 
breads were evaluated 1 h after baking 
by six trained panellists; the 5-point-
scale of the Deutschen-Landwirtschafts-
Gesellschaft (bib-ulmer spatz, 2006) 
was used. the points ranging from 1 to 
5 were multiplied by the significance fac-
tors for each of the relevant properties: 
shape and appearance, significance fac-
tor 1; crust and outer surface, signifi-
cance factor 2; crumb appearance and 
porosity, significance factor 4; crumb 
structure and elasticity, significance fac-
tor 4; smell and taste, significance fac-
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tor 9. to obtain the mean overall senso-
ry score, the points for each bread at-
tribute were multiplied by the factor of 
significance, and the sum was then di-
vided by 20.

statistical analysis

All measurements were made at least 
in duplicate and the results are ex-
pressed as the average values. Analysis 
of variance (AnoVA) was performed at 
the probability level of p = 0.05. the sta-
tistica 7.1 software (statsoft inc., tulsa, 
usA) was used to analyse the data.

rEsuLts AnD Discussion

Laboratory baking

the white wheat flour, containing 
28.1% wet gluten, had good rheological 
properties (table 1), provided high wa-
ter absorption, a low degree of soften-
ing, high dough energy, a good resist-
ance/extensibility ratio and low amylo-
lytic activity. Dough made of high quality 
wheat flour in combination with the corn 

table 1 - Wheat flour rheology parameters.

Rheology measurement Property Result

Farinogram Water absorption,% 60
 Development time, min 5.0
 Stability, min 0.5
 Degree of softening, FU 55

Amylogram The beginning of gelatinization, °C 52.6
 Temperature of the
 gelatinization maximum, °C 87.6
 Glue formation time, min 23.2
 Maximum viscosity, AU 1380

Extensogram Time, min 45’ 90’ 135’
 Energy, cm2 97 98 101
 Extensability, mm 143 128 132
 Resistance to extension, EU 405 460 460
 Maximum resistance, EU 515 585 610
 Ratio R/E 2.8 3.6 3.5

meal and soybean flour extruded blend 
was easy to process, did not stick to the 
equipment and fermented readily.

While the between-sample dough yield 
was not significantly different, bread 
volume yield between samples was sig-
nificantly different (p<0.001) (table 2). 
bread volume yield decreased as the 
extrusion blend content in the dough 
increased. the volume decrease was 
greatest in the bread in which the high-
est soybean flour blend (blend 2) was 
added. the significant negative corre-
lation between soybean protein addi-
tion and volume yield (r = -0.969) is in 
agreement with other studies (ribottA 
et al., 2005).

nutritional value

the amino acid composition of flours 
and extruded blends is shown in table 3. 
As expected, wheat flour and corn meal 
were deficient in three essential amino 
acids: lysine, threonine and tryptophan, 
while the DsF was not. the extrusion 
process did not influence the amino acid 
composition of the corn meal, but it in-
creased the protein digestibility signifi-
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table 2 - Dough yield, volume yield and sensory score of the breads (mean value ± standard devia-
tion).

Parameter Bread 0a Bread 1b Bread 2c Bread 3d Bread 4e

Dough yield, 174±3 170±2 171±2 170±3 171±4
g/100 g flour
Bread volume yield, 429±4* 362±2* 341±3* 336±3* 320±5*
cm3/100 g flour
Sensory score 4.0±0.1* 4.3±0.1* 4.4±0.1* 4.4±0.1* 3.7±0.1*

*significantly different at p=0.05.
aBread 0: 30% extruded corn meal (w/w wheat flour); bbread 1: 30% extruded blend 1 (75% CM/25% DSF) on 
wheat flour basis (w/w); cbread 2: 40% extruded blend 1 (75% CM/25% DSF) on wheat flour basis (w/w); dbread 3: 
30% extruded blend 2 (62.5% CM/37.5% DSF) on wheat flour basis (w/w); ebread 4: 40% extruded blend 2 (62.5% 
CM/37.5% DSF) on wheat flour basis (w/w).

Table 3 - Amino acid composition (mg/g protein), protein content and in vitro protein digestibility (iVPD) 
of wheat flour, defatted soybean flour (DsF), corn meal (cM) and extruded materials (mean value ± 
standard deviation).

Sample Wheat Defatted Native Extruded Blend 1a Blend 2b

 flour soybean corn corn
  flour meal meal

Threonine 23 ±0.15 41±0.18 32±0.17 32±0.12 37±0.11 36±0.16
Valine 41±0.21 44±0.35 42±0.19 45±0.36 45±0.27 44±0.21
Isoleucine 34±0.18 41±0.12 35±0.22 35±0.22 37±0.19 39±0.10
Leucine 64±0.26 72±0.26 123±2.35 126±1.81 97±0.94 88±0.89
Lysine 19±0.10 57±0.18 22±0.14 24±0.16 42±0.24 47±0.17
Histidine 20±0.11 25±0.15 27±0.11 26±0.20 27±0.12 26±0.16
Tryptophan 9±0.03 9±0.09 6±0.02 9±0.07 11±0.16 11±0.14
Phenylalanine 47±0.24 49±0.16 50±0.32 49±0.15 48±0.24 49±0.22
Tyrosine 26±0.17 35±0.14 29±0.16 29±0.10 29±0.14 29±0.13
Methionine 12±0.20 10±0.13 25±0.28 26±0.13 15±0.13 13±0.08
Cystine 12±0.09 12±0.10 19±0.13 22±0.15 10±0.09 10±0.07
Aspartic Acid 36±0.16 116±0.48 56±0.25 61±0.15 93±0.64 101±2.26
Serine 46±0.23 52±0.20 48±0.26 47±0.18 51±0.20 53±0.16
Glutamic Acid 351±2.16 204±1.13 204±2.49 198±2.31 206±2.01 207±2.28
Proline 127±1.01 57±0.37 99±0.73 96±0.46 78±0.42 70±0.39
Glycine 34±0.27 44±0.15 29±0.12 34±0.17 42±0.16 43±0.17
Alanine 29±0.19 44±0.21 75±0.34 77±0.14 59±0.19 54±0.16
Arginine 38±0.19 71±0.29 38±0.18 40±0.13 54±0.21 59±0.18
Total essential 
amino acids 307 395 410 423 398 392
Total amino acids 968 983 959 976 981 979
Proteins, g/100 g db 13.5±0.1 48.6±0.3 8.1±0.2 8.1±0.3 16.1±0.4 21.8±0.6
IVPD, % 89.1±1.5 95.1±1.8 67.9±1.3 82.9±1.7 93.2±2.0 95.9±1.8

aBlend 1: extruded blend of corn meal and defatted soy flour 75: 25 (w/w).
bBlend 2: extruded blend of corn meal and defatted soy flour 62.5: 37.5% (w/w).
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cantly which is in agreement with find-
ings by PÉrEZ-nAVArrEtE (2007). Ex-
trusion cooking either partially or com-
pletely inactivates trypsin and chemot-
rypsin inhibitors and other antinutrition-
al factors that form insoluble complexes 
with proteins making them less apt for 
proteolysis (ALonso et al., 1998).

cM and DsF extruded blends had high 
protein contents and improved lysine, 
tryptophan and threonine scores due to 
the soybean protein content. While the 
major difference between the blends was 
the protein content value, the amino acid 

composition and iVPD were not signifi-
cantly different.

A typical mixed corn bread contains 7% 
protein (usDA, 2006). the average pro-
tein contents, iVPD and amino acid com-
position of the composite bread samples 
are shown in table 4. total amino acid 
content per protein (mg/g) was not signif-
icantly different between bread samples. 
the breads with added soybean proteins 
had a higher total essential amino acid 
content in comparison with the standard 
bread sample. Enriched breads were only 
deficient in lysine, while standard bread 

table 4 - Amino acid composition (mg/g protein), lysine score, protein content and digestibility of the 
bread samples (mean value ± standard deviation).

Parameter Bread 0a Bread 1b Bread 2c Bread 3d Bread 4e

Threonine 22±0.17 27±0.12 29±0.18 28±0.21 30±0.24
Valine 43±0.19 41±0.23 42±0.27 41±0.24 42±0.18
Isoleucine 37±0.20 34±0.15 35±0.14 35±0.01 36±0.01
Leucine 69±0.29 74±0.17 77±0.31 73±0.01 75±0.01
Lysine 21±0.14 26±0.13 28±0.16 30±0.01 33±0.01
Histidine 21±0.16 22±0.18 23±0.16 22±0.01 23±0.01
Tryptophan 8±0.07 10±0.09 10±0.05 10±0.10 10±0.08
Phenylalanine 49±0.31 46±0.19 46±0.24 47±0.01 47±0.01
Tyrosine 19±0.11 26±0.21 27±0.18 27±0.01 27±0.01
Methionine 15±0.14 13±0.16 13±0.15 12±0.01 12±0.01
Cystine 18±0.12 11±0.07 11±0.07 11±0.09 11±0.05
Aspartic Acid 45±0.23 54±0.36 60±0.33 62±0.40 69±0.28
Serine 45±0.18 47±0.22 47±0.21 48±0.19 49±0.27
Glutamic Acid 264±2.41 297±1.92 282±2.28 287±2.57 271±2.11
Proline 111±1.01 108±1.54 103±0.98 102±1.22 95±1.14
Glycine 36±0.15 36±0.17 37±0.18 37±0.17 38±0.19
Alanine 33±0.13 38±0.24 42±0.21 38±0.25 41±0.19
Arginine 37±0.17 43±0.18 44±0.25 46±0.27 48±0.11
Total essential 322* 331* 341* 336* 345*
amino acids
Total amino acids 893* 955 956 955 957
Lysine score 0.41* 0.51* 0.55* 0.59* 0.65*
Proteins, g/100 g db 12.47*±0.41 14.52*±0.28 14.91*±0.22 16.26*±0.34 7.55*±0.29
IVPDf, % 93.9*±0.9 95.6*±0.7 94.1*±1.1 94.8*±0.8 94.6*±1.4
Energy from protein, % 15.08* 17.8* 19.4* 19.9* 21.7*

*significantly different at p=0.05.
aBread 0: 30% extruded corn meal (w/w wheat flour); bbread 1: 30% extruded blend 1 (75% CM/25% DSF) on wheat 
flour basis (w/w); cbread 2: 40% extruded blend 1 (75% CM/25% DSF) on wheat flour basis (w/w); dbread 3: 30% ex-
truded blend 2 (62.5% CM/37.5% DSF) on wheat flour basis (w/w); ebread 4: 40% extruded blend 2 (62.5% CM/37.5% 
DSF) on wheat flour basis (w/w).
fIVPD in vitro protein digestibility.
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was also deficient in threonine. there 
was a significant correlation (r = 0.982) 
between bread protein content and the 
lysine score. the iVPD between composite 
bread samples did not differ significant-
ly but the iVPD in the crust was signifi-
cantly lower than in the crumb (p<0.001) 
(Fig. 1). the iVPD of the bread crumb de-
creased as the soy protein was added, but 
not significantly. the lysine score in the 
crust was significantly lower than in the 
crumb (p<0.001) (Fig. 1); this was prob-
ably due to the presence of a free ami-
no group in the lysine that reacted with 
reducing sugars by means of Maillard 
browning reaction that occurs mainly in 
bread crust (MicHALsKA et al., 2008).

the bread energy value derived from 
proteins is shown in table 4. Daily re-
quirements for proteins and essential 
amino acids vary depending on age and 
body weight (PAnEL on MAcronutri-
Ents, 2002). the proportion of the dai-
ly protein, lysine, tryptophan and thre-
onine requirement for adult women (57 
kg) that is satisfied by the intake of the 
breads produced (100 g) is shown in Fig. 

2. According to the codex Alimentarius 
(cAc/GL 23-1997, rev 1-2004), bread 
1 could be labelled as a “source” of pro-
tein while breads 2, 3 and 4 could be la-
belled “High” protein bread because they 
contained more than 20% of the nutri-
ent reference value per 100 g.

sensory analysis

in the sensory analysis there was a 
significant difference (p = 0.00002) be-
tween bread samples, but not between 
panellists. the results of the mean over-
all sensory score with the standard devi-
ations are presented in table 2. the best 
sensory quality was found for samples 2 
and 3. While all the bread samples were 
uniformly shaped, the bread volume was 
lower in all the samples with soy pro-
tein addition compared to the control 
bread (sample 0). As the bread volume 
decreased, the crumb porosity also de-
creased. the crumbs were intense yel-
low and darker in the breads with high-
er soy protein content. they were soft 
and sufficiently moist. the crumbs were 

Fig. 1 - comparison of 
bread crumb and crust for 

lysine score (%) and in vitro 
protein digestibility (iVPD, 

%) of bread samplesa (mean 
value ± 95% confidence in-

terval).

abread 0: 30% extrud-
ed corn meal (w/w wheat 

flour); bread 1: 30% extrud-
ed blend 1 (75% cM/25% 

DsF) on wheat flour ba-
sis (w/w); bread 2: 40% 
extruded blend 1 (75% 

cM/25% DsF) on wheat 
flour basis (w/w); bread 

3: 30% extruded blend 2 
(62.5% cM/37.5% DsF) on 

wheat flour basis (w/w); 
bread 4: 40% extruded 

blend 2 (62.5% cM/37.5% 
DsF) on wheat flour basis 

(w/w).
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less elastic (by finger) in breads with 
higher soy protein content. the solubil-
ity in the mouth was excellent for all the 
breads. the smell and sweet taste that 
are typical of corn bread were strong-
ly pronounced in all the bread samples. 
there was a strong but not dominant 
beany taste in samples with the higher 
soy protein content. As the level of soy 
proteins in the bread increased, a bit-
ter taste became more noticeable in the 
crust. the beany smell diminished with-
in three hours after baking. the statisti-
cal analysis showed that an increase in 
protein content of more than 16.3% by 
adding soybean proteins had a strong 
negative influence on bread sensory 
quality (Fig. 3).

concLusion

the incorporation of 7.5-15% (w/w) 
defatted soybean flour in the form of an 
extruded blend with corn meal signifi-
cantly increased the protein content and 
improved the amino acid composition 
of bread. Protein digestibility in vitro was 

Fig. 2 - satisfaction of dietary reference intake for protein, lysine, threonine and tryptophan for adult 
women by consumption of 100 g of bread samplea (mean value ± 95% confidence interval).

abread 0: 30% extruded corn meal (w/w wheat flour); bread 1: 30% extruded blend 1 (75% cM/25% 
DsF) on wheat flour basis (w/w); bread 2: 40% extruded blend 1 (75% cM/25% DsF) on wheat flour 
basis (w/w); bread 3: 30% extruded blend 2 (62.5% cM/37.5% DsF) on wheat flour basis (w/w); bread 
4: 40% extruded blend 2 (62.5% cM/37.5% DsF) on wheat flour basis (w/w).

Fig. 3 - surface plot of bread protein content (%), 
lysine score and sensory score.

high for all the bread samples. the opti-
mal bread sensory characteristics, pro-
tein content, essential amino acid com-
position and iVPD were observed when 
30% (w/w wheat flour) extruded blend 
2 containing 37.5% of defatted soybean 
flour and 62.5% corn meal was incorpo-
rated into the dough formulation.

Sensory score

P
rotein, %

Lysine score
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the results of this research provide a 
practical guide for bread manufactur-
ers who want to produce protein-en-
riched bread. the extruded corn-soy-
bean blends are also suitable for glu-
ten-free bread protein enrichment (cu-
ric et al., 2007).
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AbstrAct

A total of 86 enterococcal isolates 
from fully ripened Graviera, a tradi-
tional hard Greek cheese made from 
thermized (60°c; 30 sec) ewe/goat 
(90:10) milk without the use of com-
mercial starters, were identified us-
ing phenotypic traits and sequencing 
of the 16s rDNA gene of representative 
strains. the antimicrobial potential of 
the isolates was also assessed. the en-

riAssuNto

utilizzando i tratti fenotipici e il se-
quenziamento del gene 16s rDNA di 
ceppi rappresentativi, sono stati iden-
tificati un totale di 86 isolati enterococ-
chici da formaggio Graviera ben sta-
gionato, un formaggio tradizionale gre-
co prodotto con latte di pecora/capra 
(90:10) termizzato (60°c; 30 sec) senza 
l’utilizzo di starter commerciali. È sta-
to inoltre valutato il potenziale antimi-
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terococci levels in the ripened cheeses 
were 7.8±0.2 log cFu/g. Enterococcus 
faecium (41 isolates) and E. durans (35 
isolates) were the most prevalent spe-
cies which share a 99% 16s rDNA ho-
mology. Five enterocin-producing (Ent+) 
E. faecium isolates inhibited in vitro 
growth of L. monocytogenes. None of the 
E. durans strains or other isolates pro-
duced enterocins. these results sug-
gest that some Ent+ E. faecium strains 
may contribute to Listeria inhibition in 
Graviera cheese during ripening. How-
ever, before these isolates can be used 
as bio-protective adjuncts, their over-
all safety must be assessed in order to 
ensure a GrAs status at the E. faecium 
strain level.

crobico degli isolati. il livello di ente-
rococchi nei formaggi stagionati era di 
7,8±0,2 log uFc/g. Le specie prevalenti 
erano l’Enterococcus faecium (41 isola-
ti) e l’E. durans (35 isolati) che mostra-
vano il 99% di omologia del gene 16s 
rDNA. cinque isolati di E. faecium pro-
ducenti enterocina (Ent+) inibivano, in 
vitro, la crescita di L. monocytogenes. 
Nessuno dei ceppi di E. durans o degli 
altri isolate produceva enterocine. tali 
risultati suggeriscono che alcuni ceppi 
di Ent+ E. faecium possono contribuire 
all’inibizione della Listeria nel formag-
gio Graviera durante la stagionatura. 
tuttavia, prima che tali isolati possa-
no essere utilizzati come aggiunte bio-
protettive, dovrebbe essere valutata la 
loro sicurezza complessiva allo scopo 
di assicurare al ceppo di E. faecium lo 
stato GrAs.

iNtroDuctioN

Enterococci are commonly associated 
with traditional cheeses of the Mediterra-
nean area. their levels range from 104 to 
106 cFu/g in cheese curds and from 105 
to 108 cFu/g in fully ripened cheeses, 
with E. faecium and E. faecalis being the 
dominant species. Enterococci may be 
predominant in ripened cheeses, such as 
Manchego, Mozzarella, cebreiro, comte 
and Domiati (as reviewed by FouLQuiE 
MorENo et al., 2006), and particularly in 
traditional hard Greek cheeses produced 
without starters from raw (ProDroMou 
et al., 2001) or pasteurized (LitoPouLou-
tZANEtAKi, 1990) milk. Enterococci are 
quite heat resistant and have a growth 
temperature range of 10° to 45°c with 
an optimum of 37°c. they can prevail in 
thermized and even pasteurized milk as 
well as during cooking of curd and ripen-
ing of hard cheese. there are still some 

safety concerns and scientific controver-
sy regarding the risks versus benefits in 
cheeses with a prevalence of enterococ-
ci (GirAFFA, 2003; FouLQuiE MorENo et 
al., 2006). research has shown that en-
terococcal strains selected on the basis 
of having desirable technological and/or 
antagonistic properties but lacking path-
ogenic traits can be used effectively and 
safely as cheese adjuncts (NuNEZ et al., 
1997; cENtENo et al., 1999; sArANti-
NoPouLos et al., 2001, 2002; GirAFFA, 
2003; FouLQuiE MorENo et al., 2003, 
2006; FrANZ et al., 2003; bEN oMAr et 
al., 2004; PiMENtEL et al., 2007).

Gravieras are among the most popu-
lar Greek cheese varieties and are tra-
ditionally produced in many regions 
of Greece. three varieties of Graviera 
have PDo status; two are produced and 
named after the islands of crete (Kri-
ti) and Naxos and the third is produced 
in the mountain area of Agrafa (ANoNY-
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Mous, 2004). in general, Gravieras are 
hard cheeses with a non-edible, whitish 
to yellowish rind, which is visibly free 
from surface flora due to brining (2-5 
days in 18-20 be brine) after mould-
ing, followed by dry salting during rip-
ening and brine washing prior to pack-
aging and distribution. the cheese core 
should have symmetric, well-developed, 
evenly distributed “shiny” eyes with no 
holes or cracks. the cheese should have 
a pleasant, mild sweet taste and rich 
aroma. Graviera cheeses are produced 
from ewe milk only, or ewe milk mixed 
with 10-30% goat milk depending on 
the type of cheese, with the exception of 
PDo Graviera Naxos cheese which is pro-
duced from cow milk. the milk is proc-
essed raw, pasteurized, or thermized. 
Graviera cheeses have a maximum wa-
ter content of 38-40% and a minimum fat 
content in dry matter of 40%. the addi-
tion of rennet, enzymes, edible sea salt, 
calcium chloride (max 20 g/100 kg) and 
lactic acid bacteria (LAb) starters in the 
milk is allowed, but the use of condensed 
milk, milk powder, milk proteins, casein 
salts, colourings, and preservatives is 
prohibited. to enhance whey loss during 
cheese-making, milk curdling is initiat-
ed at 32°-36°c, the curd is then cut into 
cubes and “cooked” at 48°-52°c before 
moulding. cheeses are pressed, drained, 
brined, and ripened at 12°-18°c and 85-
95% rH for at least 3 months before con-
sumption (ANoNYMous, 2004).

Graviera cheeses are the finest type 
of traditional hard Greek cheeses. they 
are very popular and of notable econom-
ic importance. research data on their 
microbiology however are scarce. the few 
studies found in the literature describe 
the microbial composition of the Kritis 
Graviera PDo cheese (KANDArAKis et al., 
1998; MoAtsou et al., 2004). studies 
have recently been undertaken to eval-
uate and potentially improve the micro-
biological quality, safety, ecology and tra-
ditional ripening programs of Graviera 
cheese. A preliminary survey (sAMELis, 

unpublished data) revealed the occur-
rence of high (107-108 cFu/g) enterococ-
cal populations in naturally fermented 
and ripened Graviera cheeses that were 
ready for retail distribution. the purpose 
of the present study was to taxonomical-
ly characterise the enterococcal microbi-
ota isolated from these cheeses, and to 
assess their bio-preservation potential 
by screening for and evaluating the en-
terococcal strains that show in vitro an-
tibacterial activities.

MAtEriALs AND MEtHoDs

bacterial strains 
and culture conditions

the enterococcal strains used in this 
study were isolated from four batches 
of fully-ripened (90-day-old) Graviera 
cheese produced in a local dairy plant 
(Pappas bros., Filippiada, Epirus) spe-
cialised in the production of tradition-
al hard cheeses. All batches were man-
ufactured from thermized (60°c; 30 sec) 
ewe/goat (90:10) milk without the use of 
commercial starters. their natural lactic 
acid bacteria (LAb) flora was first enu-
merated; the methods and media de-
scribed by boNtiNis et al. (2008) were 
used to enumerate the total viable mes-
ophilic or thermophilic LAb populations, 
including enterococci. unless otherwise 
stated, all media and reagents were pur-
chased from Merck (Darmstadt, Ger-
many). For each cheese, all of the colo-
nies derived from one plate of the high-
est sample dilution on the LAb-selec-
tive agar media were sub-cultured in 10 
mL Mrs broth at 30° or 37°c, and then 
streaked on kanamycin aesculin azide 
(KAA) agar to detect which of the isolates 
were presumptive enterococci. these iso-
lates were then checked for purity by 
streaking on both KAA and Mrs agar 
plates, and maintained in Mrs broth 
with 20% glycerol at -30°c until further 
testing. before experimental use, each 
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isolate was grown twice in Mrs broth at 
37°c for 24 h.

biochemical identification 
of enterococcal isolates

isolates were first checked to deter-
mine those that were Gram-positive, 
catalase-negative cocci; these were then 
subjected to additional tests as reported 
in table 1. All tests were done in dupli-
cate for each isolate, according to sAME-
Lis et al. (1994a) and sAMELis and KA-
Kouri (2007). Assigning the enterococ-
cal isolates to their respective species 

was based on the criteria of FAcKLAM 
and coLLiNs (1989), particularly the key 
sugar fermentation reactions that dif-
ferentiate E. faecalis, E. faecium, E. du-
rans and E. hirae (FAcKLAM and ELLi-
ott, 1995).

sDs-PAGE of whole cell proteins

in order to facilitate the phenotyp-
ic differentiation of the most prevalent 
enterococcal isolates assigned to the E. 
faecium genomic group (see results), 
ten representative isolates of the differ-
ent phenotypic groups were subjected to 

table 1 - biochemical identification of the species based on sugar fermentation patterns and distribu-
tion of 86 Enterococcusa isolates from four batches of fully-ripened Graviera cheese.

Group 1 2 3 4
No. isolates 41 35 6 4

Fermentation of:
L- Arabinose + - - -
Cellobiose + + + +
Galactose + + + +
Lactose + + + +
Maltose + + + +
Mannitol + - + +
Melibiose 37/41 19/35 5/6 -
Raffinose (8/41) - - -
Ribose + + + +
Sorbitol 18/41 - + -
Sucrose 25/41 2/35 + -
Trehalose 38/41 17/35 + -
Xylose - - - -

Biochemical E. faecium E. durans E. faecalis Atypical E. durans
identification

Distribution
in cheese
Batch 1 9 16 0 0
Batch 2 8 13 0 2
Batch 3 12 2 3 2
Batch 4 12 4 3 0

Symbols: +, all isolates were positive; -, all isolates were negative; 37/41, 37 out of the 41 isolates were posi-
tive; ( ), weak/delayed reaction.
aAll isolates were Gram-positive, catalase-negative cocci which showed good growth on kanamycin aesculin azide 
(KAA) agar, did not produce gas from glucose, and were positive to the following tests: ammonia production from 
arginine, growth at 15° and 45°C, growth in 4 and 6.5% salt, growth at pH 9.6, growth with strong reduction of 0.1% 
methylene blue milk, survival at 60°C for 30 min.
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sDs-PAGE of whole cell proteins, as de-
scribed by sAMELis et al. (1995). the iso-
lates were selected randomly according 
to the total number of isolates in each 
phenotypic group of E. faecium or its re-
lated phylogenetic species (table 1). Five 
isolates (KE61, KE67, KE86, KE112 and 
KE120) made up group 1, four isolates 
(KE66, KE91, KE94 and KE110) made 
up group 2 and one isolate (KE98) made 
up group 4. cell-free extracts were pre-
pared by mixing 0.8 mL of concentrat-
ed (100-fold) cell suspensions of each 
strain washed in 0.9% saline with 1.5 
mL zirconium beads (0.15 mm) and 0.4 
mL tris Hcl buffer (pH 8.0). the mixture 
was then beaten in a Minibead-beater 
(tM biospec Products, bartlesville, okla-
homa, usA). the cell debris suspension 
was centrifuged (12,000 g, 12 min at 
4°c), and 20 µL portions of the super-
natant fluid were loaded on the gels. Af-
ter gel de-staining, the profiles of the ten 
isolates were compared macroscopical-
ly to detect the main differences in the 
protein bands.

Molecular identification 
of enterococcal isolates

three of the representative isolates, 
KE98, KE110 and KE112, each repre-
senting one phenotypic group within the 
E. faecium genomic group of species in 
table 1 (see results), were subjected to 
16s rDNA gene sequencing to validate 
their biochemical identification. the iso-
lates were grown in Mrs broth at 37°c 
for 3 h, the cells were then collected by 
centrifugation (6,000 g, 15 min at 25°c). 
cellular DNA was extracted according to 
JGi protocol using ctAb and then pu-
rified (PosPiEcH and NEuMANN, 1995). 
Mixtures of the cellular DNA extracts, taq 
polymerase (4u/µL, Finnzymes), Primer 
16sF (5’- AAG GAG GtG Atc cAG cc-3’, 
tm=46.2) 10 pmol, Primer 16sr (5’- AGA 
Gtt tGA tcc tGG ctc AG-3’, tm=48.3) 
10 pmol (stAcKENbrANDt and LiEsAcK, 
1993), dNtPs 10 mM, Mgcl2 50 mM and 

buffer 10X were prepared and subjected 
to thermal cycling. the thermal cycling 
program was as follows: 5 min denatur-
ating at 95°c, 29 cycles of 1 min at 95°c, 
3 min annealing at 60°c, 3 min at 72°c 
with a final extension of 10 min at 72°c, 
and cooling at 4°c. Nucleospin Extract 
ii protocol was used to purify the Pcr 
products, which were sequenced (Mac-
rogen, seoul, Korea). the isolates were 
compared with other aligned sequenc-
es and a phylogenetic identification tree 
was constructed using MEGA 3.1 soft-
ware (KuMAr et al., 2004).

Assessment of antibacterial activity

Enterococcal isolates were screened 
for antilisterial activity by a well diffu-
sion assay (sAMELis et al., 1994b) that 
was slightly modified as follows: all iso-
lates were grown in Mrs broth at 30°c; 
all indicator strains (table 2) were grown 
in brain Heart infusion (bHi) broth (LAb 
M, bury, Lancashire, uK) at 30°c for 18-
22 h; tsAYE plates inoculated (0.2% v/v) 
with each of the indicator strains were 
used for the assay; on each plate the 
6-mm diameter wells were filled with 50-
60 µL of filter-sterilised Mrs culture su-
pernatants of each isolate. initially, all 
isolates were tested against two indicator 
strains of Listeria monocytogenes, scott 
A and N-7143. only the isolates which 
gave Mrs culture filtrates that retained 
antilisterial activity after their pH ad-
justment to 6.0-6.5 were further tested 
against the additional Listeria spp. and 
S. aureus indicator strains (table 2).

bacteriocin detection and activity

to ensure that the observed inhibition 
zones around the wells were due to pro-
teinaceous compounds, such as bacte-
riocins, active pH-adjusted culture fil-
trates of the inhibitory isolates were 
treated with (i) 300 units/mL catalase 
(Fluka, sigma Aldrich chemie GmbH, 
steinheim, Germany) to eliminate a po-
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tential inhibitory effect of hydrogen per-
oxide, (ii) proteinase K from Tritirachium 
album (sigma, sigma Aldrich chemie 
GmbH, steinheim, Germany), (iii) α-
chymotrypsin, type ii from bovine pan-
creas (sigma), (iv) trypsin from porcine 
pancreas (sigma), and (v) lipase from 
Candida rugosa (sigma), each at a fi-
nal concentration of 1 mg/mL. samples 
with and without added enzymes were 
filter-sterilised and incubated at 37°c 
for 3 and 24 h; residual inhibitory ac-
tivity was determined by well diffusion 
assay against L. monocytogenes N-7143, 
which was shown to be the most sensi-
tive indicator strain.

bacteriocin excretion and activity were 
further evaluated in broth challenge ex-
periments. Each of the most active en-
terococcal isolates was co-inoculated in 
50 mL of Mrs broth with a cocktail of L. 
monocytogenes strains, both at a level of 

table 2 - Antimicrobial activity of the pH-adjusted culture filtrates of selected Enterococcus faecium 
isolates from Graviera cheese as evaluated against Listeria spp. and Staphylococcus aureus strains by 
well diffusion assays.

Indicatorsa Producersb

 KE64 KE82 KE118 K295

L. monocytogenes Scott A (clinical isolate, serotype 4b) + (6.9) + (7.5) + (7.5) + (7.1)
L. monocytogenes N-7143 (meat isolate, serotype 3a) + (7.3) + (8.0) + (7.3) + (7.5)
L. monocytogenes N-7144 (meat isolate, serotype 1/2b) + (3.3) + (4.0) + (3.5) + (3.8)
L. monocytogenes N-7155 (meat isolate, serotype 1/2b) + (7.3) + (7.8) + (7.8) + (7.0)
L. monocytogenes No. 10 (non-virulent meat isolate, serotype 4ab) + (7.0) + (7.5) + (6.8) + (6.5)
L. monocytogenes ISS G79 (soft cheese isolate, serotype 1/2b) + (5.0) + (6.0) + (6.0) + (5.5)
L. monocytogenes ISS G185 (blue cheese isolate, serotype 1/2a) + (5.5) + (6.3) + (6.0) + (6.3)
L. monocytogenes WSLC 1294 (goat cheese isolate, serotype 3b) + (5.0) + (6.3) + (6.0) + (6.3)
L. monocytogenes WSLC 1482 (soft cheese isolate, serotype 1/2b) + (5.0) + (5.8) + (5.8) + (5.8)
L. innocua LMG 11387 + (6.8) + (7.0) + (6.8) + (6.8)
S. aureus ISS 465 (clinical isolate, enterotoxin type A) - - - -
S. aureus ISS 464 (cow cheese isolate, enterotoxin type A) - - - -
S. aureus ISS 23 (sheep milk isolate, enterotoxin type C) - - - -

aL. monocytogenes strain Scott A and strains of meat origin were obtained from Colorado State University, USA (Dr. 
John N. Sofos); L. monocytogenes strains ISS G79 and ISS G185 and S. aureus strains were kindly provided by Dr. 
Paolo Aureli (Instituto Superiore di Sanita, Rome, Italy); L. monocytogenes strains WSLC 1294 and WSLC 1482 were 
kindly provided by Dr. Klaus Neuhaus (Technical University of Munchen, Germany).
bPresence (+) or absence (-) of zones of inhibition; numbers in parentheses correspond to the width of the inhibition 
zones (when observed) in mm, which represents the radius of inhibition calculated as follows: diameter of the total 
zone minus the diameter of the well divided by 2.

ca. 5 log cFu/mL. two different cock-
tails were challenged against each ac-
tive isolate in separate flasks. one was 
a 5-strain cocktail consisting of the four 
meat strains plus the clinical strain scott 
A, and the other was a 4-strain cocktail 
consisting of the dairy strains (table 
2). Flasks inoculated with the cocktails 
only, or inoculated with the cocktails 
and the non-bacteriocin-producing en-
terococcal isolates showing high pheno-
typic similarity with the bacteriocin-pro-
ducing isolates being tested, served as 
controls. Flasks were incubated at 30°c 
and sampled at 0, 8 and 24 h post-inoc-
ulation. Populations of Listeria monocy-
togenes were enumerated on Agar Liste-
ria ottaviani Agosti (ALoA) (AEs Labora-
tories, bruz, France), incubated at 37°c 
for 24-48 h, while the enterococci were 
enumerated on KAA agar. In situ bacteri-
ocin excretion was detected at 8 and 24 
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h by well assay testing of pH-adjusted 
filtrates against L. monocytogenes scott 
A and N-7143.

challenge experiments were carried 
out in duplicate for each isolate against 
each of the cocktails. Microbial counts 
were converted to log cFu/mL and sub-
jected to analysis of variance (sPss for 
Windows, version 15.0; Microsoft; chi-
cago, iL, usA; 2007). Means and stand-
ard deviations were calculated, and the 
mean significant differences were deter-
mined at the P<0.05 level.

rEsuLts AND DiscussioN

the mean population value of ente-
rococci, selectively enumerated on KAA 
agar, in the four batches of Graviera 
cheese was 7.8±0.2 log cFu/g, while 
the corresponding mean population val-
ue of the total mesophilic bacteria (tVc), 
enumerated on cAso agar, was 8.7±0.3 
log cFu/g. Population values of mes-
ophilic lactic acid bacteria (LAb) (Mrs 
agar; 30°c), thermophilic LAb (Mrs 
agar; 45°c), mesophilic cocci (M-17 agar; 
22°c) and thermophilic cocci (M-17 agar; 
42°c) were 8.5±0.3, 8.0±0.3, 8.1±0.1 and 
7.8±0.3 log cFu/g, respectively. the ente-
rococci comprised a significant part of the 
LAb populations in the ripened cheeses, 
considering that the LAb species selec-
tivity of the Mrs and M-17 agars is low, 
and that the populations on KAA agar 
were similar to those on the above me-
dia, especially when incubated at 42° or 
45°c. the pH of the fully ripened Gravi-
era cheese samples was 5.6±0.2.

