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AbStrAct

the effect of adding strawberry pulp to yogurt on its physicochemical properties, antioxidant 
activity and sensory characteristics was studied. For this purpose, experimental yogurts were pro-
duced by the addition of strawberry pulp (at 8, 12 and 16%) to plain yogurt and analyses were car-
ried out through 14 days of cold storage. the titratable acidity and viscosity values of yogurts in-
creased with the increasing of strawberry pulp concentration. conversely, the total solid, fat, pro-
tein, ash, pH and syneresis values decreased. Antioxidant activity (β-caroten bleaching assay) and 
Ic50 (DPPH radical scavenging assay) in yogurts ranged from 77.71 to 86.12%, 205.70 to 2241.09 
μg ⁄mL during storage, respectively. For the sensory properties of yogurts, yogurt including 16% 
of strawberry pulp received the highest overall acceptability score on the first day of storage. 
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INtrODUctION

Yogurt, which is a type of fermented milk that 
is consumed all around the world, is a coagulated 
milk product obtained from lactic acid fermenta-
tion by the action of Lactobacillus delbrueckii spp. 
bulgaricus and Streptococcus thermophilus (LOU-
rENS-HAttING and VILJOEN, 2001). Yogurt is one 
of the most frequently consumed dairy products 
in turkey. In European countries, yogurt con-
sumption per person each year is approximately 
20kg, and this amount is reported as 36kg per 
person per year in turkey (HUtKINS, 2006). Yo-
gurt is also produced and consumed in flavoured 
and supplemented forms. In turkey, the produc-
tion and consumption of fruit-flavoured yogurt 
is lower than plain yogurt, although the mixture 
is widely made and consumed at home in most 
regions, especially during the winter months. 
the increasing annual consumption of yogurt in 
many countries has been attributed to the va-
riety of fruit yogurts. therefore, fruit-flavoured 
yogurts are produced by adding different fruit 
juices or pulps such as pear, apricot, peach, ap-
ple and plum. However, berry fruits such as bil-
berry, strawberry, raspberry, blackberry, black-
currant and cherry are mainly used in fruit yo-
gurt production. Many of these fruits are well 
known as being very good sources of anthocya-
nins (KONG et al., 2003). these flavour ingredi-
ents lead to an increase in nutritional and thera-
peutic value, taste and product variability in the 
markets of milk products. However, the addition 
of flavour ingredients to the yogurt generally de-
creases product consistency. 

Fruits and vegetables contain significant lev-
els of biologically active components that possess 
health benefits beyond basic nutrients (OOMAH 
and MAZZA, 2000). therefore, the consumption 
of foods containing these compounds as part of 
a diet may also be beneficial to human health. 
Strawberries are one of the richest sources of 
natural antioxidants among fruits (WANG and 
ZHENG, 2001). In addition to the usual nutri-
ents such as vitamins and minerals, strawber-
ries are also rich in β-carotene and phenolic 
compounds (OSZMI

.
ANSKI and WOJDYLO, 2009). 

Strawberries have a high scavenging capacity 
against peroxyl radicals (rOO*), superoxide rad-
icals (O2*-), hydrogen peroxide (H2O2), hydrox-
yl radical (OH*) and singlet oxygen (1O2) (WANG 
and ZHENG 2001).

Strawberry [Fragaria x ananassa (rosaceae 
Family)] production of turkey in 2007 is 239.076 
tons (tUI

.
K 2008). Strawberries are widely con-

sumed, both as fresh fruit and as an ingredient in 
processed products (jam, marmalade, juice, cake, 
milk, etc.) in turkey. there have been a number 
of studies on the physiochemical, rheological, mi-
crobiological and sensory properties of fruit yo-
gurts (OZtUrK and ONEr, 1999; KUcUKONEr and 
tArAKcI, 2003; tArAKcI and KUcUKONEr, 2003; 
cELIK et al., 2006; tArAKcI, 2010). there is little 

information regarding the effect on the proper-
ties of yogurt produced by adding strawberry as 
an ingredient to yogurt. However, data on anti-
oxidant activity of fruit added yogurt is relatively 
scarce in the scientific literature. A few studies 
have been documented on the total antioxidant 
activity of yogurts containing fruit (JIMÉNEA et 
al., 2008; ZAINOLDIN and bAbA, 2010).

the main purpose of the present study was to 
determine the antioxidant activity of yogurt ex-
tracts using the two commonly used spectropho-
tometric methods: DPPH (2,2-diphenyl-1- pic-
rylhydrazyl) free radical-scavenging assay and 
bcb (β-carotene bleaching) assay. Furthermore, 
the other aim of this study was to evaluate the 
physico-chemical and sensory properties dur-
ing storage for 14 days.

MAtErIALS AND MEtHODS

Materials

cows’ milk was supplied from the dairy farm 
of Ataturk University located in the Erzurum 
province of turkey. Direct-to-vat system yogurt 
starter culture (S. thermophilus and Lb. bulga-
ricus) was used in yogurt-manufacturing sup-
plied from chr. Hansen-Peyma, Istanbul, tur-
key. Strawberries were hand-harvested at the 
mature stage from orchards in the Department 
of Horticulture, Faculty of Agriculture, Ataturk 
University, turkey. Samples were immediately 
transported to the laboratory in cold chain and 
processed on the same day. 

Preparation of strawberry pulp

the fruit was washed under a tap by follow-
ing the separation of the stalks, leaves and de-
cayed berries. the washed fruit was placed in a 
boiler and 200 mL of water was added per kg of 
fruit. the fruit was preheated at 65°±2°c, and 
then strawberry pulp was obtained after filtration 
of the crushed fruit. the pulp was pasteurized at 
90°±1°c for 5 minutes and hot filled into cleaned 
glass jars (KOKOSMANLI and KELES, 2000). the 
pulp (dry matter 11.25%, ash 0.57%, fat 0.12%, 
protein 0.17% and Ic50 31.84 μg⁄mL) was stored 
at refrigerator temperature until use in yogurt 
production.

Yogurt production

raw cows’ milk (milk fat 3.5%, protein 2.87%, 
dry matter 11.32%, pH 6.55 and titratable acidity 
0.20%) was used for yogurt production. Skimmed 
milk powder (20g/L) and starch (1%) was add-
ed to increase the total solid. Milk was heated to 
90ºc for 10 minutes and then cooled to 42ºc. 
the milk was then inoculated with DVS starter 
culture (20 g 100 L-1) containing S. thermophilus 
and Lb. delbrueckii subsp. bulgaricus. the inoc-
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ulated milk was incubated at 44°±1°c until the 
pH reached 4.6 and then the yogurt was stored 
in a refrigerator (4°±1oc) for 24 hours. One batch 
of yogurt was then taken as the control and the 
remaining batches were prepared with one of the 
mixtures of S8% [8% (w/w) strawberry pulp and 
8% (w/w) sugar], S12% [12% (w/w) strawberry pulp 
and 8% (w/w) sugar], S16% [16% (w/w) strawberry 
pulp and 8% (w/w) sugar], respectively. the ad-
dition of strawberry pulp was made per 100 g yo-
gurt. All experimental yogurts were divided into 
approximately 200g parts, stored at 4°±1°c for 
14 days and analysed on the1st, 7th and 14th day 
of cold storage. the experimental yogurts were 
manufactured in duplicate.

Chemical analyses

Dry matter, fat, ash, titratable acidity (MEtIN, 
2008) and protein contents (IDF 1993) of milk 
and yogurt samples were determined. Dry mat-
ter, fat, ash and protein contents (cEMErOGLU, 
2010) of strawberry pulp were determined. the 
pH was measured with a pH meter (crison, pH 
meter, basic 20+) fitted with a combined glass 
electrode.

Apparent viscosity

the apparent viscosities of yogurt samples 
were measured during storage using Visco Star-
L Fungilab viscometer equipped with a spindle 
(No: 6) and operated at a speed of 20rpm. the 
readings were taken by instrument directly at 
the point of the 30th second and were recorded in 
centipoises. All of the measurements were per-
formed at a temperature of 4°±1°c in duplicate 
(AbrAHAMSEN and HOLMAN, 1980).

Syneresis

 the yogurt samples were analysed for syner-
esis throughout storage according to the method 
described by AtAMEr and SEZGIN (1986). twen-
ty-five grams of yogurt samples were weighed 
and filtered. After 120 minutes of drainage at 
4°±1°c, the amount of collected whey (mL) in a 
flask was recorded and expressed as an index 
of syneresis. 

Preparation of the extracts 
for antioxidant activity

10 mg of yogurt samples and strawberry pulp 
were extracted for 2 hours with 10 mL of water 
at room temperature on an orbital shaker set at 
600rpm. the mixture was centrifuged at 6,000 
rpm for 20 minutes, and the supernatant was 
collected. the suspension was filtered through 
Whatman No. l filter paper and stored at -20oc 
until analyses. the filtrate was further used as 
a stock solution for the analysis of antioxidant 
activity.

Antioxidant activity

β-Carotene Bleaching (BCB) assay

the antioxidant activity of yogurt and straw-
berry pulp extracts was determined according to 
the β-carotene bleaching method according to the 
procedure reported by KAUr and KAPOOr (2002) 
with certain modifications. Also the detailed ex-
planation of method applied in fruit yogurt has 
been previously described by SENGUL et al. (2012) 

2,2-diphenyl- 1-picrylhydrazyl (DPPH*) radical 
scavenging assay

For determining the free radical scavenging 
activity, the extracts were allowed to react with 
a stable free radical, 2.2-diphenyl-1-picryl hy-
drazyl radical (DPPH*) (GULcIN, 2010). In the as-
say, 0.1mM solution of DPPH was prepared in 
ethanol and 0.5 mL of this solution was added 
to 1.5 mL of extract solution in ethanol at differ-
ent concentrations (20-100 µg/mL). these mix-
tures were incubated at 25°c for 30 minutes in 
the dark. the absorbance was measured at 517 
nm against blank samples. the amount of con-
centration of sample required to scavenge 50% 
DPPH (Ic50) was calculated. the DPPH scaveng-
ing capacity was expressed as mM in the reac-
tion medium and calculated from the calibration 
curve determined by linear regression.

DPPH scavenging effect (%) = [1-(As/Ac)]×100

Where Ac is the absorbance at 517nm of the 
control reaction (containing DPPH solution with-
out fruit extract), and As is the absorbance of 
the test sample. 

Preliminary sensory acceptance

the yogurt samples were assessed organo-
leptically at 1 and 14 days of storage by a panel 
of eight laboratory staff members (5 male and 3 
female, 25-45 years old), well experienced and 
familiar with fruit added yogurt. coded yogurt 
samples were left at room temperature for 10-
15 minutes and were served with a glass of wa-
ter a slice of bread for the panellists to cleanse 
their palates between samples. the yogurts were 
graded for six sensory attributes including col-
our and appearance, odour, texture, acidity, fla-
vour and general acceptability of samples were 
scored on a point scale of 1 (poor) to 9 (excellent). 
the yogurt samples were evaluated according to 
the method of bODYFELt et al. (1988), and the 
sensory criteria were modified considering the 
characteristics of fruit yogurt.

Statistical analysis
 
the data obtained was analysed statistically us-

ing SPSS statistical software program version 13 
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(SPSS Inc., chicago, IL, USA) Analysis of variance 
(ANOVA), and Duncan’s Multiple range test was 
used to determine differences between results.

rESULtS AND DIScUSSION

Gross chemical composition

Some physical and chemical properties of 
strawberry added yogurt samples were analysed 
on the first day of storage and the results are pre-
sented in table 1. the dry matter, ash, fat and 
protein content of yogurts ranged from 18.69 to 
19.12%, 0.64 to 0.69%, 2.45 to 2.90% and 2.62 
to 2.76%, respectively. there were significant dif-
ferences in the dry matter, ash, fat and protein 
content of yogurts (P<0.05). these results were 
different than those reported by other researchers 
for fruit added yogurts (KUcUKONEr and tArAK-
cI, 2003; AYAr et al., 2006; bAKIrcI and KAVAZ, 
2008; tArAKcI, 2010; SENGUL et al., 2012). these 
differences may be derived from raw milk com-
position, fruit type, using of pulp or whole fruit, 
sugar content, composition of plain yogurt used 
in the fruit yogurt manufacture.

Titratable acidity and pH

titratable acidity values of yogurt samples dur-
ing the storage period are shown in table 2. there 
were significant differences (P<0.05) in titratable 
acidity among the fruit yogurts. the titratable 
acidity values of yogurts steadily increased dur-
ing the storage period (P<0.05). this increase can 
be explained by microbial activity in fruit added 
yogurts. Similar results were also obtained by 
KUcUKONEr and tArAKcI (2003), and bAKIrcI 
and KAVAZ (2008), tArAKcI (2010) and SENGUL 
et al. (2012). the lowest titratable acidity value 
(0.83%) was obtained in S8% on the 1th day of stor-
age, while the highest value (0.96%) was found 
on day 14 in S16%. VAHEDI et al. (2008) and SEN-
GUL et al. (2012) also reported that acidity val-
ues increased during storage. the pH values of 
fruit yogurts during the storage period are pre-
sented in table 2. the pH values of the fruit yo-
gurts were affected by both the storage time and 
the added content of fruit. the lowest pH value 
was obtained in S16% sample and this result sug-
gests that pH values decreased with increasing 
concentration of fruit. therefore, strawberries 
contributed to the yogurt acidity due to its na-

table 1 - Gross chemical composition of yogurt samples.

 Yogurt Samples Dry Matter (%) Ash (%) Fat (%) Protein (%)

 S8 19.12±0.01c 0.69±0.01a 2.90±0.14b 2.76±0.02b

 S12 18.99±0.04b 0.67±0.02a 2.50±0.14a 2.72±0.01b

 S16 18.69±0.01a 0.64±0.02a 2.45±0.07a 2.62±0.01a

Mean values followed by different letters in the same column are significantly different (P<0.05)
S8: [8% (w/w) strawberry and 8% (w⁄w) sugar], S12: [12% (w/w) strawberry and 8% (w⁄w) sugar], S16: [16% (w/w) strawberry and 8% (w⁄w) sugar].

table 2 - changes in the physicochemical properties of yogurt samples during storage.

Parameters Storage time  Yogurt samples
 (day)
  S8 S12 S16

Titratable acidity(%) 1 0.83±0.01 aA 0.87±0.01 aAB 0.89±0.01 aB

 7 0.86±0.01 abA 0.88±0.01 aA 0.90±0.01 aA

 14 0.89±0.01 bA 0.91±0.03 aA 0.96±0.01 bB

pH 1 4.39±0.01 cC 4.31±0.03 cB 4.16±0.04 bA

 7 4.29±0.01 bC 4.23±0.01 bB 4.09±0.02 bA

 14 4.21±0.01 aC 4.16±0.01 aB 4.00±0.01 aA

Syneresis (mL/25g) 1 2.25±0.49 aA 1.90±0.42 aA 1.78±0.24 aA

 7 3.63±0.04 bB 3.43±0.04 bB 2.65±0.21 abA

 14 4.38±0.24 bB 3.63±0.04 bAB 3.15±0.35 bA

Viscosity (cP) 1 2690±57 bA 2620±57 aA 3220±57 aB

 7 2310±198 abA 2375±120 aA 2745±417 aA

 14 2030±128 aA 2335±233 aA 2420±212aA

a–cMeans in the same column followed by different lowercase letters represent significant differences (P<0.05).
A–CMeans in the same line followed by different uppercase letters represent significant differences (P<0.05)
C:S8: [8% (w/w) strawberry and 8% (w⁄w) sugar], S12: [12% (w/w) strawberry and 8% (w⁄w) sugar], S16: [16% (w/w) strawberry and 8% (w⁄w) sugar].
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ture acidity. the pH of strawberry added yogurts 
decreased during the storage period. Also, some 
authors have reported a significant decrease in 
the pH values during refrigerated storage (VAHE-
DI et al., 2008; SENGUL et al., 2012).

Viscosity

Viscosity is an important quality parameter 
for fruit yogurts and the effect of various fruits 
on viscosity can be different. the viscosity of the 
strawberry added yogurts was not influenced 
significantly (P<0.05) by the rates of pulp con-
centration, with the exception of S16% on the 1st 
day. the viscosity of the yogurt samples ranged 
from 2030 to 3220 cP. the highest viscosity val-
ue of 3220 cP was found in S16 on the first day of 
storage and the lowest value (2030 cP) was de-
termined in S8% on the 14th day of storage. the 
viscosity of the strawberry added yogurts de-
creased during the storage period (table 2). It 
was reported that the addition of concentrated 
fruit to yogurt decreases the water holding ca-
pacity of protein by diluting the protein content; 
therefore the viscosity decreases (rAMASWAMY 
and bASAK 1992). Similar viscosity patterns 
of yogurt during storage were reported by cE-
LIK et al. (2006), and bAKIrcI and KAVAZ (2008) 
and tArAKcI (2010). conversely, SENGUL et al. 
(2012) reported that the viscosity of the sour 
cherry added yogurts increased during the stor-
age period. Viscosity increases with the increas-
ing of yogurt acidity during storage. the natural 
acidity of sour cherry is higher than strawberry 
and ıt will increase the acidity of yogurt. there-
fore, our results are different from the findings 
of SENGUL et al. (2012). 

Syneresis

Syneresis is characterized as contraction of a 
gel and this occurs simultaneously with the ex-
pulsion of liquid. to prevent syneresis in yogurt, 
the total solids content of milk can be increased 
and stabilizers can be added to the stirred yogurt 
(LUcEY and SINGH 1998). the syneresis values 
of yogurts were affected significantly (P<0.05) 
by the rates of pulp concentration. the high-
est mean value (4.38 mL/25 g) of syneresis was 
found in sample S8% on the 14th day of storage 
and the lowest mean value (1.78 mL/25 g) was 
found in sample S16%. the increased fruit ad-
dition decreased the syneresis values of all yo-
gurt samples (P<0.05). Depending on the fruit 
type used in yogurt, the fibre from fruit can in-
crease the water holding capacity. therefore, 
the syneresis may be low by increasing the fruit 
concentration. However, the syneresis values of 
strawberry added yogurts increased significant-
ly (P<0.05) during the storage period. Increase 
in syneresis and decrease in viscosity are com-
mon properties of fruit yogurts. the syneresis 
values during storage were similar to the results 

of KUcUKONEr and tArAKcI (2003). conversely, 
bAKIrcI and KAVAZ (2008), tArAKcI (2010) and 
SENGUL et al. (2012) reported different results 
to our results. Differences among studies may 
be related to the type of fruit used, the chemi-
cal and physical properties of fruit as well as its 
addition level to the yogurt and pH and acidity 
values obtained in yogurt. 

 
Antioxidant activity of yogurt 

For the determination of antioxidant activities 
of yogurts we chose 2 methods, which allowed 
us to analyse a lot of antioxidant components. 
In the β-carotene bleaching assay, hydroperox-
ides are produce by linoleic acid as free radicals 
during incubation at 50°c. the presence of anti-
oxidants in the extract will minimise the oxida-
tion of β-carotene by hydroperoxides. Hydroper-
oxides formed in this system will be neutralised 
by the antioxidants from the extracts. β-carotene 
is a physiologically important compound and 
shows strong biological activity (KUbOLA and 
SIrIAMOrNPUN, 2008). the rate of β-carotene 
bleaching can be slowed down in the presence of 
antioxidants (KULISIc et al., 2004). DPPH assay 
can determine the free radical-scavenging activ-
ity of various samples and pure compounds. A 
stable free radical with a characteristic absorp-
tion at 517 nm was used to study the radical-
scavenging effects of extracts. As antioxidants 
donate protons to this radical, the absorption 
decreases (KUbOLA and SIrIAMOrNPUN, 2008).

The β-carotene bleaching (BCB) method

table 3 presents antioxidant activities of 
strawberry pulp extracts. Antioxidant activity 
of strawberry pulp determined by two different 
assays β-carotene bleaching assay (bcb) and 
DPPH (table 3). In the bcb assay, linoleic acid 
produces hydroperoxides during incubation at 
50°c. the presence of hydroperoxides cause rap-
id discoloration of β-carotene. However, hydrop-
eroxides formed in this system can be neutral-
ised by the antioxidants from the extracts (IS-
MAIL et al., 2010). table 3 shows the mean to-
tal antioxidant activity of strawberry pulp. the 
means of total antioxidant activity for strawber-
ry pulp was 90.28%. bHA, used as the standard, 
had a higher antioxidant activity than strawber-
ry pulp extracts.

table 3 shows the antioxidant activity of 
the yogurt extracts in comparison with bHA 
and all yogurt extracts had lower antioxidant 
activities than bHA. the antioxidant activi-
ty of plain yogurt was 70.27%. the antioxi-
dant activity of yogurt extracts followed the or-
der: S16 (82.42±1.41%) >S12 (79.28±2.63%) >S8 
(78.42±1.41%) as shown in table 3. there was 
a difference between the antioxidant activities of 
yogurt at the beginning of the storage period, al-
though this difference was not statistically sig-

http://www.sciencedirect.com/science/article/pii/S0308814609008814#tbl1
http://www.sciencedirect.com/science/article/pii/S0023643809001820#tbl2
http://www.sciencedirect.com/science/article/pii/S0308814604008088#fig4
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nificant. the degradation rate of β-carotene–li-
noleate depends on the antioxidant activity of 
the extracts. there was a correlation between the 
degradation rate and the bleaching of β-carotene; 
the extract with the lowest β-carotene degrada-
tion rate exhibited the highest antioxidant activ-
ity. Milk contains antioxidant compounds, beta-
carotene and enzymatic systems, mainly repre-
sented by superoxide dismutase, catalase and 
glutathione peroxidase (cALLIGArIS et al., 2004). 
Fermentation of milk by lactic acid bacteria re-
leases a large number of peptides and amino ac-
ids with varying biological actions such as Angi-
otensin-converting Enzyme (AcE) inhibitory and 
immune modulatory, opioid and antioxidant ac-
tivities (FArVIN et al., 2010). Dairy products can 
be beneficial for the oxidative defence of consum-
ers by several mechanisms. Also, milk antiox-
idants play important roles in preventing lipid 
peroxidation and maintaining milk quality (cHEN 
et al., 2003). In our study, the results indicat-
ed that the total antioxidant activity increased 
with the incremental strawberry concentration. 
For example, by increasing the strawberry con-
centration from 8 to 16%, the total antioxidant 
activity increased from 78.42 to 82.42%. How-
ever, the differences were not statistically signif-
icant. During the storage period, the total anti-
oxidant activity decreased in S16, whereas in S8 
and S12 antioxidant activity increased, although 
it did not show a statistically significant varia-
tion (table 3). Strawberries contain high levels 
of natural antioxidant compounds such as an-
thocyanins, flavonoids, and phenolic acids, vita-
mins, glutathione, among the fruits. these com-
ponents provide protection against harmful free 
radical species (ZHENG et al., 2007; JIN et al., 
2011). Antioxidant compounds have been associ-
ated with lower occurrences and mortality rates 
due to heart disease, as well as offering a num-
ber of other health benefits. there is strong ev-
idence in the literature linking increased stress 
with high levels of free radicals, resulting in ad-

verse effects on human health, including can-
cer (ZHENG et al., 2007). therefore, strawberries 
may decrease the risk of cancer and prevent var-
ious human diseases caused by oxidative stress 
(JIN et al., 2011). 

DPPH (2.2-diphenyl-1-picrylhydrazyl) scaveng-
ing assay

DPPH free radical-scavenging activities of 
strawberry pulp extract and trolox are shown 
in table 3. the Ic50 values of the DPPH radi-
cal-scavenging activities were 28.79 μg/mL and 
26.20 μg/mL for strawberry pulp and trolox, re-
spectively.

DPPH free radical scavenging activities of yo-
gurt extracts and trolox are presented in table 
3. In order to quantify the antioxidant activity 
of yogurt extracts in the course of storage, the 
Ic50 was calculated (table 3). there is an inverse 
relationship between Ic50 and antioxidant ac-
tivity. the lower the Ic50 value, the greater the 
free radical-scavenging activity (YANG and ZHAI, 
2010). In DPPH assay, Ic50 values of plain yo-
gurt were 1450.85 µg/mL. there was a signif-
icant difference (P<0.05) between the antioxi-
dant activities of difference yogurt at the be-
ginning of the storage period. the Ic50 values 
of the DPPH radical-scavenging activities were 
2241.09±0.45, 751.60±1.33, 205.70±1.73 μg/
mL and 26.20 for S8, S12, S16 and trolox, respec-
tively. these results revealed that S8, S12 and S16 
had significantly (p<0.01) lower scavenge pow-
er than trolox. In this method, the scavenging 
effect on DPPH radicals assay showed concen-
tration-dependent activity and the antioxidant 
activity yogurt extracts increased with increas-
ing strawberry concentration (table 3). Straw-
berries have high oxygen radical absorbance ac-
tivity against peroxyl radicals, superoxide radi-
cals, hydrogen peroxide, hydroxyl radicals, and 
singlet oxygen (ZHENG et al., 2007). the DPPH 
assay is a simple method that provides infor-

table 3 - changes in antioxidant capacity and total phenolic content of  yogurt samples during storage.

Parameters Strawberry Plain Storage time  Yogurt samples
 pulp yogurt (day)
    S8 S12 S16 BHA Trolox

Antioxidant activity 90.28 70.27 1 78.42±1.41 aA 79.28±2.63 bA 82.42±1.41 aA 95.70 -
(β-caroten bleaching - - 7 77.71±1.61 aA 80.71±0.61 bA 82.14±1.41 aA 95.70 -
assay) (%) - - 14 83.24±2.38 aA 86.12±0.93 aA 81.09±0.50 aB 95.70 -

DPPH (IC50) 28.79 2450.85 1 2241.09±0.45 cC 751.60±1.33 cB 205.70±1.73 aA - 26.20
(μg/mL) - - 7 1760.35±0.70 bC 532.08±0.90 bB 447.30±1.90cA - 26.20
 - - 14 494.61±1.33 aC 442.06±1.80 aB 360.76±1.70 bA - 26.20

a–cMeans in the same column followed by different lowercase letters represent significant differences (P < 0.01).
A–CMeans in the same line followed by different uppercase letters represent significant differences (P < 0.01)
C:S8: [8% (w/w) strawberry and 8% (w⁄w) sugar], S12: [12% (w/w) strawberry and 8% (w⁄w) sugar], S16: [16% (w/w) strawberry and 8% (w⁄w) sugar].
nd, not determined.

http://www.sciencedirect.com/science/article/pii/S1466856409001015#fig2
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mation about the radical scavenging activity of 
the antioxidant substances present in the ex-
amined sample. SKrEDE et al. (2004) used the 
DPPH method to assess the antioxidant proper-
ties of berry/fermented milk blends. this meth-
od was also used to investigate the effects of tea 
supplementation on the antioxidant capacity of 
yogurt (NAJGEbAUEr-LEJKO et al., 2011). Earli-
er studies have shown that several dairy prod-
ucts and their fractions e.g. milk, skim milk, 
whey, casein and lactoferrin have antioxidant 
properties (cHEN et al., 2003) presumably based 
on their ability to bind to transition metals and 
scavenge free radicals (FArVIN et al., 2010). An-
tioxidant activity increased in yogurt during the 
storage period (table 3). this increase may be 
explained by the fact that continued microbi-
al growth, even during cold storage, may have 
changed some of the phenolic compounds and 
hence their antioxidant activities (bLUM, 1998; 
PAPADIMItrIOU et al., 2007). besides, the DPPH 
scavenging activity of yogurt extracts may also 
be dependent on the presence of small molecu-
lar compounds such as proteins, peptides and 
polysaccharides (O’SULLIVAN et al., 2011). Or-
ganoleptic properties

the organoleptic properties of the yogurts are 
shown as a radar plot in Fig. 1 (a, b). the addition 
of a different proportion of strawberry fruit to 
yogurt significantly affected (P<0.05) the scores 
for colour, appearance and odour. conversely, 
no significant effect (P>0.05) was observed for 
texture, flavour, acidity and general acceptabil-
ity. Increased fruit addition also increased the 
colour, appearance, texture, flavour, odour and 
general acceptability scores. VAHEDI et al. (2008) 
determined that the texture score of strawber-
ry added yogurts increased in the third day of 
storage. However, acidity scores decreased. It 
was also found that the storage duration did 
not significantly affect (P>0.05) the scores of all 
characteristics. the highest general acceptabil-
ity score was obtained on day 1 of the storage 
of yogurt containing a 16% fruit ratio. colour, 
appearance, odour, texture and flavour scores 
generally increased during the storage period. 
conversely, the general acceptability and acidi-
ty scores generally decreased.

cONcLUSION

the increment of the strawberry pulp level 
in yogurt improved the structural properties of 
yogurts by resulting in a decrease in syneresis 
and an increase in viscosity. conversely, due to 
spoilage of curd stability with prolonging of cold 
storage, syneresis values increased and viscos-
ity values decreased in all yogurts. the results 
of this study indicated that the addition of var-
ious levels of strawberry to yogurt caused an 
increase in the antioxidant capacity of the yo-
gurts. Yogurt including 16% strawberry pulp re-

ceived the highest overall acceptability score on 
the first day of storage. Further studies on the 
antioxidant compounds of milk and dairy prod-
ucts are required, especially the identification 
and quantification of antioxidant compounds.

rEFErENcES

Abrahamsen r.K. and Holman t.b. 1980. Yoghurt from hy-
perfiltrated, unfiltrated and evaporated milk and from 
milk with added milk powder. Milchwissenshaft, 35, 
398-402.

Amirdivani S. and baba A.S. 2011. changes in yogurt fer-
mentation characteristics, and antioxidant potential and 
in vitro inhibition of angiotensin-1 converting enzyme 
upon the inclusion of peppermint, dill and basil. LWt - 
Food Science and technology. 44, 1458–1464.

Atamer M. and Sezgin E. 1986. Yoğurtlarda kurumad-
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Değerlendirme 2000-2008.Yücetepe mah Necatibey cad 
No:114 Ankara.

Yang Z. and Zhai W. 2010. Identification and antioxidant 
activity of anthocyanins extracted from the seed and cob 
of purplecorn (Zeamays L.). Innovative Food Science & 
Emerging technologies 11, 169-176.

Wang S.Y. and Zheng W. 2001. Effect of plant growth tem-
perature on antioxidant capacity in strawberry. J. Agric. 
Food chem. 49, 4977-4982.

Zheng Y., Wang S.Y., Wang c.Y. and Zheng W. 2007. chang-
es in strawberry phenolics, anthocyanins, and antioxi-
dant capacity in response to high oxygen treatments. 
LWT-Food Science and technology 40, 49-57.

Zainoldin K.H. and baba A.S. 2010. the Effect of Hyloce-
reus polyrhizus and Hylocereus undatus on physico-
chemical, proteolysis, and antioxidant activity in yogurt. 
World Academy of Science, Engineering and technolo-
gy 60, 361-366.