A total of 86 Gram-positive, catalase-
negative coccoid isolates from the Mrs, 
M-17 and KAA plates of the highest sam-
ple dilution showed abundant growth on 
KAA agar, and had the main phenotypic 
characteristics of Enterococcus (footnot-
ed in table 1). these isolates were col-
lected from all four Graviera batches: 25 
from batch 1, 23 from batch 2, 19 from 
batch 3, and 19 from batch 4. they were 

also collected from all LAb enumeration 
media. All of the isolates from the Mrs 
agar plates at 45°c, most isolates from 
M-17 plates at 42°c, and some isolates 
from Mrs at 30°c and M-17 at 22°c 
were assigned to Enterococcus togeth-
er with all of the isolates from the KAA 
agar. the 86 enterococcal isolates were 
then grouped on the basis of their sugar 
fermentation patterns (table 1). based 
on their reactions with four key sugars 
(arabinose, mannitol, sorbitol and raffi-
nose) (FAcKLAM and ELLiott, 1995), four 
groups were formed, three of which were 
clearly assigned to known enterococcal 
species. the majority of the isolates (41) 
were identified as E. faecium (group 1: 
arabinose +; mannitol +, sorbitol- and 
raffinose-variable) followed by E. durans 
in group 2 (35 isolates) (negative with all 
four key sugars), and E. faecalis in group 
3 (6 isolates) (arabinose -, mannitol +, 
sorbitol +, raffinose -). identification of 
the isolates of group 4 was doubtful (ar-
abinose -, mannitol +, sorbitol -, raffino-
se -, sucrose -); they were intermediate 
to the other three groups. FAcKLAM and 
coLLiNs (1989) reported a few atypical 
mannitol-positive strains in the Entero-
coccus Group iii which included E. du-
rans, E. hirae and asaccharolytic vari-
ants of E. faecalis. the group 4 isolates 
did not ferment raffinose and sucrose, 
and thus, were not E. hirae. they were 
considered to be atypical E. durans iso-
lates that require molecular identifica-
tion. in general, it is difficult to differ-
entiate between the Enterococcus spp. 
using only phenotypic criteria because 
sugar fermentation patterns and other 
biochemical traits include many variable 
reactions. so strains in phenotypic ente-
rococcal groups are often intermixed and 
are not always in accord with their Pcr-
based genotypic identification (FrANZ et 
al., 2003, VELAsco et al., 2004). Vari-
able reactions even occur within intra-
species genomic groups, such as E. fae-
cium (VANcANNEYt et al., 2002).

the 16s rrNA gene sequencing anal-
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ysis is one of the most powerful tools for 
determining the phylogenetic relation-
ship of LAb species, including enterococ-
ci (FrANZ et al., 2003; FouLQuiE MorENo 
et al., 2006), and thus, it is often used 
in cheese ecology studies (MorEA et al., 
1998; rANDAZZo et al., 2002; FortiNA 
et al., 2003; DoLci et al., 2008). based 
on 16s rrNA data, enterococci are divid-
ed into 8 groups, with E. faecium and E. 
faecalis being the most abundant spe-
cies in two of the groups, which are well 
separated on the 16s rrNA-based phyl-
ogenetic tree (FrANZ et al., 2003). E. du-
rans belongs to the genomic group of E. 
faecium together with E. hirae, E. mundtii 
and a few other species, and thus, the 16s 
rrNA gene sequence similarity between E. 
faecium and E. durans can be as high as 
99%. oftentimes these closely related LAb 
species can not be further distinguished 
by other identification tools, such as the 

sDs-PAGE of whole-cell protein profiles 
(PirAiNo et al., 2006). since most (93%) 
of the Graviera cheese isolates were phe-
notypically assigned to the E. faecium/
durans genomic group, the sDs-PAGE 
and 16s rrNA gene sequencing analyses 
were applied to random representatives 
of groups 1, 2 and 4 (table 1). the whole-
cell protein profiles of the representative 
E. faecium (group 1) isolates (KE61, KE67, 
KE86, KE112 and KE120), E. durans 
(group 2) isolates (KE66, KE91, KE94 and 
KE110) and the atypical E. durans KE98 
(group 4) isolate were very similar; there 
were only slight differences in the loca-
tion of their cell protein bands (data not 
shown). Next it was confirmed that the 
representative isolates KE112 (group 1) 
and KE110 (group 2) were highly related, 
and share a 99% 16s rrNA homology with 
E. durans and E. faecium reference strains 
(Fig. 1). in addition, the atypical isolate 

Fig. 1 - 16s rrNA-based tree showing the relationship of Enterococcus isolates KE98, KE110 and KE112 
from Graviera cheese with reference strains of Enterococcus spp. that are commonly associated with 
dairy foods. Numbers show the percentage sequence similarities of the different species on the branch-
es. the scale bar indicates the number of substitutions per nucleotide position. Lactococcus lactis sub-
sp. lactis cicc6034 was used as an out-group reference strain.



Ital. J. Food Sci. n. 2, vol. 21 - 2009 143

KE98 was clearly distant from E. faeca-
lis, but clustered close to the E. durans 
reference strain (Fig. 1). thus, the atypi-
cal mannitol-positive isolates of group 4 
belong to the E. faecium group, probably 
E. durans, in accord with their sugar pat-
tern-based identification (table 1). Given 
the high 16s rrNA similarity of these two 
species, the sugar fermentation patterns 
were more valuable than sDs-PAGE pro-
files for distinguishing the E. faecium iso-
lates from those of E. durans in Graviera 
cheese. Additional rAPD-Pcr, AFLP and 
PFGE analyses (DE ANGELis et al., 2001; 
MoscHEtti et al., 2001; VANcANNEYt et 
al., 2002) are needed to differentiate the 
enterococci strains in Graviera cheese at 
the species level and below.

the distribution of the enterococcal 
isolates in each of the fully ripened Gra-
viera batches is shown (table 1). isolates 
belonging to the two prevalent species, 
E. faecium and E. durans, were isolat-
ed from all four batches; E. durans pre-
vailed in batches 1 and 2, whereas E. 
faecium was more prevalent in batches 
3 and 4. interestingly, E. faecalis was 
not prevalent in any of the batches, and 
was not even isolated in batches 1 and 
2 (table 1).

With regard to antilisterial activity, 
five promising enterococcal isolates were 
detected by screening: KE64, KE67 and 
KE82 from batch 1, KE118 from batch 2 
and K295 from batch 3. All five isolates 
belonged to E. faecium (group 1) (table 
1). since isolates KE64 and KE67 came 
from the same batch and had identical 
phenotypic profiles, they were consid-
ered replicates of potentially the same 
strain. thus, only isolate KE64 was stud-
ied further. All L. monocytogenes indi-
cator strains, as well as L. innocua LMG 
11387, were inhibited by the pH-adjust-
ed culture filtrates of the four E. faecium 
isolates, with strain N-7144 being the 
most resistant. in contrast, none of the 
S. aureus indicator strains were inhibit-
ed by any of the four isolates (table 2). 
While activity against L. monocytogenes 

N-7143 was maintained when pH-adjust-
ed culture filtrates of all the selected iso-
lates were treated with lipase or catalase, 
all activity was lost after treatment with 
proteinase K, trypsin, or α-chymotrypsin 
at 37°c for 3 or 24 h. thus, the antiiste-
rial activity of E. faecium isolates is not 
due to acid, but is attributable to pro-
teinaceous compounds, probably entero-
coccal bacteriocins, known as enterocins 
(FouLQuiE MorENo et al., 2006). con-
versely, no E. durans (groups 2 and 3) 
or E. faecalis (group 4) isolates demon-
strated any antilisterial potential in the 
well diffusion assays.

the four enterocin-producing (Ent+) 
E. faecium isolates showed antiliste-
rial activity in broth challenge exper-
iments against two different cocktails 
of L. monocytogenes strains (table 3). 
All of the Ent+ isolates (KE64, KE82, 
KE118 and K295) exerted a strong lis-
teriostatic effect (P>0.05). As a result, 
the in vitro growth in Mrs broth of ei-
ther cocktail of L. monocytogenes was 
inhibited (P<0.05) in the presence of all 
of the Ent+ isolates in contrast to the 
prolific growth of the pathogen in their 
absence. on the other hand, E. fae-
cium KE85, an enterocin-negative (Ent-

) co-isolate of the Ent+ strain KE82, did 
not prevent L. monocytogenes growth, 
but caused a much slower, restricted 
growth (P<0.05) compared to the pure 
control (LM1 and LM2) cultures of the 
pathogen (table 3). When cell-free, pH-
adjusted supernatants of all the above 
cultures were tested for antilisterial ac-
tivity by well-assay, inhibition zones 
were always detected in the cultures in 
which L. monocytogenes was co-inocu-
lated with the Ent+ E. faecium isolates. 
in contrast, inhibition zones were not 
observed in the pure cultures or in cul-
tures in which the pathogen was mixed 
with isolate KE85. the inhibition zones 
were usually smaller at 8 than at 24 h 
(data not shown). these results indicat-
ed that in situ enterocin was secreted in 
amounts that were sufficient to cause 
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inhibition already at 8 h and increased 
after 24 h of incubation.

Enterocin production is common and 
is one of the most important functions 
of enterococci in cheese (GirAFFA, 2003). 
interestingly, the vast majority of known 
enterocins are produced by either E. fae-
cium or E. faecalis strains. there have 
been sporadic reports on enterocin pro-
duction by other species, such as E. mun-
dtii (reviewed by FouLQuiE MorENo et 
al., 2006) and more recently E. durans 
(bAtDorJ et al., 2006). consistent with 
this natural enterococcal trend, only 
Ent+ E. faecium and no Ent+ E. durans 
were isolated during this study although 
the latter species was present in all of the 
Graviera batches and was the prevalent 
species in batches 1 and 2.

Given that all four Ent+ E. faecium 
Graviera isolates were active against Lis-

table 3 - In vitro growth inhibition of the populations (log cFu/mL) of two different cocktails (LM1 and 
LM2)a of Listeria monocytogenes strains by enterocin-producing (Ent+) Enterococcus faecium isolates 
from fully ripened Graviera cheese when in co-culture in Mrs broth at 30°c.

 Listeria E. faecium  Incubation time (h)
 monocytogenes isolate
 cocktail in co-culture 0 8 24

 LM1 None 5.45 (0.01) Ca 6.71 (0.05) Bb 9.34 (0.01) Ac
 LM1 KE85 Ent- b 5.52 (0.06) Ba 6.60 (0.01) Ab 6.91 (0.11) Ab
 LM1 KE64 Ent+ 5.48 (0.03) Aa 5.22 (0.09) Aa 5.14 (0.25) Aa
 LM1 KE82 Ent+ 5.45 (0.10) Aa 5.32 (0.11) Aa 5.15 (0.13) Aa
 LM1 KE118 Ent+ 5.40 (0.06) Aa 5.20 (0.16) Aa 5.35 (0.06) Aa
 LM1 K295 Ent+ 5.43 (0.02) Aa 5.22 (0.01) Aa 5.30 (0.01) Aa

 LM2 None 5.35 (0.06) Ca 7.12 (0.06) Bb 9.11 (0.01) Ac
 LM2 KE85 Ent-b 5.47 (0.03) Ba 6.87 (0.18) Ab 6.64 (0.05) Ab
 LM2 KE64 Ent+ 5.33 (0.19) Aa 5.21 (0.56) Aa 5.09 (0.10) Aa
 LM2 KE82 Ent+ 5.41 (0.05) Aa 5.41 (0.64) Aa 5.14 (0.24) Aa
 LM2 KE118 Ent+ 5.37 (0.11) Aa 5.32 (0.71) Aa 5.34 (0.46) Aa
 LM2 K295 Ent+ 5.27 (0.14) Aa 5.38 (0.66) Aa 5.32 (0.45) Aa

Values (log CFU/mL) are the means of duplicate experiments; SD values are in brackets.
Means in the same row bearing different capital letters are significantly different (P<0.05).
Means in the same column bearing different lowercase letters are significantly different (P<0.05).
aLM1 was a 5-strain cocktail consisting of four meat strains (N-7143, N-7144, N-7155, No10) plus the clinical strain 
Scott A; LM2 was a 4-strain cocktail consisting of the dairy strains ISS G79, ISS G185, WSLC 1294 and WSLC 1482; 
strains origin and serotypes are given in Table 2.
bKE85 was an enterocin-negative (Ent-) E. faecium isolate that originated from the same Graviera cheese sample 
and shared a high phenotypic similarity with the Ent+ E. faecium KE82 isolate.

teria spp. (tables 2 and 3), but inactive 
against S. aureus (table 3), and that their 
pH-independent activity was suppressed 
by α-chymotrypsin and proteinase K but 
not by lipase, they may produce class 
iia enterocins (FouLQuiE MorENo et al., 
2006). the class iia antilisterial enteroc-
ins, also known as pediocin-like ente-
rocins, such as enterocin A (AYMEricH 
et al., 1996), are the most common in E. 
faecium of dairy origin (DE VuYst et al., 
2003; bEN oMAr et al., 2004). Addition-
al studies are in progress to characterise 
the enterocin gene/s of the Ent+ E. fae-
cium isolated from Graviera cheese.

the prevalence of enterococci, espe-
cially E. faecium, in fully ripened Gravi-
era cheese was in agreement with previ-
ous data on the overall ecology of cheese 
(sArANtiNoPouLos et al., 2001; GirAF-
FA, 2003), particularly in naturally fer-
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mented hard cooked Greek cheeses 
(LitoPouLou-tZANEtAKi, 1990; ProDr-
oMou et al., 2001). Enterococcal popu-
lations were also higher in matured PDo 
Graviera Kritis cheese that was made 
without starters compared to the same 
product made with commercial starters 
(KANDArAKis et al., 1998). in starter-
free Kefalotyri cheese, which is dryer and 
saltier than Graviera, the enterococci ac-
counted for 47.6 and 52.7% of the LAb 
flora after 60 and 120 days of ripening, 
respectively; E. faecium was the predomi-
nant species comprising 28.6 and 35.6% 
of the isolates, respectively (LitoPouLou-
tZANEtAKi, 1990). the Graviera chees-
es of this study, and other hard cooked 
Greek cheeses of previous studies, had 
higher populations of E. durans and low-
er populations of E. faecalis than those 
generally reported for other cheese types 
(sArANtiNoPouLos et al., 2001, GirAF-
FA, 2003). in Kefalotyri, E. durans made 
up 11.1 and 9.2% of the LAb isolates at 
60 and 120 days of ripening, while E. fae-
calis made up 7.9 and 7.9%, respective-
ly (LitoPouLou-tZANEtAKi, 1990). Given 
the prevalence of enterococci, the multi-
functional role of E. faecium and E. du-
rans in Graviera-type cheeses should be 
investigated, as has been done for other 
Mediterranean cheese types (NuNEZ et 
al., 1997; cENtENo et al. 1999; sArANti-
NoPouLos et al., 2001, 2002; FouLQuiE 
MorENo et al., 2003).

coNcLusioN

the results of this study indicate that 
enterococci are important LAb in tradi-
tionally ripened Graviera cheese. the in-
hibition of the in vitro growth of L. mono-
cytogenes by Ent+ E. faecium strains is 
common. the production and ripening 
conditions that favour enterococci and 
their technological and potentially bio-
protective role in Graviera cheese deserve 
further detailed investigations. Ent+ E. 
faecium strains may contribute to the in 

situ inactivation of natural Listeria con-
taminants during Graviera cheese rip-
ening, and therefore, show some prom-
ise for use as a protective culture. How-
ever, the present results also raise ques-
tions regarding appropriate measures to 
control enterococci that could potential-
ly produce biogenic amines in cheese. 
these are also some safety concerns giv-
en the opportunistic pathogenic nature 
of several Enterococcus spp., including E. 
faecium strains. before Ent+ E. faecium 
Graviera cheese isolates can be used 
as bio-protective adjuncts, their overall 
safety must be assessed in order to en-
sure a GrAs status at the strain level 
(oGiEr and sError, 2008).
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AbstrAct

breast muscle samples from capons 
fed with diets containing either soy oil 
or lard were analysed in order to iden-
tify the added fat source and thus rec-
ognise a possible fraud. Among extract-
ed total lipids, neutral (triacylglycerol 
and free fatty acids) and polar (phos-
phatidyl-ethanolamine, -choline and 
-serine+inositol) fractions were separat-
ed by thin-layer chromatography and 

riAssunto

sono stati raccolti sul mercato ed 
analizzati campioni di petto ottenuti da 
capponi alimentati con una dieta con-
tenente olio di soia o lardo in modo da 
identificare la fonte lipidica supplemen-
tare e rivelare eventuali frodi. A parti-
re dall’estratto lipidico totale sono sta-
te separate in cromatografia su strato 
sottile le frazioni dei lipidi neutri (tria-
cilgliceroli ed acidi grassi liberi) e po-
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their fatty acid percentages were deter-
mined. the data, subjected to principal 
component analysis, demonstrated that 
capons can be distinguished according 
to the diet only by the fatty acid content 
of the phosphatidyl-choline fraction.

lari (fosfatidil-etanolammina, -colina e 
-serina+inositolo) ed è stato determina-
to il loro contenuto percentuale in acidi 
grassi. i dati ottenuti, sottoposti all’ana-
lisi delle componenti principali, hanno 
dimostrato che i capponi possono esse-
re distinti in funzione della dieta solo 
dal contenuto di acidi grassi della fra-
zione della fosfatidil-colina.

introDuction

the influence of dietary fat source on 
lipid composition in poultry meat has 
been extensively investigated (bAVE-
LAAr and bEYnEn, 2003; cortinAs et 
al., 2004; PincHAsoV and nir, 1992; 
ViLLAVErDE et al., 2005). broiler chick-
ens have been the most studied species. 
Different dietary fat sources have been 
evaluated in order to obtain data on the 
different fatty acid compositions in var-
ious tissues, such as abdominal fat and 
breast muscle (AZMAn et al., 2004; nEW-
MAn et al., 2002; sKriVAn et al., 2000). 
Due to the relative abundance of polar 
lipids in poultry muscle, meat can be 
enriched in polyunsaturated fatty acids 
(PuFA) (Mourot and HErMiEr, 2001). 
in the experiments reported the diets 
were characterised by a marked variety 
in classes of fatty acids (saturated (sFA), 
monounsaturated (MuFA) and polyun-
saturated (PuFA)), unless appropriate 
mixtures had been prepared (WALDrouP 
and WALDrouP, 2005). Furthermore it 
has been demonstrated that the vari-
ous lipid fractions in the breast tissue 
are influenced differently by dietary fat 
source (sAnZ et al., 1999).

capon meat, which is less market-
ed than broiler meat, has an impor-
tant place in human nutrition and its 
greater tenderness is its main feature 
(MAst et al., 1981). in comparison with 

cocks, capons show more intermuscular 
fat (tor et al., 2002) and an increased 
MuFA content in dissected muscle meat 
(tor et al., 2005). the main difference 
between broilers and capons is the 
slaughtering age, 35-52 days and about 
200 days, respectively. Different ca-
pon breast meat types are available on 
the national markets depending on the 
diet, either a totally vegetable diet (VD), 
supplemented with soy oil, or a cheap-
er conventional diet (cD), supplemented 
with fat from an animal source, such as 
lard. these diets do not differ markedly 
with respect to fatty acid composition, 
in contrast with the more wide-rang-
ing diets reported in studies on broil-
ers. therefore there may not be a con-
sequent significant difference in fatty 
acid composition of capon meat.

the purpose of this work was to ex-
amine whether the routine determina-
tion of fatty acid percentages carried out 
on capon breast muscle samples would 
allow recognition of meat obtained from 
animals fed with slightly different diets, 
present on the market with different la-
bels and sold at different prices. With 
this aim, the various lipid fractions were 
initially separated by thin layer chroma-
tography (tLc), their fatty acids were 
derivatised to fatty acid methyl esters 
(FAME) and analysed by gas-chromatog-
raphy (Gc) and the data were evaluated 
by principal component analysis (PcA).
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MAtEriALs AnD MEtHoDs

samples

commercial breast portions kept at 
+1°c were supplied by Progeo Mangi-
mi (reggio Emilia, italy) two days after 
slaughtering. twenty-four specimens 
were taken from 210-day-old capons 
(Hi-Line brown) fed with a diet contain-
ing soy oil as fat source (VD) and twen-
ty-four specimens were taken from sub-
jects raised under the same conditions 
with the exception that lard was used as 
the dietary fat source (cD). breast por-
tions of the first group were sent to mar-
ket with an “only vegetable” label and 
the second group was sent without any 
label. the samples were frozen in liquid 
nitrogen (-80°c), milled to obtain fine 
particle size powder and stored at -20°c 
until further analysis. in addition to the 
fat source, the other ingredients of the 
two diets were corn, soy flour, extruded 
soy, calcium hydrogenphosphate, cal-
cium carbonate, sodium chloride, sodi-
um hydrogencarbonate, L-lysine, D,L-
methionine and vitamin-trace mineral 
premix; no other information was fur-
nished about the quantitative composi-
tion. A sample of each diet was supplied 
by Progeo Mangimi for analysis of the 
chemical composition. they were frozen, 
milled and stored under the same con-
ditions as the breast portions.

chemicals

A FAME standard mixture (restek 
Food industry FAME Mix, cat. 35077) 
was purchased from superchrom (Mi-
lan, italy); trioleylglycerol, dioleylphos-
phatidylcholine, dipalmitoylphosphati-
dylethanolamine, dipalmitoylphosphati-
dylserine and dipalmitoylphosphatidyli-
nositol were purchased from sigma-
Aldrich (buchs, switzerland); tLc plates 
20x20 cm, 250 µm film thickness, pore 
particle size 60 A, were purchased from 
VWr international (Milan, italy); all oth-

er solvents and reagents were of analyt-
ical grade and purchased from sigma-
Aldrich (buchs, switzerland).

Extraction and lipid class separation
total lipids were extracted from the 

feed (1 g) and muscle (10 g) samples ac-
cording to the method of bLiGH and 
DYEr (1959). the extract was brought 
to dryness under reduced pressure and 
subsequently diluted to 100 mg/mL with 
chloroform.

the lipid fractions were separated by 
tLc according to cHristiE (2003). brief-
ly, the triacylglycerol (tAG) and free fatty 
acid (FFA) fractions were separated using 
a mixture of hexane: diethyl ether: for-
mic acid 80:20:2 (v/v); while the phos-
pholipid fractions, phosphatidyl choline 
(Pc), phosphatidyl ethanolamine (PE) and 
phosphatidyl inositol (Pi), containing also 
phosphatidylserine (Ps), were separated 
with a mixture of methyl acetate: 2-pro-
panol: chloroform: methanol: aqueous 
Kcl 0.25% (w/v) 25:25:25:10:9 (v/v). the 
bands corresponding to the lipid class-
es were detected by spraying them with 
2’,7’-dichlorofluorescein in MeoH:H2o 
95:5 (0.1%w/v) and observing them un-
der a uV lamp at 254 nm. the identifica-
tion of the bands was carried out by com-
parison with standard compounds. the 
fractions were collected by scraping the 
corresponding bands (tAG and FFA in 
typical rf ranges of 0.58-0.48 and 0.17-
0.13, respectively, PE, Pi+Ps and Pc in 
typical rf ranges of 0.44-0.37, 0.28-0.21 
and 0.14-0.07, respectively). the tAG 
and FFA fractions were eluted from sili-
ca with chloroform:methanol 98:2 (v/v), 
while the phospholipid fractions were 
eluted with chloroform:methanol:water 
5:5:1 (v/v). before the derivatisation, the 
extracts were brought to dryness in Pt-
FE-lined screw-capped tubes.

FAME preparation

A direct transesterification method 
based on one previously described (LEP-
AGE and roY, 1986) was followed. brief-
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ly, the dried residues of extracted lipid 
fractions were treated at 100°c for 60 
min with a methanol-toluene mixture 
(4:1) (v/v) (2 mL) after adding acetyl chlo-
ride (0.2 mL). Aqueous potassium car-
bonate (6% (w/v), 5 mL) was added to the 
reaction mixtures which were then vigor-
ously shaken. the organic upper phase 
was injected into the Gc.

chromatographic analysis

FAME Gc analysis was carried out on 
a traceGc apparatus (thermo Finnigan, 
Milan, italy) equipped with a split/split-
less (ssL) injector and a flame ionisa-
tion detector (FiD). the fused-silica cap-
illary column (100 m x 0.2 mm iD) con-
tained a cyanopropyl-phenylpolysiloxane 
rt-2560 stationary phase (0.25 µm film 
thickness) (superchrom, Milan, italy). ni-
trogen was used as carrier gas, at a flow 
rate of 0.5 mL/min, and as make-up gas 
at 30 mL/min. the column temperature 
was held at 70°c for 3 min, increased 
to 240°c at 3°c/min and finally held at 
240°c for 30 min. the injector and de-
tector temperatures were set at 250° and 
300°c, respectively. the injections were 
performed in split mode with a 1:30 split 
ratio. the chromatographic profiles were 
elaborated by Azur (version 3.0) software 
(Analytical technology, brugherio, ita-
ly). identification of fatty acids was ac-
complished by comparing the retention 
times with those of FAME standard mix-
tures. only the area percentages of the 
main peaks (area percentage not less than 
0.1%) were considered; total area of the 
unidentified peaks was always less than 
5.23%. in order to test the precision of 
the procedure, a sample of breast mus-
cle was analysed five times and the var-
iation coefficient for each fatty acid was 
never higher than 5.5%.

chemometric analysis

the fatty acid percentages of breast 
muscle lipid fractions were analysed by 

means of Principal component Analysis 
(PcA) using scAn (software for chemo-
metric Analysis), (Minitab inc., state col-
lege, PA). in the matrix, the breast sam-
ples of each group of capons made up 
the 48 specimens, while the fatty acid 
percentages of tAG, FFA, Pc, PE and 
Pi+Ps fractions, their sFA, MuFA and 
PuFA grouping and their MuFA/sFA, 
PuFA/sFA, PuFA/MuFA ratios made 
up the 23 variables. Each lipid fraction 
(tAG, FFA, Pc, PE and Pi+Ps) was ana-
lysed separately. the sPss 14.0 software 
was used to do the statistical analysis; 
the comparisons among means were per-
formed by AnoVA at the 1% confidence 
limit, using the student-newman-Keuls 
post hoc method.

rEsuLts AnD Discussion

the principal fatty acid area percent-
ages and the total area percentages of 
fatty acid groups, obtained by the Gc 
analysis of the two diets, are shown in 
table 1. the sFA content was the same 
and the MuFA and PuFA contents were 
only slightly different, with higher cD 
and VD values respectively. these two 
diets correspond to those that are cur-
rently used to feed subjects destined for 
the market. these diets differ markedly 
from those used in previous studies per-
formed on broilers where marked differ-
ences in the fatty acid contents charac-
terised the experimental diets. the small 
difference between the two diets in the 
present study was comparable only to 
a previous study on mixed diets (where 
the fat source was obtained by blend-
ing lard and soy) (WALDrouP and WAL-
DrouP, 2005) carried out on male broil-
ers. in that study the differences in the 
18:1 and 18:2 fatty acid contents (main 
components of MuFA and PuFA, respec-
tively) in adipose tissue were not signif-
icant. on the other hand, when various 
fat sources were used to study the influ-
ence of the dietary fatty acid composi-
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table 1 - Fatty acid analysis of the vegetable (VD) 
and conventional (cD) diets.

Principal fatty acids and their groups.

 VD CD

16:0 22.24a 18.68
18:0  4.14 8.58
18:1 n-9  27.29 31.68
18:2 n-6 39.62 35.36
18:3 n-3 3.28 2.62

total SFA 28.25b 28.70
total MUFA 28.80 32.95
total PUFA 42.95 38.35

aArea percentage of the corresponding FAME peak. The 
values are means of two determinations. The maximum 
mean deviation was <9.6%.
bTotal area percentage of the FAME peaks correspond-
ing to the fatty acids of the group.

tion on the main lipid fractions in broiler 
breast muscle (sAnZ et al., 1999), only 
neutral lipids clearly reflected the die-
tary fat source. the changes produced 
by various fat sources in broilers were 
more pronounced in the adipose tissue 
than in breast muscle (sKriVAn et al., 
2000). based on these findings the lipid 
classes were separated by tLc before the 
Gc fatty acid analysis, in order to bet-
ter investigate an eventual influence of 
the slightly different diets on the breast 
muscle samples.

Among the neutral lipids, only tGA 
and FFA were studied, while all of the 
main classes of polar lipids, Pc, PE and 
the tLc zone containing both Pi and Ps, 
were collected. the FAMEs were well sep-
arated on a long capillary column con-
taining a polar stationary phase and the 
data regarding the resulting area per-
centages of the corresponding peaks 
were used for the final chemometric 
analysis.

tha large volumes of data were ana-
lysed by PcA in order to show any data 
that would be distinctive among the 
two groups fed with the different di-

ets. in Fig. 1 the score plots relative to 
the neutral, PE and Ps+Pi fractions are 
shown. in these lipid classes, no defi-
nite clusters appear for the two capon 
groups. in Fig. 2 the score plot rela-
tive to the Pc fractions recovered from 
breast muscle is shown. the variance 
in the first and second principal compo-
nents was 48.2 and 14.1%, respective-
ly. the subjects fed with the two diets 
are grouped into different clusters. the 
fatty acid area percentages obtained by 
Gc analysis of the Pc fractions of the 
two capon groups are reported in table 
2. the large variability found in spec-
imens from the same group indicates 
that most of fatty acid percentages are 
not significantly different; only 18:1n-
7, 22:0, 24:0, 24:1n-9 were significant-
ly higher in the cD group and 22:4n-6 
in the VD group.

As previously reported for chickens 
(cortinAs et al., 2004), by increasing the 
PuFA content in the diet there is an in-
crease in PuFA and a decrease in MuFA 
in breast muscle; on the other hand sFA, 
equally concentrated in the diets used 
in the present study, did not lead to any 
change in their content in the meat sam-
ples. Differences in the MuFA and PuFA 
contents in cD and VD groups, as well 
as all the ratios of FAME classes were 
significant. in the Pc fractions of breast 
muscle lipids the high concentration of 
arachidonic acid (20:4n-6) is notewor-
thy. this acid is not contained in the diet 
and presumably was synthetised from li-
noleic acid. this finding agrees with the 
results obtained with broilers (nEWMAn 
et al., 2002).

With regard to the lipid fractions that 
were most influenced by the diets, it 
was found that almost none of the frac-
tions were influenced by the different di-
ets. only a polar fraction, namely Pc, 
showed a fatty acid composition that 
was distinctive to the dietary fat source. 
these results differed greatly with re-
spect to a previous study carried out on 
broilers (sAnZ et al., 1999). the marked 
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Fig. 1 - score plots of PcA analysis of the FAME percentages of tGA, FFA, PE and Ps+Pi fractions in 
breast muscle samples obtained from capons fed with two different diets, a vegetable diet (VD) and a 
conventional one (cD).

difference in slaughtering age between 
broilers and capons can probably ex-
plain this finding; a more uniform fatty 
acid content is probably produced over 
a longer adaptation time. chain elon-
gation to give long-chain (c20, c22 and 
c24) saturated and unsaturated fatty 
acids appears to be the main feature of 
the fatty acid metabolism in the longer 
lived capons.

regarding the main aim of the present 
work, which was to determine if it is 

possible to distinguish between capon 
breast muscle samples sold at differ-
ent prices on the market, it is conclud-
ed that routine Gc analysis of fatty ac-
ids is helpful, on condition that a previ-
ous separation of polar lipid fractions is 
performed. this study was an explora-
tive analysis on the diagnostic capabil-
ity of fatty acid composition. in the fu-
ture the number of samples could be in-
creased in order to develop a really pre-
dictive classification method. Finally, for 
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the first time, a preliminary study on the 
influence of the dietary fat source on the 
fatty acid content of breast muscle was 
carried out in capons.
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Fig. 2 - score plot of PcA analysis of the fatty acid 
percentages of Pc fractions in breast muscle samples 
obtained from capons fed with two different diets, a 
vegetable diet (VD) and a conventional one (cD).

table 2 - FAME area percentages of Pc fractions in 
breast muscle samples from capons fed with the 
vegetable (VD) and conventional (cD) diets.

Fatty acid VDa CDb

 mean (SD) mean (SD)

14:0 0.15 (0.05) 0.13 (0.05)
16:0 28.46 (2.42) 28.89 (2.37)
18:0 7.02 (1.12) 6.86 (1.83)
18:1n-9 19.20 (3.86) 22.55 (3.13)
18:1n-7 2.05 (0.62)x 2.91 (0.55)y

18:2n-6 15.73 (2.15) 14.48 (1.82)
20:0 0.11 (0.04) 0.13 (0.04)
20:2n-6 0.48 (0.10) 0.45 (0.08)
22:0 0.22 (0.07)x 0.31 (0.09)y

20:3n-6 0.65 (0.22) 0.53 (0.10)
20:4n-6 18.77 (3.57) 16.84 (3.57)
24:0 0.23 (0.07)x 0.35 (0.10)y

20:5n-3 0.10 (0.03) 0.09 (0.03)
24:1n-9 0.12 (0.04)x 0.19 (0.05)y

22:4n-6 1.56 (0.44)x 0.42 (0.13)y

22:5n-3 2.77 (0.77) 2.60 (0.58)
22:6n-3 2.38 (0.74) 2.27 (0.63)
SFA 36.19 (2.62) 36.67 (2.27)
MUFA 21.37 (4.20)x 25.6 (3.20)y

PUFA 42.44 (5.70)x 37.68 (3.93)y

MUFA/SFA 0.59 (0.12)x 0.70 (0.08)y

PUFA/SFA 1.17 (0.24)x 1.03 (0.17)y

PUFA/MUFA 1.98 (0.72)x 1.47 (0.37)y

a Mean (standard deviation) of the FAME area percentage 
obtained from 24 specimens fed the vegetable diet (VD).
b Mean (standard deviation) of the FAME area percent-
age obtained from 24 specimens fed the convention-
al diet (CD).
x,y Different letters as superscript indicate statistically sig-
nificant differences (P<0.01).
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AbstrAct

Increasing competition and slow 
growth in the turkish food market have 
increased the need for retailers to use 
marketing strategies focused on retain-
ing current customers and attracting 
new ones. to reach these aims, retail-
ers have been trying to enhance their 
customer loyalty through retention 
programs and relationship marketing 
strategies. the aim of this study was to 
determine the most salient factors af-
fecting customer retailer loyalty by us-
ing factor analysis and then to identi-

rIAssunto

L’incremento della concorrenza e la 
lenta crescita del mercato alimentare 
turco hanno accresciuto la necessità 
dei rivenditori di adottare strategie di 
mercato focalizzate sul mantenimen-
to della clientela attuale e sull’attirare 
nuova clientela. A tale scopo, i rivendi-
tori hanno tentato di migliorare la fe-
deltà dei propri consumatori attraver-
so programmi di mantenimento e stra-
tegie di relazioni di mercato. Lo scopo 
di questo studio era quello di determi-
nare, utilizzando un fattore di analisi, i 
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fy consumer group profiles by k-means 
cluster analysis. the results showed 
that satisfaction with the product and 
store image in cluster 1, satisfaction 
with the sales process and perceived 
service quality in cluster 2, and varie-
ty seeking in cluster 3 were the most 
prominent retailer attributes that af-
fected consumer retailer loyalty. the re-
sults of this study provide insights into 
understand interrelationships among 
retailer attitudes, preference values 
and attitudes of turkish consumers, 
and could be used to develop market-
ing strategies and more effective poli-
cies to improve customer retailer loyal-
ty in turkey.

principali fattori che influenzano la fe-
deltà del consumatore al rivenditore, e 
quello di identificare profili di gruppi di 
consumatori attraverso l’analisi dell’al-
goritmo di clustering. I risultati ottenu-
ti mostravano che i principali attributi 
del rivenditore che influenzavano la fe-
deltà del consumatore erano: la soddi-
sfazione per il prodotto e l’aspetto este-
tico del negozio per il cluster 1; la sod-
disfazione per il processo di vendita e 
la percezione della qualità del servizio 
per il cluster 2; la ricerca della varietà 
(scelta) per il cluster 3. I risultati di tale 
studio forniscono una visione approfon-
dita per comprendere le interrelazioni 
tra le attitudini dei rivenditori, le pre-
ferenze e le attitudini dei consumato-
ri turchi, e potrebbero essere utilizzate 
per lo sviluppo di strategie di mercato 
e politiche più efficaci per migliorare la 
fedeltà al rivenditore da parte del con-
sumatore in turchia.

IntroDuctIon

Increasing competition and slow 
growth in the turkish food market have 
stimulated retailers to use marketing 
strategies that are focused on retaining 
current customers and attracting new 
ones (toPcu and IsIK, 2007). However, 
a strategy that is effective for acquiring 
new customers may not be the most ef-
fective for retaining existing customers. 
today many retailers are trying to en-
hance their customer loyalty through re-
tention programs and relationship mar-
keting strategies (YI and LA, 2004). cus-
tomer loyalty is very important to the re-
tailer, because it provides a continuous 
flow of profit, reduces marketing costs 
and increases referrals and price pre-
miums. Loyal customers are not easily 

convinced by the promotional efforts of 
competitors (rEIcHHELD, 1996; sIroHI 
et al., 1998; rEInArtZ and KuMAr, 1999; 
YI and JEon, 2003).

Most importantly, loyal customers 
form a stable pool for the products or 
services of a retailer. A small shift in cus-
tomer retention rates can make a large 
difference in earnings, and this influ-
ence accelerates over time (WALLAcE et 
al., 2004). Most research to determine 
customer loyalty characteristics have 
defined loyalty as usually choosing the 
same brand, a high incidence of a pos-
itive word of mouth, frequent repur-
chase intention and willingness to pay 
higher prices. there is a strong link be-
tween loyalty and profitability. Practical-
ly, there is a difference between the cost 
of getting new customers and the cost 
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of keeping existing customers; it has of-
ten been demonstrated that it is impor-
tant to enhance existing customer loy-
alty (WrIGHt and sPArKs, 1999; YI and 
LA, 2004).

In past decades, retailers used man-
ufacturer brands to generate consum-
er interest, sponsors and loyalty. How-
ever with increased competition, retail-
ers have begun to compete with man-
ufacturers by offering their own store 
brand in order to enhance their relative 
marketing power and acquire a share in 
the total profit pie (toPcu et al., 2007). 
the increase in retailer brands has be-
come one of the most important trends 
in turkish food retailing.

this store-brand strategy could help 
retailers attract customers and create 
loyalty to the store by offering exclusive 
product lines and premium products 
(corstJEns and LAL, 2000). this strat-
egy could also help retailers to project 
a lower-price image, increase their bar-
gaining power with manufacturers and 
producers of major national brands, and 
have more control over their shelf space 
(DunnE and nArAsIMHAn, 1999). With 
the overwhelming success of some store 
brands in Europe (e.g. Marks and spen-
cer, Asda, tesco, carrefour, Migros, etc.), 
there is great interest in strong store 
brands. For example, retailer concentra-
tion and share of strong store brands are 
86% and 45% in switzerland, 65% and 
30% in Germany, 80% and 25% in bel-
gium and 89% and 17% in Denmark, re-
spectively, while there are 26% and 4% in 
turkey (AcnIELsEn, 2005; toPcu, 2006). 
therefore, the cumulative power carried 
by these retailers and their store brands 
is very significant.

customer loyalty encompasses loyal-
ty to the retailer as well as brand loyal-
ty; which has been extensively studied 
(rAJu et al., 1990; oLIVEr, 1997, 1999; 
oDEKErKEn et al., 2003; GrEWAL et al., 
2004). In contrast, little research has 
been conducted on the critical role of 
customer loyalty to the retailer (JoHn-

son et al., 1997; HoMburG and GIEr-
InG, 2001; YI and LA, 2004; LIu, 2007; 
oLsEn, 2007).

customer loyalty to the retailer is of 
extreme interest to merchants, because 
high customer acquisition costs are dif-
ficult to recover without repeat purchas-
ing. Due to increased competition and 
minimal customer switching costs, it has 
become increasingly difficult to retain 
customers (srInIVAsAn et al., 2002).

In light of these current developments, 
retailers have been trying to develop mar-
keting strategies that create loyalty in 
existing and new customers within the 
turkish food sectors. It is important for 
retailers to measure the effectiveness of 
these strategies on customer loyalty and 
to apply the ones that are appropriate for 
the target customer group.

In this study, the relationships be-
tween retailers and loyal customers in 
the turkish food market, have been de-
termined and the factors that influence 
customers have been investigated. the 
target market has been divided into seg-
ments according to the socioeconomic 
and demographic characteristics of the 
customers.

MAtErIAL AnD MEtHoDs

the preliminary data of the present re-
search were obtained from a survey con-
ducted in Erzurum1, turkey. to deter-
mine the sample size, while minimizing 
sample bias and representing the popu-
lation correctly, the city centre was divid-
ed into four districts: the east-side (Kaz-
imkarabekir district) with 17,976 house-
holds, the west-side (Dadaskent dis-
trict) with 6,562 households, the north-
side (Palandoken district) with 30,022 

1 Erzurum (39°45’n latitude and 41°15’E longi-
tude) is on the silk road, and is located in the 
north-eastern region of turkey. Erzurum is one 
of the biggest provinces in the region with a to-
tal population of 962,000; 402,000 live in the 
city centre.
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households, and the south-side (Yakuti-
ye district) with 26,099 with households 
(AnonYMous, 2007).

to determine the sample size for each 
district, the following formula was used 
(toPcu, 2006; YILDIZ et al., 2006; toPcu 
and IsIK, 2008): 

Where;
n = sample size;
Z = Z value (1.96 used for 95% confi-

dence 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 survey distribution for each dis-
trict were determined proportionally. 
the number of questionnaires allocat-
ed to the Dadaskent, Kazimkarabekir, 
Yakutiye and Palandoken districts were 
20, 56, 81 and 93, respectively, for a 
total of 250.

A simple random sampling method 
(i.e., each member of the population has 
an equal chance of being chosen) was 
used to select the consumer households 
in each district that received the final 
questionnaire. Each district was divided 
into sub-districts and then, a face-to-face 
survey method was used with randomly 
selected heads-of-households (either wife 
or husband) in various parts of the sub-
districts. the survey was conducted in the 
home or at the shopping centres.

survey participants were asked to 
respond to each statement, indicat-
ing the level of significance the food 
attribute had for them, using a Lik-
ert-format 1-5 scale (where 1 refers 
to the least important, and 5 refers to 
the most important attributes). of the 
29 attributes, four were related to the 
shopping environment (store traffic, po-
sition of food departments, better serv-
ice and indoor design), nine were relat-

ed to the store facilities (the number 
of check-out counters, the possibili-
ty for group shopping, the presence 
of a cafe, restaurant, recreation place 
and children’s playground, store size, 
packaging service, opening and closing 
hours, availability of parking and store 
location), three were related to the in-
creasing sales activities (brand/store 
promotion and advertisement, advan-
tage/club-card and possibility of pay-
ment by installment), five were relat-
ed to individual preferences (product 
freshness, alternatives of price and 
brand, price-quality relationship and 
customer experience) and eight were 
related to store image (natural, hygien-
ic, health and product quality, store-
brand, brand names, product diversi-
fication and customer profile).

Each question was reduced to a single 
statement to which responses were col-
lected using the Likert scale described 
above. Demographic and socioeconom-
ic information (gender, age, occupation, 
education, consumer food expenditure 
and income levels) was also gathered in 
the survey.

After editing and coding, the data 
were first analyzed by factor analysis 
to determine the main factors affecting 
customer loyalty. cluster analysis was 
then used to classify the target consum-
er group using their demographic and 
socioeconomic characteristics. sPss 
statistical software was used to perform 
these two analyses.

Factor analysis is a data reduction 
technique that reduces the number of 
variables used in an analysis by creat-
ing new variables (called factors) that 
combine redundancy in the data (sPss 
15.0, 2006).

the first step is to determine the 
number of relevant factors. therefore, the 
factor analysis in this study reduced 29 
attributes to five factors that had eigen-
values greater than 1.0 (determined by 
Principal component Analysis2 using Var-
imax rotation method3). Factor analysis 
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2 A factor extraction method was used to form un-
correlated linear combinations of the observed 
variables. the first component has maximum 
variance. successive component explain pro-
gressively smaller portions of the variance and 
are all uncorrelated with each other. Principal 
component analysis is used to obtain the initial 
factor solution. It can be used when a correla-
tion matrix is singular.

3 this method is an orthogonal rotation method 
that minimizes the number of variables that have 
high loading on each factor. It simplifies the in-
terpretation of the factors.

was used initially to identify the underly-
ing dimensions that could explain the cor-
relation among a set of retailer attributes 
and the associated preference values. In 
addition, the factor analysis was con-
ducted to identify the attributes that ac-
counted for a relatively large proportion of 
variance in the sample. this subset was 
then used for consumer segmentation.

In the second step of the analysis, the 
k-means cluster analysis was used. clus-
tering algorithms can be classified into 
two categories: hierarchical and non-hi-
erarchical. Hierarchical clustering algo-
rithms start with “n” clusters, equal to 
the number of observations, and proceed 
until all observations are in one cluster. 
In non-hierarchical clustering, the re-
searcher specifies the number of clusters 
in the data set a priori (sPss 15.0, 2006). 
In this study, preference values between 
five factors and three customer clusters 
were identified. since, the number of clus-
ters could be specified; non-hierarchical 
k-means clustering was used.

the final step was to use cross-tabu-
lations to examine the distribution of the 
clusters in relation to the three-food ex-
penditures and income levels, and the de-
mographic and socioeconomic attitudes. 
A χ-square independence test was con-
ducted for each of the clusters to deter-
mine whether there was a relationship 
between the personal characteristics and 
their positions in each group. If p≥0.05, 
the null hypothesis was accepted, which 
means that the demographic characteris-
tics and their position levels were statisti-
cally independent (YILDIZ et al., 2006).

rEsuLts

Factors affecting customer loyalty 
and preference values

Kaiser normalization compares par-
tial correlation coefficients with the ob-
served ones. the value was calculated 
to be 0.92, which means that data sets 

were perfect for factor analysis because 
the test score was greater than 0.50.

the results of principal component 
analysis for the first factors with eigen-
values greater than 1.0 are shown (ta-
ble 1). the first five factors accounted for 
65.32% of the total variance. Factor 1, 
which accounted for 40.5% of the total 
variance, was dominated by attributes 
that related to store traffic, position of 
food department, the number of check-
out counters, store promotion, better 
service, indoor design and group shop-
ping possibility. Hence, Factor 1 is asso-
ciated with the satisfaction with the sales 
process. Factor 2 accounted for 10.26% 
of the total variance, and was dominat-
ed by the presence of a café, restaurant, 
recreation place and children’s play-
grounds, store size, packaging service, 
store opening and closing hours, avail-
ability of parking, customers’ good ex-
periences about the store and location. 
Factor 2, therefore, is associated with 
the perceived quality of service.

Factor 3 accounted for 6.20% of the 
total variance, and was dominated by six 
attributes: natural, hygienic, safe, and 
fresh food, sensory quality and perceived 
food value. this factor is more related to 
customer satisfaction with the product. 
Factor 4 accounted for 4.68% of the to-
tal variance; it was dominated by the at-
tributes of price and brand alternatives, 
and diversification of food products. Fac-
tor 4, therefore, was related to variety 
seeking. Factor 5 is related to store im-
age consisting of store brand, customer 
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profile, store-brand advertisement and 
store name and prestige and account-
ed for 3.71% of the total variance. these 
factors demonstrate different preference 
values related to customer loyalty.

the question arose as to whether cer-
tain consumer segments could be asso-
ciated with these preference values and 
if so, how many consumers were in each 
segment and how were these segments 
related to the preference values listed 

above? these questions are addressed 
in the following section.

K-means clustering 
and customer segmentation

three clusters had group means that 
could be explained reasonably. the fi-
nal cluster centres and the number of 
cases in each cluster are shown in ta-

table 1 - Factors and correlated variable loadings.

Variables Factors

 F1 F2 F3 F4 F5

Shopping convenience 0.787 0.228 0.299 0.014 -0.014
Food department position 0.756 0.289 0.279 0.073 0.151
The number of adequate check-out counters 0.727 0.255 0.145 0.042 0.296
Store promotion 0.704 0.192 -0.067 0.269 0.355
Better service presentation 0.660 0.164 0.337 0.097 0.083
Indoor design of store  0.624 0.508 0.029 0.230 0.181
Group shopping possibility 0.525 0.272 0.227 0.174 0.233
Availability of cafe, restaurant and recreation place 0.131 0.823 0.012 0.045 0.248
Availability of children’s playground 0.131 0.797 0.010 0.111 0.282
Store size 0.021 0.675 0.204 0.367 0.176
Packaging service 0.444 0.633 0.306 0.022 0.149
Store opening and closing hours 0.360 0.604 0.216 -0.028 0.111
Availability of parking  0.421 0.588 0.138 0.192 0.083
To have good experience about the store 0.435 0.574 0.368 0.152 0.188
Location of the store 0.517 0.522 0.122 0.207 -0.112
Advantage card and instalment sale possibility 0.413 0.421 -0.122 0.151 0.355
Natural or biological products  0.061 0.152 0.748 0.045 0.288
Quality-price relation (perceived value) 0.108 -0.031 0.746 0.108 0.173
Hygienic product  0.192 0.137 0.712 0.266 0.005
Food safety and business guarantee  0.285 0.043 0.691 0.198 0.051
Product freshness 0.285 0.076 0.690 0.280 -0.019
Product quality (sensory quality) -0.025 0.180 0.552 -0.073 0.523
Alternative prices for food products 0.020 -0.014 0.145 0.866 0.128
Alternative brand (store and manufacturer) 0.173 0.188 0.222 0.701 0.094
Product diversification  0.322 0.134 0.310 0.556 0.016
The store’s own brand submission 0.213 0.301 -0.003 0.036 0.766
Customer profile  0.272 0.297 0.325 -0.079 0.644
Store or brand advertisements 0.415 0.301 0.081 0.096 0.583
Store name and prestige  0.427 0.338 0.198 0.112 0.578
Eigen-value 11.736 2.974 1.799 1.357 1.075
Share of explained variance (%) 40.468 10.257 6.204 4.681 3.709
Cumulative share of explained variance (%) 40.468 50.725 56.929 61.610 65.319
KMO (Kaiser-Meyer-Olkin) statistic     0.916

* Bold numbers indicate the largest loading for each variable.
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ble 2. the total number of cases was 
250. cluster 1 (c1) was the largest group 
with 149 (59%) consumers. consumers 
in this group cared more about satis-
faction with the product (F3) and store 
image (F5). cluster 2 (c2) was the sec-
ond largest group, made up of 84 (34%) 
consumers. satisfaction with the sales 
process (F1) and perceived service qual-
ity (F2) were the dominant factors for 
consumers in this group. As for cluster 
3 (c3), there were 17 (7%) consumers in 
this group, and variety seeking, includ-
ing alternative brands and prices in the 
same product line and production diver-
sification was the most important factor 
in their preference decisions.

cross-tabulation between the con-
sumer demographic and socioeconom-
ic characteristics and the three clus-
ter groups are shown in table 3. these 
characteristics include gender, age, ed-
ucation, occupation, monthly food ex-
penditure and income.

the results show that there were more 
female than male consumers in c1 and 
c2. c1 and c2 had the highest female/
male ratios with 53% and 64%, respec-
tively. the distribution of consumers 
based on age indicates the 25-34 and 

over 55 age-groups had the highest and 
lowest portions in all clusters, respec-
tively. c2 had the largest ratio of the 15-
24 age group (35%), while c1 and c3 had 
the largest ratios of the 25-34 age group 
(42% and 41%, respectively). As for the 
education levels of consumers, the low-
est ratio in all the clusters was made up 
of literate (i.e., those who can read and 
write but do not have a diploma) people. 
consumers with a college degree domi-
nated c1 (44%) and c3 (35%), while high 
school graduates dominated in c2.

the occupational distribution among 
the clusters is as follows: blue-collar 
state workers, pensioners and the un-
employed made up the lowest ratios in 
all the clusters. students made up the 
second highest ratio in all the clusters, 
whereas white-collar state employees, 
housewives and small-scale retailers 
made up the highest ratios in c1 (24%), 
c2 (32%) and c3 (30%), respectively. the 
results related to household food expen-
ditures show that those whose monthly 
food expenditures were between € 125 
and € 250 dominated in all the clusters. 
As for income levels, those with more 
than € 750 income dominated in c1, 
whereas the respondents in c2 had an 

table 2 - Final cluster centres and the number of cases in each cluster.

Factor interpretation  Clustersa

 C1 C2 C3

Satisfaction with the sales process (F1) 0.224  0.341 0.158
Received service quality (F2) 0.112 0.854 0.035
Satisfaction with the product (F3) 2.117 0.277 0.149
Variety Seeking (F4) 0.250 -0.154 -1.356
Store image (F5) 0.615 0.264 0.038
Number of cases in each cluster 149 84 17
% of total cases in each cluster 59% 34% 7%

* Final cluster centre scores are at 0.01 significant levels.
* Bold numbers indicate the largest final cluster centre scores for each factor.
The total number of cases (n): 250.
a The numbers in this table indicate final cluster centres. The final cluster assignment and Euclidian distance between 
the case and cluster centre used to classify the case are given for each case.
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table 3 - Demographic characteristics and cluster number of cross-tabulation cases.

Demographic characteristics Number of cases in each cluster

  C1 C2 C3
  High-income Low-income Mid-income
  professionals housewives retailers

  Number % Number % Number %

Gender Male 70 47 30 36 9 53
 Female 79 53 54 64 8 47
 2χ test of independence ( 2χ =3.420 df = 2, p: 0.181)

Age Groups 15-24 age 38 26 29 35 5 29
 25-34 age 63 42 17 20 7 41
 35-54 age 37 25 28 33 3 18
 55- + age 11 7 10 12 2 12
 2χ test of independence ( 2χ = 12.598, df = 6, p: 0.055)

Education Literate 4 3 3 4 1 6
 First school 29 19 19 23 5 29
 High school 51 34 33 39 5 29
 College 65 44 29 35 6 35
 2χ test of independence ( 2χ = 3.170, d f= 6, p: 0.787)

Occupation White-collar state employee 9 24 3 19 2 1
 Blue-collar state worker 36 7 16 5 2 
 Businessman 10 6 4 4 0 12
 Small-scale retailer 13 9 4 5 1 30
 Pensioner 10 7 4 4 1 6
 Housewife 4 23 26 32 1 16 
Student 35 21 25 29 5 18 Unem-
ployed 32 3 2 4 5 6
 2χ test of independence ( 2χ = 9.708, df = 14, p: 0.783)

Food Expenditure Less than €125** 11 7 10 12 4 29
 Between €125 and €250 92 62 45 54 8 38
 More than €250 46 31 29 35 5 32
 2χ test of independence ( 2χ = 9.821, df = 4, p: 0.044)*

Income Groups Less than €375** 35 4 45 54 0 0 
 Between €375 and €750 49 45 33 40 12 65
 More than €750 65 51 6 6 5 35
 2χ test of independence ( 2χ = 4.185, df = 4, p: 0.381)

** The prices of the products were converted from New Turkish Lira (NTL) to Euro (€) using the  exchange rate on 
May 15, 2008. The conversion rate used was 1.95 NTL/€.
* p<0.05.

income less than € 375 and those in c3 
had an income between € 375 and € 750. 
According to the χ-square test of inde-
pendence, all of the demographic char-

acteristics (except food expenditure) and 
their positions are statistically independ-
ent since p≥0.05 in all the groups for all 
the variables.
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characteristics 
of the cluster groups

the cluster profiles were determined 
on the basis of the final cluster centres 
of the factors and demographic charac-
teristics of the consumers in each clus-
ter. the main demographic character-
istics of the c1 group are young people 
(25-34 age group) with higher education 
(college degree) and white-collar state 
employees with high income. this clus-
ter is referred to as “young highly-edu-
cated and high income professionals”. 
satisfaction with the product, and store 
image were the most influential factors 
on retailer loyalty for those in c1.

the dominant demographic character-
istics in c2 are the youngest age group 
(15-24 years old), high-school educated, 
and housewives with a low-income. c2 
is referred to as “young educated low-
income and housewives”. the most im-
portant factors in c2 were satisfaction 
with the sales process and perceived 
service quality, which is a more specif-
ic judgment and a component of cus-
tomer satisfaction. this factor has of-
ten been examined as an antecedent of 
repurchase intention. these factors fo-
cus on satisfaction with the service (oL-
IVEr, 1993; IAcobuccI et al., 1995; YI 
and LA, 2004).

Finally, the respondents in the c3 
group were mostly young (35-54 age 
group) and highly-educated and mid-
income people and small-scale retail-
ers. this group is referred to as “young 
highly educated and mid-income retail-
ers”. Variety seeking was the most im-
portant factor in this cluster.

DIscussIon

the factors related to product 
and retailer satisfaction

the results show that there are cog-
nitive and affective differences between 

customer satisfaction and retailer loyal-
ty. Whereas satisfaction with the prod-
uct and sales process, perceived serv-
ice quality and store image have a pos-
itive influence on customer retailer loy-
alty, variety seeking has a negative ef-
fect on it.

Due to the positive relationship be-
tween satisfaction with the sales proc-
ess and perceived service quality, these 
factors could be referred to as only 
one factor, satisfaction with the serv-
ice (bItnEr, 1990; cronIn and tAY-
Lor, 1992; IAcobuccI et al., 1995). 
since service quality and satisfaction 
with the sales process are antecedent 
to service satisfaction, this has a signif-
icant effect on repurchase intention. It 
might be useful to investigate the roles 
of service quality received and satisfac-
tion with the sales process simultane-
ously (cronIn and tAYLor, 1992; YI 
and LA, 2004).

While satisfaction with the service had 
a positive relationship not only with sat-
isfaction with the product and store im-
age but also with retailer loyalty in all the 
clusters, particularly in c2, satisfaction 
with the product had a much stronger 
effect than satisfaction with the service 
in all the clusters, especially c1. these 
findings are supported by previous stud-
ies related to satisfaction with the prod-
uct and service (AnDErson et al., 1994; 
rust et al., 1995; HALLoWEL, 1996; PAt-
tErson et al., 1997; PrItcHArD et al., 
1999; HoMburG and GIErInG, 2001; YI 
and LA, 2004; oLsEn, 2007).

this study also provides same new in-
sights about how store image and vari-
ety seeking affect customer retailer loy-
alty. the retailer’s image and reputation 
have a strong positive effect on customer 
evaluation, purchase intention and sat-
isfaction (DHAr and HocH, 1997; GrE-
WAL et al., 1998; AHLuWALIA and Gur-
HAn, 2000). In other words, store im-
age has a positive effect on the link be-
tween customer satisfaction and loyal-
ty. When compared with the results of 
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earlier research (corstJEns and LAL, 
2000; AILAWADI et al., 2001; AILAWADI 
and HArLAM, 2004), the results of this 
study show that store image had a pos-
itive influence on customer retailer loy-
alty, especially in c1.

the phenomenon of variety seeking is 
a much-discussed topic. the basic idea 
behind the concept of variety seeking is 
that under certain conditions everyone 
needs variety in daily life. As custom-
ers seek variety, they have desires and 
needs that cannot be filled by a single 
brand. therefore, customers seek vari-
ety in product choices in order to avoid 
monotony and boredom (FEInbErG et 
al., 1992; MEnon and KAHn, 1995; HoM-
burG and GIErInG, 2001).

In light of this theoretical informa-
tion, variety seeking has a negative ef-
fect on the other factors. the impact of 
satisfaction with the service for varie-
ty is weaker than satisfaction with the 
product for people with a strong drive. 
this finding is consistent with the cur-
rent interpretation of variety seeking as 
an essentially motivated phenomenon; 
this means that the customer switches 
brands just for the sake of variety, irre-
spective of satisfaction with the current 
brand. Hence, customer drive for varie-
ty could influence the relationship be-
tween product satisfaction and loyal-
ty. because variety seeking is regarded 
as a product-related phenomenon, cus-
tomers with a strong need for variety 
could express this intrinsic motivation 
in some product categories. no moder-
ating effect of variety seeking is expect-
ed on the linkages between service sat-
isfaction and loyalty.

Factors with respect to consumer de-
mographic characteristics

Demographic characteristics are very 
important determinants of customer re-
tailer loyalty. For example, when a con-
sumer prefers a retail store for food prod-
ucts, the demographic characteristics re-

flect their psychological state, cultural 
values and buying attitudes. Many stud-
ies in the areas of consumer attitude and 
behaviour have neglected demograph-
ic factors and have shifted attention to 
psychological constructs (KALYAnAM and 
PutLEr, 1997; ArEnI et al., 1998; rEI-
nArtZ and KuMAr, 1999). there is no 
doubt that these constructs can explain 
many of the individual-level phenomena 
better than general demographic factors. 
However, this study indicates that demo-
graphic characteristics such as gender, 
age, education, occupation and income 
play an important role in moderating the 
relationships between psychological and 
behavioural constructs.

regarding the impact of gender on 
customer retailer loyalty, the results 
show that the purchasing behaviour of 
women is to be strongly influenced by 
their evaluation of personal interaction 
processes. compared to men, women are 
more involved in purchasing activities 
and pay more attention to satisfaction 
with the service which involves consult-
ing quality services of the sales personnel 
related to the sales process, to store im-
age, and satisfaction with the product. In 
contrast, males are less involved in buy-
ing activities and are involved with taking 
care of variety seeking. A woman’s deci-
sion to buy a food product at the same 
retailer is strongly influenced by her sat-
isfaction with the product and service, 
and store image. on the other hand, a 
man’s loyalty to a certain retailer is de-
termined by alternative price and brand, 
and product diversification. these find-
ings are supported by many other stud-
ies (sLAMA and tAsHLIAn, 1985; ZEItH-
AML, 1985; JAsPEr and LAn, 1992; GIL-
bErt and WArrEn, 1995).

the results of this study show that age 
has an effect on customer retailer loyal-
ty. Whereas the youngest customers fo-
cus on satisfaction with the service, ma-
ture and older customers are more in-
fluenced by satisfaction with the prod-
uct and store image. thus, when mak-
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ing a buying decision, to purchase older 
respondents are likely to focus on their 
experience-based evaluation of the prod-
uct’s key attribute. Younger people do 
not rely so much on their satisfaction 
with the product itself; but rather, seem 
to base their decision primarily on the 
information provided by the sales per-
son. these findings are consistent with 
other studies related to age (GILLY and 
ZEItHAML, 1985; roEDDEr and coLE, 
1986; sMItH and bALtEs, 1990; LIGHt, 
1991; sorcE, 1995).

the relationship between retailer loy-
alty and satisfaction with the product 
and store image is stronger for respond-
ents with high income than for those with 
mid-income. However, the relationship 
between satisfaction with the service and 
loyalty is weaker for customers with high 
income than for those with mid-income. 
In contrast, low-income people focus on 
variety seeking and their retailer loyal-
ty is very low and has a negative effect. 
Hence, product satisfaction and store 
image is much more important for high 
income people. one reason could be the 
financial and health risk associated with 
the purchase of a poor-quality product. 
Another reason could be associated with 
social status and living standard. As a 
result people with a higher income have 
a higher level of education and a bet-
ter job and they want to live on a high-
er social scale (ZEItHAML, 1985; Mur-
rAY and scHLActEr, 1990; sPEncE and 
brucKs, 1997). there is a strong cor-
relation among income, education, and 
occupation (JAcobY and KYnEr, 1973; 
scHAnInGEr and scIGLIMPAGLIA, 1981; 
sPEncE and brucKs, 1997).

concLusIons

In this study, the major factors affect-
ing customer retailer loyalty in Erzurum, 
turkey, were examined. Factor and k-
means cluster analyses were used to de-
termine the main factors that affect cus-

tomer retailer loyalty and to cluster the 
customers based on the relative homo-
geneity of their attitudes. the results of 
this study show that satisfaction with the 
product including food quality and food 
safety attributes and store image are the 
factors that have the strongest effect on 
customer retailer loyalty in all the clus-
ters but especially in c1. satisfaction with 
the service derived from a blend of satis-
faction with sales process and perceived 
service quality is the second-most impor-
tant factor in all the groups, particularly 
in c2. the third most important factor, 
variety seeking, has a negative effect on 
retailer loyalty especially in c2 and c3.

some demographic characteristics 
also affect consumer retailer loyalty. us-
ing multiple group causal analysis, sig-
nificant differences were found for each 
of the factors across the subgroups. 
While satisfaction with the product and 
service, and store image positively af-
fected customer retailer loyalty, varie-
ty seeking had a negative effect on it. In 
addition, gender, age and income with 
a strong correlation between education 
and occupation had an important influ-
ence on retailer loyalty. the results of 
this study show the importance of the 
relationship between main factors and 
demographic characteristics in deter-
mining retailer loyalty.