Paper received May 28 2013  Accepted November 21, 2013

http://www.sciencedirect.com/science/article/pii/S0958694603001390
http://www.sciencedirect.com/science/article/pii/S0958694603001390
http://www.sciencedirect.com/science/article/pii/S0308814609008814
http://www.sciencedirect.com/science/article/pii/S0308814609008814
http://www.sciencedirect.com/science/article/pii/S0308814609008814
http://www.sciencedirect.com/science/article/pii/S0308814609008814
http://www.sciencedirect.com/science/journal/03088146
http://www.sciencedirect.com/science/journal/03088146
http://www.sciencedirect.com/science/journal/03088146/119/2
http://www.sciencedirect.com/science/article/pii/S0308814603003741?_alid=1762613618&_rdoc=2&_fmt=high&_origin=search&_docanchor=&_ct=450&_zone=rslt_list_item&md5=d55b555ea8ff7945ac3be031402ffb13
http://www.sciencedirect.com/science/article/pii/S0308814603003741?_alid=1762613618&_rdoc=2&_fmt=high&_origin=search&_docanchor=&_ct=450&_zone=rslt_list_item&md5=d55b555ea8ff7945ac3be031402ffb13
http://www.sciencedirect.com/science/article/pii/S0308814603003741?_alid=1762613618&_rdoc=2&_fmt=high&_origin=search&_docanchor=&_ct=450&_zone=rslt_list_item&md5=d55b555ea8ff7945ac3be031402ffb13
http://www.sciencedirect.com/science/article/pii/S1466856409001015
http://www.sciencedirect.com/science/article/pii/S1466856409001015
http://www.sciencedirect.com/science/journal/14668564
http://www.sciencedirect.com/science/journal/14668564
http://www.sciencedirect.com/science/journal/14668564/11/1
http://www.sciencedirect.com/science/article/pii/S0023643805002008?_alid=1764355372&_rdoc=13&_fmt=high&_origin=search&_docanchor=&_ct=3006&_zone=rslt_list_item&md5=2ed7817d86a4257ae46e2b03f36abe07
http://www.sciencedirect.com/science/article/pii/S0023643805002008?_alid=1764355372&_rdoc=13&_fmt=high&_origin=search&_docanchor=&_ct=3006&_zone=rslt_list_item&md5=2ed7817d86a4257ae46e2b03f36abe07
http://www.sciencedirect.com/science/article/pii/S0023643805002008?_alid=1764355372&_rdoc=13&_fmt=high&_origin=search&_docanchor=&_ct=3006&_zone=rslt_list_item&md5=2ed7817d86a4257ae46e2b03f36abe07


PaPer

Ital. J. Food Sci., vol. 26 - 2014 243

- Keywords: national dysphagia diet, dysphagia, viscoelastic properties, cluster classification, viscosity -

RhEOLOGICAL AnD CLuSTERInG APPROACh 
TO CLASSIFy IRAnIAn SOFT/LIquID FOOD 

PRODuCTS TO MEET DySPhAGIA DIET 
REquIREMEnTS

A. ZARGARAAna, y. OMARAEEb, R. RASTMAnEShc, n. TAhERId,
Gh. FADAVIa, F. ZAERIe and M.A MOhAMMADIFARa*

aDepartment of Food Science and Technology, Faculty of Nutrition Sciences, 
Food Science and Technology/National Nutrition and Food Technology Research Institute, 

Shahid Beheshti University of Medical Sciences, 7 West Arghavan St., Farahzadi Blvd., Tehran, Iran
bTehran Medical branch, Islamic Azad University, Khaghani St, Shariati Ave, Tehran, Iran

cDepartment of Human Nutrition and Dietetics, Shahid Beheshti University of Medical Sciences, 
National Nutrition and Food Technology Research Institute, 7 West Arghavan St., 

Farahzadi Blvd Tehran, Iran
dNetwork management Centre, Ministry of Health and Medical Education, Tehran, Iran

eDepartment of Biostatistics, Faculty of Paramedical Sciences, Shahid Beheshti University of 
Medical Sciences, Tehran, Iran

*Corresponding author: Tel. +98 21 22376426; Fax: +98 21 22376470,
email: zargaraan@sbmu.ac.ir

AbStrAct

the American Dietetic Association proposes a classification of foods for dysphagia diets based 
on viscosity data measured at shear rate of 50 (s-1). this guideline has been used as a reference 
in many papers and therefore most of studies have only focused on steady state rheological pa-
rameters. 

the purpose of present study was to cluster and to classify 39 Iranian viscous food products 
considering steady-state and viscoelastic parameters. Using clustering techniques, 39 samples 
were divided to six clusters. the results of this study indicate that more work is needed to deter-
mine the best rheological parameters to classify dysphagia oriented food products.
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INtrODUctION

Dysphagia is a common disorder character-
ized by difficulty in swallowing or moving foods 
and liquids from the mouth to the stomach (FOr-
StEr et al., 2011). two types of effect are creat-
ed when a patient undergoes dysphagia: physi-
cal health issues and psycho-social and wellbe-
ing problems (cOUSINS et al., 2013). 

the key methods to treat dysphagia symp-
toms are as follows: (1) behavioral, (2) medi-
cal and (3) surgical. Among these behavioral 
methods, using thickened food products are 
widely used in healthcare systems (LOGEMANN 
2007; HOUJAIJ et al., 2009) and some hospi-
tals have special menus for dysphagic patients 
(GErMAIN et al., 2006). Medical food compa-
nies have also special food products to serve 
dysphagic patients (SOPADE et al., 2007; SO-
PADE et al., 2008; cASANOVAS et al., 2011). two 
types of food products are available: “ready-
to-serve” and “powdered instant food thicken-
ers”. regardless of DOP’s type (beverage, main 
course and dessert), classification of the prod-
ucts for disphagic patients is a problematic is-
sue among food science experts and nutrition-
al staff. Having realized the need for standard-
ization of dysphagia diet, miscellaneous prac-
tices have been performed and some manuals 
have been presented to the dietitians (PArDOE 
1993; bAKHEIt 2001). 

the first systematic guideline for DOP’s was 
published by American Dietetic Association in 
2002. In this taskforce called National Dyspha-
gia Diet (NDD), the viscosity measured at the 
shear rate of 50 (s-1) is considered the criterion 
to classify foodstuffs into four categories. the 
NDD guideline proposed a classification of foods 
based on viscosity values ranging from thin (1-50 
cP), nectar-thick (51-350 cP), honey-thick (351-
1750 cP) to spoon thick (>1750 cP) foodstuffs. 

It is interesting to note that only one year af-
ter NDD’s publication, Mccallum described the 
American Dietetic Association’s plan as less than 
useful in real world application. His aim was to 
assess efficacy of NDD level descriptors in a care 
facility and claimed that the descriptors were 
confounding. He proposed that two extra classes 
should be added to the NDD, namely the  Dys-
phagia Pureed and Dysphagia Mechanically Al-
tered ones (MccALLUM 2003). 

Previous studies in the area of rheology-dys-
phagia, have based their classification on the  
NDD guideline (DIEtItIAN ASSOcIAtION OF AUS-
trALIA 2007; GAbb 2007; LANGE et al., 2007; 
WILSON and GrEEN 2009; GArcIA et al., 2010; 
HEISS et al., 2010; MOMOSAKI et al., 2011; 
O’LErAY et al., 2011; PAYNE et al., 2012; UME-
MOtO et al., 2012). 

Nevertheless, there are still insufficient stud-
ies based on the role of viscoelstic parameters 
obtained from oscillatory rheological measure-
ments in the classification of DOP’s. 

therefore, this paper is aimed to propose a 
new clustering classification approach of some 
viscous Iranian food products including viscos-
ity and viscoelastic parameters and to compare 
the results with the NDD classification.

MAtErIALS AND MEtHODS

Materials

thirty-nine commercial food products were 
selected from various sectors of market (bever-
ages, desserts and main courses) and different 
brands (A to L in the tables). All the food prod-
ucts were purchased from a local supermarket 
(tehran, Iran). this choice depends on the fact 
that there isn’t any DOP in the Iranian market.

Samples were either for direct consumption 
or re-constituted in the rheology Lab according 
to the manufacturers’ instruction. All the sam-
ples were stored according to the package in-
struction.

Methods

Rheological measurements

rheological experiments were carried out by 
using rheometer (Anton Paar Physica Mcr 301, 
Graz, Austria); temperature control was carried 
out using a Peltier system equipped with a flu-
id circulator.  

In regard to temperature analysis, various 
conditions are used and reported in the litera-
ture i.e.: 8°c (GErMAIN et al., 2006), 20°c (SO-
PADE et al., 2007; SOPADE et al., 2008; SOPADE 
et al., 2008), 21°-22°c (DEWAr and JOYcE 2006) 
and 25°c (bUDKE et al., 2008; cASANOVAS et 
al., 2011; PAYNE et al., 2012). Many parameters 
are involved in determining the serving temper-
ature of provided foodstuffs for dysphagic pa-
tients such as initial temperature, needed serv-
ing time and so on.

In this study, rheological measurements were 
performed at temperatures different for each 
product based on the specific consumption hab-
its. therefore, a clinical pretest was performed 
for each sample and the exact serving temper-
ature was measured. these test temperatures 
are presented in table 1.

Vane geometry (St14-4V-35-SN16727; d=0 
mm) was used for main courses and des-
sert samples and concentric cylinder (cc27-
SN16194; d=0 mm) was utilized for all the drink 
samples. 

before the steady and dynamic shear rhe-
ological measurements, all the samples were 
left standing for 5 min at the related temper-
ature (table 1) to allow for structure recovery 
and temperature equilibrium. Data analysis 
was conducted using rheoplus software (ver-
sion 3.21).
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table1 - consistency index m, flow behavior n, apparent viscosity η0, and yield stress τ0 of 39 samples. NDD group, indicates the 
group of samples, based on NDD classification as follows: 1: Non-thickened, 2: Nectar-like, 3: Honey-like and 4: Spoon-thick.
1 and 2 superscripts indicate the temperature at which rheological tests were performed, 10° and 45°c, respectively.

 Name Power law model model τ0 ηa NDD group

  m(Pa.sn) n (Pa) (cP)

1. Guava Nectar (A)1 0.08 0.56 0.04 14.71 1
2. Apricot Nectar  (A)1 0.05 0.56 0.11 9.31 1
3. Mango Nectar (A)1 0.1 0.53 0.09 16.01 1
4. Peach Nectar (A)1 0.15 0.46 0.1 18.36 1
5. Apricot Nectar (B)1 0.15 0.45 0.11 17.71 1
6. Mango Nectar (A)1 0.18 0.45 0.14 21.69 1
7. Peach-mango Nectar (C)1 0.31 0.41 0.2 30.64 1
8. Cappochino coconut drink(D)1 10.53 0.25 3.15 589.04 3
9. Strawberry drink (D)1 1.6 0.43 9.73 163.14 2
10. Melone drink (D)1 2.95 0.38 0.69 251.81 2
11. Chocolate coconut drink(D)1 18.92 0.23 9.75 919.67 3
12. Halim (E)2 164.57 0.24 198.14 8455.03 4
13. Halim (F)2 5.64 0.37 1.36 451.15 3
14. Sholezard (G)1 347 0.28 89.27 20780.16 4
15. Shirberenj (G) 40 0.41 13.01 3911.92 4
16. Vegetable soup (H)2 3.33 0.39 0.64 281.41 2
17. Chicken soup (I)2 10.85 0.29 13.53 645.18 3
18. Lentile soup (F)2 19.1 0.19 8.46 736.37 3
19. Eggplant dish (J)2 95 0.12 123.2 2691.79 4
20. Fig olive yoghurt (G)1 72.32 0.25 58.12 3591.35 4
21. Spinach yoghurt (G)1 37.14 0.24 22.82 1825.83 4
22. Celery yoghurt (G)1 16 0.31 11.01 1069.39 3
23. Cucumber yoghurt (G)1 34 0.33 52.48 2466.97 4
24. Seven yoghurt (G)1 25.49 0.28 29.25 1504 3
25. Ferni (K)1 336 0.18 139.77 9818.05 4
26. Saffron dessert (G)1 293.15 0.15 206.48 10270.45 4
27. Coffee  dessert (G)1 361.07 0.13 175.21 11635.63 4
28. Chocolate dessert (D)1 99.4 0.2 41.13 4188.36 4
29. Banana dessert  (D)1 96.15 0.2 49.55 4017.8 4
30. Vanilla dessert (D)1 124.12 0.17 70.53 4538.02 4
31. Biscuit dessert (D)1 91.41 0.22 48.95 4204.23 4
32. Strawberry dessert (D)1 66.87 0.22 32.23 3057.89 4
33. Caramel dessert (L)1 73.72 0.17 31.35 2691.79 4
34. Cocoa cream dessert (L)1 349.14 0.17 130.64 13283.19 4
35. Aloevera yoghurt (G)1 19.54 0.4 35.18 1685.45 3
36. Apple yoghurt (G)1 21.82 0.32 23.73 1440.95 3
37. Peach yoghurt (G)1 56.88 0.26 58.57 3009.4 4
38. Strawberry yoghurt (G)1 31.89 0.32 42.9 2122.11 4
39. Fig Cream (G)1 97.47 0.33 74.01 7013.89 4

Flow curves

Flow curves were obtained at shear rates of 
0.01-1,000 (1/s). the power law (Eq. (1)) (over 
mid-range shear rates) and the cross model (Eq. 
(2)), were used to describe rheological proper-
ties of the samples. In the power law model (Eq. 
(1)), the flow behavior index (n) and consisten-
cy coefficient (m) values were obtained by fitting 
the shear rate versus apparent viscosity values.

η
a 
= mγ.n-1

(Equation 1) Power law model

where ηa is apparent viscosity (Pa.sn), m is con-
sistency coefficient (Pa.sn), is shear rate (1/s) 
and n is flow behavior index (dimensionless). 
Values for the yield stress, calculated by ex-
trapolation of the steady-state shear stress to 
zero shear rate. 

In the cross model (Eq. (2)), and are asymp-

totic values of viscosity at zero and infinite shear 
rates, respectively, λ is the characteristic time 
and k rules the shear dependence in the pow-
er-law region. 

	 η0 – η∞
η	=	η∞	+	

	 1	+	(λγ.)κ

(Equation 2) cross model

Oscillatory tests

the extent of the linear visco-elastic region 
was determined by performing a strain (0.01-
1,000%, 6.28 rad/s). to provide a direct view 
for whether the samples behaved as liquids or 
solids, tan δ was calculated at the Lve (ratio of 
loss modulus to elastic modulus). Shear stress 
at the limit of Lve range, τy, and crossover point 
(G’=G’’) were also determined. After the determi-
nation of the Lve range, frequency sweep tests 
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were performed using a frequency ramp from 
0.0628 to 94.2 rad/s. 

the goal of the present study was first to char-
acterize commercial food products and then 
cluster them; so, frequency dependence of G’ 
and G’’ were described by three models:

G’,	G” = aωb

(Equation 3) power law model

G’,	G” = a	+	bx + cx2

(Equation 4) 2nd polynomial model

G’,	G” = a	+	xb + xc.lnx

(Equation 5) 2nd log polynomial model

In the power law model (Eq. (3)), a is a con-
stant and b may be referred to as the frequency 
exponent. the values of b which represent the 
extent of frequency dependence present expedi-
ent information regarding viscoelastic character-
istics of food materials.

Statistical analysis

When comparable parameters were obtained, 
Matlab Fuzzy Logic toolbox (r2012 a) was uti-
lized for clustering the samples. 

rESULtS

the parameters of cross model (Eq. (2)), 
were determined by fitting experimental data 
of steady-shear flow curves for all samples 
and just 17 samples showed high correlation 
(r2>0.99, data are not shown). therefore, pow-
er law model (Eq. (1)) parameters were calcu-
lated within 10-200 (1/s) for 39 samples (table 
1). the coefficients of determination (r2) were 
0.99 or higher for all the tested samples, in-
dicating the appropriateness of the power law 

model to describe flow properties of all the dif-
ferent samples. 

All 39 samples showed a non-Newtonian flow 
behaviour or pseudoplasticity. As the shear rate 
increased, apparent viscosity of all the sam-
ples decreased. this result is in agreement with 
those of previous studies on dysphagia-orient-
ed products (GErMAIN et al., 2006; SOPADE et 
al., 2007; QUINcHIA et al., 2011). Apparent vis-
cosity at the shear rate of 50 (s-1) (the NDD ref-
erence shear rate) and yield stress were also re-
ported (table 1). table 1 also presents the clas-
sification of samples, based on NDD taskforce. 
As table 1 shows, all seven nectars are classi-
fied in non-thickened group of NDD. 

Limits of the linear viscoelastic domains for 
thirty-nine samples were determined and Fig. 1 
depicts the tan δ of six representative samples. 

the limiting value of linear viscoelastic range 
(γl), tan δ for the end of Lve region, shear stress 
on the (γl) and crossover point (G’=G’’) of 39 sam-
ples are listed in table 2. 

Strain sweep tests were performed to deter-
mine strain limits of linear viscoelastic behavior 
of the samples for the following frequency sweep 
measurements. Linear viscoelasticity is observed 
when the deformation encountered by the mate-
rial is small enough and the material is negligi-
bly disturbed from its equilibrium state. When 
viscoelastic food materials were tested beyond 
this region, irreversible structural changes oc-
curred (GONG et al., 2012). 

In strain sweep test the tan δLve parameter 
was also considered. It is the proportion of loss 
modulus to storage modulus at the end of Lve. 
tan δ of the samples ranged from 0.19 for Fer-
ni and saffron dessert to 0.88 for apricot nec-
tar. tan δ provided a direct view for whether 
the samples behaved as liquids or solids and 
higher tan δ indicates more liquid-like nature 
of food materials.

In table 2 the flow point 
 
 and the correspond-

Fig. 1 - Strain 
sweep of five repre-
sentative samples.
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Fig. 2 - Frequency 
sweep rheogram 

of five representa-
tive samples.

ing coordinate at G’=G’’, are reported. Ferni (with 
the lowest tan δ and the highest elastic feature) 
showed the most flow point stress and apricot 
nectar had the lowest. the flow of foodstuffs is 
started at the crossover point, in other words the 
implied stress ( ) leads to breaking the internal 
structure of food material. 

Frequency sweep tests were carried out in the 
viscoelastic linear region at the constant strain 
previously determined, in the range from 0.628 
to 94.2 (rad/s). Fig. 2 presents complex viscos-
ity and tan δ of six representative samples.

Power-law model (Eq. (3)), is a largely used 
model to analyze frequency sweep data of food 
materials such as puddings (QUINcHIA et al., 
2011), gum solutions (Núñez-SANtIAGO and tE-
cANtE 2007; WANG et al., 2009; ISHIHArA et al., 
2011) and food emulsions (PArASKEVOPOULOU 
et al., 1999).

the power-law model was fitted to both vis-
cous and elastic modules (frequency sweep test) 
and 14 samples showed r2 <0.98. Other models 
like 2nd polynomial and 2nd log polynomial were 
fitted to the mentioned samples and the results 
showed that the best fitted model was the 2nd log 
polynomial with correlation ratio of > 0.9901. 
these data are not shown in tables.

Furthermore, viscous and elastic moduli at 
three angular frequencies of 0.628, 1.84 and 
17.4 (rad/s) were reported as representatives of 
low, moderate and high angular frequencies, re-
spectively (table 3).

taking comparative goals and cluster classi-
fication of the samples into account and con-
sidering the fact that clustering should be done 
based on a fixed number of parameters, the au-
thors decided to report only 2nd log polynomial 
model parameters.

by using clustering methodologies, a large 
number of samples are classified into clusters 
in which all members are similar to each oth-
er and are different from those of other clusters 
(KrAIc et al., 2008).

At least two parameters are required for the 
cluster classification of large number of samples, 
but to produce a concise view for a cluster’s behav-
iour, more parameters are required (Zimmerman 
2005). therefore, in the present study, rheologi-
cal characterization of 39 samples was conduct-
ed by dynamic and steady-state rheological tests.

In the dynamic rheological tests, three pa-
rameters from strain sweep test and nine pa-
rameters from frequency sweep tests were ob-
tained (tables 2 and 3). Steady state tests also 
presented four parameters (table 1). After ana-
lyzing rheogramms and gathering all 16 param-
eters, clustering was carried out by Fuzzy Log-
ic toolbox MAtLAb.

the Fuzzy c-means (FcM) technique present-
ed by bezdec (1981) and K-means methods are 
common clustering methods. In the FcM meth-
od, data points are related to a cluster with a 
membership grade between 0 and 1. One of 
the advantages of this method over older meth-
ods like K-means method is the fact that a data 
point is not confined to one cluster and degree 
of membership is defined for other clusters (AN-
SArI et al., 2010; MAtHWOrKS 2012).

FcM technique is practical when there is a 
clear idea on cluster numbers. Like the k-mean 
method, the result of clustering is related to in-
itial partitioning; therefore, this initial guess-
ing of cluster numbers is regarded as the “ma-
jor bottleneck” of c-means and k-means meth-
ods (bUDAYAN et al., 2009; tArI et al., 2009). 
In the present study, as mentioned before, the 
products were selected from different types of 
food and drinks and there was not any previ-
ous rheological data in this field. therefore, c-
mean and k-mean methods were impractical 
and the subtractive clustering technique was 
employed as the clustering method (DUbOIS 
and PrADE 1980). One of our limitations, that 
could partially explain some of the results ob-
tained, could be that the wide range of food 
products confined the use of a single rheolog-

file:///Volumes/TLG/XraidTLG/Chiriotti/IJFS%20n.%203:2014/TESTI%20IJFS%2014-3/IJFS%2014-3%20Zargaraan/%5Cl %22_ENREF_41%22 %5Co %22Zimmerman, 2005 #360%22
file:///Volumes/TLG/XraidTLG/Chiriotti/IJFS%20n.%203:2014/TESTI%20IJFS%2014-3/IJFS%2014-3%20Zargaraan/%5Cl %22_ENREF_41%22 %5Co %22Zimmerman, 2005 #360%22
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table 2 - Strain sweep parameters of 39 samples: limiting value of linear viscoelastic range γl (%), tan δ at the end of Lve re-
gion tan δLve, and crossover point Gf (Pa) (G’=G’’). 1 and 2 superscripts indicate the temperature at which rheological tests 
were performed, 10° and 45°c, respectively.

Type  Name γl (%) tan δ  Lve (pa)

Drinks 1. Guava Nectar (A)1 5.55 0.82 0.25
 2. Apricot Nectar  (A)1 1.85 0.88 0.13
 3. Mango Nectar (A)1 3.84 0.56 0.28
 4. Peach Nectar (A)1 2 0.44 0.32
 5. Apricot Nectar (B)1 1.85 0.38 0.40
 6. Mango Nectar (A)1 3.17 0.3 0.45
 7. Peach-mango Nectar (C)1 1.99 0.3 0.82
 8. Cappochino coconut drink(D)1 12.8 0.31 2.55
 9. Strawberry drink (D)1 35.8 0.76 0.62
 10. Melone drink (D)1 27.4 0.68 0.91
 11. chocolate coconut (D)1 23.6 0.24 4.70

Main courses 12. Halim (E)2 7.13 0.23 111.39
 13. Halim (F)2 0.47 0.24 22.89
 14. Sholezard (G)1 8.2 0.32 192.38
 15. Shirberenj (G) 3.5 0.42 31.86
 16. Vegetable soup (H)2 0.12 0.31 13.02
 17. Chicken soup (I)2 4.56  0.26 5.80
 18. Lentile soup (F)2 1.34 0.32 5.81
 19. Eggplant dish (J)2 1.69 0.25 44.61

Desserts 20. Fig olive yoghurt (G)1 10.6 0.2 42.54
 21. Spinach yoghurt (G)1 9.45 0.2 16.998
 22. Celery yoghurt (G)1 4.44 0.25 8.75
 23. Cucumber yoghurt (G)1 3.64 0.23 30.04
 24. Seven yoghurt (G)1 13.8 0.21 16.86
 25. Ferni (K)1 33.4 0.19 75.87
 26. Saffron dessert (G)1 12.8 0.19 67.69
 27. Coffee  dessert (G)1 14.6 0.2 71.32
 28. Chocolate dessert (D)1 33.6 0.21 23.34
 29. Banana dessert  (D)1 38.6 0.23 21.78
 30. Vanilla dessert (D)1 43.4 0.21 24.76
 31. Biscuit dessert (D)1 29.7 0.26 21.44
 32. Strawberry dessert (D)1 34.4 0.26 14.76
 33. Caramel dessert (L)1 71.1 0.28 21.32
 34. Cocoa cream dessert (L)1 9.46 0.23 96.49
 35. Aloevera yoghurt (G)1 8.6 0.21 21.08
 36. Apple yoghurt (G)1 10.1 0.2 15.43
 37. Peach yoghurt (G)1 17.2 0.21 26.70
 38. Strawberry yoghurt (G)1 7.61 0.23 20.93
 39. Fig Cream (G)1 0.22 0.23 93.01

ical model for all samples. considering all 16 
parameters, classification of the samples with 
subtractive method was performed. the results 
showed that, when 16 parameters were includ-
ed in the classification, 39 samples were divid-
ed to 14 clusters. Since the objective of classi-
fication of data was to minimize the volume of 
large samples, this classification did not pro-
vide any useful hints. consequently, clustering 
was performed using some selected parameters 
from each rheological test. therefore, after ana-
lyzing different parameters and calculating the 
number of provided clusters (subtractive clus-
tering), the authors finally decided to cluster 
the samples by 12 parameters.

 these parameters included 3 strain sweep pa-
rameters (Lve (%), tan δ Lve and G’=G’’ (pa)), 6 
frequency sweep parameters (G’ (pa): ω= (0.0628, 
1.84, 17.4 rad/s, G’’ (pa): ω= (0.0628, 1.84, 17.4 

rad/s) and 3 steady state parameters (m, and τ0). 
considering this procedure, the samples were 
classified into 6 clusters. table 4 shows the 
membership degree of each sample to clusters. 

DIScUSSION

An important branch of dysphagia relat-
ed literature is focused on setting a uni-
fied approach to characterize dysphagia di-
ets and foodstuffs. the American Dietetic As-
sociation introduced a standard for dyspha-
gia oriented food products. the key problem 
with this guideline is that it relies on a sin-
gle steady-state rheological parameter, like ap-
parent viscosity at the shear rate of 50 (s-1). 

Some hydrocolloid solutions show different 
swallowing profiles in a fixed shear viscosity. 
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For example, in an equivalent shear viscosity 
(at 10 s-1), xanthan gum and locust bean gum 
show different swallowing profiles; therefore, 
the only viscosity at a certain shear rate does 
not completely represent ease of swallowing 
(KUMAGAI et al., 2009; NAKAUMA et al., 2011). 
Moreover, this view was supported by KUMA-
GAI (2011) who introduced some viscoelastic 
parameters as suitable parameters for charac-
terizing both liquid- and gel-like dysphagia-ori-
ented products. 

considering the inescapable viscoelastic fea-
tures of food products, it seems that the classi-
fication of dysphagia oriented products only by 
one single steady state rheological parameter 
may lead to misdirect investigations and taking 
inappropriate treatment policies.

It can be seen from the data in table 4 that 
sixth group of cluster classification contains 

table 3 - Frequency sweep parameters of 39 samples. G’(Pa) and G’’ (Pa) of each sample in frequency sweep test was calculat-
ed in three angular frequencies, namely, low ω= 0.0628 (rad/s), medium ω= 1.84 (rad/s) and high ω= 17.4 (rad/s) angular fre-
quency. 1 and 2 superscripts indicate the temperature at which rheological tests were performed, 10° and 45°c, respectively.

Name   G’(Pa) :   G’’(Pa):

  ω=(0.0628) ω= (1.84) ω= (17.4) ω= (0.0628) ω= (1.84) ω= (17.4)

 1. Guava Nectar (A)1 0.22 0.24 0.24 0.04 0.12 0.52
 2. Apricot Nectar  (A)1 0.10 0.11 0.12 0.01 0.06 0.31
 3. Mango Nectar (A)1 0.37 0.41 0.51 0.04 0.14 0.58
 4. Peach Nectar (A)1 0.56 0.55 0.60 0.07 0.17 0.66
 5. Apricot Nectar (B)1 0.74 0.74 0.83 0.08 0.21 0.76
 6. Mango Nectar (A)1 0.90 0.99 1.12 0.10 0.23 0.82
 7. Peach-mango Nectar (C)1 2.09 2.13 2.55 0.26 0.49 1.45
 8. Cappochino coconut drink(D)1 5.16 8.75 7.63 1.21 2.37 4.79
 9. Strawberry drink (D)1 0.63 1.45 1.62 0.20 0.54 3.61
10.  Melone drink (D)1 1.2 2.65 2.87 0.39 0.81 4.42
11.  Chocolate coconut (D)1 15.8 23.2 29.2 3.27 4.1 7.99
12.  Halim (E)2 617 806 1010 116 151 240
13.  Halim (F)2 41.4 45.5 62.6 14.7 19.5 29.9
14.  Sholezard (G)1 470 665 919 97.2 167 269
15.  Shirberenj (G) 64.8 104 160 19.8 37.6 70.7
16.  Vegetable soup (H)2 17.5 19 28.7 11.6 17.6 28.6
17.  Chicken soup (I)2 15.4 15.7 17.3 2.68 3.32 7.28
18.  Lentile soup (F)2 14.7 15.8 18.3 2.96 5.03 10.3
19.  Eggplant dish (J)2 531 645 859 91.1 164 224
20.  Fig olive yoghurt (G)1 194 322 415 49.3 64.3 87.2
21.  Spinach yoghurt (G)1 96.5 171 226 31.8 39.8 54.4
22.  Celery yoghurt (G)1 39.7 59.6 68.5 13.9 16.8 23
23.  Cucumber yoghurt (G)1 174 296 383 61.3 75.6 94.5
24.  Seven yoghurt (G)1 76.1 132 170 22.4 27.6 36.5
25.  Ferni (K)1 238 290 340 29 37 52.2
26.  Saffron dessert (G)1 259 259 325 401 39.7 49.2
27.  Coffee  dessert (G)1 251 251 320 384 41.9 48.1
28.  Chocolate dessert (D)1 86.6 122 145 15.4 17.4 28.5
29.  Banana dessert  (D)1 53.9 74.5 89.9 9.93 12.6 21
30.  Vanilla dessert (D)1 78.9 110 133 12.4 15.9 26
31.  Biscuit dessert (D)1 65.1 83.3 97.9 11.3 14.4 25.3
32.  Strawberry dessert (D)1 38.3 56.3 67 8.37 10.7 18.5
33.  Caramel dessert (L)1 41.3 117 151 7.95 17.9 28.8
34.  Cocoa cream dessert (L)1 397 883 1220 110 197 267
35.  Aloevera yoghurt (G)1 99.8 169 224 29.7 37.6 51.5
36.  Apple yoghurt (G)1 70.1 113 145 25 25.7 31.1
37.  Peach yoghurt (G)1 137 230 308 35.6 50 67.1
38.  Strawberry yoghurt (G)1 113 189 253 34.2 45.6 61.8
39. Fig Cream (G)1 866 1090 1310 365 465 591

samples which have apparent viscosities five 
times more than the minimum limit of the spoon 
thick group of the NDD. 

the findings of the current study are consist-
ent with those of cASANOVAS (2011) who add a 
fifth class to conventional NDD classes which 
is called “pate class”. In his major study on the 
“classification of DOPs”, he proposed mixture 
of flow, thixotropy and oscillatory parameters 
as criterion for classification of DOPs (cASANO-
VAS et al., 2011). Our findings further support 
the idea of adding more groups to convention-
al NDD groups. 

the results of present study indicate that 
NDD categories became inaccurate to define 
all classes, as the rheological parameters were 
incorporated in the classification of DOPs, and 
the place of some samples probably changed. 
Such variations were observed in all classes of 
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NDD, which indicated that effect of including 
viscoelastic parameters of foodstuffs, should 
be considered on NDD categories. 