In an attempt to build customer loyalty 
retailers should concentrate on providing 
food safety, sensory and perceived quali-
ty, hygiene and freshness, and engaging 
strategies such as private labelled prod-
ucts, and store/brand advertisements to 
satisfy the respondents of c1, (educat-
ed women, with high-income) who look 
for satisfaction with the product. retail-
ers should provide stronger service pol-
icies related to the sales process and 
service quality focused to retain current 
and attract new customers (c2), partic-
ularly women with low-income and av-
erage education who pay more atten-
tion to satisfaction with the service. the 
retailer should focus on more effective 
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price, brand and product diversification 
strategies for (c3) (highly-educated and 
mid-income men). consequently, retail-
ers should develop and implement mar-
keting tactics and strategies that pay 
more attention to the relationships be-
tween the factors affecting customer loy-
alty and the demographic characteristics 
of the target customers.

Even though this study has some sci-
entific merit for the academic, policy-
making, and food manufacturing and re-
tailing community, it also has some lim-
itations. one limitation is that the sur-
vey was conducted in only one city that 
could not possibly represent all turkish 
consumers of food products. the city of 
Erzurum does, however, give some in-
dication of the direction in which oth-
er cities are moving. In future studies, 
this model could be expanded to include 
more specific foods and factors.
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AbstrAct

Inactivation of Botrytis cinerea in-
oculated into sour cherry juice, apri-
cot and peach nectars was determined 
by pulsed electric fields (PEF) based on 
the measurement of germination tube 
elongation, spore germination rate and 
light and scanning electron (sEM) mi-

rIAssunto

È stata studiata, sulla base di misu-
razioni dello sviluppo di tubuli germina-
tivi, della velocità di germinazione del-
le spore e di osservazioni sia alla luce, 
sia al microscopio elettronico a scan-
sione (sEM), l’inattivazione di Botrytis 
cinerea inoculata in un succo di cilie-
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croscopic observations. With increas-
ing electric field strength and process-
ing time, germination tube elongation 
and spore germination were complete-
ly inhibited (P≤0.05). Microscopic ob-
servations revealed considerable mor-
phological alterations such as cytoplas-
mic coagulation, vacuolations, hyphal 
shriveling and protoplast leakage. PEF 
processing of juice/nectars was very 
effective to inactivate B. cinerea. this 
method could be used to prevent prod-
uct loss in fruit juice/nectars due to B. 
cinerea contamination.

gia acida e in nettari di albicocca e pe-
sca per mezzo di campi elettrici pulsati 
(PEF). con l’incremento della forza del 
campo elettrico e del tempo di tratta-
mento, lo sviluppo dei tubuli germina-
tivi e la germinazione delle spore risul-
tavano completamente inibiti (P≤0.05). 
Le osservazioni al microscopio rivela-
vano considerevoli alterazioni morfolo-
giche come la coagulazione del citopla-
sma, la vacuolazione, il raggrinzimen-
to delle ife e la perdita del protoplasto. 
Il trattamento PEF di succhi e nettari 
è risultato altamente efficace nell’inat-
tivazione della B. cinerea. Questo me-
todo potrebbe essere utilizzato per pre-
venire la perdita di prodotto nei succhi 
e nettari di frutta dovuta a contamina-
zione da B. cinerea.

IntroductIon

non-thermal food preservation tech-
nologies, especially pulsed electric fields 
(PEF) have become important for scien-
tists, the food industry and consumers 
because they are safe and have positive 
effects on the quality and sensory at-
tributes of food products (ZhAng et al., 
1994). PEF processing of foods has been 
applied most frequently to fruit juices 
(JIn and ZhAng, 1999; rAso et al., 1998; 
sEn guPtA et al., 2005), milk and milk 
products (cALdEron-MIrAndA et al., 
1999; EvrEndILEk et al., 2004a, 2004b; 
FErnAndEZ-MoLInA et al., 2006) and liq-
uid egg (hErMAWAn et al., 2004; MALIckI 
et al., 2004) in order to inactivate micro-
organisms, obtain quality measurements 
and extend shelf-life.

While inactivation of different micro-
organisms including bacteria, yeasts 
and molds that are pathogenic and 
cause food spoilage have been stud-
ied with PEF, studies related to the in-

activation of different molds are limit-
ed. the use of PEF to inactivate Byss-
ochlamys fulva conidiospores and Ne-
oartoria fischeri ascospores suspended 
in apple, orange, pineapple, cranberry, 
grape, and tomato juices (rAso et al., 
1998) as well as Byssochlamys nivea as-
cospores has been studied (grAhL and 
MArkL, 1996). recently PEF inactiva-
tion of Penicillum expansum inoculated 
into sour cherry juice, peach and apricot 
nectars was investigated (EvrEndILEk 
et al., 2008). While P. expansum, B. ful-
va, N. fischeri and B. nivea have been in-
activated by using PEF, there is a lack 
of information regarding the use of PEF 
treatments to inactivate fungal patho-
gens, especially Botrytis cinerea. grey 
mold disease caused by B. cinerea is one 
of the most serious diseases that affect a 
wide range of crops worldwide. Post har-
vest losses are very high due to the de-
velopment of grey mold during storage 
and distribution of harvested fruits and 
vegetables (dAFErErA et al., 2003). the 
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post-harvest B. cinerea contamination 
of fruit causes product loss in the fruit 
juice industry due to the production of 
a wide range of cell wall degrading en-
zymes, toxins and other low-molecular-
weight compounds such as oxalic acid 
(WILLIAMson et al., 2007). depending on 
the concentration of these compounds, 
they can affect the color, viscosity, clari-
ty, taste and safety of fruit juices. there-
fore, to insure product quality and safety 
it is important to inactivate B. cinerea in 
the fruit juice/nectar. In the fruit juice 
industry B. cinerea is currently inacti-
vated but this method causes undesir-
able changes in the physical, chemical 
and sensory characteristics of the prod-
uct. While different attempts have been 
made to inactivate B. cinerea in fruit and 
fruit juices (MArQuEnIE et al., 2002), the 
effect of PEF has not been reported. the 
objective of this study was to determine 
the level of inactivation of B. cinerea in-
oculated into sour cherry juice, apricot 
and peach nectars by using PEF. Electric 
field strengths and treatment times were 
varied and the level of inactivation was 
determined by measuring germination 
tube elongation and spore germination 
rate, and by light and scanning electron 
(sEM) microscopic observations. given 
that spores are the primary source of ini-
tial mold contamination, the rate of spore 
germination was determined. In fungi, 
the conidia germination and germ-tube 
elongation are initial requisites for dis-
ease development; subsequent process-
es, including host penetration, ultimate-
ly contribute to the spread of disease and 
plant death. germination was measured 
by germination tube elongation and the 
rate of spore germination.

MAtErIALs And MEthods

test microorganism

Botrytis cinerea was isolated from in-
fected strawberry fruit and maintained 

on potato dextrose agar (PdA) (Merck, 
darmstadt, germany). the culture was 
stored at 4°c and sub-cultured once a 
month. A spore suspension was pre-
pared from a 2-week-old PdA culture. 
the spores were removed from the sur-
face of the culture, and then suspend-
ed in 1,000 mL of sour cherry juice, ap-
ricot or peach nectar. spore concentra-
tion was determined using a haemocy-
tometer and adjusted to 105-106 spores 
mL-1 (soyLu et al., 2006).

Food samples

Freshly squeezed sour cherry, apri-
cot and peach concentrates were ob-
tained from dimes gıda sanayii ve tic. 
A.Ş. (tokat, turkey) in aseptic pouch-
es. sour cherry concentrate was dilut-
ed to 13.5°brix, while apricot and peach 
concentrates were diluted to 11° and 
10°brix, respectively. the conductivity 
of sour cherry juice, apricot and peach 
nectar were measured as 3.64±0.17, 
1.67±0.02 and 1.15±0.01 ms cm-1, re-
spectively. After preparation, the fruit 
juice/nectars were immediately subject-
ed to PEF processing.

Pulsed electric field processing unit

A bench scale continuous PEF system 
[osu-4A] was used to treat the inocu-
lated samples (the ohio state universi-
ty, columbus, oh, usA). six treatment 
chambers connected in series were inte-
grated into the PEF system. Each treat-
ment chamber was constructed with a 
treatment zone of 0.29 cm in diameter 
and 0.23 cm in gap distance. the elec-
trode material was stainless steel, and 
the insulator was made of delrin® (cole 
Palmer, columbus, oh, usA). the con-
tact between the electrode and insula-
tor was air tight and designed specifi-
cally to prevent the sample from being 
trapped. the osu-4A bench scale PEF 
generator provided square wave bipo-
lar pulses. there was one positive and 
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one negative square wave pulse with a 
20 µs pulse delay in between. the pre- 
and post-treatment temperatures (t2-t1, 
t4-t3, and t6-t5) at the inlet and outlet of 
each pair of treatment chambers were 
monitored by using k-type dual chan-
nel digital thermocouples (Fisher sci-
entific, Pittsburgh, PA) attached to the 
outer surface of the thin walled stain-
less steel tubing. the k-type thermocou-
ple probe that was used had a time con-
stant of 0.1 s and a response time of 0.5 
s. Its resistance at 20°c was 24.08 Ω and 
the measuring range was -200° to 982°c 
(EvrEndILEk et al., 2004b).

the treated sample was cooled after 
each pair of chambers by cooling coils 
submerged in a water bath at 12°c (Mod-
el rtE-111, nEsLAb Instruments Inc., 
newington, nh, usA). A trigger genera-
tor (Model 9300 series, Quantum com-
posers, Inc., bozeman, Mt, usA) was 
used to control the pulse duration time, 
pulse delaying time and pulse repetition 
rate. the voltage and current applied 
were monitored by a two-channel digital 
oscilloscope (Model tds 320, tektronix 
Inc., beaverton, or, usA). specifications 
of the osu-4A bench scale PEF units 
were 12,000 max output voltage, 60 A 
max output current, 10,000 pulse per 
second (pps) max repetition rate, 200-
1,200 Ω load resistance and 16 J ener-
gy storage in the pulse generator when 
fully charged. Preliminary tests were 
performed to determine the PEF treat-
ment conditions for sour cherry juice and 
peach and apricot nectars (EvrEndILEk 
et al., 2004b).

before and after each trial, tap wa-
ter was pumped at a flow rate of 40 mL 
min-1 for 5 min to clean the system and 
remove all of the remaining sample. A 
solution of household bleach diluted 
with water at a 1:10 ratio was pumped 
through the system until the phydrion 
Micro chlorine strip (LaMotte, chester-
town, Md, usA) dipped into the sam-
ple outlet port indicated that the chlo-
rine concentration was more than 200 

ppm. the system was then soaked with 
this bleach solution for at least 5 min. 
sterile de-ionized water was pumped 
through the system until the phydri-
on Micro chlorine strip dipped into the 
sample outlet port indicated that the 
chlorine concentration was zero ppm. 
the uninoculated sample was pumped 
through the system to further clean any 
remaining chlorine residues. the entire 
system was then flushed and filled with 
the uninoculated sample (EvrEndILEk 
et al., 2004b).

PEF-processing parameters were 
applied as a function of electric field 
strength and treatment time. For this 
purpose, 0 (control), 17, 20, 23, 27, 30 
and 34 kvcm-1 electric field strength 
were applied under the following condi-
tions: 45 mL min-1 flow rate, 3 µs pulse 
duration, 500 pulses per second (pps) 
frequency, and 163 µs treatment time. 
similarly, 0 (control), 62, 94, 123, 163, 
198 and 218 µs treatment times were 
applied with a 40 mL min-1 flow rate, 3 
µs pulse duration, and 17 kv cm-1 elec-
tric field strength.

ph measurement

the ph measurements were performed 
on 10 mL samples at room temperature 
taken in triplicate using an orion per-
phect logr meter (Inolab WtW, Weilhe-
im, germany).

determination 
of germination tube elongation 
and spore germination rate

Aliquots of 1,000 µL of control and 
PEF-treated sour cherry juice, peach 
and apricot nectars containing B. cin-
erea conidial suspensions at a concen-
tration of 105 spores mL-1 were poured 
into Petri plates (ca. 20 mL/plate) con-
taining potato dextrose agar (PdA, dif-
co, darmstadt, germany). All inoculat-
ed Petri plates were incubated for 24-
48 h, at 22±2°c. Approximately 200 B. 
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cinerea spores were evaluated for ger-
mination tube elongation (µm) and the 
spore germination rate for each treat-
ment within each triplicate using a mi-
croscope eyepiece graticule. A conidium 
was considered germinated if the germ 
tube length was 1-1.5 times the length of 
the conidium. Each treatment was rep-
licated three times and the experiment 
was repeated twice. the growth values 
were obtained and then converted into 
the inhibition percentage of spore germi-
nation and germ tube elongation in re-
lation to the control treatment (soyLu 
et al., 2006).

Light microscopy observation

Inoculated control and PEF-treat-
ed samples were collected, and 1 mL of 
samples was transferred onto PdA. After 
incubation of the PdA plates at 22±2ºc 
for 24-48 h, a thin layer of agar disc 
was aseptically removed at one-day in-
tervals and processed for light micros-
copy. Agar discs (1 mm thick) were cut 
from the growing edges, placed in a drop 
of glycerol on a microscope glass slide, 
and subsequently covered with a glass 
cover. observations were made under a 
light microscope (olympus bX-51, to-
kyo, Japan).

scanning electron microscopy 
observation

B. cinerea-inoculated control and 
PEF-treated samples were collected 
and centrifuged for 5 min at 3,000 rpm 
(hettich universal 32r d78532 mod-
el, tuttlingen, germany). After centrif-
ugation, the conidial cells were collect-
ed and attached to double-sided carbon 
tape on stubs (1 cm in diameter). the 
fixed material was on stubs coated with 
gold/palladium in a sputter coater sys-
tem in a high-vacuum chamber (Polaron 
sc7620, Watford, uk) for 150 s at 9 mA. 
the samples were examined, and digit-
al images were captured using a JEoL 

JsM 5500 sEM (croissy-sur-seine, Fr) 
at an accelerating voltage of 5 kv (soy-
Lu et al., 2006).

data analyses

Minitab software, version 12.1 (Min-
itab, Inc., state college, PA, usA) was 
used for the data analysis. one-way 
analysis of variance (AnovA) was per-
formed to compare the mean differences 
among the control and treated samples 
with respect to germination tube elonga-
tion and spore germination rate at 95% 
confidence interval. duncan’s Multiple 
range test was performed to determine 
differences among the treatments.

rEsuLts And dIscussIons

PEF processing of sour cherry juice 
and apricot and peach nectars was car-
ried out at electric field strengths of 0, 
17, 20, 23, 27, 30 and 34 kvcm-1 with 
45 mL min-1 flow rate, 3 µs pulse dura-
tion, 500 pulses per second (pps) fre-
quency, and 163 µs treatment time. 
similarly, treatment times of 0, 62, 94, 
123, 163, 198 and 218 µs were applied 
at 40 mL min-1 flow rate, 3 µs pulse 
duration, and 17 kv cm-1 electric field 
strength. changes in the sample tem-
peratures during PEF treatment were 
measured before and after each pair 
of treatment chambers. With the ap-
plication of the highest electric field 
strength, 34 kv/cm, the initial sample 
temperature of 10°c increased 11°c 
and reached 21°c. since the temper-
ature increase was controlled by cool-
ing coils, the PEF processing treatment 
was carried out at a temperature less 
than 22°c. therefore, the whole treat-
ment was non-thermal.

the ph values of the control samples 
were measured as 3.1±0.0, 3.8±0.0, and 
3.9±0.0 for sour cherry juice, apricot and 
peach nectars, respectively. the increase 
in electric field strength did not cause 
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any significant difference in the initial ph 
values of the samples (P>0.05). similarly, 
increased treatment time did not cause 
any significant change in the initial ph 
values of the sour cherry juice and apri-
cot and peach nectars (P>0.05).

the measurement of the germination 
tube elongation of B. cinerea in the con-
trols of sour cherry juice and apricot and 
peach nectar samples were 462.4±36.6, 
460.4±32.1 and 440.3±34.0 µm, re-
spectively. As the electric field strength 
increased, the germination tube elon-
gation greatly diminished (P≤0.05). no 
growth was observed in the sour cherry 
juice after 20 kv cm-1, whereas, in ap-
ricot and peach nectars no growth was 
measured after 23 and 27 kv cm-1, re-
spectively. there were significant differ-
ences among sour cherry juice, peach 

nectar and apricot nectar with respect to 
the inhibition of germination tube elon-
gation (P≤0.05) (table 1).

With regards to the effect of treat-
ment time, the germination tube elon-
gation in the control samples of sour 
cherry juice and apricot and peach nec-
tars were 412±63, 445±40 and 462±16 
µm, respectively. these initial measure-
ments decreased to zero when the treat-
ment time was increased to 218 µs. no 
growth was observed at 94 µs treatment 
time in sour cherry juice, and at 123 and 
198 µs treatment times in peach and 
apricot nectars, respectively (P≤0.05). 
there were significant differences among 
the sour cherry juice, apricot and peach 
nectars with respect to the inhibition of 
germination tube elongation (P≤0.05) 
(table 2).

table 1 - germination tube elongation (µm) of Botrytis cinerea inoculated into sour cherry juice, apricot 
and peach nectars treated by pulsed electric fields as a function of electric field strength (kv/cm).

 Electric field strength (kV/cm)

Food sample 0 (control) 17 20 23 27 30 34

Sour cherry juice 462±36a 218±62b 0.0±0c 0.0±0.0c 0.0±0.0c 0.0±0.0c 0.0±0.0c

Apricot nectar 460±32a 283±45b 217±30c 0.0±0.0d 0.0±0.0d 0.0±0.0d 0.0±0.0d

Peach nectar 440±34a 387±21b 333±38b 219±30c 0.0±0.0d 0.0±0.0d 0.0±0.0d

*Data in the same row with different superscript letters are significantly different (P≤0.05)
**Processing parameters were 45 mL min-1 of flow rate, 3 µs of pulse duration, 500 pulse per second (pps) of fre-
quency and 163 µs of treatment time.

table 2 - germination tube elongation (µm) of Botrytis cinerea inoculated into sour cherry juice, apri-
cot and peach nectars treated by pulsed electric fields as a function of treatment time (µs).

 Treatment time (µs)

Food sample 0 (control) 62 94 123 163 198 218

Sour cherry juice 412±63a 220±41b 0.0±.0.0c 0.0±.0.0c 0.0±.0.0c 0.0±.0.0c 0.0±.0.0c

Apricot nectar 445±40a 393±35b 209±31c 0.0±.0.0d 0.0±.0.0d 0.0±.0.0d 0.0±.0.0d

Peach nectar 462±16a 396±15a 349±30b 336±38c 269±34c 153±47c 0.0±0.0d

*Data in the same row with different superscript letters are significantly different (P≤0.05)
**Processing parameters were 40 mL min-1 of flow rate, 3 µs of pulse duration and 17 kV cm-1 of electric field 
strength.
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Applied electric field strength com-
pletely inhibited the spore germina-
tion rate in the control samples of sour 
cherry juice, apricot and peach nectars 
(100.0±0.00%). complete inhibition was 
recorded at 20 kv cm-1 in sour cherry 
juice, 23 kv cm-1 in apricot nectar and 
27 kv cm-1 in peach nectar (P≤0.05) (ta-
ble 3).

the rate of spore germination de-
creased as treatment time increased; 
eventually, spore germination was com-
pletely inhibited. the spore germina-
tion rates in the control samples of sour 
cherry juice and apricot and peach 
nectars were 99.8±0.4, 100.0±0.0 and 
100.0±0.0%, respectively. no spore ger-
mination was recorded after 123 µs in 
sour cherry juice and apricot nectar, 

table 3 - spore germination rate (%) of Botrytis cinerea inoculated into sour cherry juice, apricot and 
peach nectars treated by pulsed electric fields as a function of electric field strength (kv/cm).

 Electric field strength (kV/cm)

Food sample 0 (control) 17 20 23 27 30 34

Sour cherry juice 100.0±0.0a 4.2±2.3b 0.0±.0.0c 0.0±.0.0c 0.0±.0.0c 0.0±.0.0c 0.0±.0.0c

Apricot nectar 100.0±0.0a 24.1±3.0b 4.1±1.2c 0.0±.0.0d 0.0±.0.0d 0.0±.0.0d 0.0±.0.0d

Peach nectar 100.0±0.0a 82.5±2.7b 51.9±2.3c 11.7±2.1d 0.0±.0.0e 0.0±.0.0e 0.0±.0.0e

*Data in the same row with different superscript letters are significantly different (P≤0.05)
**Processing parameters were 45 mL min-1 of flow rate, 3 µs of pulse duration, 500 pulse per second (pps) of fre-
quency and 163 µs of treatment time.

and 198 µs in peach nectar (P≤0.05) (ta-
ble 4).

the microscopic observation of PEF-
treated sour cherry juice and peach and 
apricot nectars containing B. cinerea co-
nidial suspension showed degenerative 
changes in the conidial morphology. Fol-
lowing exposure of the fungal conidia to 
the most efficient treatment (30 kv cm-

1), the non-germinated conidia had a de-
graded appearance, with large vesicles 
inside the cell walls. With PEF treat-
ment, germination of the fungal conidia 
was suppressed and their structure was 
modified (Fig. 1). sEM observations re-
vealed cytoplasmic coagulation, shrink-
age, and a degraded morphology of the 
fungal spores after PEF treatments of 17 
(Fig. 2b), 20 (Fig. 2c), 23 (Fig. 2d), 27 

table 4 - spore germination rate (%) of Botrytis cinerea inoculated into sour cherry juice, apricot and 
peach nectars treated by pulsed electric fields as a function of treatment time (µs).

 Treatment time (µs)

Food sample 0 (control) 62 94 123 163 198 218

Sour cherry juice 99.8±0.4a 10.7±11.0b 1.4±1.6c 0.0±.0.0d 0.0±.0.0d 0.0±.0.0d 0.0±.0.0d

Apricot nectar 100.0±0.0a 31.3±2.8b 4.2±1.3c 0.0±.0.0d 0.0±.0.0d 0.0±.0.0d 0.0±.0.0d

Peach nectar 100.0±0.0a 100.0±0.0a 90.8±2.8b 56.6±6.1c 44.7±3.1d 16.1±2.5e 0.0±0.0f

*Data in the same row with different superscript letters are significantly different (P≤0.05)
**Processing parameters were 40 mL min-1 of flow rate, 3 µs of pulse duration and 17 kV cm-1 of electric field 
strength.
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Fig. 1 - Effect of the different electric field strengths on conidi-
al germination and fungal morphology of B. cinerea under light 
microscope. (A) germinated conidia (c) with long healthy hy-
phae (arrows) in untreated control medium. Inhibitory effects 
of different electric currents (17 kv cm-1) on hyphal elongation 
(b) and morphology of conidia (treated by 30 kv cm-1) (c). bars, 
A=10 µm; b and c=50 µm. PEF processing parameters 45 mL 
min-1 of flow rate, 3 µs of pulse duration, 500 pulse per second 
(pps) of frequency and 163 µs of treatment time.

(Fig. 2E) and 30 (Fig. 2F) kv cm-1 (Fig. 
1c) when compared to the control sam-
ples (Fig. 2A). With PEF, fungal growth 
was suppressed and the hyphal struc-

ture displayed several mor-
phological changes. In con-
trast to the control samples, in 
which the surfaces of the co-
nidia were smooth, the surfac-
es of the PEF-treated conidia 
were very rough and caved in 
on many sides (Fig. 2).

the degree of inhibition of 
germination tube elongation 
and spore germination rate 
as a function of electric field 
strength and treatment time 
was in the order of sour cherry 
juice ≥ apricot nectar > peach 
nectar. Inhibition of B. cine-
rea germination tube elonga-
tion and spore germination 
rate as a function of electric 
field strength and treatment 
time in sour cherry juice was 
higher than that in both apri-
cot and peach nectars.

It has been reported that 
microbial inactivation by PEF 
is affected by the ph and con-
ductivity of the food matrix. 
Increased acidity causes an 
increase in microbial inacti-
vation (vEgA-MErcAdo et al., 
1996). the low electrical con-
ductivity increases the differ-
ence in the electrical conduc-
tivity between the medium and 
the microbial cytoplasm. this 
increased difference in the 
electrical conductivity weak-
ens the membrane structure 
of microorganisms due to an 
increased flow of ionic sub-
stances across the membrane 
during PEF treatment (rAso et 
al., 1998). It has been report-
ed that lower electrical con-
ductivity causes higher elec-
tric field strength and, thus, 

the higher microbial inactivation. the 
ph values of the sour cherry juice, ap-
ricot and peach nectars were 3.1±0.0, 
3.8±0.0 and 3.9±0.0, respectively. Al-
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Fig. 2 - Effect of the different electric field strengths on conidial germination and fungal morphology 
of B. cinerea under scanning electron microscope. (A) germinated conidia (c) with long healthy germ 
tube (arrow) in untreated control medium. Inhibitory effects of different electric currents on germina-
tion tube elongation and fungal morphology for 17 kv cm-1 (b), 20 kv cm-1 (c), 23 kv cm-1 (d), 27 kv 
cm-1 (E) and 30 kv cm-1 (F). PEF processing parameters were 45 mL min-1 of flow rate, 3 µs of pulse du-
ration, 500 pulse per second (pps) of frequency and 163 µs of treatment time.

though sour cherry juice, apricot and 
peach nectars are highly acidic foods, 
the ph of the sour cherry juice was lower 
than that of the apricot and peach nec-

tars. due to the lower ph of sour cherry 
juice, the inactivation of P. expansum in 
sour cherry juice was higher than that 
the apricot and peach nectars.
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this is the first report of a study that 
used germination tube elongation and 
spore germination rate of B. cinerea in-
oculated into sour cherry juice, peach 
and apricot nectars processed by PEF. 
Except for the inactivation of P. expan-
sum, most previous studies using PEF 
have been related to the inactivation of 
different bacteria, yeasts and molds. In-
activation by PEF processing of Bysso-
chlamys fulva conidiospores and Neosa-
rtoria fischeri ascospores suspended in 
different fruit juices showed that the B. 
fulva conidiospore inactivation increased 
when the number of pulses applied was 
increased and the hierarchy of effective-
ness for conidiospore inactivation was 
cranberry > grape > pineapple > orange 
> apple > tomato. there was, no inacti-
vation of N. fischeri in cranberry juice, 
even after 40 pulses of treatment at 51.0 
kv cm-1 (rAso et al., 1998).

In contrast to the present study, previ-
ous studies dealing with the inactivation 
of different molds have focused main-
ly on the inactivation of conidiospores 
and/or ascospores. therefore, the re-
sults cannot be compared easily. how-
ever, the results of this study are parallel 
to the inactivation of P. expansum in that 
with increased electric field strength and 
treatment time there was complete inac-
tivation of the germination tube elonga-
tion and spore germination rate in the 
fungus (EvrEndILEk et al., 2008).

similar effects were reported with 
PEF-treated microbial cells as observed 
by microscopic examinations. the phys-
ical effects of PEF on the inactivation 
of diarrhoeagenic Bacillus cereus cells 
suspended in 0.1 g L-1 peptone water 
were examined by transmission elec-
tron microscopy (tEM). those investi-
gations revealed an irreversible rupture 
of the cell membrane at a number of lo-
cations, which resulted in the apparent 
loss of intracellular contents (roWAn et 
al., 2000).

PEF treatments of Escherichia coli 
subjected to 60 pulses at 41 kv cm-1 were 

examined by tEM and sEM. changes 
in the cytoplasm were observed and the 
cell surface appeared rough. the out-
er membranes of the cells were partially 
destroyed which resulted in leakage of 
cell cytoplasm (dutrEuX et al., 2000). 
sEM and tEM observations of S. aureus 
cells inoculated in a model food and sub-
jected to 64 pulses at 20, 40 and 60 kv 
cm-1 presented ultrastructural changes. 
In addition, sEM observations revealed 
surface roughness after treatment with 

electric field (PothAkAMury et al., 1997). 
our conclusions were similar to those 
reported in the literature; PEF treat-
ment causes structural damage in mi-
crobial cells.

Light and sEM observations of P. ex-
pansum were similar to those obtained 
in this study. PEF treatment caused 
marked damage to the P. expansum co-
nidia compared to non-treated controls. 
When electric field strength was applied 
there were morphological alterations 
in the hyphal morphology, shrinkage, 
shriveled hyphal aggregates, reduced hy-
phal diameters and lyses of hyphal wall 
(EvrEndILEk et al., 2008).

concLusIons

Processing of different fruit juices 
and/or nectars is important to evaluate 
the potential use of PEF technology. the 
study on the inactivation of plant patho-
gen fungi such as B. cinerea provides in-
formation that can be used to extend PEF 
technology in fruit juice processing. In 
this study the effect of PEF on the spore 
germination rate, germination tube elon-
gation and structural changes of B. ci-
nerea was explored. More studies are 
needed on the inactivation of different 
molds in fruit juices/nectars with inac-
tivation kinetics, germination tube elon-
gation and spore germination rate, and 
on the changes in the physical, chemi-
cal and sensory properties of fruit juic-
es/nectars at the electric field strengths 
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that provide microbial inactivation. this 
approach could be an alternative way to 
eliminate B. cinerea contamination in the 
fruit juice industry.

While these results demonstrate the 
degenerative changes caused by PEF 
treatment on conidia, the mechanisms 
of action have not been well documented. 
the general changes in the morphology 
of the hyphae and conidia could be due 
to the loss of cell wall integrity. conse-
quently plasma membrane permeability 
could be affected, which would explain 
the changes in the morphology and size 
of the internal organelles. Further stud-
ies are needed to explain the effect of 
the PEF mechanism on fungal hyphae 
and conidia.
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AbstrAct

the antioxidant activities of the es-
sential oils (EO), the remaining wa-
ter-soluble hydrodistillation-aqueous 
phase (rHAPhW) and chloroform-sol-
uble phases (rHAPhc) and the hex-
ane (HEX), dichloromethane (DcM) 
and methanol (MeOH) extracts from the 
dried flowering aerial parts of Thymbra 
capitata and Thymus mastichina were 

riAssuntO

sono state valutate le attività antios-
sidanti degli oli essenziali (OE), del-
la fase idrosolubile residua dell’idrodi-
stillazione (rHAPhW) delle fasi solubili 
in cloroformio (rHAPhc) e degli estrat-
ti in esano (HEX), diclorometano (DcM) 
e metanolo (MeOH) di parti aeree essic-
cate di Thymbra capitata e Thymus ma-
stichina. Gli EOs sono stati analizzati 
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evaluated. the EOs were analyzed by 
Gc and Gc-Ms. the total phenol con-
tent was determined by the Folin-cio-
calteu method. the antioxidant activity 
was evaluated by DPPH, tbArs, reduc-
tive potential, metal chelating and by su-
peroxide anion scavenging activity. car-
vacrol (75%) and 1,8-cineole (44%) were 
the main components of the T. capita-
ta and of Th. mastichina EOs, respec-
tively. the DcM extracts of T. capitata 
and the MeOH extracts of Th. mastichi-
na had the highest phenol contents. the 
rHAPhWs of both plant species were the 
best free radical scavengers. the HEX 
and MeOH extracts of T. capitata pre-
vented lipid peroxidation most effec-
tively. rHAPhWs and MeOH extracts of 
T. capitata and Th. mastichina, respec-
tively, had the strongest reducing activi-
ty. Only the MeOH extracts of both spe-
cies were able to chelate Fe(ii) and only 
rHAPhWs and MeOH extracts were able 
to scavenge superoxide radicals.

via Gc e Gc-Ms. il contenuto in poli-
fenoli totali è stato determinato con il 
metodo Folin-ciocalteu. L’attività an-
tiossidante è stata valutata per mezzo 
di DPPH, tbArs, potenziale riducente, 
metalli chelanti e per mezzo di attività 
di scavenging di anioni superossido. il 
carvacrolo (75%) e il 1,8-cineolo (44%) 
erano, rispettivamente, i maggiori rap-
presentanti degli EOs della T. capitata 
e della Th. mastichina. Le rHAPhWs di 
entrambe le tipologie di piante erano le 
migliori radical scavengers. Gli estratti 
HEX e MeOH della T. capitata preveni-
vano molto efficacemente la perossida-
zione lipidica. Le rHAPhWs e gli estrat-
ti MeOH della T. capitata e della Th. ma-
stichina, rispettivamente, presentava-
no le più alte attività riducenti. solo gli 
estratti metanolici di entrambe le spe-
cie presentavano la capacità di chelare 
il Fe (ii) e solo le rHAPhWs e gli estrat-
ti MeOH erano capaci di attività di sca-
venging dei superossi radicali.

intrODuctiOn

Lipid oxidation in foodstuffs is un-
desirable because it negatively affects 
the quality due to the formation of un-
pleasant volatile compounds. in order 
to extend the shelf life of a product, the 
food industry uses antioxidants that are 
chain-breaking inhibitors of lipid perox-
idation. Many synthetic antioxidants are 
currently used, such as butylated hy-
droxyanisol (bHA), butylated hydroxy-
toluene (bHt), gallates and tert-butyl-
hydroquinone (tbHQ), since they pro-
vide good protection for unsaturated fats 
and oils at low cost and high stability 
(tsiMiDOu and bOsKOu, 1994; ÖZcAn 
and AKGÜL, 1995; DAPKEVicius et al., 
1998; bELitZ and GrOscH, 1999). there 
is also increasing interest in the food in-
dustry to find natural antioxidants be-

cause they are potentially less toxic. the 
search for natural antioxidants includes 
spices and aromatic plants because they 
are known to improve the organoleptic 
properties in products as well as contrib-
ute to their preservation (stAsHEnKO et 
al., 2002; POLitEO et al., 2006; bOZin 
et al., 2006).