In the current study, based on the classifi-
cation method (NDD or cluster classification), 
there were some differences between the num-
bers of members in the classes. For exam-
ple, non-thickened group of NDD in this study 
contained all seven nectars. As shown in ta-
ble 4, class 1 of cluster classification consist-
ed of these seven nectars in addition to eight 
other samples. 

taken together, the findings of this study sug-
gested that further clinical trials are required to 
introduce the most effective rheological param-
eters for attaining a safe swallow and achieving 
a proper basis for classification of dysphagia-
oriented products.

cONcLUSIONS

this essay has argued National Dysphagia di-
et’s classification criterion and explained the im-
portance of including viscoelastic parameters in 
this classification. the evidence from this study 
suggests that more groups are necessary to ac-
curately classify DOP’s. there is, therefore, a def-
inite need for encouraging the American Dietet-
ic Association to update their taskforce and in-
clude more parameters and more categories in 
their classification.
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table 4 - Membership degree to the six classes considered for all the products studied.

Name Cluster

  1 2 3 4 5 6

1. Strawberry drink (D) 0.99 0 0 0 0 0
2. Melon drink (D) 0.99 0 0 0 0 0
3. Vegetable soup (H) 0.99 0 0 0 0 0
4. Guava Nectar (A) 0.97 0 0.01 0 0 0
5. Apricot Nectar  (A) 0.97 0 0.01 0 0 0
6. Mango Nectar (C) 0.97 0 0.01 0 0 0
7. Peach Nectar (A) 0.97 0 0.01 0 0 0
8. Apricot Nectar (B) 0.97 0 0.01 0 0 0
9. Mango Nectar (A) 0.97 0 0.01 0 0 0
10. Peach-mango Nectar (C) 0.97 0 0.01 0 0 0
11. Halim (F) 0.94 0 0.04 0 0 0
12. Cappochino coconut drink (D) 0.86 0 0.1 0 0.02 0
13. Chicken soup (I) 0.81 0 0.14 0.01 0.02 0
14. Lentile soup (F) 0.71 0 0.23 0.01 0.03 0
15. Chocolate coconut (D) 0.47 0 0.44 0.02 0.05 0
16. Sholezard 0 0.99 0 0 0 0
17. Aloevera yoghurt (G) 0 0 0.99 0 0 0
18. seven yoghurt(G) 0 0 0.98 0 0 0
19. Apple yoghurt (G) 0.02 0 0.96 0 0.01 0
20. Spinach yoghurt (G) 0.01 0 0.93 0 0.03 0
21. Strawberry yoghurt (G) 0.04 0 0.65 0.03 0.25 0
22. Celery yoghurt (G) 0.2 0 0.63 0.02 0.05 0
23. Chocolate dessert (D) 0 0 0 0.99 0 0
24. Biscuit dessert (D) 0 0 0 0.98 0 0
25. Vanilla dessert (D) 0 0 0 0.95 0.03 0
26. Banana dessert  (D) 0 0 0.01 0.92 0.05 0
27. Shirberenj (G) 0 0 0.02 0.86 0.1 0
28. Fig Cream (G) 0.07 0.02 0.11 0.34 0.19 0.24
29. Peach yoghurt (G) 0 0 0 0 0.99 0
30. Strawberry dessert (D) 0.01 0 0.05 0.07 0.85 0
31. Caramel dessert (L) 0.01 0 0.08 0.04 0.85 0
32. Cucumber yoghurt (G) 0.03 0 0.2 0.05 0.70 0
33. Eggplant dish (J) 0.05 0 0.2 0.12 0.60 0
34. Fig olive yoghurt (G) 0.01 0 0.05 0.4 0.50 0
35. Saffron dessert (G) 0 0 0 0 0 0.94
36. Coffee  dessert (G) 0 0.01 0 0.01 0.01 0.94
37. 25.Ferni (K) 0 0 0.01 0.02 0.01 0.92
38. Cocoa cream dessert (L) 0.03 0.09 0.03 0.06 0.04 0.72
39. Halim (E) 0.04 0.02 0.06 0.16 0.1 0.59
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AbStrAct

the effects of industrial processing, product parameters (lethality F10
100 and ºbrix) and storage 

(up to 24 months at troom) on the content and antioxidant capacity (Ac) of the bioactive compounds 
in industrial tomato sauce were studied. the total phenolic content (tPc) of both the hydrophilic 
and lipophilic fractions (using the Folin–ciocalteu assay and a direct absorbance reading at 280 
nm), in addition to the lycopene content and Ac (using the AbtS+ assay), were analysed. Statisti-
cal analysis showed that the content and activity of the studied bioactive constituents were posi-
tively influenced by the ºbrix but not influenced by the thermal treatment severity (up to 40 min 
as F10

100 ), that the tPc and its Ac did not vary during storage, and that the lycopene Ac decreased 
by 30% in the first year and then remained constant. the lycopene fraction and the hydrophilic 
fractions contributed 83% and 27%, respectively, of the sauce Ac.
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INtrODUctION

tomatoes, the second most consumed vegeta-
ble in the world after potatoes, are the main com-
ponent of the Mediterranean diet. the world pro-
duction of tomatoes for processing in 2012 was 
estimated at 33.44 million tons, with califor-
nia, Italy and china being the largest producers 
(11.46, 4.50 and 3.23 million tons, respectively) 
(WPtc, 2013). tomatoes are a very important di-
etary source of carotenoids, especially lycopene, 
which represents approximately 80-90% of the 
total carotenoid content in tomatoes and con-
fers their characteristic red colour; β-carotene is 
the second most abundant carotenoid in toma-
toes (3-5% total tomato carotenoid content) (SHI 
and LE MAGUEr, 2000). tomatoes, either fresh or 
as a processed product, contain different types 
of micronutrients with a high nutritional value, 
such as vitamins (c and E), folates, carotenoids 
and phenolic compounds (PErIAGO and GAr-
cIA-ALONSO, 2009; SÁNcHEZ-rODrÍGUEZ et al., 
2012). In addition to being potent antioxidants, 
these compounds also have anti-inflammatory, 
antimutagenic and anticarcinogenic properties as 
well as the capacity to modulate key cellular en-
zyme functions (GIOVANNUccI, 2005; VALLVEr-
DÚ-QUErALt et al., 2011a). It is known that ther-
mal treatment and storage can cause a decrease 
in the nutritional value and a change in the col-
our of tomato products (cAPANOGLU et al., 2010). 

Numerous studies have investigated the mi-
cronutrient content of fresh and processed toma-
toes, with the majority studying the loss of one 
or two types of micronutrients (SHArMA and LE 
MAGUEr, 1996; rE et al., 2002; GAHLEr et al., 
2003; GrAZIANI et al., 2003; LAVELLI and tOrrE-
SANI, 2011). However, to date, only a few studies 
have been published regarding the effect of tech-
nological processes or storage on antioxidants in 
tomatoes and tomato products (AbUSHItA et al., 
2000; GIOVANELLI and LAVELLI, 2002; LAVELLI and 
GIOVANELLI, 2003; cAPANOGLU et al., 2008; MUr-
cIA et al., 2009; PÉrEZ-cONESA et al., 2009; cA-
PANOGLU et al., 2010; cOLLE et al., 2010; VALL-
VErDÚ-QUErALt et al., 2011a, 2011b, 2012). Fur-
thermore, only a few of the cited authors have in-
vestigated changes in bioactive compounds due 
to processing at the industrial level, and none 
have investigated storage periods of longer than 
12 months. the majority of the published stud-
ies involved laboratory-scale or pilot-scale experi-
ments, and significant deviations have been found 
when comparisons were made with the end prod-
ucts of industrial-scale processes (cAPANOGLU et 
al., 2010). therefore, it is essential to examine ac-
tual commercial processes in order to obtain relia-
ble data regarding the quality of the product that 
actually reaches the consumer.

In this context, the objectives of this work were 
to study the effects of various processes and prod-
uct parameters, in particular the equivalent ther-
mal effect or lethality (expressed as F10

100, corre-

sponding to equivalent minutes at 100°c, taking 
as reference a microorganism with a thermal re-
sistance (z value) of 10°c), the ºbrix, and prolonged 
storage periods (up to 24 months at room tem-
perature, compared to an expected shelf-life of 3 
years), on the content and activity of the bioactive 
compounds in industrial tomato sauce, applying 
simple and rapid analytical methods suitable for 
application in industrial quality control laborato-
ries. the bioactive substances studied include ly-
copene and the total phenolics compounds. 

MAtErIALS AND MEtHODS

Reagents

Gallic acid, potassium persulfate, ascorbic 
acid and sodium carbonate were purchased 
from carlo Erba (Milan, Italy), and 2,2’-azi-
no-bis(3-ethylbenzthiazoline-6-sulphonic acid) 
(AbtS) was purchased from Sigma–Aldrich che-
mie GmbH (Steinheim, Germany). Folin–ciocal-
teu reagent was purchased from Merck (Darm-
stadt, Germany), and butylated hydroxytoluene 
(bHt) was purchased from Sigma Aldrich (St. 
Louis, MO, USA).

Acetone, ethanol (95%), methanol and hexane, 
all solvents of analytical reagent grade, were ob-
tained from carlo Erba reagents (Milan, Italy). 

Samples

cans of tomato sauce (5 kg) were kindly provid-
ed by Steriltom Srl (Piacenza, Italy). this compa-
ny uses both hydrostatic and continuous atmos-
pheric retorts (Ar). the products used in the pre-
sent study were sterilised in two hydrostatic re-
torts (Hra and Hrb). the temperature at the cold 
point of the product was measured using a Data-
trace® Micropack III temperature Data Logger for 
each sterilisation cycle. Industrial processing was 
carried out in order to achieve a minimum steri-
lising effect of 12 min as (F10

100), which is required 
for the inactivation of spores of Clostridium pas-
teurianum and Bacillus coagulans, the most im-
portant spoilage-causing microorganisms in to-
mato products with a pH of 4.5 or less. 

the total soluble solids were determined us-
ing a digital refractometer (rFM712, bellingham 
+ Stanley Ltd), and the results are reported as 
°brix. the equivalent thermal effect obtained for 
each process was evaluated using Datatrace® 
equipment placed inside the can. For the specific 
aim of this study, the company provided samples 
of non-sterilised tomato (NS), for which the F10

100 
value was measured. because preliminary stud-
ies had shown the influence of the position in 
the retort on the process lethality, for this inves-
tigation samples were collected from the hottest 
plant locations. because the cans used to eval-
uate the F values could not be used for product 
analysis, the samples for experimentation were 
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collected from positions in the retort close to the 
can with the temperature data logger. 

For the analyses, each can was opened, the 
content was manually homogenised with a glass 
rod, and the hydrophilic fraction (HF), lipophilic 
fraction (LF) and lycopene fraction (LYF) were 
obtained. the HF and LF were tested for total 
phenolic content (tPc) and antioxidant capaci-
ty (Ac). the LYF was tested for lycopene content 
and Ac. All data in this work were obtained from 
the analysis of three cans in triplicate.

Experimental protocol

because the first aim of this study was to as-
sess the influence of process lethality on the con-
tent and activity of bioactive compounds, prod-
ucts were analysed with the same °brix and stor-
age age. to achieve different equivalent thermal 
effect values, five series of samples with differ-
ent thi (temperature of the product cold point at 
the start of heating, measured by the thermocou-
ple) were collected (table 1). For each series, the 
samples from Hra and Hrb were collected at the 
same day and time (to ensure the same °brix). 
For the non-sterilised samples, the cans were not 
processed in the retorts but instead allowed to 
cool at room temperature, and a lethality value of 
1.9 was assumed as the average of the F10

100 val-
ues experimentally evaluated for the three differ-
ent thi values from the process thi range; that is,  
F10

100 values of 2.5, 1.8 and 1.4 min for thi values 
of 84.9°, 83.6°c and 82°c, respectively.

the sampling of the cans was planned and 
carried out throughout the processing season in 
order to permit analysis of all the samples ex-
actly 6 months after their collection and to sam-
ple the entire production from a single harvest. 
NS samples were unavailable for one of the se-
ries because the cans exploded before analysis; 
fortunately, this did not occur for the other se-
ries, demonstrating the high hygienic quality of 

the raw material. Furthermore, it was not pos-
sible to obtain exactly the same °brix for all the 
samples (table 1), and therefore the data were 
also elaborated to assess any possible influence 
of variations in the °brix.

the second aim of the study was to assess the 
influence of long-term storage on the content and 
Ac of bioactive compounds, analysing products 
with the same received lethality (21.3 and 1.8 
min for sterilised and non-sterilised samples, re-
spectively) and °brix (6.15). All the samples were 
stored in a non-air-conditioned room and peri-
odically analysed (after 0, 30, 64, 100, 133, 330, 
407, 575 and 735 days). the non-sterilised sam-
ples were monitored for only 4 months.

Separation of hydrophilic 
and lipophilic fractions

the method was adapted from LArrOSA et al. 
(2003) and DJUrIc and POWELL (2001). the to-
mato sauce (35 g) was centrifuged in a Varifuge 
20 rS (Heraeus Sepatech GmbH, Hanau, Ger-
many) at 10,000 g and 4ºc for 10 min. two frac-
tions were obtained: a nearly colourless super-
natant and a red pellet. the pellet was washed 
three times with 20 mL of distilled water. the four 
aqueous supernatants were pooled, and the total 
volume was measured (VHF) and filtered through 
filter paper (Whatman 595 ½) to give the hydro-
philic fraction (HF). the red pellet was washed 
three times with 15 mL of acetone/methanol 
(70:30 v:v), shaken, and further centrifuged un-
der the same conditions as specified for the HF. 
the reddish supernatants obtained were pooled, 
and the total volume was measured (VLF) and fil-
tered through filter paper (Whatman 595 ½) to 
give the hydrophobic or lipophilic fraction (LF). 
the resulting colourless pellet was discarded. the 
LF was concentrated using a rotavapour bÜcHI 
b – r114 (bÜcHI, Flawil, Switzerland) to elimi-
nate the acetone that could have interfered in the 

table 1 - Sample series for the investigation of the influence of the process equivalent thermal effect (Hr: hydrostatic retort; 
NS: non-sterilised sample; thi temperature in the coldest point of the product at the beginning of heating; thmax maximum 
temperature reached in the coldest point during heating).

Series Sample type Thi (ºC) Thmax (ºC) pH °Brix F10
100 (min)

1 HRa 85.3 97.3 4.31 6.72 31.9
 HRb 86.0 98.5 4.32 6.70 38.7
 NS    6.37 1.9
2 HRa 84.0 96.6 4.25 7.42 25.6
 HRb 84.6 97.4 4.26 7.37 27.8
 NS    7.40 1.9
3 HRa 84.1 96.0 4.27 6.92 21.4
 HRb 84.9 97.4 4.26 7.10 31.2
 NS    7.02 1.9
4 HRa 85.1 95.7 4.24 7.44 18.7
 HRb 83.9 95.7 4.26 7.53 16.5
 NS    7.50 1.9
5 HRa 83.1 95.1 4.28 7.33 18.1
 HRb 85.6 95.7 4.29 7.41 37.2



Ital. J. Food Sci., vol. 26 - 2014 255

spectrophotometric analysis. After removing the 
acetone, the extract was brought to 50 mL with 
methanol and homogenised through agitation.

Recovery of Lycopene fraction

the lycopene fraction (LYF) was recovered ac-
cording to the method proposed by FISH et al. 
(2002). the tomato sauce (600 mg) was placed 
in an amber screw-top vial (40 mL) with 5 mL 
of 0.05% (w/v) bHt in acetone, 5 mL of etha-
nol, and 10 mL of hexane. the samples were 
extracted on an orbital shaker (Ht INFOrS AG 
cH-4103, bottmingen, Switzerland) at 180 rpm 
for 15 min in an ice bath. After shaking, 3 mL of 
distilled water was added to each vial, and the 
samples were then shaken for 5 min on ice. the 
vials were left at room temperature for 5 min to 
allow the separation of the reddish upper hex-
ane phase (LYF). For the estimation of Ac, a 
bHt blank was obtained with the same extrac-
tion procedure but without tomato sauce, even 
though it is known from the literature that the 
AbtS response of bHt is negligible compared to 
that of lycopene (MÜLLEr et al., 2011).

the lycopene content was estimated by measur-
ing the absorbance at 503 nm (Lambda bio 40 UV-
Vis spectrophotometer, Perkin-Elmer, Norwalk, 
ct) in a 1 cm path length quartz cuvette using 
hexane solvent as a reference. the total lycopene 
content in each sample was estimated from Eq. (1):

  
  (1)
 

where: A530 is the absorbance at 530 nm; ε is the 
molar extinction coefficient (17.2 × 104 M-1cm-1) 
for lycopene in hexane, as reported by ZEcH-
MEIStEr et al. (1943); b is the path length of 
the quartz cuvette (1 cm); Mw is the molecular 
weight of lycopene (536.9 g mol-1 cm-1); and vol-
ume extract is the LYF or hexane phase in 10-2 L. 

Although it is not the lycopene maximum ab-
sorption wavelength, the absorbance at 503 nm 
was used to minimise interference from other 
carotenoids because it has been reported that 
their contribution to the absorbance at 503 nm 
is less than 4% in fresh red tomatoes (FISH et 
al., 2002).

Total phenolic content 

the total phenolics were determined using two 
different methods: 

(1) Folin-ciocalteu assay: this method was 
used because it is widely employed to study 
natural antioxidants and is considered the best 
method to determine the content of total phe-

nolics (including tannins) (ENGELHArDt, 2001). 
Samples of HF and LF were analysed without 
dilution according to the method reported in 
AMENDOLA et al. (2010). Solid phase extrac-
tion to eliminate interference from, for example, 
ascorbic acid, amino acids and reductant sug-
ars (VALLVErDÚ-QUErALt et al., 2012), was not 
carried out in order to simplify the procedure 
for potential routine industrial product control. 
regarding the possible interference from reduc-
ing sugars, considering the maximum °brix of 
the samples, that in tomatoes °brix is not giv-
en only by reducing sugars and sample dilu-
tion in the experimental procedure, it was esti-
mated that the minimum 2% sugar concentra-
tion necessary for the correction of Folin’s re-
sults (WAtErHOUSE, 2002) was not reached. 
to address possible interference from ascorbic 
acid (which was not measured in the samples), 
blank trials were carried out. based on the lit-
erature values for the ascorbic acid content in 
fresh tomatoes and processed products (SINGH 
et al., 2008; cHANFOrAN et al., 2012; KOH et al., 
2012), a content of 125 and 250 mg/kg ascor-
bic acid in the product was assumed. Assum-
ing that all the ascorbic acid was extracted in 
the HF, blanks of standard ascorbic acid were 
prepared at concentrations of 50 and 100 mg/L 
and analysed with the Folin assay. the results 
demonstrated absorbance values of 0.050±0.003 
and 0.101±0.005 for the 50 and 100 mg/L con-
centrations, respectively, while all of our sam-
ples had absorbance values above 0.2.

(2) Direct reading of the absorbance of the 
sample at 280 nm: this is a more rapid proce-
dure based on the absorbance of the aromatic 
ring (AMENDOLA et al., 2010) and the wavelength 
used to detect phenolic compounds in toma-
to products (cHANFOrAN et al., 2012). Samples 
of HF and LF were analysed after 50 dilutions.

In both cases, the total phenolics were ex-
pressed as gallic acid equivalents (GAE-Folin 
and GAE-280) by means of calibration curves 
with standard gallic acid in the concentration 
range of 100-750 and 2.5-30 mg/L for meth-
ods 1 and 2, respectively. In particular, the re-
sults were reported as mg/kg content of toma-
to sauce considering the VHF or the VLF and the 
amount of tomato sauce used for extraction, ac-
cording to Eq. (2).

  (2)

Antioxidant capacity

the antioxidant capacity was assessed using 
the AbtS assay (AMENDOLA et al., 2010), which 
is based on the ability of antioxidants to inter-
act with the AbtS radical, decreasing its ab-
sorbance at 734 nm. A radical solution (7 mM 
AbtS and 2.45 mM potassium persulfate) was 
prepared and kept in the dark at room temper-
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ature for 12–16 h before use. this solution was 
then diluted with ethanol to obtain an absorb-
ance of 0.70 (±0.02) at 734 nm and equilibrat-
ed at 30 °c. For the analysis, cuvettes for the 
samples and blanks were prepared, kept in the 
dark for 6 minutes and then read on the spec-
trophotometer (absorbance at 734 nm against 
ethanol). For the samples, 2 mL of the diluted 
radical solution was mixed with 20 μL of sam-
ple (HF, LF or LYF), and for each sample, three 
replicates were analysed. two different blanks 
were prepared; one for the solvent, consisting of 
2 mL of diluted AbtS mixed with 20 μL of sol-
vent extraction (water for HF, methanol for LF, 
and hexane for LYF), and one for the AbtS, con-
sisting of 2 mL of diluted AbtS. For each trial, 
two replicate blank samples were included. the 
antioxidant power (AOP) was calculated as the 
percentage inhibition of the absorbance at 734 
nm according to Eq. (3):

 
   
  

(3)
 

   
 
  

For the analysis of LYF, the AOP values were 
corrected with the AOP of the blank of bHt, giv-
ing values in the 20-40% range. 

For the analysis of the HF, blanks of ascor-
bic acid were prepared as described for the to-
tal phenolic content and analysed for the AOP, 
giving values of 12.01±.13% and 23.70±0.84% 
for the 50 and 100 mg/L concentrations, respec-
tively. the AOP in the analysed HF samples was 
always in the range 35-60%, while in the LF it 
was < 10%.

For the samples with an AOP < 30-40% it was 
not possible to obtain a proper dose-response 
curve (in terms of the change in AOP as a func-
tion of the sample concentration). therefore, 
for a better comparison of all the samples, the 
specific antioxidant power (AOP’) was also de-
termined either in reference to the concentra-
tion of bioactive compounds (total phenolics or 
lycopene) in the sample according to Eq. (4) or 
as the specific power (AOP’’) referred to in toma-
to sauce according to Eq. (5) (AMENDOLA et al., 
2010; AMENDOLA et al., 2012):

  (4)

  
  
  
  (5)

Statistical analysis

the results reported in this paper are the av-
erage of the replicates ± SD. the statistical soft-

ware SPSS (version 19.0, SPSS Inc., chicago, 
IL, USA) was used to assess the influence of the  
F10

100, the ºbrix and the storage time on the con-
tent and activity of the bioactive compounds us-
ing univariate analysis of variance (ANOVA) at a 
confidence level of over 99%. When significance 
was found, a post-hoc test was carried out for 
mean discrimination. When variance homogene-
ity (according to Levene’s test) was found, tuk-
ey’s post-hoc test was applied, while in the pres-
ence of non-homogeneous variances, a browne-
Forsythe ANOVA and the Games Howell post-hoc 
test were applied.

rESULtS AND DIScUSSION

Analytical and methodological approach

the spectral analysis at 280 nm of the total 
phenolic compounds can be subject to influenc-
es from aromatic compounds other than pheno-
lics, and each class of phenolic substances has 
a different absorptivity. However, this method 
is not influenced by the oxidative status of the 
molecules (AMENDOLA et al., 2010), and it is a 
very rapid method, suitable for monitoring the 
influence of process parameters on the product.

On the other hand, the Folin assay, although 
traditionally used to estimate the total phenolic 
content, can be considered an antioxidant ca-
pacity method based on a single electron trans-
fer (SEt) mechanism (PrIOr et al. 2005); the re-
sults are thus influenced by the oxidative sta-
tus of the molecules. the absolute values of the 
total phenolic content, although expressed in 
both cases as GAE, cannot be compared due to 
the different analytical principles. Folin analy-
sis of the LF consistently gave absorbance val-
ues below 0.1, so the results are not reported. 

Although seemingly redundant with the Fo-
lin assay, the AbtS test is usually classified as 
an SEt reaction, but the radical can be neutral-
ised either by direct reduction via electron trans-
fer or by radical quenching via H atom trans-
fer (HAt) (PrIOr et al., 2005). therefore, even 
though currently a minimum of two assays are 
recommended in the evaluation of Ac, we car-
ried out only the Folin assay and the AbtS test 
due to the screening nature of the present study.

Ascorbic acid is a recognised bioactive com-
pound in tomatoes and related products (LAVEL-
LI and GIOVANNELLI, 2003; SÁNcHEZ-MOrENO et 
al., 2006) and it can interfere with both the Fo-
lin and the AbtS assay. Analysis of blanks (pre-
pared based on the ascorbic acid content of fresh 
tomatoes and of processed products, as report-
ed in the literature) revealed that ascorbic acid 
could contribute up to 50% of the Folin reduc-
ing power or of the AbtS AOP. On one hand, this 
means that in the evaluation of the total Ac of 
a tomato product, ascorbic acid should not be 
removed from the HF in the purification steps, 

F10
100
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as was done in the present work. On the oth-
er hand, this also means that evaluation of the 
ascorbic acid content in the HF is advised in or-
der to properly reference the Folin and AbtS val-
ues only to the phenolic content.

Effect of industrial process parameters

In the industrial process, the temperature of 
the product at filling is a pre-set value but inev-

Fig. 1 - Influence of filling temperature (A) and °brix (b) on 
process lethality (F10

100) for products processed in hydrostat-
ic (Hr) or atmospheric (Ar) retort.

itably undergoes some variations during oper-
ation. Similarly, the °brix of the product varies 
slightly depending on the raw material and the 
harvest phase. Preliminary investigations had 
shown a great influence of thi on the achieved 
lethality (Fig. 1a), independent of both the re-
tort type and of °brix, at least in the very nar-
row measured °brix range (Figure 1b). based 
on these assumptions, in the experimental pro-
tocol samples with different thi were collected 
in order to obtain different lethality values. For 
statistical analysis, the samples were grouped 
according to different F10

100 ranges (1.9 min; 17-
21.5 min; 26.6-32 min; 37-39 min) and differ-
ent °brix (6.4-6.7; 6.9-7.3; 74-7.5). consider-
ing the very limited °brix range and that there 
should be no interaction between the °brix and 
the process lethality for the solid contents (as 
also evidenced in Figure 1b), statistical analysis 
was carried out separately on the two factors. 
the ANOVA results are summarised in table 2.

As was expected given its very limited varia-
tion, the °brix was found to have a significant in-
fluence only on the total content of phenolic com-
pounds and on the tomato sauce specific AOP’’ 
based on the HF, with a slight tendency toward 
higher values at higher °brix degrees (table 3).

the content and activity of the studied bioac-

table 2 - results of ANOVA analysis of the influence of the process parameters on the hydrophilic fraction (HF), lipophilic 
fraction (LF) and lycopene fraction (LYF) of sterilised (S) and non-sterilised samples (NS). GAE: gallic acid equivalents. AOP’: 
specific Antioxidant Power of the different bioactive compounds. AOP’’: specific Antioxidant Power of tomato sauce.

Final Product characteristic Sig.

 F10
100 °Brix Storage time

    (S) (NS)

HF GAE-Folin (mg kg-1) 0.000 0.025 0.377 0.216
 AOP’ Folin 0.221 0.218 0.029 0.209
 GAE-280 (mg kg-1) 0.000 0.004 0.000 0.062
 AOP’ 280 0.030 0.373 0.000 0.074
 AOP’’ 0.837 0.001 0.000 0.169
LF GAE-280 (mg kg-1) 0.801 0.361 n.d. n.d.
 AOP’ 280 0.329 0.270 n.d. n.d.
 AOP’’ 0.299 0.046 n.d. n.d.
LYF Lycopene (mg kg-1) 0.000* 0.106 0.000 0.011
 AOP’ lycopene 0.001* 0.031 0.000 0.054
 AOP’’ 0.457 0.053 0.000 0.005

* non-homogeneous variances;
n.d. : not determined.

F10
100

table 3 - Means discrimination of the total phenolics (as GAE, 
gallic acid equivalents) and of the specific antioxidant power 
of tomato sauce (AOP’’) in the hydrophilic fraction accord-
ing to the °brix (tukey’s test). Means of the same parameter 
with the same letter were not significantly different (a =0.01).

°Brix GAE-280 (mg kg-1) AOP’’

6.4-6.7 918.21a 5.19a

6.9-7.3 954.76a,b 5.70a,b

7.4-7.5 1034.94b 6.31b
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Fig. 2 - Specific antioxidant power of the different bioac-
tive compounds [AOP’ in (A)] and of tomato sauce [AOP’’ in 
(b)] based on the different recovered fractions (values are 
the average of all the samples; error bars indicate ± SD; 
LF: lipophilic fraction; HF: hydrophilic fraction; LYF: lyco-
pene fraction).

tive constituents of tomato sauce were separat-
ed according to the F10

100 range only in some cas-
es. Lethality was observed to influence the total 
phenolic content of HF according to both analyt-
ical methods, but the means discrimination (ta-
ble 4) did not allow for a clear distinction between 
the samples. Overall, it was observed that an in-
crease in the severity of thermal treatment with-
in the observed range (2-40) did not cause any 
variation in the phenolic content, as also report-
ed by PErEZ-cONESA et al. (2009). Our GAE-Fo-
lin results are consistent with the phenolic con-
tent of tomato and tomato products (between 
100 and 500 mg kg-1) described in the literature 
(VALLVErDÚ-QUErALt et al., 2011a). considering 
the GAE-280 results and Eq. (2), the contribu-
tion of the HF to the total phenol content of the 
tomato sauce was calculated as the ratio between 
the mgGAE-HF/kgsauce and the sum (mgGAE-HF/kgsauce 
+ mgGAE-LF/kgsauce), confirming that almost all of 
the polyphenols (83-91%) were contained in the 
hydrophilic fraction (tOOr and SAVAGE, 2005). 

confirming the Folin results, lethality did not 
influence either the AOP’ or the AOP’’, and a com-
parison among the hydrophilic, lipophilic and ly-
copene fractions showed that the greatest con-
tribution to the Ac of tomato sauce came from 
lycopene (Fig. 2). In fact, the LF should have giv-
en values close to those of LYF. this means that 
the procedure used to separate the LF was inad-
equate, while that used for lycopene extraction 
(in an ice bath and with the addition of an anti-
oxidant) permitted the conservation of the bio-
activity of the extracted compounds.

Likewise, for the lycopene content, despite 
the significant influence of lethality, the means 

could not be properly separated in the post-hoc 
test (table 4), even though with increasing treat-
ment severity an apparent trend of decreasing 
content and increasing activity was found. In the 
literature, it has been reported that heat treat-
ment can exert a positive effect on carotenoid 
efficiency and absorption (ANESE et al., 2002) 
and that carotenoids can undergo isomerisation 
and oxidation, depending on the conditions, but 
generally remain quite stable during process-
ing (GIOVANELLI and LAVELLI, 2002). the values 
we obtained were consistent with data reported 
by other authors for tomato and tomato juices 
(GArcÍA-ALONSO et al., 2009; PÉrEZ-cONESA et 
al., 2009; cOLLE et al., 2010).