Eleven species of Thymus, with a total 
of fourteen taxa, can be found in Portu-
gal. these taxa belong to five of the eight 
sections of this genus. Thymbra capitata 
(L) cav. from the genus Thymbra is also 
largely distributed throughout Portugal. 
the ability of the essential oils from Por-
tuguese thyme species and T. capitata to 
prevent lipid peroxidation has been eval-
uated (FiGuEirEDO et al., 2008 and ref-
erences therein). these studies demon-
strated that the chemical composition 
of the essential oils and the type of lipid 
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substrates were responsible for the anti-
oxidant activities of the oils. Data con-
cerning the antioxidant activity of ex-
tracts from these Portuguese plants is 
scarce or non-existent.

in the present study, the antioxidant 
activities of the essential oils, and the 
remaining hydrodistillation-aqueous 
phase extracts and soxhlet extracts iso-
lated from T. capitata and Th. mastichi-
na were assessed by using five different 
methods. the results were then com-
pared.

MAtEriAL AnD MEtHODs

Plant material

the aerial parts (leaves + flowers + 
stems) of T. capitata and Th. mastichi-
na, collected in the flowering phase, were 
kindly provided by Direcção regional de 
Agricultura e Pescas do Algarve (Portu-
gal), in June 2004, and dried in the dark, 
at room temperature, at the university 
of Algarve (Portugal).

Essential oil isolation (EO)

the essential oils were isolated from 
the dried plant material (100 g) by hy-
drodistillation for 3 h using a cleveng-
er-type apparatus according to the Eu-
ropean Pharmacopoeia method (AnOn-
YMOus, 1996). the essential oils were 
stored at -20ºc in the dark prior to anal-
ysis.

Preparation of the extracts

remaining hydrodistillation-aqueous 
phase extracts (rHAPh)
After completion of hydrodistillation, 

the remaining hydrodistillation-aque-
ous phase (rHAPh) was collected and 
concentrated under vacuum at 60ºc. 
this extract was re-dissolved in water 
and fractionated with chloroform to ob-
tain water-soluble (rHAPhW) (4.1 and 

9.7%, w/w, for T. capitata and Th. mas-
tichina, respectively) and chloroform-sol-
uble (rHAPhc) fractions (0.3 and 0.5%, 
w/w, for T. capitata and Th. mastichina, 
respectively).

Preparation of the hexane (HEX), 
dichloromethane (DcM) and 
methanol (MeOH) extracts
A portion of dried plant material was 

extracted with HEX (1.9 and 4.0%, w/w, 
for T. capitata and Th. mastichina, re-
spectively), followed by DcM (2.4 and 
9.0%, w/w, for T. capitata and Th. mas-
tichina, respectively), and MeOH (13.2 
and 21.2%, w/w, for T. capitata and Th. 
mastichina, respectively) in a soxhlet ap-
paratus (6 h for each solvent); the tem-
perature never exceeded 40ºc. All ex-
tracts were kept in the dark at -4ºc un-
til use.

Determination of total phenols

the total phenol contents in the hy-
drodistillation-aqueous phase extracts 
and soxhlet extracts were determined 
using the Folin-ciocalteu reagent and 
gallic acid as standard as described by 
sLinKArD and sinGLEtOn (1977). the 
sample (0.5 mL) and 2 mL of sodium car-
bonate (75 g/L) were added to 2.5 mL 
of 10% (v/v) Folin-ciocalteu reagent. Af-
ter 30 min of reaction at room temper-
ature, the absorbance was measured at 
765 nm in a shimadzu 160-uV (tokyo, 
Japan) spectrophotometer. the results 
are given as gallic acid equivalent /g ex-
tract (GAE/g extract).

Essential oil analysis

Gas chromatography (Gc)
Gas chromatographic analyses were 

performed using a Perkin Elmer Auto-
system XL (Perkin Elmer, shelton, ct, 
usA) gas chromatograph equipped with 
two flame ionization detectors (FiDs), a 
data handling system and a vaporizing 
injector port into which two columns of 
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different polarities were installed: a Db-1 
fused-silica column (30 mx0.25 mm 
i.d., film thickness 0.25 µm) (J & W sci-
entific inc., rancho cordova, cA, usA) 
and a Db-17Ht fused-silica column (30 
mx0.25 mm i.d., film thickness 0.15 
µm) (J & W scientific inc.). Oven tem-
perature was programmed, 45°-175°c, 
at 3°c/min, subsequently at 15°c/min 
up to 300°c, and then held isothermal 
for 10 min; injector and detector tem-
peratures, 280° and 300°c, respective-
ly; carrier gas, hydrogen, was adjust-
ed to a linear velocity of 30 cm/s. the 
samples were injected using split sam-
pling technique, ratio 1:50. the volume 
of injection was 0.2 µL of a pentane-oil 
solution. the percentage composition of 
the oils was computed by the normali-
zation method from the Gc peak areas, 
calculated as mean values of two injec-
tions from each oil, without using cor-
rection factors.

Gas chromatography-mass 
spectrometry (Gc-Ms)
the Gc-Ms unit consisted of a Per-

kin Elmer Autosystem XL (Perkin Elm-
er, shelton, ct, usA) gas chromato-
graph, equipped with a Db-1 fused-sil-
ica column (30 mx0.25 mm i.d., film 
thickness 0.25 µm) (J & W scientific, 
inc.), and interfaced with a Perkin-Elm-
er turbomass mass spectrometer (soft-
ware version 4.1, Perkin Elmer, shelton, 
ct, usA). injector and oven tempera-
tures were as above; transfer line tem-
perature, 280°c; ion trap temperature, 
220°c; carrier gas, helium, adjusted to 
a linear velocity of 30 cm/s; split ratio, 
1:40; ionization energy, 70 eV; ioniza-
tion current, 60 µA; scan range, 40-300 
u; scan time, 1 s. the identity of the com-
ponents was assigned by comparison of 
their retention indices, relative to c9-
c16 n-alkane indices and Gc-Ms spectra 
from a home-made library, constructed 
based on the analyses of reference oils, 
laboratory-synthesised components and 
commercially available standards.

Antioxidant activity evaluation

From each sample, different concen-
trations of essential oils and extracts 
were prepared in methanol (10-1,000 
mg/L). the antioxidant activity of each 
sample was evaluated using five differ-
ent methods: free radical scavenging ac-
tivity using 2,2-diphenyl-1-picrylhydra-
zyl (DPPH), thiobarbituric acid reactive 
substances assay (tbArs), reductive po-
tential, metal chelating and by superox-
ide anion scavenging activity. All deter-
minations were performed in triplicate. 
the results are reported as the mean ± 
standard deviation.

Free radical scavenging activity (DPPH)

A methanolic stock solution (50 µL) of 
each sample [essential oils, extracts and 
positive control (α-tocopherol)] at differ-
ent concentrations (10-1,000 mg/L) was 
placed in a cuvette, and 2 mL of 60 µM 
methanolic solution of DPPH was added 
(brAnD-WiLLiAMs et al., 1995). Absorb-
ance measurements were made at 517 
nm using a shimadzu 160-uV spectro-
photometer (tokyo, Japan) after 5 min of 
reaction at room temperature. Absorp-
tion of a blank sample containing the 
same amount of methanol and DPPH 
solution acted as negative control. the 
percentage inhibition of the DPPH rad-
ical by the samples was calculated ac-
cording to the following formula:

scavenging effect % = [(A0 – A1) / A0] * 100

where A0 was the absorbance of the 
blank sample and A1 was the absorbance 
in the presence of the sample.

thiobarbituric acid reactive 
substances (tbArs)

the experiment was based on a mod-
ified thiobarbituric acid (tbA) reactive 
substances assay (tbArs) to measure 
the antioxidant ability of the samples 



Ital. J. Food Sci. n. 2, vol. 21 - 2009 187

and that of α-tocopherol (positive con-
trol). Egg yolk homogenate was used as 
lipid-rich media obtained as described by 
DOrMAn et al. (1995), that is, an aliquot 
of yolk material was made up to a con-
centration of 10% (w/v) in Kcl (1.15%, 
w/v). the yolk was then homogenized 
for 30 s followed by ultrasonication for 
5 min. Five hundred µL of the homoge-
nate and 100 µL of sample, dissolved 
in methanol, were added to a test tube 
and made up to 1 mL with distilled wa-
ter; 1.5 mL 20% acetic acid (pH3.5) and 
1.5 mL 0.8% (w/v) tbA in 1.1% (w/v) so-
dium dodecyl sulphate (sDs) were then 
added. this mixture was stirred in a vor-
tex and heated at 95ºc for 60 min. After 
cooling at room temperature, 5 mL of n-
butanol were added to each tube, stirred 
and centrifuged at 3,000 rpm for 10 min. 
the absorbance of the supernatant was 
measured at 532 nm using a shimadzu 
160-uV spectrophotometer. All the val-
ues are expressed as antioxidant index 
(Ai%); the control was completely perox-
idized and each oil and tested substance 
demonstrated a comparative percent-
age of antioxidant protection. the Ai% 
was calculated using the formula: (1–t/
c)x100, c being the absorbance value of 
the fully oxidized control and t, the ab-
sorbance of the tested sample.

reductive potential

the reductive potential was deter-
mined according to the method previ-
ously described (OYAiZu 1986). Each 
sample or the positive control (ascorbic 
acid) was mixed with phosphate buffer 
(2.5 mL, 0.2 M, pH6.6) and potassium 
ferricyanide [K3Fe(cn)6] (2.5 mL, 1%). 
the mixture was incubated at 50°c for 
20 min. A portion (2.5 mL) of trichloro-
acetic acid (10%) was added to the mix-
ture, which was then centrifuged for 10 
min at 3,000 rpm. the upper layer of 
solution (2.5 mL) was mixed with dis-
tilled water (2.5 mL) and Fecl3 (0.5 mL, 
0.1%), and the absorbance was meas-

ured at 700 nm in a shimadzu 160-uV 
spectrophotometer.

chelating activity

the Fe2+-chelating ability of all sam-
ples was determined according to the 
method of cArtEr (1971). One hun-
dred µL of each sample or positive con-
trol (EDtA) were incubated with 100 µL 
of Fecl2 and 3.7 mL of methanol. the 
reaction was initiated by the addition of 
100 µL of ferrozine and, after the mix-
ture had reached equilibrium (10 min), 
the absorbance at 562 nm was read with 
a shimadzu 160-uV spectrophotometer. 
the percentage of inhibition of the com-
plex ferrozine-Fe2+ was calculated using 
the following equation:

inhibition % = [(A0 – A1) / A0] * 100

where A0 was the absorbance of the con-
trol (without sample: essential oil or ex-
tract) and A1 was the absorbance in the 
presence of the sample.

superoxide anion scavenging activity

Measurements of superoxide anion 
scavenging activity of samples and posi-
tive control (ascorbic acid) were based on 
the method described by sOArEs (1996). 
superoxide anions were generated in a 
non-enzymatic phenazine methosulfate-
nicotinamide adenine dinucleotide (PMs-
nADH) system by oxidation of nADH 
and assayed by reduction of nitroblue 
tetrazolium (nbt). the superoxide ani-
on was generated in 3 mL of phosphate 
buffer (19 mM, pH7.4), containing nbt 
(43 µM) solution, nADH (166 µM) solu-
tion and different concentrations of ex-
tracts. the reaction was started with the 
addition of PMs solution (2.7 µM) to the 
mixture. the reaction mixture was incu-
bated at 20ºc for 7 min and absorbance 
at 560 nm was recorded against blank 
samples in a shimadzu 160-uV spec-
trophotometer. the percentage of inhi-
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bition was calculated using the follow-
ing equation:

inhibition % = [(A0 – A1) / A0] * 100

where A0 was the absorbance of the con-
trol (without sample) and A1 was the ab-
sorbance in the presence of the sample.

rEsuLts AnD DiscussiOn

Essential oils composition

the essential oils isolated by hydro-
distillation from the dried flowering aer-
ial parts of T. capitata and Th. mastichi-
na were obtained in average yields of 
4% (w/w).

carvacrol (75%) and 1,8-cineole (44%) 
were the most representative compo-
nents in the essential oils of T. capita-
ta and Th. mastichina, respectively. the 
carvacrol precursor p-cymene (10%) and 
γ-terpinene (4%) were the next most im-
portant components in T. capitata oil, 
whereas in Th. mastichina oil, camphor 
(10%), borneol (7%), camphene (7%), 
α-pinene (6%), α-terpineol (5%) and 
β-pinene (4%) were also present in rela-
tively high amounts.

the level of carvacrol present in T. cap-
itata oil was in accord with that previ-
ously reported for the same species col-
lected in different places, isolated from 
different plant parts and at different de-
velopmental stages (bOunAtirOu et 
al., 2007).

the dominance of 1,8-cineole is a typ-
ical characteristic of Th. mastichina oils 
in the iberian Peninsula (sALGuEirO et 
al., 1997; FiGuEirEDO et al., 2008 and 
references therein).

total phenols

the total amounts of phenols in the 
extracts of T. capitata and Th. mastichi-
na were determined using the Folin-ci-
ocalteu method. With the exception of 

the DcM soxhlet extract of Th. mastichi-
na, the lowest amounts of phenolic com-
pounds were found in the extracts de-
rived from the remaining hydrodistilla-
tion-aqueous phase.

the highest phenolic content in T. cap-
itata was found in the DcM and MeOH 
extracts (297 and 139 GAE/g extract, 
respectively). the MeOH extract of Th. 
mastichina had the highest amount of 
phenolic compounds (206G AE/g ex-
tract). the quantification of phenols in 
the HE extracts was not possible due to 
the formation of a precipitate in the re-
action system. in spite of the inability to 
determine the phenol content in the HE 
extracts, it was possible to detect anti-
oxidant activity determined by DPPH, 
tbArs and iron(iii) to iron(ii)-reducing 
assays, which indicated the presence of 
compounds that were able to prevent ox-
idation. Oleoresin could have been re-
sponsible for such activity. According 
to tEPE et al. (2005) oleoresin, which is 
present in hexane extracts, may possess 
moderate antioxidant activities.

Antioxidant activity

the antioxidant activities of the es-
sential oils, as well as those of the differ-
ent extracts of T. capitata and Th. mas-
tichina were screened by five different 
methods: DPPH free radical scavenging, 
thiobarbituric acid reactive substances 
(tbArs) for measuring the inhibition of 
lipid peroxidation, iron(iii) to iron(ii)-re-
ducing activity, iron(ii) chelating activity 
and superoxide radical scavenging. this 
approach is crucial because extracts and 
essential oils are complex systems and 
different mechanisms may contribute to 
the oxidizing processes. in the iron(iii)-
reduction assay, the general ability of 
the extracts to donate electrons is eval-
uated, while in the DPPH assay hydro-
gen atoms are also involved. transition 
metal ions serve as catalysts in Fenton 
reactions and therefore one important 
mechanism of antioxidant action may be 
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the chelation of iron(ii) ions. During the 
first step of oxidation, polyunsaturated 
fatty acids produce hydroperoxides that 
decompose giving rise to diverse compo-
nents: aldehydes, ketones, hydroxyac-
ids, hydrocarbons and polymers. One 
mechanism of antioxidant action is to 
prevent the formation of these second-
ary components; this can be evaluated 
by the tbArs method. Different reactive 
oxygen species (rOs) may be generated 
and several target structures such as li-
pids, proteins and carbohydrates can be 
affected. superoxide radical anion is one 
of the rOs that can be generated and 
one mechanism of antioxidant action is 
to scavenge it.

DPPH free radical scavenging

DPPH• is a violet stable nitrogen-cen-
tered free radical that turns yellow af-
ter being reduced, by either hydrogen- 
or electron-donation. When a compound 
can perform this reaction it is consid-
ered to be an antioxidant and therefore 
a radical scavenger (brAnD-WiLLiAMs et 
al., 1995).

Of the assayed samples, the T. capita-
ta essential oil (EO) had the least capac-
ity to scavenge DPPH free radicals (Fig. 
1a); at 100 mg/L, the lowest concentra-
tion assayed for the essential oils, the 
inhibition percentage was only 11%, fol-
lowed by the HEX extract (24%). Only at 
1,000 mg/L did the EO show a compara-
ble activity to that of rHAPhc, DcM and 
MeOH extracts at 100 mg/L. the remain-
ing hydrodistillation-aqueous water-sol-
uble (rHAPhW) extract showed the best 
activity, with percentages ranging from 
15 to 73%, at 10 and 100 mg/L, respec-
tively. All samples showed inhibition per-
centages that were noticeably lower than 
those observed for the positive control 
(α-tocopherol). in the same concentra-
tion range of 10-100 mg/L, α-tocopherol 
showed a free radical scavenging activi-
ty between 30 and 93%.

When evaluated by this methodology, 

the Th. mastichina essential oil was al-
most totally ineffective as an antioxidant 
(Fig. 1b), in contrast to the rHAPhW ex-
tract that showed similar activity to that 
of α-tocopherol, particularly at higher 
concentrations (75 and 100 mg/L). this 
result indicates that a considerable por-
tion of the antioxidant substances was 
retained in the remaining hydrodistil-
lation-aqueous water. this extract was 
better at free radical scavenging than 
the corresponding one from T. capitata. 
the free radical scavenging activity of 
rHAPhW- and MeOH extracts of Th. mas-
tichina was higher than that recorded for 
the remaining extracts. tEPE et al. (2004) 
also reported that the polar extracts of 
Thymus eigii had a stronger antioxidant 
capacity than the apolar ones.

tbArs assay

tbArs assay evaluates the secondary 
lipid peroxidation product, malonalde-
hyde. this compound reacts with thio-
barbituric acid (tbA) producing a pink 
pigment that can be determined spectro-
photometrically at 532 nm (bErsEt and 
cuVELiEr, 1996).

the antioxidant indexes (Ai%) of the 
rHAPhW- and rHAPhc extracts of T. 
capitata and Th. mastichina could not be 
evaluated by this method due to the for-
mation of a deep red color that prevented 
the quantification. burits et al. (2001) 
also reported the production of red and 
yellow chromogens when the antioxidant 
activity of Artemisia abyssinica was de-
termined. According to the authors, the 
formation of these pigments was due 
to the presence of aldehydes such as 
2-butenal, 2-hexen-1-al or octadecenal. 
in the present case, other components 
may be responsible for the formation of 
the red color, since this type of aldehyde 
would have been isolated during hydro-
distillation.

the essential oil of T. capitata had a 
stronger antioxidant activity than that 
of Th. mastichina when evaluated by this 
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method (Fig. 2a and b). the percentag-
es of inhibition obtained with both es-
sential oils agree with those already re-
ported for the same species also collect-
ed in Portugal, particularly at the high-
er concentrations (MiGuEL et al., 2007; 
FALEirO et al., 2005).

the HEX and MeOH soxhlet extracts 
of T. capitata were more effective in pre-
venting lipid peroxidation than the cor-
responding extracts from Th. mastichina 
(Fig. 2a and b). At 100 mg/L, the MeOH 

extract of T. capitata showed an Ai of 
52%, while the MeOH extract of Th. mas-
tichina showed no activity. At concentra-
tions higher than 500 mg/L, the Ais of 
the DcM and MeOH extracts of Th. mas-
tichina decreased.

reductive potential

Fe(iii) reduction can be used as an in-
dicator of electron-donating activity and 
therefore reflects an important mecha-

Fig. 1 - DPPH free radical scavenging activity of the essential oils ( ), of the remaining hydrodistilla-
tion-aqueous water-soluble ( ) and chloroform-soluble phases ( ) and of the hexane ( ), dichlorometh-
ane ( ) and methanol ( ) soxhlet extracts of T. capitata (a), Th. mastichina (b) and the positive control 
(α-tocopherol, ) at different concentrations. the bars indicate ± sE (n=3).
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nism of the phenolic antioxidant action 
(YiLDiriM et al., 2001).

in this study, the reducing power was 
evaluated by the ferric-ferrous transforma-
tion monitored at 700 nm. the reducing 
ability generally increased with increas-
ing sample concentration (Fig. 3a and b). 
the essential oils of T. capitata had a high-
er reducing activity than the essential oils 
of Th. mastichina. these results showed 
a positive correlation between DPPH rad-
ical scavenging ability and the reducing 
power assay, which indicated that the re-
ducing ability of the T. capitata oils con-
tributed in part to the antioxidant activ-

ity, as already reported by some authors 
(cHAnG et al., 2002; DuAn et al., 2007). 
However, the correlation between DPPH 
and the reducing activity assays was not 
as clear in the evaluation of the different 
extracts. Whereas the rHAPhW extracts 
of both plant species were the best anti-
oxidants when evaluated by DPPH, the 
MeOH extracts from Th. mastichina had a 
greater capacity for reducing Fe(iii) than 
the rHAPhW extract (Fig. 3b). HinnEburG 
et al. (2006) also reported the absence of 
any correlation in the evaluation of anti-
oxidant activities of extracts from select-
ed culinary herbs and spices.

Fig. 2 - tbArs antioxidant indices of the essential oils ( ) and of the hexane ( ), dichloromethane ( ) and 
methanol ( ) soxhlet extracts of T. capitata (a), Th. mastichina (b) and the positive control (α-tocopherol, 

) at different concentrations. the bars indicate ± sE (n=3).
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Fig. 3 - reducing activities of the essential oils ( ), of the remaining hydrodistillation-aqueous water-
soluble ( ) and chloroform-soluble phases ( ) and of the hexane ( ), dichloromethane ( ) and metha-
nol ( ) soxhlet extracts of T. capitata (a), Th. mastichina (b) and the positive control (ascorbic acid, ) 
at different concentrations. the bars indicate ± sE (n=3).

chelating activity

bivalent transition metal ions can lead 
to the formation of hydroxyl radicals and 
hydroperoxide decomposition reactions 
via Fenton chemistry (HinnEburG et al., 
2006). iron is the most important lip-
id oxidation pro-oxidant due to its high 
reactivity. the ferrous state of iron can 
stimulate lipid peroxidation by the Fen-
ton reaction, and also accelerate perox-
idation by decomposing lipid hydroper-
oxides into peroxyl and alkoxyl radicals 

that, in turn, remove hydrogen, perpet-
uating the chain reaction of lipid perox-
idation (PEKsEL et al., 2006). Ferrozine, 
a chelating agent, was used to indicate 
the presence of a chelator in the samples. 
Ferrozine forms a red complex with the 
free Fe(ii) ions, but not with those bound 
by the extracts. in the presence of chelat-
ing components, the complex formation 
of Fe(ii) and ferrozine is disrupted, which 
causes the red color of the complex to di-
minish. the reduction of red color can 
be spectrophotometrically determined by 
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measuring the chelating activity of the 
sample (YAMAGucHi et al., 2000).

Only the MeOH soxhlet extracts of T. 
capitata and Th. mastichina were able to 
chelate Fe(ii) (Fig. 4). Lower concentra-
tions (100-750 mg/L) of Th. mastichina 
extracts were more efficient in forming 
complexes with Fe(ii) than the T. capi-
tata extracts. nevertheless, at a higher 
concentration (1,000 mg/L) this differ-
ence was not as evident (around 80% in 
both samples). At 100 mg/L the T. cap-
itata extracts did not show any chelat-
ing activity.

superoxide radical scavenging 
activity

superoxide radical anions contrib-
ute to tissue damage and several dis-
eases. therefore, it is important to find 
components that can scavenger super-

oxide radical anions. there are sever-
al methods for evaluating this capacity; 
one of them is that in which the super-
oxide anion derived from dissolved oxy-
gen by PMs-nADH coupling reaction re-
duces nbt. the decrease of absorbance 
at 560 nm, due to the presence of an 
antioxidant, measures the consumption 
of the superoxide anion in the reaction 
mixture (JuntAcHOtE and bErGHOFEr, 
2005; PEKsEL et al., 2006).

in the two plant species, only the 
rHAPhW and MeOH extracts were able 
to scavenge superoxide radicals (Fig. 5a 
and b); the rHAPhW extracts were the 
most effective. the superoxide radical 
scavenging capacity of these extracts 
was even higher than that of the posi-
tive control (particularly at 500 mg/L). 
Th. mastichina MeOH extracts were bet-
ter superoxide radical scavengers than 
those of T. capitata.

Fig. 4 - chelating activities of the methanol soxhlet extracts of T. capitata ( ) and Th. mastichina ( ) at 
different concentrations. the bars indicate ± sE (n=3).
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cOncLusiOns

to the best of our knowledge, this is the 
first report on the antioxidant activity of 
the remaining hydrodistillation-aqueous 
phase and of solvent extracts of T. capita-
ta, and particularly Th. mastichina. since 
no correlation was found between the 
phenol content and the antioxidant ac-
tivity, the active compounds of these ex-
tracts must be purified and identified in 
order to obtain a better understanding of 
the protective mechanisms involved.

Fig. 5 - superoxide radical scavenging activities of the remaining hydrodistillation-aqueous water-solu-
ble phase ( ) and of the methanol ( ) soxhlet extracts of T. capitata (a), Th. mastichina (b) and the pos-
itive control (ascorbic acid, ) at different concentrations. the bars indicate ± sE (n=3).
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AbstrAct

the objective of the present study 
was to determine the effect of different 
methods of chokeberry mash treatment 
prior to juice pressing on the yield, phe-
nolic content, anthocyanin content and 
antioxidant capacity of the juice. Juice 
yields ranged from 63.3 to 73.9%, with 
maximum yield rendered by combined 
treatment (heat treatment +85°c for 
5 min, followed by mash maceration 

riAssunto

L’obiettivo del presente studio era la 
determinazione dell’effetto di differen-
ti metodi di lavorazione della polpa di 
Aronia spp., prima della spremitura a 
succo, sulla resa, sul contenuto in com-
posti fenolici ed antociani e sulla capa-
cità antiossidante del succo. La resa di 
succo variava tra il 63,3 ed il 73,9%, la 
massima resa è stata ottenuta attraver-
so un trattamento combinato (tratta-



198 Ital. J. Food Sci. n. 2, vol. 21 - 2009

with Pectinex bE colour, Pectinex bE 
XXL, or Gammapect Lc color). com-
bined treatment and mash maceration 
with the use Gammapect Lc color was 
highly effective with respect to yield, 
polyphenol content and DPPH˙ and oH˙ 
radical scavenging activity. the highest 
anthocyanin content was obtained in 
juices produced by enzymatic macera-
tion, particularly using Gammapect Lc 
color. cyanidin-3-galactoside was the 
predominant anthocyanin in all juice 
types. the polyphenol and anthocyanin 
content correlated with the DPPH˙ and 
oH˙ radical scavenging activity.

mento termico +85°c per 5 minuti, se-
guito dalla macerazione della polpa con 
Pectinex bE color, Pectinex bE XXL, o 
Gammapect Lc color). il trattamento 
combinato e la macerazione della polpa 
con l’impiego di Gammapect Lc color 
sono risultati altamente efficaci in ter-
mini di resa, contenuto in polifenoli ed 
attività di radical scavenging nei con-
fronti dei radicali DPPH˙ ed oH˙. il più 
alto contenuto in antociani è stato os-
servato nei succhi ottenuti per mace-
razione enzimatica, utilizzando il Gam-
mapect Lc color. La cianidina-3-galat-
toside è risultata l’antocianina predomi-
nante in tutte le tipologia di succhi di 
frutta. il contenuto in polifenoli e anto-
ciani è stato correlato all’attività di ra-
dical scavenging DPPH· e oH·.

introDuction

the interest in plant products that 
are rich in health-protecting secondary 
metabolites has been increasing (co-
HEn et al., 2000; ArA, 2002; DiEtricH 
et al., 2004; boroWsKA et al., 2005). 
these bioactive substances, such as 
polyphenols, have strong antioxidant 
activities and include anthocyanins, 
flavanols, flavanones, proanthocyani-
dins and phenolic acids. other plant 
compounds known for their antioxi-
dant properties are vitamin c, carote-
noids, readily assimilable simple sug-
ars and mineral salts (KALt et al., 1999; 
KÄHKÖnEn et al., 2001; MoYEr et al., 
2002; DiEtricH et al., 2004; boroWs-
KA and sZAJDEK, 2005; sLiMEstAD et 
al., 2005). Epidemiological studies have 
shown that diets rich in natural anti-
oxidants can help slow down the aging 
process and prevent degenerative dis-
eases, such as cancer and cardiovas-
cular diseases (KnEKt et al., 1991; co-

HEn et al., 2000). clinical trials have 
demonstrated that the antioxidant po-
tential of juice compounds is superi-
or to that of pharmaceutical prepara-
tions. one of the reasons for this phe-
nomenon may be the synergy between 
various compounds in the juices (LiAo 
and Yin, 2000; bEnVEnuti et al., 2004; 
curADi et al., 2005).

Antioxidant-rich juices and drinks 
made from berries, including choke-
berry, bilberry, black currant and 
cranberry, are believed to be partic-
ularly beneficial. the compounds re-
sponsible for their antioxidant prop-
erties are anthocyanins, catechins, 
and proanthocyanidins, and vita-
min c in black currant juice (Prior et 
al., 1998; MoYEr et al., 2002; DiEt-
ricH et al., 2004; LAnDbo and MEY-
Er, 2004; boroWsKA and sZAJDEK, 
2006). in many berries (e.g. black cur-
rant, chokeberry, whortleberry), phe-
nolic compounds, including anthocy-
anins, are located primarily in the peel 
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of the fruit (MEYEr, 2002; MiKKELsEn 
and PoLL, 2002). their release into the 
juice during processing is largely de-
pendent on the processing parameters, 
such as fruit grinding, mash heating, 
mash maceration with enzyme prepa-
rations and juice pressing (osZMiAn-
sKi and soZYnsKi, 1989; boYLEs and 
WroLstAD, 1993; PŁocHArsKi and 
MArKoWsKi, 2003; LAnDbo and MEY-
Er, 2004; bAGGEr-JØrGEnsEn and 
MEYEr, 2004; bucHErt et al., 2005; 
boroWsKA and sZAJDEK, 2006). Fruit 
mash maceration prior to juice press-
ing plays a key role and involves heat 
treatment or the addition of highly 
specific enzyme preparations that act 
on cell wall polysaccharides (HELbiG, 
2001; urLAub, 2002; HiLZ et al., 2005). 
this process facilitates juice extraction 
and improves the extractability of the 
phenolic compounds (VErsAri et al., 
1997; PŁocHArsKi and MArKoWsKi, 
2003; LAnDbo and MEYEr, 2004). How-
ever, in some cases the activities of the 
accompanying enzymes can destroy 
these bioactive substances, which de-
crease the antioxidant capacity and 
cause undesirable changes in color and 
flavor (KADEr et al., 1999; sKrEDE et 
al., 2000; HELbiG, 2001). the presence 
of β-galactosidase or β-glucosidase in 
some preparations can promote the hy-
drolysis of anthocyanins and the for-
mation of aglycones, which are easily 
transformed into brown-colored poly-
mers or colorless compounds (VErsAri 
et al., 1997). According to sKrEDE et al. 
(2000), the activity of endogenous fruit 
enzymes in these phenomena cannot 
be ruled out. therefore, selecting the 
appropriate enzyme preparation is not 
easy, particularly since manufacturers 
offer a wide range of such products for 
the fruit processing industry.

A new generation of pectinases has 
recently been developed. they are pro-
duced from genetically-modified micro-
organisms, which show one or two types 
of enzymatic activity: pectin lyase and 

pectinesterase plus polygalacturonase, 
without side activities. in some cases, 
single, pure enzyme preparations can 
be added during processing in order 
to enrich traditional pectinase activi-
ty (GrAssin et al., 2005). PŁocHArsKi 
and MArKoWsKi (2003), bAGGEr-JØr-
GEnsEn and MEYEr (2004) and LAnD-
bo and MEYEr (2004) demonstrated that 
the type of enzyme preparation used for 
the mash maceration during black cur-
rant juice production significantly af-
fects the efficiency of anthocyanin and 
phenolic compounds. the enzyme mac-
eration of fruit mash is generally con-
sidered to be more important than the 
heat treatment.

the objective of this study was to 
evaluate the effect of different meth-
ods of chokeberry mash treatment prior 
to juice pressing on juice yield, the re-
lease of polyphenols (including anthocy-
anins) into the juice, and 2,2-diphenyl-
1-picrylhydrazyl radical (DPPH˙) and hy-
droxyl radical (oH˙) scavenging activity. 
relationships between the polyphenol 
and anthocyanin content and the radi-
cal scavenging activity of the juices were 
also evaluated.