Effect of storage on bioactive compounds 
and antioxidant capacity

based on the aforementioned conclusions 
about the inadequacy of the procedure used to 
separate the LF, the LF was not analysed for the 
storage samples. 

the unsterilised samples did not significantly 
differ from their sterilised counterparts for any 
of the investigated parameters at any time, con-
firming the previous finding. Only a few excep-
tions were found for the total phenolic content 
(as GAE-280) of the HF (with lower values for 
the NS samples) and for the related AOP’ (with 
higher values for the NS samples).

the significance of the influence of storage 
time on the analysed parameters and the re-
sults of the means discrimination are reported 
in tables 2 and 5, respectively. For the unster-
ilised samples (monitored for 4 months), only 
the AOP’’ based on the LYF was influenced by 
storage time, even though tukey’s post-hoc test 
could not discriminate the means. regarding the 
processed samples, it can be concluded that the 
total phenolic content of the HF remained un-
varied during the storage time, consistent with 
previous studies in which shorter periods were 
investigated (GIOVANELLI and PArADISO, 2002; 
GArcÍA-ALONSO et al., 2009; VALLVErDÚ-QUEr-
ALt et al., 2011a). However, a decrease in the 
specific antioxidant capacity of the tomato sauce 
(AOP’’) occurred after one year of storage.

As for the LYF, the lycopene content remained 
almost significantly unchanged. In fact, only 

table 4 - Means discrimination by either tukey’s test (total 
phenolics of hydrophilic fraction) or Games Howell’s test (ly-
copene content and lycopene specific activity) according to 
the process equivalent thermal effect (F10

100). GAE: Gallic Acid 
Equivalents. AOP’: specific Antioxidant Power.

 F10
100 (min) GAE-Folin GAE-280 Lycopene Lycopene 

  (mg kg-1) (mg kg-1) (mg kg-1) AOP’

 1.9 379.96b 902.43a 141.67a 4.32a

 16.5-21.4 395.19b 1061.85b 131.67a 4.41a

 25.6-31.9 333.75a 980.31a,b 89.17b 7.78a

 37.2-38.7 359.50a,b 1019.96a,b 110.00a,b 6.16a
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two homogenous groups could be discriminat-
ed by tukey’s test, one from 0 to 407 days, and 
a second from 30 to 735 days. this is consist-
ent with the findings of GArcÍA-ALONSO et al. 
(2009), although other authors have reported fi-
nal losses of approximately 60-70% (MIN et al., 
2003; LIN and cHEN, 2005; ODrIOZOLA-SErrA-
NO et al., 2008). However, comparisons between 
literature data are difficult due to differing to-
mato products and processing conditions. the 
specific antioxidant power of lycopene, and as 
a consequence the specific tomato sauce activi-
ty, decreased appreciably (30%) between 5 and 
11 months of storage, and then remained con-
stant thereafter up to 24 months.

cONcLUSIONS

the present study showed that the sterilisa-
tion step of tomato sauce processing, in a se-
verity of up to almost 40 min (as F10

100), influ-
enced neither the content nor the Ac of the hy-
drophilic (related to phenolics content) or the ly-
copene fractions. However, the extraction meth-
od can greatly influence the results because the 
addition of an antioxidant compound (bHt) and 
low temperature conditions are both required to 
prevent lycopene degradation. 

Industrial tomato sauce has been confirmed 
as a potential rich dietary source of bioactive 
compounds, although the lycopene-associated 
nutritional antioxidant profile showed a 30% re-

duction between 5 and 11 months of storage at 
room temperature and then remained stable un-
til 24 months. Furthermore, the effects of further 
processing during home cooking on antioxidant 
activity must be taken into account, given that 
tomato sauce is generally further cooked (i.e., 
for pasta or pizza dressing) before consumption.
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AbStrAct

the growth parameter (maximum specific growth rate, µmax) of two different strains of Listeria 
monocytogenes on sliced Mortadella were calculated. three batches of sliced Mortadella were vac-
uum packed, stored at 8°c and samples collected at different time intervals were enumerated for 
L. monocytogenes. the pathogen counts were fitted using the DMFit version 2.1 Excel® add-in, 
based on baranyi model, to determine the specific growth rates. At 8°c the sliced Mortadella sup-
ported rapid and prolific L. monocytogenes growth: the µmax varied between 0.035/h and 0.044/h, 
and the pathogen counts increased up to 108 cFU/g after 21-27 days. A square root type model, 
ratkowsky model, was used to describe how µmax changes as a function of storage temperature. 
Growth kinetics data could be useful for establishing a safe shelf life, once the product could be 
post process contaminated and stored under different handling scenarios.
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INtrODUctION

Listeria monocytogenes is a ubiquitous bac-
terium which is widely distributed in the envi-
ronment. this pathogen may contaminate ready 
to Eat (rtE) meat products through raw meat, 
ingredients or processing equipment, and/or 
through post-processing contamination (NIS-
SEN and HOLcK, 1998; bArbUtI and PArOLArI, 
2002; GOMbAS et al., 2003; cOLAK et al., 2007), 
in particular, the slicing is an important stage 
to check for L. monocytogenes contamination, 
since it is the last processing step, without fur-
ther thermal treatment, before consumption 
(LIN et al., 2006). temperature is identified as 
one of the crucial factors controlling growth of 
L. monocytogenes in rtE food products during 
the shelf-life (EFSA, 2008; FAO/ WHO, 2004). 
Processing and retail temperature are usual-
ly well controlled. the mean temperature of re-
tail refrigerators in Europe ranged from 3.7 to 
5.6°c (LIKAr and JEVSNIK, 2006; KOUtSOUMA-
NIS and ANGELIDIS, 2007; EFSA, 2008). How-
ever, most of rtE-products spend a considera-
ble part of their shelf-life in domestic refrigera-
tors of which the temperature is less controlled. 
the mean temperature of eleven surveys cited 
in EFSA (2008) ranged from 5.2° to 7.2°c. be-
sides, 20 to 35% of refrigeration temperature in 
Europe was above 8°c. A more recent study in 
Spain showed that the temperature of the food 
product in the refrigerator was on average 7.9°c 
(n=33) (GArrIDO et al., 2010).

Predictive microbiology combines knowledge 
of bacterial growth responses over a range of con-
ditions with the power of mathematical model-
ing to enable predictions of growth.

Models are used to describe the behavior of 
microorganisms at different physical and chem-
ical conditions, such as temperature, pH, and 
water activity. they can be used to predict micro-
bial safety or shelf life of products, to find crit-
ical points in the process, and to optimize pro-
duction and distribution chains. A major factor 
determining the specific growth rate of micro-
organisms in chilled foods is temperature. Pre-
dictive microbial models can be classified into 
primary and secondary models. While a prima-
ry model describes the growth of bacteria over 
a time period under constant environmental 
conditions such as temperature, the secondary 
model describes the effect of environmental con-
ditions on the parameters of the primary mod-
el (WHItING, 1995).

thus, in the present paper, a microbiological 
challenge test was carried out, and the prima-
ry model of bArANYI and rObErtS (1994) was 
used to evaluate the maximum specific growth 
rate (µmax ) of L. monocytogenes in artificially 
contaminated pork Mortadella stored in mod-
erate thermic abuse. the effect of temperature 
on the µmax of a microbial population can be de-
scribed using the simple square root model of 

rAtKOWSKY et al. (1982) in agreement with the 
European Union community reference Labora-
tory for L. monocytogenes (EU crL, 2008). there-
fore, the square root model was used to evalu-
ate the specific growth rate at a chosen tempera-
ture, and to establish the time to reach the crit-
ical legal limit of 100 cFU/g in Mortadella prod-
uct, in a domestic scenario (EUrOPEAN cOM-
MISSION, 2005). 

MAtErIALS AND MEtHODS

Mortadella samples

to evaluate the growth rate of L. monocy-
togenes on sliced Mortadella, three batches ob-
tained from a commercial processing plant, were 
used for this trial. the basic Mortadella formula-
tion consists of fresh pork (30% fat), trimmings, 
sodium chloride, dextrose, corn syrup solids, 
polyphosphate, sodium nitrite, spices and fla-
vouring. the meat and non-meat ingredients are 
emulsified, processed, and cooked (core temper-
ature at least 72°c). Mortadella is then cooled 
down and stored at refrigerator temperature. the 
fibrous cellulose casing is removed and the Mor-
tadella is sliced. thirty vacuum-packed trays, 
contained almost 100 g of sliced, were consid-
ered for each batch. Mortadella trays were trans-
ferred to the Microbiology laboratory for inocu-
lation, storage and analysis.

Bacterial cultures and inoculum preparation

L. monocytogenes serotype 4b was selected to 
carry out this challenge test on the basis of its 
well-recognized pathogenesis (cArrAScO et al., 
2008; NOrrUNG 2000). two strains of L. mono-
cytogenes serotype 4b were used in these exper-
iments: Atcc® 19115tM and Lm171767 as wild 
strain isolated from pork meat and classified by 
EcorI ribotyping (DUP 1038).

Each stock cultures were kept frozen (-80°c) 
in brain Heart Infusion (bHI; Oxoid, Milano, Ita-
ly) supplemented with 20% glycerol, separately re-
generated by transferring into bHI and incubating 
at 37°c for 24 h. Each culture was centrifuged at 
4,000x g for 60 min at 4°c, and the pellet was re-
suspended in sterile physiological solution and ap-
propriately diluted. counts were confirmed by se-
rial decimal dilution and inoculation in Agar Lis-
teria according to Ottaviani-Agosti (ALOA; Micro-
biol Diagnostici, cagliari; Italy) plates.

Samples inoculation

Each batch was inoculated separately with 
both strains of L. monocytogenes. the trays of 
Mortadella were aseptically opened and the slic-
es were inoculated on the top surface with 1 % 
v/wt of L. monocytogenes suspension to a final 
concentration of about 1.5-2 log cFU g-1 (con-
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taminated samples) or with 1% v/wt of the ster-
ile physiological solution (control samples). the 
inoculum was distributed over the entire sur-
face with a sterile L-shaped plastic cell spreader 
(Incofar, Modena, Italy) and the slices were then 
vacuum packed using S100-tecnovac equip-
ment (tecnovac, bergamo, Italy).

Microbiological 
and physico-chemical analysis

to verify the natural meat contamination lev-
el, three control samples were analysed at time 
zero for the presence of L. monocytogenes ac-
cording to ISO 11290-1 (ISO, 2004a). For mi-
crobiological analysis, Mortadella sliced (100 g) 
were transferred into plastic one-chamber filter 
stomacher bags (NEOMED, Milano, Italy) and 
homogenized 1:3 (wt:v) in sterile peptone wa-
ter (PW) (cONDA, Madrid, Spain) for 3 min in a 
Stomacher 400 blender (Seward Medical, Lon-
don, UK). Decimal dilutions in sterile PW were 
prepared from each bag. On control samples, 
the lactic acid bacteria enumeration was car-
ried out using the de Man rogosa Sharpe agar 
(MrS; Microbiol Diagnostici) in micro-aerophilic 
condition at 37°c for 48-72 h. the quantitative 
analysis for L. monocytogenes enumeration was 
carried out on contaminated samples according 
to ISO 11290-2 (ISO, 2004b).

Measurement of pH (Hanna Instrument, USA) 
and water activity (a

w
) (Decagon Devices, Inc., 

Pullman, USA) were carried out on control sam-
ples at the beginning and at the end of storage 
time. the packages of sliced Mortadella were 
stored at 8°c for 60 days.

Mathematical models

Growth curves for each strain inoculated in 
each batch of sliced Mortadella were built sep-
arately by fitting data to the baranyi model (bA-
rANYI and rObErtS, 1994) using DMFit version 
2.1 Excel® add-in (www.combase.cc) in order to 
estimate the growth rate of L. monocytogenes.

the growth rate, derived from fitting the log 
values versus time (hours), was transformed to 
maximum specific growth rate, µmax (h

-1) by mul-
tiplying it with ln(10).

therefore, the highest µmax (µmax ref
)
 
calculated 

at 8°c (tref), was used to estimate the µmax at an-
other temperature (t) using the square root sec-
ondary model (rAtKOWSKY et al., 1982; ZWIEt-
ErING et al., 1996) (Eq. 1):

   (Eq. 1)

where tmin is a minimal growth temperature for 
L. monocytogenes (-2°c) (EU crL, 2008).

to establish the time to reach the critical legal 
limit of 100 cFU/g in Mortadella product, in a 

domestic scenario, was calculated the doubling 
time, td (h) of L. monocyotogenes during the ex-
ponential growth phase (Eq. 2):

   (Eq. 2)

Statistical analysis

counting results were expressed as colony 
forming unit (cFU) per gram. Microbial counts 
were reported in terms of log cFU/g. Means and 
standard deviations were calculated and anal-
ysis of variance (ANOVA) followed by tukey’s 
test was used to check significant differences 
(p>0.05) regarding the microbiological and phys-
ico-chemical properties of three batches of sliced 
Mortadella. the data were statistically analysed 
using r statistical software version 2.7.0 (r De-
velopment core team, 2008).

rESULtS AND DIScUSSION

the average values of lactic acid bacteria, pH 
and a

w
 measured in three batches of sliced Mor-

tadella at the beginning (day 0) and at the end 
(day 60) of the storage time were shown in ta-
ble 1.

In control samples (non-contaminated) at day 
0, L. monocytogenes was absent (<1 cFU/25 g) 
and direct plating revealed even the absence of 
lactic acid bacteria (≤ 1.0 log cFU/g) (data not 
shown). At the end of the storage time, the aver-
age of lactic acid bacteria count was 7.57±0.64 

table 1 - Evolution of pH, a
w
 and lactic acid bacteria (Lab) 

during the shelf life of sliced Mortadella. Values are means ± 
standard deviation of three replicates samples for each batch.

Parameter Shelf life (days)

 0 60

pH
Batch 1 6.18±0.01aAa 6.12±0.15aA
Batch 2 6.18±0.01aA 6.15±0.24aA
Batch 3 6.22±0.05aA 6.01±0.30aA

aw
Batch 1 0.968±0.003aA 0.972±0.003aA
Batch 2 0.970±0.001aA 0.969±0.002aA
Batch 3 0.968±0.003aA 0.969±0.002aA

Labb

Batch 1 NDc 8.09±0.07a
Batch 2 ND 6.77±0.22b
Batch 3 ND 7.85±0.18c

aMeans with different lowercase letters within a column for each parame-
ter are significantly different (p<0.05). Means with different uppercase let-
ters within a row for each parameter are significantly different (p<0.05). 
bValues are means log CFU/g ± standard deviation. 
cND; not detected by either direct plating.
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log cFU/g (range 6.61-8.14 log cFU/g). this 
growth can be due to the fact that reducing the 
redox potential by vacuum-packaging and the 
storage at refrigerated temperatures are two of 
the factors able to enhance growth of lactic acid 
bacteria in this type of product (bArMPALIA et 
al., 2005).

the average initial values of pH and a
w
 were 

about 6.19 ± 0.03 (range 6.16-6.25) and 0.968 
± 0.003 (range 0.962-0.971) respectively. No 
statistical difference (p > 0.05) was observed at 
the end of the storage time (table 1). the phys-
ico-chemical and microbiological properties of 
sliced Mortadella investigated in this study are 
in agreement with those obtained by other au-
thors (GEOrNArAS et al., 2005; SHAND 2000; 
bArMPALIA et al., 2005) in similar products. In 
contrast to these studies, the pH of Mortadella 
did not reduce during storage.

three serotypes of L. monocytogenes (1/2a, 
1/2b and 4b) are associated with the majority 
of sporadic cases of listeriosis, and the serotype 

Fig. 1 - Fitting ( ) of L. monocytogenes counts (■) in different batches to the baranyi model.