MAtEriALs AnD MEtHoDs

chemicals and standards

DPPH˙, gallic acid and deoxyribose 
were purchased from sigma-Aldrich co 
GmbH (steinheim, Germany). Folin-cio-
calteu reagent was purchased from Mer-
ck KGaA (Darmstadt, Germany). cyani-
din-3-galactoside was purchased from 
Polyphenols Laboratories As (sandnes, 
norway). All other chemicals were pur-
chased from PPH “Poch” (Gliwice, Po-
land). the enzyme preparations Pectin-
ex bE XXL and Pectinex bE colour were 
from novozymes A/s (bagsvaerd, Den-
mark); Gammapect Lc color was from 
Gamma chemie GmbH (Darmstadt, Ger-
many).



200 Ital. J. Food Sci. n. 2, vol. 21 - 2009

Plant material

Juice was made from chokeberries 
(Aronia melanocarpa E.) grown in the 
Experimental Garden of the universi-
ty of Warmia and Mazury in olsztyn in 
2005. chokeberry fruit was collected 
in early september at full ripeness.

Juice production

chokeberry juice was produced under 
laboratory conditions. Mash maceration 
conditions are given in table 1 and the 
characteristics of the enzyme prepara-
tions are described in table 2. choke-
berry fruits were washed, dried on filter 
paper, and crushed in a laboratory food 
processor (type ZM Mesko, skarżysko-
Kamienna, Poland). the mash was di-
vided into eight samples (each weigh-
ing approximately 250 g) and processed 

by various methods of maceration: heat 
treatment (method 2), enzymatic mac-
eration (methods 3, 4, 5) or combined 
treatment-enzymatic maceration pre-
ceded by heat treatment (methods 6, 7, 
8). Fruit mash that was not subjected 
to heat or enzymatic treatment (meth-
od 1) served as a control.

Enzyme preparations for mash mac-
eration were added in the amounts rec-
ommended by the manufacturers. Fruit 
mashes 2, 6, 7, and 8 were heated at 
85°c for 5 min and then cooled to 50°c. 
Enzyme preparations were added to 
mash samples 6, 7 and 8, and macera-
tion was carried out at 50°c for 1.5 h. 
then, the fruit mash was heated at 85°c 
for 2 min in a water bath to inactivate the 
enzymes and pressed using a laboratory 
hydraulic press (ZPbb, bydgoszcz, Po-
land). the juices were weighed, poured 
into 200 mL glass containers, pasteur-

table 1 - Methods of chokeberry mash treatment.

Method Heat Enzymatic Enzymatic Preparation
treatment* maceration** preparation addition***

1 - - - -
2 + - - -
3 - + Pectinex BE Colour 0.0375
4 - + Pectinex BE XXL 0.0625
5 - + Gammapect LC Colour 0.0375
6 + + Pectinex BE Colour 0.0375
7 + + Pectinex BE XXL 0.0625
8 + + Gammapect LC Colour 0.0375

*85°C, 5 min;
**50°C, 90 min;
***mL of enzymatic preparation/250 g of mash; before being added to the mash, the preparations were diluted with 
redistilled water by a factor of 10.

table 2 - characteristics of enzyme preparations used in the experiment.

Enzymatic preparation Producer Declared activity Main and side activities

Pectinex BE Colour Novozymes A/S 3600 MOE/mL main: polygalacturonase
Pectinex BE XXL Novozymes A/S 30000 UPTE/mL main: pectin lyase
Gammapect LC Colour Gamma Chemie GmbH 30000 AJDU/mL main: polygalacturonase, 
   pectin esterase, pectin lyase
   side: cellulase, hemicellulase
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ized in a water bath at 100°c for 10 min, 
cooled under running water and refriger-
ated at 15°c. the juices were stored for 
1 week prior to analysis.

Juice yield was determined as fol-
lows:

Y = (A/b) × 100

where Y is juice yield (%), A is juice 
weight (g) and b is mash weight (g).

the entire experiment was conduct-
ed twice and mash treatments (meth-
ods 1-8) were performed in triplicate 
each time.

Analytical methods

Juice separation into fractions
the juices were separated into frac-

tions using ethyl acetate, as described by 
GHisELLi et al. (1998). Multiple liquid/
liquid extractions were performed to ob-
tain several fractions containing different 
classes of polyphenols. Fifty mL of juice 
was extracted three times with 50 mL of 
ethyl acetate (pH = 2). the aqueous frac-
tion contained primarily anthocyanins 
(fraction i – test sample) and the organic 
fraction contained catechins, procyani-
dins, phenolic acids and flavonols. Ethyl 
acetate was evaporated from the organ-
ic phase and the residue was dissolved 
in 50 mL of distilled water. the pH was 
adjusted to 7 and the fraction was ex-
tracted three times with ethyl acetate (50 
mL) to obtain an aqueous phase contain-
ing phenolic acids and an organic phase 
containing catechins, procyanidins and 
flavonols. Ethyl acetate was evaporated 
from the organic phase; the residue was 
dissolved in methanol to a volume of 50 
mL (fraction ii – test sample). the aque-
ous phase containing ionized phenolic 
acids was adjusted to pH 2 and extracted 
three times with 50 mL of ethyl acetate to 
obtain a fraction containing mostly phe-
nolic acids. Ethyl acetate was evaporat-
ed; the residue was dissolved in meth-
anol to a volume of 50 mL (fraction iii – 

test sample). the total phenolic content 
(sinGLEton and rossi, 1965), the DPPH˙ 
scavenging activity (brAnD-WiLLiAMs et 
al., 1995) and the oH˙ inhibition activi-
ty (cHu et al., 2000) were determined for 
each of the fractions.

Determination of total phenolic 
and anthocyanin content

the total phenolic content was deter-
mined for juices produced by methods 
1-8 using the Folin-ciocalteu method ac-
cording to sinGLEton and rossi (1965). 
total phenolics were expressed as mg 
of gallic acid equivalents (GAE) per L of 
juice. total anthocyanin content was 
determined by a differential pH method 
according to WroLstAD (1976). Absorb-
ance was measured using a spectropho-
tometer (unicam uV/Vis spectrometer 
uV2-100, Ati unicam, cambridge, uK) 
at 530 nm and at 700 nm in buffers at 
pH 1.0 and 4.5, using A = [(A530 – A700)pH1.0 
– (A530 – A700)pH4.5] with a molar extinction 
coefficient of cyanidin-3-galactoside of 
30,200. the results are expressed as mg 
of cyanidin-3-galactoside equivalents per 
L of juice. in order to calculate the yield 
of polyphenols and anthocyanins, their 
content was also determined in the con-
trol mash sample (method 1). the yield 
of polyphenols and anthocyanins in fruit 
mash macerated by methods 1-8 was de-
termined as follows:

Y1 = (b1/A1) × 100

where Y1 is the yield of polyphenols or 
anthocyanins (%), A1 is the weight (g) of 
polyphenols or anthocyanins in the con-
trol mash sample (method 1) and b1 is 
the weight (g) of polyphenols or anthocy-
anins in juices produced by methods 1-8.

HPLc analysis

Eight types of juice were assayed for 
the presence of anthocyanins, accord-
ing to GoiFFon et al. (1999). the analyt-
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ical HPLc system consisted of a Hewlett-
Packard 1050 (Hewlett-Packard, Palo-
Alto, cA, usA) liquid chromatograph 
equipped with a diode array detector. 
the wavelength was set to 520 nm. A 10 
µL sample was analyzed on a stainless 
steel column Lichrospher c18 (250x4.6 
mm inner diameter) packed with 5 µm di-
ameter silica particles (Merck). the tem-
perature of the oven column was 30°c. 
the samples were isocratically eluted at 
a constant flow of 1.1 mL/min in a mo-
bile phase containing 81% water, 9% ac-
etonitrile and 10% formic acid.

Anthocyanins were quantified using 
cyanidin-3-galactoside as an external 
standard. standard curves were pre-
pared daily. the day-to-day repeatability 
and within-day variation of the results, 
linearity ranges of the standard curves 
and the detection and determination lim-
its of anthocyanins were determined.

Determination 
of 2,2-diphenyl-1-picrylhydrazyl radical
scavenging activity

DPPH˙ scavenging activity was deter-
mined according to brAnD-WiLLiAMs et 
al. (1995). the juices were diluted 5-fold 
to 300-fold (7 dilutions). solutions of dif-
ferent antioxidant concentration (100 µL) 
were added to 3.9 mL of DPPH˙ (0.025 
g L-1) in methanol, prepared fresh daily. 
the absorbance at 515 nm was meas-
ured at different time intervals until the 
reaction reached a plateau (steady state). 
DPPH˙ scavenging activity was expressed 
as Ec50 in µL of juice. DPPH˙ scavenging 
activities in fractions i, ii and iii were de-
termined in the same way.

Determination of hydroxyl 
radical scavenging activity

oH˙ scavenging activity was measured 
by the deoxyribose method (cHu et al., 
2000). one hundred µL of juice (dilut-
ed 40-fold) was added to 690 µL 10 mM 
phosphate buffer (Pbs) at pH 7.4 con-

taining 2.5 mM 2-deoxyribose. then, 
100 µL of 1.0 mM iron ammonium sul-
fate premixed with 1.04 mM EDtA was 
added. samples were kept in a water 
bath at 37°c and the reaction was start-
ed by adding 100 µL of 1.0 mM ascor-
bic acid and 10 µL of 0.1 M H2o2. sam-
ples were kept at 37°c for 10 min and 
then 1.0 mL of cold 2.8% trichloroace-
tic acid was added, followed by 0.5 mL 
of 1% thiobarbituric acid. samples were 
boiled for 8 min then cooled; the absorb-
ance was measured at 532 nm. the de-
gree of oH˙ inhibition was expressed as 
a percentage. oH˙ scavenging activities 
in fractions i, ii and iii were determined 
in the same way.

statistical analysis
the experiment was conducted twice 

and each analysis was repeated in tripli-
cate. the figures and tables report mean 
results. the results were verified statisti-
cally by a one-factor analysis of variance. 
the significance of differences between 
mean values was estimated by Duncan’s 
test at p<0.05. correlation analysis was 
also performed. statistical analysis was 
performed using statistica 6.0 software 
(statsoft inc, tulsa, oK, usA).

rEsuLts AnD Discussion

Juice yield

Juice yields ranged from 63.3 to 
73.9%, depending on the method of 
mash treatment (Fig. 1). the lowest yield 
was achieved with method 2, when fruit 
mash was heated at 85°c for 5 min pri-
or to juice pressing. the highest yields 
were achieved with methods 6, 7, and 
8; fruit mash was first heated (85°c, 5 
min) and then macerated using one of 
three enzyme preparations (Pectinex bE 
colour, Pectinex bE XXL or Gammapect 
Lc color). Differences in juice yield for 
methods 6, 7 and 8 were not statistical-
ly significant (p<0.05). it is not surpris-
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ing that the highest juice yields resulted 
from combined treatment of fruit mash 
because partial thermal hydrolysis of the 
cell wall polysaccharides facilitates pen-
etration of enzymes into the substrate. it 
should be stressed that an integral part 
of these enzyme preparations is their 
side activity that supports the main ac-
tivity. comparing chokeberry juice yields 
with the yield of juices made from other 
berry species, it was found that choke-

berry, similar to bilberry, releases juice 
readily (sZAJDEK and boroWsKA; un-
published data). A high yield of choke-
berry juice (75%) produced by heat treat-
ment alone was previously reported by 
osZMiAnsKi and soZYnsKi (1989). Ac-
cording to these authors, the thick peel 
of the chokeberry fruit contains a rela-
tively large amount of pectin in an insol-
uble form, which facilitates juice press-
ing; similar observations have been re-
ported (boroWsKA and sZAJDEK, 2005). 
Pectin is believed to act as a drainage 
agent, facilitating juice release during 
pressing.

Polyphenols and anthocyanins 
in juice

the polyphenol content in chokeber-
ry juice varied depending on the meth-
od of mash treatment (table 3). the con-
trol sample (method 1) had the lowest 
polyphenol content, 3,172 mg GAE L-1. 
Heating the fruit mash (method 2) in-
creased the concentration of polyphenols 
in the juice to 5,480 mg GAE L-1. Juice 
made from fruit mash macerated with 
Gammapect Lc color was the richest 
source of polyphenols, while juices made 
from fruit mash subjected to combined 
treatment (methods 6, 7, 8) had a slight-
ly lower polyphenol content. the con-
centration of polyphenols in these juic-
es was more than twice that of the con-
trol sample, ranging from 6,824 mg GAE 
L-1 to 7,282 mg GAE L-1 (table 3). the 
highest concentration of anthocyanins 
was found in juices produced by enzy-
matic maceration (methods 3, 4, 5; table 
3). the best results were obtained when 
fruit mash was macerated with Gam-
mapect Lc color; the anthocyanin con-
tent in juice made according to method 
5 was about two-fold higher than found 
in the control sample.

the effects of particular mash treat-
ments on the final concentrations of an-
thocyanins and polyphenols in juices 
were reflected in the anthocyanin/phe-

Fig. 1 - Effect of chokeberry mash maceration treat-
ment on the juice yield (A), phenolic compound 
yield (b), and anthocyanin yield (c). Method 1, con-
trol; method 2, heat only; method 3, Pectinex bE 
colour; method 4, Pectinex XXL; method 5, Gam-
mapect Lc color; method 6, heat then Pectinex 
bE colour; method 7, heat then Pectinex bE XXL; 
method 8, heat then Gammapect Lc color. Vari-
ous letters (a, b, c…) indicate significant differenc-
es at p<0.05. Data are reported as mean ± stand-
ard deviation (n=6).
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table 3 - total phenolic content, total anthocyanin content and anthocyanin/phenolic ratio in choke-
berry juices.

Treatment of mash (method) Phenolics* Anthocyanins** Anthocyanin/
   Phenolic

Control (1) 3172a±21 508a±6 0.16
Heat (2) 5480b±34 869c±7 0.16
Pectinex BE Colour (3) 6067c±29 1027g±9 0.17
Pectinex BE XXL (4) 6424d±37 957f±6 0.15
Gammapect LC Colour (5) 7340f±43 1087h±11 0.15
Heat, Pectinex BE Colour (6) 7282f±38 946e±8 0.13
Heat, Pectinex BE XXL (7) 6823e±25 701b±6 0.10
Heat, Gammapect LC Colour (8) 7173f±34 925d±9 0.13

Different letters in the same column indicate significant differences, p<0.05; (±SD, n=6).
*Expressed in mgL-1 as gallic acid equivalent.
**Expressed in mgL-1 as dominant cyanidin-3-galactoside equivalent.

nol ratio (table 3). the lowest ratios re-
sulted from maceration using methods 6, 
7 and 8 (0.13, 0.10 and 0.13, respective-
ly), indicating that the yield of polyphe-
nols was substantially higher than the 
yield of anthocyanins.

Previous studies have indicated that 
the mash treatment conditions have a 
strong influence on the concentration 
of phenolic compounds in black currant 
juice (bAGGEr-JØrGEnsEn and MEY-
Er, 2004; LAnDbo and MEYEr, 2004; 
cZYŻoWsKA and PoGorZELsKi, 2004). 
A weaker effect of enzymatic maceration 
on the anthocyanin content of raspber-

ry and strawberry juices was reported by 
VErsAri et al. (1997). the authors inves-
tigated seven different enzyme prepara-
tions and found that the concentration 
of anthocyanins varied from 369 to 470 
mg L-1 in raspberry juice and from 264 
to 323 mg L-1 in strawberry juice.

in this study, HPLc analysis revealed 
that cyanidin-3-galactoside was the pre-
dominant anthocyanin in all juice types 
(319.4 to 506.1 mg L-1). cyanidin-3-ara-
binoside, cyanidin-3-glucoside and cya-
nidin-3-xyloside were present in small-
er quantities (table 4). Juice made ac-
cording to method 5 (maceration with 

table 4 - Anthocyanin content in chokeberry juices (HPLc method).

Treatment of mash (method) Cyanidin-3- Cyanidin-3- Cyanidin-3- Cyanidin-3-
 galactoside* glucoside* arabinoside* xyloside*

Control (1) 349.4c±2.3 24.0a±0.3 122.4c±1.3 22.5d±0.2
Heat (2) 389.3f± 2.1 27.3d±0.3 125.0d±1.3 19.8a±0.1
Pectinex BE Colour (3) 416.3g±2.3 29.7e±0.4 141.1e±1.2 28.1f±0.3
Pectinex BE XXL (4) 364.4e±1.9 33.0f±0.4 144.8f±1.3 21.3b±0.1
Gammapect LC Colour (5) 506.1h±2.0 43.7h±0.4 178.7h±1.5 29.4g±0.2
Heat, Pectinex BE Colour (6) 356.4d±1.8 36.1g±0.4 148.3g±1.2 24.2e±0.2
Heat, Pectinex BE XXL (7) 322.0b±1.6 26.7c±0.2 118.7b±1.2 21.8c±0.1
Heat, Gammapect LC Colour (8) 319.4a±1.3 26.1b±0.2 110.1a±1.2 21.9c±0.2

Different letters in the same column indicate significant differences, p<0.05; (±SD, n=3).
*Expressed in mgL-1; quantification of anthocyanins was carried using cyanidin-3-galactoside as standard.
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Gammapect Lc color) had the highest 
concentrations of cyanidin-3-galactos-
ide and the other three anthocyanins. 
one peak on the chromatogram of the 
juice from method 5 remained uniden-
tified. Fig. 2 shows an example of a juice 
chromatogram (method 8), where “1” de-
notes an unidentified peak with a max-
imum of absorption at 279 nm and two 
smaller maxima at 513 and 327 nm. it 
is possible that this peak is a product of 
interaction between anthocyanins and 
other compounds. DiEtricH et al. (2004) 
suggested that during extraction, clarifi-
cation and pasteurization of black cur-
rant juice, anthocyanins might interact 
with one another, as well as with oth-
er phenolic compounds (such as flavo-
noids), resulting in the formation of ad-
ducts with different absorption maxima. 
it is quite likely that such interactions 
occurred during this experiment.

Yields of polyphenols 
and anthocyanins

Polyphenol yields ranged from 23.7 
to 86.4% (Fig. 1), reaching the highest 
values following combined treatment 
with Pectiney bE colour. Differences in 
polyphenol yield were statistically sig-
nificant (p<0.05) for most of the mash 
treatment methods (except between 
methods 5 and 6). According to MEY-
Er (2002) and HiLZ et al. (2005), mash 
heating causes partial degradation of 
the pectin contained in the cell wall ma-
trix and the middle lamella; however, a 
significant increase in polyphenol re-
lease was observed only after pectolyt-
ic enzymes and accompanying enzymes 
with side activities were used (such as 
hydrolyzing cellulose and hemicellulos-
es). A marked effect of enzymatic mac-
eration on the yield of phenolic com-
pounds in black currant juice was de-
scribed by LAnDbo and MEYEr (2004) 
and by bAGGEr-JØrGEnsEn and MEY-
Er (2004). in both studies, the authors 
noted a positive correlation between the 

degree of enzymatic degradation of cell 
wall polysaccharides and the amount 
of phenolic compounds released into 
the juice.

the yield of anthocyanins was sub-
stantially lower than that of phenols 
and was the highest (15.2%) when fruit 
mash was macerated with Gammapect 
Lc color (method 5). it should be em-
phasized that this preparation has a 
wide spectrum of pectinolytic activities 
and side hemicellulase and cellulase 
activities. osZMiAnsKi and soZYnsKi 
(1989) reported that the mash macera-
tion conditions had a considerable in-
fluence on anthocyanin yield in choke-
berry juice. they found the highest an-
thocyanin yield (2.2-times higher than 
the control) following fruit mash heat-
ing at 80°c for 5 min. When macera-
tion was carried out with Drum Pec-
tinase 263, Pektopol Pt and rohalase 
Ht, the anthocyanin yields were 8.6, 7.7 
and 2.2% lower, respectively. According 
to the authors, the lower anthocyanin 
yield could have been due to the activ-
ity of the additional enzymes in Drum 
Pectinase 263 that hydrolyze the esters 
of the phenolic compounds.

DPPH˙ scavenging activity 
and oH˙ inhibition

the chokeberry juices differed with 
regard to DPPH˙ scavenging activity 
and oH˙ inhibition (table 5). the con-
trol juice had the lowest activity with re-
spect to both types of radicals, while the 
highest activity was reported for juices 
made from fruit mash subjected to com-
bined treatment (methods 6, 7, 8) and 
enzymatic maceration with Gammapect 
Lc color (method 5). there were strong 
correlations between polyphenol con-
tent and DPPH˙ scavenging activity (r 
= -0.96), as well as between polyphenol 
content and oH˙ inhibition (r = 0.92). 
Weaker correlations were noted for an-
thocyanins and radical scavenging activ-
ity, reaching -0.74 for DPPH˙ and 0.48 
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for oH˙ (Fig. 3). the above cited differ-
ences in correlation values could in-
dicate that phenolic compounds other 
than anthocyanins could have a great-
er antioxidant activity. similar relation-
ships between polyphenol concentration 
and the antioxidant capacity of the ber-
ry fruits and berry products have been 
described by other investigators (Prior 
et al., 1998; MoYEr et al., 2002), who 
stressed that antioxidant activity was 
more strongly correlated with the total 
phenolic content than with the anthocy-
anin concentration.

in order to evaluate the antioxidant 
capacity of various groups of phenolic 
compounds, the DPPH˙ scavenging ac-
tivity and oH˙ inhibition activity were 
determined for fractions i, ii and iii that 
were separated as described by GHis-
ELLi et al. (1998). regardless of the 
maceration method, fraction i exhibit-
ed the highest activities, while fraction 
iii showed the lowest activities with re-
spect to both radicals (table 5). For 
DPPH˙, the activities of particular frac-
tions were lower than the activities of 
the corresponding juice, which sup-
ports the hypothesis that there is a syn-
ergism that occurs between individu-
al juice compounds that is manifested 
in the high antioxidant capacity (LiAo 
and Yin, 2000).
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Fig. 2 - HPLc chromatogram of anthocyanins in 
chokeberry juice prepared according to method 8 
(520 nm). Peak 1, unidentified form; peak 2, cy-
anidin-3-galactoside; peak 3, cyanidin-3-gluco-
side; peak 4, cyanidin-3-arabinoside; peak 5, cy-
anidin-3-xyloside.
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concLusions

these data indicate that different 
methods of chokeberry mash macer-
ation have significant effects on to-
tal juice yield, the yield and content 
of polyphenols and anthocyanins, and 
the antioxidant properties of the juice. 
Juice yields ranged from 63.3 to 73.9% 
and were highest when heat treatment 
of the fruit mash was followed by en-
zymatic maceration. this mash treat-
ment method was also the most effective 
with respect to the yield and content of 
polyphenols in the juices. comparable 
results were obtained for mash macer-
ation with Gammapect Lc color. the 
highest anthocyanin content occurred 
in juices produced by mash maceration 
with enzyme preparations, particular-
ly with Gammapect Lc color. Juices 
produced by combined treatment with 

Fig. 3 - correlation between a) total phenolic compound content and Ec50; b) anthocyanin content and Ec50; 
c) total phenolic compound content and oH˙ inhibition; d) anthocyanin content and oH˙ inhibition.

Gammapect Lc color had the highest 
DPPH˙ and oH˙ scavenging activities. 
there was a strong correlation between 
polyphenol content and Ec50 (r = -0.96) 
and between polyphenol content and 
oH˙ inhibition (r = 0.92). A weaker cor-
relation was noted between anthocyanin 
content and antioxidant activity.

in conclusion, heat treatment followed 
by enzymatic maceration of chokeberry 
mash prior to juice pressing, in particu-
lar using Gammapect Lc color, is recom-
mended for maximizing juice yield, phe-
nolic compound content and the antioxi-
dant properties of chokeberry juice.
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AbStrACt

this paper reports the management 
of Hazard Analysis and the identifica-
tion of the Critical Control Points for 
specific contaminants, i.e. mycotoxins, 
N–nitrosamines and biogenic amines, 
that can occur in small and medium-
sized enterprises in the malting and 
brewing production chain. Following 
the principles of the Hazard Analysis 
and the Critical Control Points system, 
this paper describes: step 1, how to con-
duct the hazard analysis, step 2, how 

rIASSUNto

Questo lavoro descrive un sistema di 
gestione, basato sul metodo dell’HAC-
CP, che può essere applicato alle piccole 
e medie imprese della filiera produttiva 
del malto e della birra al fine di preve-
nire, ridurre e tenere sotto controllo le 
problematiche derivanti dalla presenza 
di micotossine, nitrosammine e ammine 
biogene. Seguendo i principi dell’HAC-
CP, questo lavoro descrive come: pun-
to 1, condurre l’analisi del rischio; pun-
to 2, identificare i punti critici di con-
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to determine the critical control points, 
step 3, the critical limits, step 4, how to 
establish the monitoring system, step 5, 
how to establish the corrective action, 
step 6, how to establish procedures to 
verify the effectiveness of the system 
and step 7 how to document all proce-
dures and records for the correct appli-
cation of the system. this methodolo-
gy will help assist malters and brewers 
to understand the malting and brewing 
safety aspects and how to manage the 
risks related to the malting and brew-
ing processes. the method was elabo-
rated on conventional malting and beer 
production. the schemes are somewhat 
simplified for the sake of clarity. the 
beer production scheme illustrates the 
production of a lager beer with bottom 
fermenting yeast.

trollo; punto 3, definire i limiti critici; 
punto 4, stabilire le adeguate misu-
re di controllo dei punti critici; punto 
5, stabilire le opportune azioni corret-
tive; punto 6, stabilire le procedure di 
verifica del sistema; punto 7, elaborare 
appropriate procedure e moduli di re-
gistrazione per la corretta applicazione 
del sistema. Questa metodologia sarà 
di supporto ai produttori di malto e di 
birra per capire meglio gli aspetti di si-
curezza e come gestire i rischi relativi 
ai processi di maltaggio e di birrifica-
zione. Questo metodo è stato elabora-
to su una produzione convenzionale di 
malto e birra.

INtroDUCtIoN

Food safety involves several factors: 
legislation (to establish the minimum 
hygiene requirements); official controls 
(to check food business operators’ com-
pliance) and food business operators (to 
establish and manage food safety pro-
grammes and procedures based on the 
Hazard Analysis and Critical Control 
Point (HACCP) principles). the HACCP 
system is a tool to help food business op-
erators attain a higher standard of food 
safety and to identify, evaluate, and con-
trol hazards in order to ensure the safety 
of food (LEE and HAtHAWAY, 1998; roP-
KINS and bECK, 2000; EFStrAtIADIS and 
ArVANItoYANNIS, 2000; MortIMorE, 
2001; FAo/WHo, 2001; reg. 852/2004; 
SENIrES and ALEGADo, 2005; SPErbEr, 
2005; rUSH, 2006).

HACCP is a tool to assess hazards and 
establish control systems by focusing 
on prevention rather than relying main-

ly on end-product inspection. Any HAC-
CP system is capable of accommodating 
change, such as advances in equipment 
design, processing procedures and tech-
nological development (CoDEX ALIMEN-
tArIUS, 1997).

Food safety management systems 
such as HACCP, and the pre-requi-
site programs of Good Manufacturing 
Practices (GMP), Good Hygiene Practic-
es (GHP), Good Agricultural Practices 
(GAP) and Good Storage Practices (GSP) 
provide the operators in the food supply 
chain with excellent tools for designing 
and implementing a specific food man-
ufacturing process in a proper and rig-
orous way (FAo/IAEA, 2001; GorrIS, 
2005). the HACCP principles are incor-
porated into food safety legislation, and 
are a reliable component of the stand-
ardization of international food quality 
control and assurance practices (roP-
KINS and bECK, 2000).

the pursuit of a high level of protec-
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tion of human life and health is one of 
the fundamental objectives of European 
food laws, as defined in EC regulation 
N. 178/2002. Council Directive 93/43/
EEC of the 14th of June 1993 defined the 
general rules of hygiene for foodstuffs, 
and the procedures for verifying compli-
ance with these rules.

EC regulation N. 852/2004 requires 
food business operators to establish, im-
plement and maintain permanent pro-
cedures based on the HACCP principles. 
An integrated approach is necessary in 
order to ensure food safety from the site 
of primary production of the raw materi-
als and ingredients up to and including 
the distribution and sales on the market. 
Every food business operator along the 
food chain must ensure that food safety 
is not compromised.

beer may be contaminated by biologi-
cal, chemical and physical substances at 
various stages within the process. Adopt-
ing the HACCP approach, the operators 
can limit this possibility; the HACCP pro-
gram is recognized worldwide as a pre-
ventive, systematic approach to beer safe-
ty; it addresses the risk through preven-
tion rather than finished product inspec-
tion (EbC, 2006). over the last years, a 
number of investigators have demonstrat-
ed that mycotoxins (SALAS et al., 1999; 
boEIrA et al., 2000; CrEPPY, 2002; boEI-
rA et al., 2002; MEDINA et al., 2006; WoLF-
HALL, 2007), nitrosamines (SMItH, 1994; 
LoNGo et al., 1995; IZQUIErDo-PULIDo 
et al., 1996a; SEN et al., 1996; GLorIA 
et al., 1997; YUrCHENKo and MoLDEr, 
2005; VLb, 2006; MArCoNI et al., 2007) 
and biogenic amines (IZQUIErDo-PULIDo 

et al., 1996b; SHALAbY, 1996; GLorIA and 
IZQUIEDro-PULIDo, 1999; HALÁSZ et al., 
1999; IZQUIEDro-PULIDo et al., 2000; 
KALAČ et al., 2002; KALAČ and KŘIŽEK, 
2003; LorEt et al., 2005; CortACEro-
rAMIrEZ et al., 2007; MArCoNI et al., 
2007) are present and are risks in the 
beer chain. therefore, taking into account 
EC regulation N. 852/2004, it is impor-
tant to set up specific procedures to as-

sure food safety in the beer production 
chain for current and emerging risks.

Naturally occurring moulds grow easi-
ly on grain during malting or under high 
moisture storage conditions. Moulds 
such as Aspergillus flavus, Penicillum 
parasiticus, Fusarium graminearum, F. 
culmorum, F. roseum and F. moniliforme 
are known to produce aflatoxins (AFLs), 
trichothecenes, fumonisins (Fbs), ochra-
toxin A (otA), zearalenone (ZEA), and 
other mycotoxins (boEIrA et al., 2000; 
CrEPPY, 2002; MbUGUA and GAtHUMbI, 
2004; MEDINA et al., 2006). Mycotoxin 
contamination in very common in na-
ked cereal grain such as maize, wheat, 
sorghum and millet, which, unlike bar-
ley, are not protected by the presence of 
husks (MbUGUA and GAtHUMbI, 2004). 
therefore, when maize is used as an 
adjunct (a typical practice in lager beer 
production in Italy) this hazard is par-
ticularly important. the most important 
mycotoxins in beer production are: AFLs 
(AFb1, b2, G1, G2), otA, trichothecenes 
(mainly deoxynivalenol - DoN, or vomi-
toxin), ZEA and Fbs (b1, b2) (EbC, 2000; 
boIVIN, 2005).

Nitrosamines are formed when sec-
ondary or tertiary amines react with a 
nitrosating agent (MANGINo and SCAN-
LAN, 1981; PooCHAroEN et al., 1992; LI-
JINSKY, 1999; KALAČ and KŘIŽEK, 2003; 
YUrCHENKo and MoLDEr, 2005). the 
same reactions can develop in several 
natural matrices.

biogenic amines are commonly found 
in foods such as cheese, meat and fish 
products, wine, beer, and other fer-
mented foods (StrAttoN et al., 1991; 
HALÁSZ et al., 1994). these amines can 
have aliphatic, aromatic or heterocy-
clic structures, and most of them can 
be generated by microbial decarboxy-
lation of free amino acids (brINK et al., 
1990). the presence of biogenic amines 
in foods and alcoholic beverages is im-
portant from a toxicological point of view 
(KALAČ and KŘIŽEK, 2003; YUrCHENKo 
and MoLDEr, 2005).
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this paper presents an HACCP-based 
approach for evaluating the specific risk 
of mycotoxins, nitrosamines and bio-
genic amines in the malting and brew-
ing industries. the aim of this study was 
to identity the Critical Control Points 
(CCPs) for mycotoxins, N-nitrosamines 
and biogenic amines that could occur 
in malting and brewing processes and 
which may cause the end-product to be 
unsafe for human consumption. this 
HACCP study should then be applied 
to small and medium-sized enterpris-
es (SMEs) because of particular needs 
in terms of raw material management, 
processing and logistics.

MEtHoD

the method used applied the sev-
en basic principles of HACCP that have 
been internationally accepted and pub-
lished by the CoDEX ALIMENtArIUS CoM-
MISSIoN (1997). the study followed the 
scheme of EC regulation N. 852/04. the 
key HACCP components include identi-
fying potential problems that may cause 
the product to be unsafe for consump-
tion; establishing and monitoring target-
ed control points to prevent, eliminate 
or reduce such problems (in this case 
mycotoxins, nitrosamines and biogenic 
amines); and documenting the results 
(SENIrES and ALEGADo, 2005).

rESULtS AND DISCUSSIoN

the results of the study are reported 
following the seven steps of the HACCP 
system (CoDEX ALIMENtArIUS, 1997).

Step 1 Hazard analysis (HA). Identify 
hazards and assess the risks associated 
with them at each step within the com-
modity system

Hazard identification is based on ex-
perience and qualitative reasoning (MC-

MEEKIN et al., 2006). the first step of 
hazard analysis is a description of the 
product, and identification of the haz-
ards associated with the raw materials. 
In hazard analysis it is very important 
to define and describe the process and 
product specifications in a flow-chart 
diagram (LEE and HAtHAWAY, 1998; 
MortIMorE, 2000; EbC, 2006).

Italian legislation defines beer as the 
product made by the alcoholic fermen-
tation of a wort obtained from malt (bar-
ley or wheat), water, hops and adjuncts 
(maximum 40%) such as maize, rice, sor-
ghum or wheat using Saccharomyces cer-
evisiae and/or Saccharomyces carlsber-
gensis yeast (D.P.r., 1998).

the flow-chart diagrams for malt-
ing and beer production are reported in 
Figs. 1 and 2, respectively, and include 
the parameters for producing a gener-
ic lager beer by using adjuncts (SUNIEr, 
1988; HArDWICK, 1995; KUNZE, 2004). 
there are many variations in the malt-
ing and brewing process depending on 
the specific types of malt and beer. Lager 
beer produced by using adjuncts is typ-
ical in the Italian beer producing indus-
try. the flow diagram was used to man-
age the hazards identified.

HA for mycotoxins
Mycotoxins are chemical substanc-

es synthesized by certain filamentous 
fungi that cause a toxic response, my-
cotoxicosis, when introduced in a natu-
ral pathway in relatively low concentra-
tions for higher vertebrates and other 
animals. the European Commission has 
laid down and will lay down maximum 
limits for the presence of mycotoxins in 
cereal and cereal product. the maximum 
levels are reported in the EC regulation 
N. 1881/2006 and modification. Myco-
toxins have many toxic effects: carcino-
genic, nephrotoxic, teratogenic and im-
munotoxic effects (LoPEZ-GArCIA et al., 
1999; CrEPPY, 2002; boIVIN, 2005).

the contamination of cereal grains by 
mycotoxins can occur in the field, during 



Ital. J. Food Sci. n. 2, vol. 21 - 2009 215

storage or during the malting process. 
the production of mycotoxins is not ho-
mogeneous: for instance, otA contami-
nation often occurs in “spot” during stor-
age in silos (MELottE, 2004). the use of 
raw materials contaminated by mycotox-
ins, e.g. contaminated barley for malting 
and contaminated cereal adjunct (maize, 
wheat, rice) in brewing, lead to possible 
contamination of finished beer (boEI-
rA et al., 2000). It is reported that my-
cotoxins survive the major beer produc-
tion process as malting, mashing, boiling 
and fermentation (SCott, 1996).

HA for nitrosamines
the main carcinogenic N-nitroso com-

pounds found in food are nitrosodimeth-
ylamine (NDMA), nitrosodiethylamine 
(NDEA), nitrosopyrrolidine, nitrosopi-
peridine, and occasionally nitrosodi-n-
butylamine. Nitrite and nitrogen oxides 
play a key role in forming N-nitroso com-
pounds by interacting with secondary 
and tertiary amino compounds. Foods 
are therefore examined for the presence 
of N-nitroso compounds, and those that 
have been found have almost exclusive-
ly been in those foods containing nitrite 
or which have been exposed to nitro-
gen oxides. beer does not usually con-
tain large amounts of NDMA. the levels 
are commonly around 5-10 µg/L, but 
some exceptions have been reported for 
a few brands of German beers in which 
as much as 70 µg/L of NDMA have been 
detected. Nitrosamine levels have been 
declining during the past three decades, 
as a result of greater control of exposure 
of malt to nitrogen oxides in beer-mak-
ing and an overall reduction of nitrite 
use in food (LIJINSKY, 1999; MArCoNI 
et al., 2007).

the highest NDMA concentrations 
have been found in dark beers that were 
high in malt content. the origin of the 
NDMA depends on the presence of the al-
kaloids hordenine and gramine and per-
haps others in barley and hence, in the 
malt. these alkaloids are derivatives of 

dimethylamine and are easily nitrosated, 
in this case, by nitrogen oxides as the ni-
trosating agent. the nitrogen oxides are 
in the flue gases from the burning of the 
fuel used to dry (heat) the malt and are 
allowed to come in contact with the lat-
ter (SEN et al., 1996).

Microbiological nitrate reduction is the 
principal pathway of N-nitrosamine for-
mation in beer brewing (SMItH, 1994).

HA for biogenic amines
biogenic amines are natural health 

hazard substances, that are important 
from a hygienic point of view because 
they have been implicated as the caus-
ative agents in a number of food-poi-
soning episodes. Amines are produced 
by bacteria (e.g. Enterobacteriaceae and 
lactic acid bacteria) that are capable of 
decarboxylating amino acids (SHALA-
bY, 1996). the biogenic amines in beer 
originate from the raw materials and the 
fermentation phases of beer production 
(JUrKoVÁ et al., 2005). beer has been 
reported to be a possible health risk for 
some consumers due to the presence of 
biogenic amines (IZQUIEDro-PULIDo et 
al., 1994; tAILor et al., 1994; SHALAbY, 
1996; SHULMAN et al., 1997; HALÁSZ et 
al., 1999).

High biogenic amine intake levels are 
not usually the result of high amine lev-
els in individual beers, but rather are 
caused by excessively high beer con-
sumption. these compounds arise from 
the bacterial decarboxylation of the cor-
responding amino acids: histamine (HIS) 
from histidine, tyramine (tYr) from tyro-
sine, tryptamine (trY) from tryptophan, 
β-phenylethylamine (PHE) from pheny-
lalanine, agmatine (AGM) from arginine, 
cadaverine (CAD) from lysine, putrescine 
(PUt) from ornithine and agmatine, sper-
midine (SPD) and spermine (SPM) from 
the biochemical reaction of putrescine 
by the addition of aminopropyl moieties 
catalyzed by spermidine and spermine 
synthases. PUt, SPD, SPM and AGM can 
be considered as natural beer constitu-
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ents that originate from the malt, while 
HIS, tYr and CAD usually indicate ac-
tivity of contaminating lactic bacteria 
during brewing. tYr is the main biogen-
ic amine that has been identified in beer 
and has caused adverse effects on hu-
man health (KALAČ and KŘIŽEK, 2003; 
MArCoNI et al. 2007). While PUt, SPD, 
SPM and CAD have no direct adverse 
effect on human health, they may react 
with nitrite to form carcinogenic nitro-
samines (ÖNAL, 2007).

Step 2: Determination 
of the Critical Control Points (CCPs)

Determination of CCPs is a step or a 
procedure in the brewing process where 
it is essential to have a control in order 
to prevent, eliminate or reduce a haz-
ard to an acceptable level. the World 
Health organisation (WHo) recommends 
that CCPs should be determined by us-
ing the HACCP decision tree established 
by FAo/WHo (2001). If a control can be 
implemented easily and a hazard can be 
easily prevented, then the process step is 
merely identified as a control point (CP) 
(SENIrES and ALEGADo, 2005). It is very 
important to introduce a step where only 
a control or a CP help to control the proc-
ess and prevent the formation of haz-
ards. When multiple steps address a haz-
ard, the CCP shall be the step nearest the 
end of the process, if this step provides 
adequate control (rUSH, 2006).

CCPs for mycotoxins
the first line of defence against the in-

troduction of mycotoxins is at the farm 
level and starts with the implementation 
of Good Agricultural Practices (GAP) to 
prevent infection. Where appropriate, 
GAP should be adopted to make sure 
that the harvested commodity will not 
present a food hazard along the chain. 
GAP helps farmers understand and an-
ticipate how and where the product may 
be contaminated, in the farming and pro-
duction cycle.

GAP are general procedures to reduce 
hazards related to product safety at the 
farm level during the operations which 
precede processing: cultivation, devel-
opment, harvest and storage. these are 
considered to be a prerequisite for imple-
menting a HACCP plan at the farm lev-
el. Preventive strategies must be imple-
mented from the pre- harvest through 
the post-harvest stages (MUrPHY et al., 
2006).

Intake and Storage 
(Malting and brewing)
Cereals must be inspected for any pos-

sible mould infections, and for the pres-
ence of any mycotoxins already formed 
(VLb, 2004). the breweries perform care-
ful controls of barley and other cereals 
before accepting them for malting, be-
cause mouldy cereals will spoil the fla-
vour and reduce the quality of the beer, 
e.g., by causing gushing (KroGH et al., 
1974).

Malting process
the malting process provides the ide-

al temperature and moisture conditions 
for the growth of natural microbial bar-
ley contaminants. If malting barley is 
contaminated with mycotoxin-produc-
ing fungi, these fungi will grow during 
steeping, germination and the first step 
of kilning and will produce mycotoxins 
that are leached out during steeping 
(boIVIN, 2005).

brewing process
No mycotoxins are produced during 

the brewing process but sometimes they 
occur during the storage of raw materi-
als (see above) (boIVIN, 2005).

CCPs for nitrosamines
Malting process (kilning)
Malted barley is the primary source of 

NDMA. only malt dried by direct-fired 
kilning, where nitrogen oxides could 
react with certain alkaloids, could ac-
count for the NDMA levels found in the 
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final beer (MANGINo and SCANLAN, 1985; 
IZQUIErDo-PULIDo et al., 1996a; YUrCH-
ENKo and MoLDEr, 2005).

NDMA is formed at high temperatures 
but now the kilns are heated indirectly 
rather than directly and the hot nitro-
gen oxide-rich (NoX) gas used for kiln-
ing no longer passes through the malt. 
In the production of smoked malt, smoke 
is passed through the malt before kiln-
ing, to give it a scratchy flavour; smoke 
does not cause the formation of NDMA 
(VLb, 2004).

the NDMA concentration in malt de-
pends on the type of drying technique 
used. High combustion temperatures 
yield high concentrations of NDMA. 
Green malt is usually dried with hot air 
at a temperature less then 100ºC, and 
the malt germination is very short; the 
germ and root of the malt are usually 
very small. this reduces the quantities 
of alkaloids in the malt (YUrCHENKo and 
MoLDEr, 2005).

brewing process
Studies on beer ingredients have 

shown that NDMA is not normally 
present in significant quantities in any 
processing aid, additive or ingredient 
other than malted barley, although small 
amounts have been found in hops. be-
cause NDMA in hops is diluted during 
brewing, its contribution is negligible. 
the NDMA content of water is quite vari-
able and charcoal filters adsorb it. Expe-
rience suggests that NDMA in the water 
supply is not a common source of NDMA 
in beer. the most convincing evidence is 
that NDMA is not normally formed dur-
ing beer fermentation, or during mashing 
or wort boiling (WAINWrIGHt, 1986a).

the occurrence of apparent total N-ni-
troso compounds (AtNC) in beer is due 
to the metabolism of certain groups of 
bacteria and is thus indicative of hygi-
enic problems at some stage in the brew-
ing process (SMItH, 1994).

Hordenine and gramine are possible 
sources of dimethylamine (DMA), which 

is formed in the barley kernels during 
malting. NDMA could be formed during 
the brewing process if traces of nitrosat-
ing agents were available at that stage; 
nitrite could be formed from nitrate dur-
ing processing or nitrogen oxides could 
be present. the NDMA concentration de-
pends on the percent of alcohol content 
since ethanol is an inhibitor of nitrosa-
tion (YUrCHENKo and MoLDEr, 2005). 
Except during malt kilning, when gas-
eous N2o3 or N2o4 is present, NDMA is 
not usually formed during malt or beer 
production or storage because the con-
centrations of No2 and nitrite ions are 
too low at the temperature and/or pHs 
involved (WAINWrIGHt, 1986b).

CCPs for biogenic amines
Data on biogenic amine levels in malt, 

hops or hop derivatives as well as pitch-
ing yeast, is very limited (KALAČ and 
KŘIŽEK, 2003). Malt is a source of agma-
tine, putrescine, spermidine and sper-
mine, while tyramine, histamine and ca-
daverine are formed during the main fer-
mentation by contaminating lactic acid 
bacteria (KALAČ et al., 2002).

Malting
No amines should be present in the 

production water used during malting 
(KALAČ and KŘIŽEK, 2003).

the increase of PUt, SPD, SPM and 
AGM in beer was observed during five 
days of barley germination. Malting con-
ditions, such as germinating intensi-
ty, kiln temperature and barley variety 
will affect the final amine levels in malt 
(KALAČ and KŘIŽEK, 2003). Decarboxylat-
ing enzyme activity of micro-flora caus-
es amine formation during barley malt-
ing (KALAČ et al., 1997).

brewing
No amines should be present in the 

water used for the production of beer 
(KALAČ and KŘIŽEK, 2003). In brew-
ing, the types of amines are dependent 
on the raw materials, as well the meth-
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od of brewing, and any microbial con-
tamination (lactic acid bacteria activity) 
that occurs during the brewing process 
or during storage. Amines can also be 
formed by the activity of lactic acid bac-
teria during the storage of beer in bottles 
(GLorIA and IZQUIEDro-PULIDo, 1999; 
KALAČ and KŘIŽEK, 2003).

Step 3: Establish the critical limits

one or more prescribed tolerances 
(critical limits; maximum or minimum 
values; applicable targets) must be met 
to ensure that the CCP effectively con-
trols the hazard (CoDEX ALIMENtArIUS, 
1997). Critical limits must be set for each 
CCP identified. the critical limits define 
the difference between a safe and an 
unsafe process, and it is not necessar-
ily the legal limit of the contaminant in 
the product. In the case of mycotoxins, 
nitrosamines and biogenic amines, the 
critical limits are connected with physi-
cal and chemical parameters that affect 
the occurrence of the hazard. In partic-
ular, the moisture of cereal grains, the 
reaction of nitrogen oxides with certain 
alkaloids during the direct-fire drying 
step of the malting process or the bacte-
rial activity can be exploited in different 
ways to define specific critical limits for 
mycotoxins, nitrosamines and biogenic 
amines. the limit applies to the control 
measure and not the hazard, and must 
be able to be measured quickly and sim-
ply to enable prompt corrective action 
(FAo/IAEA, 2001; rUSH, 2006). Criti-
cal limits must be stated in terms of the 
safety requirements of the process, not 
overall process requirements (rUSH, 
2006). Moreover, Commission regulation 
(EC) N. 1881/2006 and following modi-
fications set maximum levels for certain 
contaminants in foodstuffs.

Critical limits for mycotoxins
the most effective mycotoxin control 

measure is to dry the commodity such 
that the water activity (aw) is too low to 

support mould growth and/or prevent 
mycotoxin production. to prevent the 
growth of most moulds, aw should be ≤ 
0.70, which corresponds to a moisture 
content of approximately 14% for maize 
(FAo/IAEA, 2001).

Critical limits for nitrosamines
A level ≤ 5 ppb is generally “accepted” 

in beer (IZQUIErDo-PULIDo et al., 1996a; 
LIJINSKY, 1999). the voluntary limit of 
the industry is 0.5 ppb (SMItH, 1994). 
In Germany there is a technical refer-
ence concentration of 2.5 ppb for malt 
and 0.5 ppb for beer (VLb, 2006).

Critical limits for biogenic amines
Moderate amounts of biogenic amines 

(about 50 mg/kg food) can be ingested 
with food without affecting consumer 
health. Upon intake of high loads of bio-
genic amines with food, the human de-
toxification system is unable to process 
them sufficiently. LorEt et al. (2005) de-
veloped the beer biogenic Amine Index 
(beer bAI). It consists of the ratio of the 
biogenic amine concentration of bacterial 
origin over the natural biogenic amines 
found in the malt:

[CAD] + [HIS] + [tYr] + [PUt] + [PHE] + [trY]
1 + [AGM]

beer bAI allows the quality of the pro-
duction process to be assessed; a bAI 
≥10 corresponds to a beer showing va-
soactive biogenic amine values >10 mg/L 
which could cause health problems in 
certain types of consumers.

Different investigations on the pres-
ence of biogenic amines in beer have 
been carried out (bUIAttI et al., 1995; 
IZQUIErDo-PULIDo et al., 1996b, GLo-
rIA and IZQUIEDro-PULIDo, 1999; KALAČ 
and KŘIŽEK, 2003; FUMI and DoNADINI, 
2005, LorEt et al., 2005) and report re-
sults about different kinds of beer from 
various countries (Europe, brazil, Can-
ada and Cuba). AGM and PUt were al-
ways present in all beers and were the 
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prevailing amine in the tasted beers; 
tYr and PUt were present at relatively 
high levels, while the levels of the oth-
ers, including HIS, were usually low-
er and probably of less toxicological im-
portance. SPM and SPD were not always 
present, but when they were, their con-
tents were generally low.

Step 4: Establish 
a monitoring system

After the critical limit has been set, 
the preventive or control measures 
should also be established. these meas-
ures include any action or activity that 
can be used to control an identified haz-
ard, such that it is prevented or elim-
inated or reduced before it enters the 
process or finds its way to the finished 
product. Preventive or control meas-
ures provide guidance on how to meet 
the critical limits. the measures can 
also include prerequisite programmes 
(e.g. staff training for a particular oper-
ation, covered by GAP, GMP and GHP, 
cleaning and sanitation procedures, 
pest control).

Monitoring is the scheduled meas-
urement or observation at a CCP to as-
sess whether the step is under control, 
e.g. within the critical limit(s) specified 
in step 3 (FAo/IAEA, 2001).

Monitoring procedures specify how 
a critical limit is to be measured. Mon-
itoring procedures should give the spe-
cific method (or include a reference to 
the method, the responsibility, and the 
frequency of monitoring) (rUSH, 2006). 
A monitoring procedure can be in-line, 
on-line or off-line. Process parameters 
such as temperature, time and moisture 
should be controlled within the limits re-
quired (CoDEX ALIMENtArIUS, 1997).

Monitoring system for mycotoxins
It is essential to require the sanitary 

inspections (HACCP report) from the 
malt suppliers/manufactures on a pre-
crop year basis for barley and malt.

Intake and storage 
(malting and brewing)
A policy on housekeeping and clean-

ing standards for cereal storage and 
processing should be established along 
the malting and brewing food chain 
(EbC, 2006). the stored product shall 
not be exposed to environmental con-
ditions, thereby avoiding moisture that 
can promote mould growth (PArK et 
al., 1999). Empty silos shall be swept or 
vacuumed to remove grain residues and 
may be fumigated or treated with suit-
able insecticides according to company 
policy (MAGb, 2006).

the use of formalized management 
systems (e.g. Quality Management Sys-
tem), with defined working procedures 
for GHP and GMP are required for the 
quality control of raw materials. Finally 
an analytical control is required.

Malting process
In this process, parameters such as 

temperature and moisture cannot be 
changed without having an adverse ef-
fect on the organoleptic quality of the fi-
nal product. It is absolutely necessary 
to control the temperature and the hu-
midity, using formalized management 
systems (e.g. Quality Management Sys-
tem), with defined working procedures 
for GMP and GHP.

Monitoring system for nitrosamines
Malting process
Good Agricultural Practices (GAP) are 

required for the malt suppliers. Use of 
GMP (do not use direct-firing in kilning; 
use natural gas, not oil as the kiln fuel 
source and use indirect malt drying tech-
niques) (IZQUIErDo-PULIDo et al., 1996a; 
SEN et al., 1996).

the use of sulphur dioxide in the 
kiln air stream seems to reduce or pre-
vent the formation of undesirable ni-
trosamines in malt; high application 
of bromates at the beginning of malt-
ing, or spraying or steeping green malt 
with dilute nitric acid before kilning 
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has also been proposed (brIGGS et 
al., 1981).

Moreover, the NDMA concentration 
can be reduced by controlling the ex-
posure of malt to nitrogen oxides. this 
stops the nitrosation of the alkaloids in 
the malt (LIJINSKY, 1999).

the use of a formalized management 
system, GHP and GMP, is also required 
for nitrosamines.

beer production
Malt suppliers/manufactures are re-

quired to carry out NDMA analysis for 
each malting batch.

the use of a formalized management 
system (e.g. qualified supplier conforms 
to brewers’ specifications; application 
of the GHP) is useful. Cleaning-In-Place 
(CIP) procedures should be used to re-
duce potential bacterial contamination.

Fig. 1 - Example of the malting process.

Monitoring system 
for biogenic amines
the histamine content in beer is a 

good indicator of the hygienic condi-
tions of barley storage and malting 
and brewing, because the histamine 
content of the product does not origi-
nate from the barley or malt (HALÁSZ 
et al., 1999).

Malting process
Malt coming from barley grown in soils 

with low potassium or sodium or with 
high ammonia levels should not be used 
for brewing beer (IZQUIEDro-PULIDo et 
al., 1994).

In the GMP for the malting proc-
ess, barley variety, storage, germinat-
ing intensity and kiln temperature 
will affect the final amine levels in the 
malt (HALÁSZ et al., 1999; KALAČ and 
KŘIŽEK, 2003).
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brewing process
tYr, HIS and CAD formation has 

been observed during the main fer-
mentation due to the presence of lac-
tic acid bacteria (e.g. Pediococcus spp., 
mainly P. Damnosus, and species of 
Lactobacillus, L. Frigidus, L. Brevis-
similis and L. Brevis) (IZQUIEDro-PU-
LIDo et al., 2000; KALAČ and KŘIŽEK, 
2003).

the use of a formalized management 
system is required to monitor biogenic 
amine formation.

Step 5: Establish procedures for cor-
rective action

A procedure for cor-
rective action and for 
correction must be 
adopted when moni-
toring a CCP because 
it indicates a devia-
tion from an estab-
lished critical limit 
(FAo/IAEA, 2001).

Corrective actions 
are steps that are 
taken to eliminate 
the causes of an ex-
isting non-conformity 
or other undesirable 
situations; the cor-
rective action proc-
ess includes cause 
analysis and is de-
signed to prevent re-
currence. A correc-
tion is any action 
that is taken to elim-
inate nonconformi-
ty (ISo 22000:2005). 
the corrective action 
must provide assur-
ance that the CCP 
had been brought 
under  contro l ;  i t 
must also describe 
the proper actions to 
be taken in dispos- Fig. 2 - Example of the brewing process.

ing of the affected product (SENIrES 
and ALEGADo, 2005). Corrections and 
corrective actions must be established 
for each CCP. For the HACCP, the cor-
rective action must address the ac-
tions taken to deal with the product 
produced while the critical limit was 
being violated and what steps (correc-
tions) are necessary in order that the 
process return to a state of control 
and the operation can continue (rUSH, 
2006). Corrective action procedures 
and responsibilities need to be speci-
fied (EFStrAtIADIS and ArVANItoYAN-
NIS, 2000).
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Corrective actions and corrections for 
mycotoxins

Storage
Corrective action: GMP, GHP and 

GSP have to be in place before and 
during storage. Intake procedures 
should be established with the con-
trol parameters for the inspection of 
grain (e.g. visual check, odour check, 
moisture). Correction: segregate the 
batch and reject it if it contains an un-
acceptable level of mycotoxins (FAo/
IAEA, 2001).

Malting process
Corrective action: monitoring the 

presence of moulds during the proc-
ess. GMP have to be in place; proce-
dures should be established with the 
control parameters (e.g. moisture, 
time). Correction: when moulds are 
present during this process it is im-
portant to segregate the batch and re-
ject it; then CIP measures should be 
adopted.

Corrective actions and corrections 
for nitrosamines

Malting process
Corrective action: GMP have to be in 

place (e.g. monitoring the presence of 
NDMA during the process by analyti-
cal control of malt); new process tech-
nologies have to be implemented (indi-
rect malt drying techniques); sulphur 
dioxide should be used in the kiln air 
stream.

Correction: use of sulphur dioxide in 
the kiln air stream to reduce the forma-
tion of undesirable nitrosamines in malt; 
high levels of bromates applied at the be-
ginning of malting, or spraying or steep-
ing green malt with dilute nitric acid be-
fore kilning (brIGGS et al., 1981). the 
NDMA concentration can be reduced by 
controlling the exposure of malt to ni-
trogen oxides, thereby stopping nitrosa-
tion of the alkaloids in the malt (LIJIN-
SKY, 1999).

Corrective actions and corrections 
for biogenic amines

brewing process
Corrective action: GMP and GHP have 

to be in place (e.g., washing the pitching 
yeast with phosphoric acid to reduce the 
number of Pediococcus spp. bacteria and 
consequently reduce the tYr content of 
beer (KALAČ and KŘIŽEK, 2003). Special 
attention is required in controlling the 
presence of lactic acid bacteria contami-
nation (IZQUIEDro-PULIDo et al., 2000).

Correction: GHP (CIP) should be in place 
if bacterial contamination is found.

Step 6: Establish procedures 
for verification

Each industry has to establish pro-
cedures to verify and confirm the effec-
tiveness of the HACCP plan. Such proce-
dures should include auditing the HAC-
CP plan to review deviations and prod-
uct disposition as well as random sam-
pling and checking to validate the whole 
plan (FAo/IAEA, 2001).

Each industry has to establish the fre-
quency (e.g., annual; every 6 months; 
every month; every delivery) of the ac-
tion used to monitor the system. Follow-
ing are some examples:

- Process: malting process; Hazard: 
NDMA; Control Measures: analytical 
control; Frequency: every batch.

- Process: malt intake; Hazard: myco-
toxins; Control Measures: visual inspec-
tion of grain; Frequency: every delivery.

It is essential that all HACCP-relat-
ed activities be accurately and efficient-
ly documented. this includes creating 
records of the hazards and their meth-
ods of control, the monitoring of safety 
requirements, and the action taken to 
correct problems. All actions must also 
be properly recorded for the traceabili-
ty requirements (SENIrES and ALEGA-
Do, 2005). the results of analytical con-
trol are part of the verification process 
for the contaminants evaluated.
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Step 7: Establish documentation 
concerning all procedures and 
records appropriate to these principles 
and their application

Verifying whether HACCP works effec-
tively is extremely important in order to 
determine if it is necessary to modify or 
alter the HACCP plans adopted and in 
operation, and the relevant procedures 
associated with it. Validation, on-go-
ing verification, reassessment, and au-
dits are the tools implemented to verify 
the effectiveness of the HACCP system. 
these tools can detect if the preventive 
measures, corrective actions, critical lim-
its, and risk assessments are sufficient 
to address the problems (SENIrES and 
ALEGADo, 2005). the results of mon-
itoring activities during the execution 
of the HACCP plan must be recorded 
(rUSH, 2006).

For example, the results of the haz-
ard analysis and the study of CCP, CP 
and the overall management of myco-
toxins in malting and brewing processes 
are reported in tables 1 and 2. the con-
trol measures, critical limits and correc-
tive actions are reported for mycotoxins 
and moulds at different steps within the 
malting and brewing processes.

Storage is the most critical post-har-
vest phase in the beer chain. An inappro-
priate storage facility, improper packag-
ing and/or condition of the product can 
cause mycotoxin contamination during 
storage. An accumulation of moisture 
and heat and/or physical damage to the 
product foster fungal invasion, which 
can lead to the occurrence of mycotoxins. 
Stored products should not be exposed 
to environmental conditions (e.g. mois-
ture) that promote mould growth.

CoNCLUSIoNS

An innovative HACCP-based approach 
for assessing, evaluating, and control-
ling the specific risk of mycotoxins, nit-

rosamines and biogenic amines in malt-
ing and brewing industries has been pre-
sented. the main Critical Control Points 
(CCPs) for mycotoxins, N–nitrosamines 
and biogenic amines have been identi-
fied. the specific concerns regarding the 
application of this HACCP study to small 
and medium-sized enterprises (SMEs) 
have been addressed and clarified.

It is clear that the proposed HACCP 
plan, when correctly and systematically 
applied, offers a real and powerful tool 
for identifying and assessing any possi-
ble chemical and microbiological haz-
ard.

In particular, many factors that in-
fluence mycotoxin contamination of ce-
reals, such as weather and insects, are 
environmentally-related and are difficult 
to control. this is the main reason why 
the HACCP system should be adopted at 
the field/farm level. this choice would 
strongly enhance the safety of harvested 
commodities and prevent food hazards 
along the whole food chain. GMP and 
GAP are indispensable pre-requisites for 
implementing HACCP at this level.

Moreover, post-harvest storage, trans-
port and processing are all important 
stages, which must be monitored and 
managed with the GAP and GMP. Food 
safety must be assured by controlling 
the whole process and not just by test-
ing the finished product.

this paper has given input on how 
to develop HACCP programmes based 
on GMP and GAP for mycotoxins, nit-
rosamines and biogenic amines in the 
brewing production chain. Since HAC-
CP, GAP, and GMP are the major com-
ponents of safety management systems 
along the whole food supply chain, this 
paper could be used as an example for 
other correlated chains, such as those 
that use cereals as raw materials (bread, 
cookies, pasta, etc.).

Finally, it is essential to take into con-
sideration the specific needs of small en-
terprises (microbreweries, micro pubs, 
etc.). they are quite often associated with 
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the use of non-standardized lots of bar-
ley or malt. therefore, particular atten-
tion must be given to potentially dan-
gerous factors that affect mould growth. 
Moreover, water, malt or adjuncts with 
unknown nitrogen contents are often 
used and therefore proper hygiene can-
not always be effectively controlled and 
standardized.
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AbstrAct

the total lipids and their fatty acid 
composition were evaluated in differ-
ent by-products from fish processing 
plants in the state of santa catarina, 
brazil. by-products from Katsuwon-
us pelamis, Thunnus albacares, Sardi-
na pilchardus, Sardinella brasiliensis, 
Ophistonema oglinum, Harengula clu-
peola, Micropogonias furnieri, Cysno-
scion leiarchus and toasted fish meal 
were evaluated. the highest levels of li-
pids (dry matter) were found in K. pela-
mis and O. oglinum, while by-products 

riAssunto

sono stati valutati i lipidi totali e la 
loro composizione in acidi grassi in dif-
ferenti sottoprodotti della lavorazione 
del pesce nello stato di santa caterina 
in brasile. sono stati analizzati sotto-
prodotti di Katsuwonus pelamis, Thun-
nus albacares, Sardina pilchardus, Sar-
dinella brasiliensis, Ophistonema ogli-
num, Harengula clupeola, Micropogo-
nias furnieri, Cysnoscion leiarchus e di 
alimenti tostati a base di pesce. i più 
alti livelli di lipidi (riferiti al peso secco) 
sono stati determinati nei sottoprodot-
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from K. pelamis, S. brasiliensis and S. 
pilchardus had the highest concentra-
tions of polyunsaturated fatty acids 
(PuFAs). Many by-products from in-
dustrial fish processing are potential 
sources of PuFAs.

ti di K. pelamis e O. oglinum, mentre i 
sottoprodotti di K. pelamis, S. brasilien-
sis e S. pilchardus presentavano le con-
centrazioni più alte di acidi grassi po-
liinsaturi (PuFAs). Molti sottoprodotti 
della lavorazione industriale del pesce 
sono potenziali fonti di PuFAs.

introDuction

During production the fish processing 
industry can generate more than 50% by-
products, which have social, environmen-
tal and economic implications (oEttEr-
Er, 1994; riVErA, 1994; tiMoFiEcsYK 
and PAWLoWsKY, 2000). the loss can be-
gin on board the fishing vessel due to sev-
eral factors, such as storage temperature 
and packaging conditions (volume, time) 
(AnDrADE, 1998; oEttErEr, 1989).

Despite the importance of the fishing 
industry in brazil, the by-products usu-
ally have little value. in one of the larg-
est industrial parks in southern brazil 
(which unloads about 97 thousands tons 
of fish/year (20% of the national indus-
trial production), some 30 thousand tons 
of by-products are generated annually, 
which are used mainly for the produc-
tion of fish meal (PEssAtti, 2001; sto-
ri, 2000). some products for human con-
sumption can be made from these fish-
ery by-products, such as fish oil and su-
rimi (biMbo, 1987; MorALEs-uLLoA and 
oEttErEr, 1995).

it has been demonstrated that up to 
50% of these by-products are fit for hu-
man consumption and contain high 
levels of lipids and proteins (PEssAtti, 
2002). these by-products could provide 
an important source of essential fatty 
acids, since the consumption of fish oil 
has been highlighted as a growing mar-
ket (FAo, 2000).

Many studies have demonstrated the 
abundance of essential fatty acids in 

fish, particularly from the omega-3 (n-3) 
and omega-6 (n-6) series (biMbo, 2000; 
HEArn et al., 1987; KinsELLA, 1986; 
PAcHEco et al., 1991; PiGott and tucK-
Er, 1987; stAnsbY et al., 1990). there 
is strong evidence of the benefits to hu-
man health related to the consumption of 
polyunsaturated fatty acids (PuFAs). the 
role that eicosapentaenoic (EPA, c20:5) 
and docosahexaenoic (DHA, c22:6) acids 
play in the prevention of cardiovascular 
diseases, and their effects on the vascu-
lar and haemostatic systems, the brain, 
the retina and other body tissues, have 
been investigated (stAnsbY et al., 1990; 
VisEntAinEr et al., 2000). other studies 
have demonstrated the anti-inflammato-
ry properties and benefits to the immu-
nological system, with particular effec-
tiveness against asthma and rheumatic 
arthritis (bADoLAto et al., 1991). PuFAs, 
mainly of the n-3 family, have been used 
in margarine, milk, eggs and feed sup-
plements (bADoLAto et al., 1991; biM-
bo, 1987; cHAPMAn and rEGEnstEin, 
1997). the aim of this work was to char-
acterize the lipid fraction of fish by-prod-
ucts (fish heads, viscera, backbone and 
muscle), particularly from sardine and 
tuna, because these are the most com-
monly processed species in the region 
where the study was conducted.

MAtEriALs AnD MEtHoDs

the fishing fleet that supplies the pro-
cessing plant operates in the southern 
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and southeast, regions of the brazilian coast. 
to know the origin of the by-products, sam-
ples of the fish were collected and identified 
before processing (FiGuErEDo and MEnEZEs, 
1978, 2000; MEnEZEs and FiGuErEDo, 1980; 
WHitEHEAD, 1985) (table 1).

After being unloaded, the fish were kept for a 
maximum of 3 days in a cooling tunnel at 0°c, 
until processed. An exception was the Sardina 
pilchardus, which was kept frozen at -23°c, for 
about 1 month prior to processing, since they 
were imported from Morocco. samples for this 
study were obtained from fish immediately af-
ter processing.

the by-products were collected from four 
different production lines: tuna loin, sardine 
viscera and flattened fish fillets. since the by-
products are generally donated to flour facto-
ries, a sample of the flour, comprised of a mix-
ture of fish by-products, was also collected.

samples of the by-products, taken from 
about 20 specimens, were ground in a manual 
grinder and homogenized. Half of each sample 
was used to determine moisture and lipid con-
tent. the other half was used to extract the lip-
ids which were then analyzed to determine the 
fatty acid profile. the samples of mixed flour, 
toasted viscera and cooked heads of skipjack 
tuna (Katsuwonus pelamis), white whitemouth 
croaker (Micropogonias furnieri) and smouth 
weakfish (Cynoscion leiarchus) were frozen for 
one month prior to analysis.

the moisture content was determined in 
triplicate, after heating in an oven at 105°c, 
until constant weight. the quantity of total 
lipids was determined in duplicate (average of 
two samples), using a soxhlet extractor and a 
mixture of petroleum and ethyl ether (1:1) as 
extraction solvent.

to analyze the fatty acid profile, the lipid 
extraction was carried out according to bLiGH 
and DYEr (1959), with the addition of 0.1% 
butylated hydroxytoluene (bHt). After solvent 
evaporation under nitrogen, the samples were 
stored at -25°c under nitrogen atmosphere and 
protected from light. the derivation of fatty ac-
ids to their respective methyl esters (FAMEs, 
fatty acid methyl esters) was carried out using 
the HArtMAn and LAGo (1973) method. the 
FAMEs were analyzed by gas chromatogra-
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phy (Gc), in a shimadzu gas chromato-
graph (model 17A, shimadzu do brasil, 
são Paulo, sP, brazil), with an automat-
ic injector, using a flame ionization de-
tector and a capillary column (sP 2340; 
60 m x 0,25 mm i.d. x 0,2 µm film, su-
pelco, são Paulo, sP, brazil). the injec-
tor was operated at 250°c and the detec-
tor (FiD) at 260°c. Helium was used as 
the mobile phase, with a flux of 17 cm/s, 
with 1 µL of sample volume injected. the 
initial temperature was 120°c, with in-
creasing heat at 4°c/min until 240°c. 
the total run time was 45 min.

the separated FAMEs were identified 
by comparising their retention times with 
those of previously analyzed standards 
(Fame Mix supelco 37 components, sig-
ma-Aldrich brazil, são Paulo, sP, bra-
zil). For quantification, the percentage of 
peak areas was calculated in relation to 
the total area of detected peaks, includ-
ing non-identified peaks.

rEsuLts AnD concLusions

the composition of the by-products 
derived from the fish processing indus-
try shows some variations. the genera-
tion of by-products depends on the pro-
duction line in operation, as well as oth-
er variables in the fish capture technol-
ogy, as well as on the characteristics of 
the fish processing plant (AcKMAn, 1989; 
bADoLAto et al., 1994; bottA et al., 1987; 
siLVA et al., 1993; stAnsbY, 1981, 1990). 
Despite variations, the results show that 
the various by-products have a high lip-
id content (table 2). Moreover, the fatty 
acid composition, in general, is very in-
teresting with an abundant n-3 content, 
especially EPA and DHA (table 3).

of the by-products analyzed, tuna 
skin had a high concentration of lipids 
and polyunsaturated fatty acids (Pu-
FAs), even when cooked (tables 2 and 
3). these results could be related to nat-

table 2 - Moisture and lipid content of the by-products.

By-products Moisture * Lipids *

 Scombroids
Crude viscera of T. albacares 75.58±0.66 5.19±0.15
Crude head of T. albacares 71.13±0.87 11.53±0.11
Crude viscera of K. pelamis 74.92±0.37 15.70±0.81
Cooked viscera of K. pelamis 8.91±0.76 14.73±1.52
Crude head of K. pelamis 69.26±1.61 19.09±0.23
Cooked head of K. pelamis 62.14±1.94 6.77±0.25
Cooked skin of K. pelamis 48.99±1.23 42.81±2.00
Cooked dark muscle of K. pelamis 66.78±0.95 10.01±0.04
 Clupeids
Crude head of O. oglinum 69.99±0.35 14.97±1.57
Crude ventral keel of O. oglinum 62.24±0.28 37.11±0.86
Crude head/viscera of S. pilchardus 74.16±0.49 16.64±0.07
Crude head/viscera of S. brasiliensis 75.62±0.28 16.55±0.02
 Others
Crude head of M. furnieri 69.57±1.08 15.32±0.70
Crude head/viscera of C. leiarchus 74.28±1.09 10.10±0.24
Crude backbone of C. leiarchus 74.45±0.26 17.04±0.51
H. clupeola crude whole 71.12±1.10 9.52±2.39
	 Fish	flour 10.10±1.57 1.68±0.43

* the results represent the means of triplicates (moisture) or duplicates (lipids) with their respective standard devi-
ations.
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ural antioxidants, such as tocopherols, 
and some amino acids, which can pro-
tect PuFAs from oxidation. Moreover, it is 
known that some proteins complex met-
als, which blocks their pro-oxidant effect 
(AcKMAn, 1989; cHEFtEL and cHEFtEL, 
1992; siLVA et al., 1993).

compared to the raw samples, the 
cooked and toasted samples, in general, 
had lower PuFA concentrations and high-
er saturated fractions. these results were 
similar to those reported in other stud-
ies (AcKMAn, 1989; bELtrAn and Mor-
AL, 1991; GALL et al., 1983). some stud-
ies, however, did not show any changes 
in the fatty acid composition of the fish 
products after processing (bELtrAn and 
MorAL, 1991; siLVA et al., 1993), includ-
ing smoking (MustAFA and MEDEiros, 
1985). this demonstrates that there is no 
clearly-defined standard of interference of 
physical conditions on the PuFA content 
and profile. An example of this apparent 
paradox was the cooked tuna heads (K. 
pelamis), which showed higher levels of 
PuFAs than the raw sample. As observed 
by bELtrAn and MorAL (1991), samples 
of frozen and cooked sardine (S. pilchar-
dus) showed higher c20:5 and c22:6 (EPA 
and DHA, respectively) values, when com-
pared with raw fillet, which had values 
similar to those observed in this work for 
tuna. those authors reported that some 
possible causes of this phenomenon, at 
least for the frozen material, could have 
been an increased susceptibility of these 
fatty acids to extraction by organic sol-
vents, due to the weakening of lipopro-
tein bonds as a result of freezing. this 
hypothesis is reinforced in the present 
work, since the sample of cooked tuna (K. 
pelamis) heads was stored for one month 
prior to extraction. cooking, on the oth-
er hand, can induce the release of struc-
tural fatty acids, as result of the applica-
tion of heat.

the method of extraction may also af-
fect the yield and composition of these 
lipids. iVErson et al. (2001) compared 
two classic methods of cold extraction, 

those of bLiGH and DYEr (1959) and 
FoLcH et al. (1957), and concluded that 
the first underestimates the lipid con-
tent compared to the second.

the PuFA content was around 30% 
for the majority of by-products. never-
theless, non-identified peaks, making 
up around 15% of the total, may have 
affected the results. these peaks rep-
resent other volatile molecules, such as 
non-identified fatty acids and alcohols, 
which do not have corresponding mole-
cules in the FAME standards used.

Another important result is that the 
samples with higher lipid contents were 
not always those with a higher PuFA 
content, as in the case with the ventral 
keel of sardine (O. oglinum). Like all pe-
lagic and filtrator species (bELVÈZE and 
ErZini, 1983; sAccArDo, 1983), the ven-
tral and subcutaneous regions are the 
main sites of lipid deposits.

the DHA and EPA levels were high 
(28.4%) in the dark muscle of tuna, al-
though it was lower than the previous-
ly reported 34.6% (bruscHi, 2001). the 
sample in that study was not processed 
and was frozen prior to analysis, while 
the sample used in the present work 
was cooked and processed immediate-
ly afterwards.

the EPA:DHA (c20:5n3:c22:6n3) ra-
tio was lower than one most of the spe-
cies studied which shows the potential 
of these by-products as sources of DHA. 
the exceptions were sardine (S. pilchar-
dus) and white mouth croaker (M. furni-
eri) by-products, which have been prov-
en to be good sources of EPA. For sar-
dine S. brasiliensis, the ratio established 
was as low as 0.5.

the results of this study corroborate 
the potential use of by-products from the 
fishing industry, as a source of fish oil 
and PuFAs. it should be stressed, how-
ever, that the by-products that had the 
highest levels of PuFAs were those from 
sardine and tuna, which are the most 
frequently processed species in the re-
gion of the study.
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table 3 - Fatty acid composition of the fish by-products.

 BY-ProduCtS/reSidueS

   SComBroidS SardineS - CLuPeidS otherS

   Fatty acid %

Capric C10:0 1.47 2.20 0.42 1.88 3.75 - - 1.37 - - 1.66 1.42 - 1.79 1.14 - -
myristic C14:0 0.74 3.16 2.87 4.36 - 3.45 - 3.29 6.00 6.15 7.75 5.76 3.71 4.23 4.10 5.42 7.27
Pentadecanoic C15:0 0.46 0.79 0.85 1.02 0.90 1.13 1.02 0.74 1.46 1.61 - 1.34 0.53 0.56 0.86 1.29 -
Palmitic C16:0 14.84 17.36 20.51 25.24 20.38 21.89 21.19 21.48 25.14 27.66 19.42 23.13 21.88 23.49 25.69 22.54 30.51
Palmitoleic C16:1 0.76 3.20 2.74 3.51 3.82 4.28 4.18 2.50 4.31 4.07 7.99 3.61 7.44 7.83 12.83 3.49 7.88
heptadecanoic C17:0 0.83 1.07 1.08 1.34 1.05 1.30 1.04 1.00 1.51 1.57 - 1.38 0.55 0.56 1.16 1.27 -
Cis - 10 - heptadecanoic C17:1 - 0.46 - - - - 0.58 - - - - -  - - - 6.92
estearic C18:0 7.07 6.04 7.81 7.61 5.99 6.48 4.19 6.73 7.36 7.34 4.22 6.79 5.01 4.86 8.18 6.10 -
oleic C18:1n9c 4.39 15.05 10.28 15.74 15.82 13.25 16.58 17.58 7.49 8.77 7.08 6.33 20.78 22.76 11.07 7.70 3.95
Linoleic C18:2n6c 0.46 1.31 1.30 1.38 1.46 1.44 1.63 1.46 1.39 1.38 3.09 1.40 1.06 1.25 - 1.32 -
arachidic C20:0 - - - - - - 0.39 - 0.44 0.65 - 0.81 - - - - -
Cis - 11 – eicosanoic C20:1 0.41 2.05 0.88 1.47 2.63 1.00 1.24 1.47 0.54 0.77 1.50 0.98 0.79 1.11 1.00 - -
Linolenic C18:3n3 - 0.64 0.78 - 0.88 - 1.03 0.72 1.42 1.58 0.64 1.47 0.60 0.73 1.28 1.23 -
Cis - 11, 14, 17 - eicosadienoic C20:2 - - - 0.68 - - - - - - - 1.53 - - - - -
arachidonic C20:4n6 5.16 2.27 3.23 1.80 1.54 1.88 1.59 1.25 2.27 1.94 1.59 2.18 1.97 1.95 2.33 2.34 -
Lignoceric C24:0 - - - - - - - - - - - - - - - - 6.68
Cis - 5,8,11,14,17- eicosapentaenoic ePa C20:5n3 4.35 4.89 6.02 5.01 5.76 5.91 7.25 4.26 7.28 6.71 19.52 10.08 5.95 5.92 9.16 5.99 -
norvonic C24:1 0.36 0.89 0.77 1.16 0.92 - 0.55 2.20 0.49 0.37 0.63 0.56 0.51 0.65 - - -
Cis - 4,7,10,13,16,19 - docosahexaenoic dha C22:6n3 20.89 21.59 20.49 16.61 22.77 27.69 24.47 24.11 20.46 17.84 11.42 19.98 11.06 11.13 6.06 20.15 -
                  
total non-identified  37.81 17.05 19.96 11.18 12.31 10.30 13.18 9.86 12.43 11.57 13.50 11.26 18.16 11.17 15.14 21.16 36.78
total saturated  25.41 30.62 33.54 41.45 32.08 34.25 27.54 34.61 41.93 44.99 33.04 40.63 31.68 35.50 41.13 36.62 44.47
monounsaturated  5.92 21.65 14.68 21.89 23.20 18.53 22.88 23.73 12.83 13.98 17.20 11.48 29.52 32.35 24.90 11.19 18.75
Polyunsaturated  30.87 30.68 31.83 25.48 32.41 36.92 35.60 31.80 32.82 29.46 36.25 36.64 20.65 20.98 18.83 31.03 -
total ω-3  25.25 27.11 27.30 21.61 29.41 33.60 32.41 29.10 29.16 26.13 31.57 31.53 17.61 17.78 16.50 27.37 -
total ω-6  5.62 3.57 4.53 3.18 3.00 3.32 3.19 2.70 3.66 3.33 4.68 3.58 3.03 3.20 2.33 3.66 -
total ω-9  4.39 15.05 10.28 15.74 15.82 13.25 16.41 17.58 7.49 8.77 7.08 6.33 20.78 22.76 11.07 7.70 3.95
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table 3 - Fatty acid composition of the fish by-products.

 BY-ProduCtS/reSidueS

   SComBroidS SardineS - CLuPeidS otherS

   Fatty acid %

Capric C10:0 1.47 2.20 0.42 1.88 3.75 - - 1.37 - - 1.66 1.42 - 1.79 1.14 - -
myristic C14:0 0.74 3.16 2.87 4.36 - 3.45 - 3.29 6.00 6.15 7.75 5.76 3.71 4.23 4.10 5.42 7.27
Pentadecanoic C15:0 0.46 0.79 0.85 1.02 0.90 1.13 1.02 0.74 1.46 1.61 - 1.34 0.53 0.56 0.86 1.29 -
Palmitic C16:0 14.84 17.36 20.51 25.24 20.38 21.89 21.19 21.48 25.14 27.66 19.42 23.13 21.88 23.49 25.69 22.54 30.51
Palmitoleic C16:1 0.76 3.20 2.74 3.51 3.82 4.28 4.18 2.50 4.31 4.07 7.99 3.61 7.44 7.83 12.83 3.49 7.88
heptadecanoic C17:0 0.83 1.07 1.08 1.34 1.05 1.30 1.04 1.00 1.51 1.57 - 1.38 0.55 0.56 1.16 1.27 -
Cis - 10 - heptadecanoic C17:1 - 0.46 - - - - 0.58 - - - - -  - - - 6.92
estearic C18:0 7.07 6.04 7.81 7.61 5.99 6.48 4.19 6.73 7.36 7.34 4.22 6.79 5.01 4.86 8.18 6.10 -
oleic C18:1n9c 4.39 15.05 10.28 15.74 15.82 13.25 16.58 17.58 7.49 8.77 7.08 6.33 20.78 22.76 11.07 7.70 3.95
Linoleic C18:2n6c 0.46 1.31 1.30 1.38 1.46 1.44 1.63 1.46 1.39 1.38 3.09 1.40 1.06 1.25 - 1.32 -
arachidic C20:0 - - - - - - 0.39 - 0.44 0.65 - 0.81 - - - - -
Cis - 11 – eicosanoic C20:1 0.41 2.05 0.88 1.47 2.63 1.00 1.24 1.47 0.54 0.77 1.50 0.98 0.79 1.11 1.00 - -
Linolenic C18:3n3 - 0.64 0.78 - 0.88 - 1.03 0.72 1.42 1.58 0.64 1.47 0.60 0.73 1.28 1.23 -
Cis - 11, 14, 17 - eicosadienoic C20:2 - - - 0.68 - - - - - - - 1.53 - - - - -
arachidonic C20:4n6 5.16 2.27 3.23 1.80 1.54 1.88 1.59 1.25 2.27 1.94 1.59 2.18 1.97 1.95 2.33 2.34 -
Lignoceric C24:0 - - - - - - - - - - - - - - - - 6.68
Cis - 5,8,11,14,17- eicosapentaenoic ePa C20:5n3 4.35 4.89 6.02 5.01 5.76 5.91 7.25 4.26 7.28 6.71 19.52 10.08 5.95 5.92 9.16 5.99 -
norvonic C24:1 0.36 0.89 0.77 1.16 0.92 - 0.55 2.20 0.49 0.37 0.63 0.56 0.51 0.65 - - -
Cis - 4,7,10,13,16,19 - docosahexaenoic dha C22:6n3 20.89 21.59 20.49 16.61 22.77 27.69 24.47 24.11 20.46 17.84 11.42 19.98 11.06 11.13 6.06 20.15 -
                  
total non-identified  37.81 17.05 19.96 11.18 12.31 10.30 13.18 9.86 12.43 11.57 13.50 11.26 18.16 11.17 15.14 21.16 36.78
total saturated  25.41 30.62 33.54 41.45 32.08 34.25 27.54 34.61 41.93 44.99 33.04 40.63 31.68 35.50 41.13 36.62 44.47
monounsaturated  5.92 21.65 14.68 21.89 23.20 18.53 22.88 23.73 12.83 13.98 17.20 11.48 29.52 32.35 24.90 11.19 18.75
Polyunsaturated  30.87 30.68 31.83 25.48 32.41 36.92 35.60 31.80 32.82 29.46 36.25 36.64 20.65 20.98 18.83 31.03 -
total ω-3  25.25 27.11 27.30 21.61 29.41 33.60 32.41 29.10 29.16 26.13 31.57 31.53 17.61 17.78 16.50 27.37 -
total ω-6  5.62 3.57 4.53 3.18 3.00 3.32 3.19 2.70 3.66 3.33 4.68 3.58 3.03 3.20 2.33 3.66 -
total ω-9  4.39 15.05 10.28 15.74 15.82 13.25 16.41 17.58 7.49 8.77 7.08 6.33 20.78 22.76 11.07 7.70 3.95
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AbstrAct

the following is an overview of the 
state of researcher mobility in food 
science and technology within and 
outside of Europe. the laws and rules 
which currently regulate research-
er recruitment, publishing of job va-
cancies, restrictions of access, prefer-
ential channels, health and safety in 
the workplace, Intellectual Property 
rights issues and mobility in the 31 
MoniQA consortium partner are re-
ported. MoniQA – “towards the har-
monisation of analytical methods for 

rIAssunto

Questo lavoro è una panoramica sullo 
stato attuale della mobilità dei ricercato-
ri che lavorano nell’ambito delle scien-
ze e tecnologie alimentari in Europa e 
nei paesi extra-europei. In particolare, 
vengono presentate le leggi e le norma-
tive europee che regolano attualmente il 
reclutamento dei ricercatori, la pubbli-
cazione dei posti di lavoro, le restrizio-
ni d’accesso e i canali preferenziali per 
certe posizioni scientifiche, la salute e 
la sicurezza nel posto di lavoro, i Diritti 
di Proprietà Intellettuale, nonché la mo-
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monitoring food quality and safety in 
the food supply chain” – is a European 
network of Excellence that was started 
in 2007. regarding researcher mobili-
ty, the possible length of the mobility 
period, the extent to which bureaucra-
cy hampers mobility, the economic is-
sues regarding staff on leave (salaries, 
support for housing and living expens-
es, grants and/or scholarships) and any 
procedure to be followed so that a re-
searcher can be hosted by a research 
institution/centre are reported. some 
factors that limit researcher mobility: 
language (especially applying through 
websites, vacancy advertisements and 
understanding of documents in gener-
al), limited funding and the lack of con-
tacts in the hosting institution.

bilità dei ricercatori nell’ambito delle 31 
Istituzioni che fanno parte della rete di 
eccellenza europea MoniQA – “towards 
the harmonisation of analytical methods 
for monitoring food quality and safety in 
the food supply chain” – finanziata dal-
la commissione Europea a partire dal 
febbraio 2007. Per quanto riguarda la 
mobilità dei ricercatori, questa indagine 
ha analizzato soprattutto i limiti appli-
cabili alla durata del periodo di mobili-
tà del ricercatore, quanto la burocrazia 
costituisce un ostacolo alla mobilità, gli 
aspetti economici (stipendio, vitto e al-
loggio, erogazione/disponibilità di bor-
se di studio), nonché le procedure da se-
guire nel caso in cui un ricercatore vo-
glia essere ospitato da un istituto di ri-
cerca/università. I fattori principali che 
limitano o che potrebbero limitare la mo-
bilità dei ricercatori sono costituiti dalla 
lingua, dal limitato finanziamento, dal-
la mancanza di contatti tra il ricercato-
re e l’istituto ospitante.

IntroDuctIon

the aim of the Ec-funded Project Mo-
niQA, “towards the harmonisation of 
analytical methods for monitoring food 
quality and safety in the food supply 
chain” (www.moniqa.org) is to establish 
long-lasting cooperation among leading 
food research institutions, food and bio-
technology industries, as well as small- 
and medium-sized businesses to ensure 
food quality and safety for consumers. 
two years after the kick-off meeting, 
progress has been made and new steps 
have been taken to coordinate the ana-
lytical methods for monitoring food qual-
ity and safety in the food supply chain. 
Meetings have been organised on a reg-
ular basis so that the 33 partners from 
the Eu and non-Eu countries could dis-
cuss any improvements and future chal-

lenges. Moreover, workshops have been 
held to provide the scientific and admin-
istrative staff with training on several 
topics in order to share knowledge and 
to network with organisations that are 
not part of the MoniQA.

Databases have been established to 
overcome the current fragmentation in 
food science and technology and to im-
plement the planned harmonisation. 
the “research database” currently al-
lows MoniQA partners to search for an-
alytical methods for specific analyses in-
cluding information on the degree of val-
idation, legal requirements, legal limits 
and availability. the “consortium data-
base”, on the other hand, provides infor-
mation about expertise, special equip-
ment and participant expertise within 
MoniQA. the latter, in particular, pro-
vides an overview of available skills and 
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expertise within the consortium. by pro-
viding key information, it can facilitate 
close cooperation and coordination of ac-
tivities of entire research groups and/or 
departments in an ambitious attempt to 
create a “virtual laboratory”. Another da-
tabase currently organises the outcome 
of the survey on “legal constraints and 
factors that limit researcher mobility”. 
the survey was carried out by the Ital-
ian national Institute for research on 
Food and nutrition (InrAn) in collabo-
ration with 31 of the 33 MoniQA part-
ners from 20 countries (Austria, bel-
gium, bulgaria, china, Egypt, Finland, 
Germany, Greece, Holland, Hungary, In-
donesia, Israel, Italy, new Zealand, nor-
way, Poland, spain, turkey, the united 
Kingdom and Vietnam).

InrAn surVEY oF “LEGAL 
constrAInts AnD FActors 

LIMItInG rEsEArcHEr MobILItY”

this paper gives a significant overview 
of the state of research integration in 
food science and technology within and 
outside of Europe as far as researcher 
mobility is concerned. Given the number 
and typology of participants, it can be 
considered to be representative of the 
world of research in food science and 
technology, at least in Europe. the laws 
and rules which currently regulate re-
searcher recruitment, restrictions of ac-
cess, preferential channels, health and 
safety in the workplace, issues of Intel-
lectual Property rights (IPr) and mobility 
of 31 MoniQA partners are reported.

Within the countries participating in 
the MoniQA network, research in food 
science and technology is carried out in 
universities and in university-related-
centres of excellence, in public institu-
tions under the auspices of specific Min-
istries, in private research institutions 
and in scientific and technological parks. 
these categories are responsible for var-
ying percentages of research in the dif-

ferent countries. In most of the network, 
researcher recruitment is rarely planned 
in advance. only 3 out of 31 partners 
plan recruitment so that it takes place 
at the same time each year. For 17 part-
ners, recruitment depends on the specif-
ic needs at the moment, on the projects 
or when there is a vacancy. nine part-
ners reported that personnel recruitment 
is planned only when it concerns higher 
scientific positions.

In general, job vacancies are posted 
and publicised so that any researcher 
interested in a specific vacancy can sub-
mit an application. However, it was found 
that only 22 of the 31 partners publish 
vacancies on the web. six partners only 
publish vacancies in official national 
journals and newspapers, which lim-
its access to foreign researchers unless 
they know the specific official journal 
and/or newspaper. In most cases, the 
job vacancy is not publicised in English 
but in the language of the specific coun-
try. only 10 partners advertise vacan-
cies in English, 4 of which are English 
mother-tongue partners. therefore, lan-
guage is a limiting factor that limits re-
searcher mobility.

rEsEArcHEr rEcruItMEnt

researcher recruitment is currently 
regulated by both internal laws, which 
are specific to each institution, and by 
national laws which provide the legal 
framework which regulates the recruit-
ment procedures, contracts, probation-
ary periods and career development for 
scientific personnel in each country.

recruitment of both permanent and 
temporary staff is generally conducted in 
the same manner which includes job ad-
vertising, receipt of applications, assess-
ment and decision-making (14 countries 
out of 20). Assessment is usually based 
on personnel interviews, and only occa-
sionally on written tests. In six countries, 
different laws apply for the recruitment 
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of permanent and temporary staff. Per-
manent positions are usually regulated 
by national laws which require a national 
selection process with a written assess-
ment, whereas recruitment of tempo-
rary staff is almost always regulated by 
rules which are internal to each univer-
sity and/or research institution.

the investigation also showed the ex-
istence of restricted access and prefer-
ential channels for scientific staff in the 
recruitment process. In 12 of the 20 con-
sortium countries, no restricted access 
was noted for either permanent or tem-
porary staff due to language, citizen-
ship, curriculum or qualifications award-
ed in another country. In 7 countries 
(belgium, bulgaria, china, Finland, Ita-
ly and the united Kingdom) language is 
or could be an obstacle. A command of 
the language of the country which hosts 
the researcher is required, especially for 
some positions. In 5 countries, citizen-
ship and qualifications awarded in an-
other country limit the recruitment of 
researchers for specific positions. the 
equivalency of qualifications hampers or 
could hamper recruitment in countries 
such as Greece (1), Italy (2), Poland and 
turkey. In these countries the academic 
qualifications awarded in another coun-
try must be equivalent to the national ac-
ademic qualifications.

recruitment also takes place by 
means of preferential channels which 
mainly apply to scientists with outstand-
ing, internationally recognised scientific 
qualifications. countries such as china, 
Finland, Germany, Greece, Israel, Italy, 
Poland, turkey, united Kingdom and Vi-
etnam welcome people with outstanding 
scientific qualifications and have creat-
ed preferential channels for them. some 
examples of this are the “Finland Dis-
tinguished Professor” (3) funding pro-
gramme which aims at strengthening 
scientific knowledge and know-how in 
Finland, and the “Fast track” (4) scheme 
in the uK and other similar initiatives in 
the above-mentioned countries.

the extent to which “gender” might 
be a limiting factor to researcher mobil-
ity was also investigated. the survey re-
sults indicate that gender is not a dis-
criminating factor in recruitment. no 
form of discrimination between genders 
was noted among the participants in 
this network of excellence. recruitment 
is mainly based on ability. It is interest-
ing to note that the equal gender-based 
share of positions, despite being men-
tioned, is seldom planned. An exception 
is boKu university (Austria), where its 
statutes specify set objectives for achiev-
ing gender equality for recruiting more 
female applicants.

safety and health in the workplace of 
researchers working for all the MoniQA 
partners are safeguarded by national 
laws. these laws are usually based on 
the European regulations on safety and 
Health requirements for the Workplace 
and are contained in Ministerial and/
or Presidential Decrees, Labour codes, 
Employment Acts, and Health and safe-
ty Acts. they include the safety aspects 
related to hazardous working conditions, 
use of chemicals, risk of accidents and 
long-term exposure, and state research-
er rights.

IntELLEctuAL ProPErtY rIGHts

Most MoniQA partners (28 out of 31) 
have an Intellectual Property rights poli-
cy that regulates the ownership and pro-
tection of data and the intellectual prop-
erty rights of researchers. In most cas-
es, a distinction is made between inven-
tions which are made within a contract 
where the invention activity is the object 
of the contract itself, and the case of a 
researcher in the university or public ad-
ministration with research purposes. In 
the first case, the rights coming from the 
invention belong to the employer, where-
as in the second case the researcher has 
the exclusive rights over the patented in-
vention which he/she has invented. the 
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latter rule does not apply if the invention 
is made within the framework of a spe-
cific research project which is financed 
by public or private funds. When a re-
searcher works within a financed project, 
an agreement is usually drawn up among 
the partners regarding the exploitation of 
the research results including the names 
on the possible publication. In this type 
of agreement, it is usually stated that be-
fore any exploitation of results, includ-
ing publication, there must be a multi-
lateral or other type of agreement. When 
this issue applies to researchers some 
MoniQA partners agree on IPrs prior to 
a visit by an external researcher. three 
partners do not have any explicit policy 
regarding IPrs.

rEsEArcHEr MobILItY

researcher mobility towards other re-
search organisations is regulated by the 
specific rules/laws of each single organ-
isation. sixteen of 31 MoniQA partners 
currently set time limits: in 9 partners, 
a researcher cannot leave his institution 
for more than 12 months. A long-term 
leave, longer than one year, is possible 
for researchers in 7 partners, provided 
that they come back to the employer in-
stitution. For example, if a researcher 
does not return to the research institu-
tion he/she will be asked to pay all the 
expenses plus the legal interest rate. In 
15 partners, mobility is a case-by-case 
decision. It is usually subject to a sat-
isfactory business arrangement being 
made and consequently an official time 
limit regarding the length of absence is 
not set. the length of the leave depends 
on the tasks, position, responsibilities 
and obligations that the person has in 
his/her organisation. It is usually eas-
ier for junior members to go for longer 
periods of time.

the extent to which bureaucracy ham-
pers mobility and, specifically, the time 
needed for a researcher to get permission 

to leave his/her own institution were 
investigated. In 9 partners, authorisa-
tions are granted in a matter of days or 
a few weeks, whereas in 7 it takes up to 
two months. For most of the consorti-
um partners, permission to leave the In-
stitution mainly depends on the length 
of time, the funding programme and the 
nature of the project, the host institu-
tion and the field in which the researcher 
works. bureaucracy, apparently, is never 
a constraint to researcher mobility.

regarding economic issues, in 28 out 
of 31 partners, the staff on leave keep 
their own salaries while being on leave; 
in only very few cases the researchers 
do not keep their salaries. For most of 
the consortium partners, the question 
of keeping a salary could be a limitation 
depending on the length of time and fi-
nancial contribution of the hosting insti-
tution. In general, the longer is the leave 
period, the higher is the cut in the cur-
rent salary.

When researchers go outside their 
institution for training or to work on a 
project that is of interest to their employ-
er, 19 of the 31 consortium partners give 
additional economic support from the in-
stitution to be used for housing and liv-
ing expenses. In 12 MoniQA partners, re-
searchers do not receive any additional 
support while on leave.

researchers on leave often rely on the 
economic support of the European com-
mission or national bodies such as the 
“Austrian International fund” of boKu, 
the Austrian Federal Ministry for science 
and research, the Austrian FFG-österre-
ichische Forschungsförderungsgesells-
chaft, the Foreign Ministry of Austria and 
the Institute of Advanced studies of the 
university of bologna (5) or the Italian 
national research council (cnr).

the survey also investigated the pro-
cedures that a researcher has to follow 
in order to do research in a research in-
stitution different from his/hers. be-
forehand, a researcher must have an 
idea of the objectives of his/her research 
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that must fit within the research project 
which is undertaken at the hosting insti-
tution. For 11 partners, if a researcher 
is interested in being hosted by a specif-
ic research institution and/or universi-
ty, the researcher does not usually need 
to know anyone in the research institu-
tion. He/she can check on the website 
of the research institution/university to 
see if there is any possibility of doing re-
search there and just send the “Appli-
cation form”. In contrast, in 9 MoniQA 
partners a researcher needs a personal 
acquaintance or a mentoring researcher 
who is willing to look after the guest.

concLusIons

to conclude, the results of this sur-
vey present a comprehensive and inter-
esting picture of the management and 
regulation of research personnel in insti-
tutions that deal with food science and 
technology within and outside of Europe, 
with special attention having been given 
to the legal constraints and factors that 
limit researcher mobility.

A few factors have been identified that 
seem to limit the free mobility and inte-
gration of researchers. Language is an 
important issue, because efficient com-
munication and access to information is 
often hampered if websites, documents, 
vacancy advertisements, and codes of 
conducts, are published in the national 
language. In some cases, specific citizen-
ship is required for certain positions and, 
in the public sector of several countries 
there is also a problem with the recog-

nition and equivalency of qualifications 
awarded in another country. Mobility is 
sometimes hampered by limited fund-
ing. Even if a researcher keeps his/her 
own salary while on leave, it might not 
be enough to cover the expenses in an-
other country. Lack of contacts can also 
be a limiting factor, because in sever-
al cases a “local” contact is needed who 
can take care of the newcomer. this is 
stressed by the fact that a satisfactory 
business/research case of mutual inter-
est facilitates mobility.

this survey did not consider the ful-
filment of immigration requirements 
which is a prerequisite for researcher 
mobility.

More information about the database 
on legal constraints and factors that lim-
it researcher mobility can be found on 
the MoniQA website (http://www.mo-
niqa.org/).
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