4b is linked to almost all recent outbreaks (rO-
cOUrt and bILLE 1997). therefore, this study 
was conducted using L. monocytogenes 4b in 
order to provide information on the growth of 
this serotype. the results of challenge testing of 
vacuum packed Mortadella slices are shown in 
Fig. 1. It is clear that vacuum packed Mortadella 
slices well support the growth of the pathogen.

Growth data for L. monocytogenes in sliced 
Mortadella were fitted by primary model at iso-
thermal conditions (Fig. 1). At 8°c the sliced 
Mortadella supported rapid and prolific L. mono-
cytogenes growth. In accordance with these re-
sults, in fact a wide range of cooked rtE food 
products supports multiplication of L. mono-
cytogenes. In a study by bEUMEr et al. (1996), 
growth of L. monocytogenes on vacuum packed 
luncheon meat, cooked ham, and cooked chick-
en breast meat was similar to that of modified 
atmosphere packaged stored meats, with counts 
increasing up to 108 cFU/g after 35 days at 7°c. 
In a study by UYttENDAELE et al. (2004) rapid 
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table 3 - Predicted specific growth rate (µmax) in hours-1 of 
the L. monocytogenes at different storage temperature and 
doubling time in hours.

Temperature (°C) µmax (hours-1) Doubling time (hours)

 2 0.007 99
 4 0.016 43.3
 6 0.028 24.8
 12 0.085 8.2

growth of L. monocytogenes was noticed on vac-
uum packed sliced cooked ham. the concentra-
tion of 100 cFU/g, the safety limit considered as 
low risk for causing listeriosis, was exceeded af-
ter 5 days whereas ca. 105 cFU/g were obtained 
after 14 days. Within the storage time of the in-
vestigated products low initial numbers of L. 
monocytogenes increased up to 108 cFU/g after 
21-27 days. It has often been reported that lac-
tic acid bacteria might inhibit the growth of Lis-
teria mainly due to the production of antimicro-
bial metabolites and nutrient competition. (McK-
ELLAr et al., 1994; ScHMIDt 1995; DEVLIEGHE-
rE et al., 2001). As can be seen from Fig. 1, de-
velopment of L. monocytotogenes is not inhibit-
ed by the presence of lactic acid bacteria. this 
can be explained by the fact that the initial lev-
el of lactic acid bacteria (< 10 cFU/g) were low-
er compared to contamination level of Listeria 
(about 100 cFU/g). because of this, mutual in-
teraction between the (micro) colonies formed 
was unlikely (bEUMEr et al., 1996; MELLEFONt 
et al., 2008).

the fitting of the observed L. monocytogenes 
data counts (table 2) indicated that, during stor-
age at 8°c, the contaminated scenario that re-
sulted in the highest maximum specific growth 
rate, µmax (h

-1), was the combination of strain Lm 
171769 in Mortadella batch 3, followed by the 
combination of strain Lm 171769 in batch 1. 
Origins of the strain affect the ability of adapta-
tion of the microorganism and the growth rate 
in the food matrix. 

this result is in agreement with those ob-
tained by UYttENDAELE et al., 2004.

For each L. monocytogenes strain separately 
inoculated into three batches of sliced Mortadel-
la, was calculated the doubling time during the 
exponential phase of growth (table 2) (linear in 
log scale). considering the worst-case scenario, 
the doubling time of L. monocytogenes was 15.7 
h. then, assuming a contamination of 1 cFU in 
25 grams of product at the beginning of shelf 
life, the normed limit of 100 cFU/g is reached in 
about 7 days. For rtE products, the initial con-
tamination levels are typically low (UYttENDAELE 

et al., 2004) so the ability to support growth of 
L. monocytogenes (qualitatively) and the growth 
kinetics (quantitatively) will determine if a food 
product can comply with the upcoming legisla-
tive requirements on European scale (EUrOPE-
AN cOMMISSION, 2005). 

the secondary model, allowed the estimation 
of the specific growth rate of L. monocytogenes at 
different hypothetical storage temperatures (ta-
ble 3). the results show that, even if the prod-
uct were to be stored at 2°c, the doubling time 
of L. monocytogenes is 99 h. therefore, assum-
ing an initial contamination of 1 cFU in 25 g of 
product (0.04 cFU/g), L. monocytogenes would 
reach the limit of 100 cFU/g in 46 days. 

the prevalence and level of L. monocytogenes 
in rtE meat products, in which can survive for 
long period are well documented (LAHtI et al., 
2001; GOMbAS et al., 2003; GIANFrANScEScHI 
et al., 2006; ANGELIDIS and KOUtSOUMANIS, 
2006). In general, the primary source of food 
contamination by L. monocytogenes before re-
lease to consumers appears to be the process-
ing environment (KAtHArIOU 2002). thus, the 
quality of the hygiene in the slicing and packag-
ing room have a great importance since the high-
er the contamination at this internship is, the 
shorter the shelf life will be, regardless storage 
conditions (SAMELIS and GEOrGIADOU, 2000). 
In order to extend the shelf life of the product, it 
would be indicated to change the type of pack-
ing in modified atmosphere, although many au-
thors assert that no significant differences in the 
growth of L. monocytogenes has been observed 
in rtE pork products packaged under vacuum 

table 2 - Growth parameters, maximum specific growth rate (µmax) in hours-1 of L. monocytogenes strains calculated by non-
linear regression (bArANYI and rObErtS, 1994) and doubling time in hours. the goodness of fit is indicated by the coefficient 
of determination (r-square value; r²).

Batch Strain  Growth parameters

  µmax (hours-1) Doubling time (hours) R2

Batch 1 ATCC 19115 0.038 18.24 0.993
 Lm 171767 0.043 16.12 0.99

Batch 2 ATCC 19115 0.035 19.8 0.986
 Lm 171767 0.039 17.77 0.983

Batch 3 ATCC 19115 0.039 17.77 0.977
 Lm 171767 0.044 15.75 0.986
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or in modified atmosphere (bOErEMA et al., 
1993; MEtAXOPOULOS et al., 2002).

In conclusion, sliced Mortadella vacuum 
packed and stored in conditions of mildly abu-
sive temperature (8°c) is shown to be a prod-
uct that supports the rapid development of L. 
monocytogenes. the use of predictive microbi-
ology has allowed us to determine the growth 
rate of L. monocytogenes in the same product at 
different storage temperatures, indicating how 
the storage temperature of the product should 
be considered a crucial point for consumer safe-
ty. through mathematical models, in fact, it was 
possible to predict the development of L. mono-
cytogenes in different scenarios of conservation, 
including domestic, indicating that an abuse of 
temperature makes the product unsafe, if con-
taminated, within a few days.
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AbStrAct

the effects of shear rate, temperature and processing on the rheological properties of commer-
cial salep drinks (UHt processed in liquid form, powdered forms both instant and traditionally 
cooked type) are investigated. the empirical power law model is used for the determination of the 
flow behavior and consistency index. Apparent viscosity of salep drink decreased with increas-
ing shear rate. the salep drink exhibited a pseudoplastic or shear thinning behavior. Processing 
affected the flow behavior and consistency indices significantly (p ≤0.05). the flow behavior in-
dex of samples was in the range of 0.51-0.74 while the consistency index changed in the range of 
0.14-2.68 Pa.sn. the lowest flow behavior index and the highest consistency index value are de-
termined with the instant salep drink, while the highest K value was recorded for it. the flow be-
havior index increased and the consistency index decreased with processing temperature. In sen-
sory analysis, salep drinks were evaluated for flavor, consistency and overall acceptability. A sin-
gle rheological model is developed to express combined effects of shear rate (by Power law model) 
and temperature (by Arrhenius equation) on the apparent viscosity of an instant salep drink pre-
ferred by the sensory panelists in all samples. this study is expected to standardize the product 
formulation and facilitate equipment and process design.
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INtrODUctION

traditional salep drink, generally consumed 
in winter, is regarded as nutritious, healthy and 
delicious beverage in turkey. there are two types 
of salep drinks in the market. the first type is in 
liquid form which is UHt processed and the sec-
ond type is in powder form, which is prepared 
by traditionally cooking or adding hot milk in-
stantly. Although powdered salep drink is the 
most widely consumed product, the UHt pro-
cessed liquid salep drink is also gaining consum-
ers’ preference (ArDUZLAr, 2003).

Salep powder is milled dried tubers of a wild 
terrestrial orchid (Orchis anatolica) (Kaya and 
tekin, 2001). the roots or tubers of orchids are 
processed by boiling in milk or ayran to inhibit 
the enzymatic activity and reduce the loss of wa-
ter-soluble ingredients (Kaya and tekIn, 2001). 
Salep is an essential ingredient for the produc-
tion of hot salep drink and ice-cream (DOGAN 
and KAYAcIEr, 2004). 

the most important constituent of salep is 
glucomannose ranging from 16 to 55% (tEKIN-
SEN, 1996; KAYA and tEKIN, 2001). Salep also 
contains starch (2.7%), moisture (12%), and ash 
(2.4%) (tEKINSEN and KArAcAbEY, 1984; KAYA 
and tEKIN, 2001; ALPArSLAN and HAYtA, 2007). 
Its incorporation into a formulation contributes 
to the development of desired aroma and flavor 
of product and it also serves as a thickening and 
stabilizing agent (KAYAcIEr and DOGAN, 2006; 
GEOrGIADIS et al., 2012). 

Knowledge on rheological properties is very 
important for designing process equipments 
like pumps, pipes and mixers, for determining 
the function of an ingredient in a formulation, 
and for controlling the viscosity of the products 
(tELcIOGLU and KAYAcIEr, 2007; StEFFE, 1996). 
An optimum consistency provides a good mouth-
feel in a hot salep drink. As there are no stand-
ard procedures for the manufacture of salep, un-
derstanding the changes in the flow behavior is 
definitely necessary for producing an accepta-
ble product with consistent quality (DOGAN and 
KAYAcIEr, 2004). 

the rheological properties of salep drink were 
studied (ArDUZLAr, 2003; DOGAN and KAYAcIEr, 
2004; ALPASLAN and HAYtA, 2007; tELcIOGLU 
and KAYAcIEr, 2007; YASAr et al., 2009; KArA-
MAN and KAYAcIEr, 2010, YILMAZ et al., 2010), 
but the information available in the literature is 
still limited. Furthermore, some researchers also 
recently investigated the rheological properties 
of ice cream or dessert containing salep and of 
gum-salep solutions (KAYA and tEKIN, 2001; GU-
VEN et al., 2003; KUS et al., 2005; KAYAcIEr and 
DOGAN, 2006, FArHOOSH and rIAZI, 2006; AYAr 
et al., 2009; bAHrAMPArVAr et al., 2010; VAHID 
et al., 2011; KArAMAN and KAYAcIEr, 2012; KAr-
AMAN et al., 2013; YILMAZ et al., 2013). It was 
reported that salep drinks generally exhibited a 
pseudoplastic or shear thinning behavior. 

there is recently recorded data in literature 
expressing combined effects of shear rate (by 
Power law model) and temperature (by Arrheni-
us equation) on salep drink (KArAMAN and KAY-
AcIEr, 2010). the objectives of this study were 
to determine rheological properties of commer-
cial salep drink types and investigate the effects 
of such technological parameters as shear rate, 
temperature and processing on the viscosity of 
the product. A single rheological model is devel-
oped to express combined effects of shear rate 
(by Power law model) and temperature (by Ar-
rhenius equation) on the apparent viscosity. It 
is known that rheological properties of liquid af-
fect the consumer preference so the results ob-
tained in this research may be used in the de-
velopment of new salep drink formulations and 
to standardize the product and facilitate equip-
ment and process design.

MAtErIALS AND MEtHODS
 
commercial salep samples covering UHt pro-

cessed liquid salep (2 brands) and powdered 
form salep (6 instant brands and 3 traditional-
ly cooked type brands) and UHt milk were ob-
tained from local markets in Istanbul. 

Instant salep drink was prepared by adding 
boiled milk (100 mL) to powder mixture (8-13 g). 
All solid particles in the sample were thoroughly 
dissolved by vigorously stirring for about 5 min. 
using a glass bar. traditionally cooked type sa-
lep powder mixture (8-15 g) was added to milk 
(100 mL) and cooked about 10 min at 85°c by 
vigorously stirring on the oven. All salep drinks 
(11 commercial brands) were prepared according 
to instruction on the package label. the samples 
were heated (Electromantle, UK) to 20° (storage 
temperature) - 55°c (consumption temperature) 
prior to the rheological measurements.

Rheological analysis

Shear measurements on the samples were 
conducted using a rheometer (Haake rotovisco 
rt20, Karlsruhe, Germany) which is equipped 
with a circulating water bath and a Z20 concen-
tric cylinder sensor system (cup diameter 10.85 
mm, bob diameter 10 mm, gap width 0.85 mm, 
diameter ratio 0.92, sample volume 8.2 mL). the 
shear rate range was 0.13-300 s-1. All rheologi-
cal tests were done in duplicate. Samples were 
allowed to rest for 10 min. before measurement 
at constant temperature.

the steady shear behavior of salep drink was 
described by the power law model (Eq. 1).

 η=K.γ(n−1) (1)

where η is the apparent viscosity (Pa.s), γ is the 
shear rate (s-1), K is the consistency index (Pa.sn) 
and n (dimensionless) is the flow behavior index. 

http://www.sciencedirect.com/science?_ob=Articl
http://www.sciencedirect.com/science?_ob=Articl
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the effect of temperature on the rheological 
properties of salep drink was investigated at 20, 
30°, 40°, 50° and 55ºc. 

An Arrhenius type relationship (Eq. 2) was 
used to describe the temperature effect on the 
consistency index.

 K = K
∞
.exp(E

a
/RT) (2)

where K∞ is the Arrhenius constant (Pa sn), Ea 
is the activation energy of flow (J mol-1), r is the 
gas constant (8.314 J mol-1 K-1) and t is the ab-
solute temperature (K). K and n values were cal-
culated using the rheometer rM Software (Ver-
sion 3.30, Haake).

Sensory analysis

Sensory analysis (ranking test) was performed 
by using 20 educated panelists (15 female, 5 
male) from Food Engineering Department, who 
were familiar with the salep drink and sensory 
analysis. Panelist ranked the samples (11 com-
mercial brands) according to their preference. 
Salep drinks were analyzed for flavor, consist-
ency and overall acceptability. A section for the 
panelist’s comments was present in the eval-
uation form. Samples for sensory evaluation 
were kept in a water bath (Nuve, tr) to main-
tain serving temperature (55ºc). All the sam-
ples, randomly coded using a three-digit num-
ber, were serviced in white 50 mL plastic cups. 
Panelists received a tray containing the sam-
ples, a glass of water and unsalted crackers and 
evaluation form.

Statistical analysis

All tests were replicated four times and the av-
erage values were used for each samples. Anal-
ysis of variance results were derived with SPSS 
9.0 for Windows software package. the mean 

comparison was carried out with Duncan’s mul-
tiple range test (p ≤ 0.05). 

rESULtS AND DIScUSSION

the apparent viscosity values of selected sam-
ples are given in Figs. 1, 2 and 3. As the rheo-
logical results showed that, all commercial sa-
lep drink samples showed a non-Newtonian be-
haviour. As expected, viscosity values of samples 
decreased with increasing shear rate, and there-
fore salep samples showed a shear thinning be-
havior. the reduction in the viscosity with shear 
rate has been related to the increased alignment 
of the constituent molecules (KAYA and tEKIN, 
2001). Shear-thinning behavior of sample was 
expected since weak physical bonds, electrostat-
ic, and hydrophobic interactions affect the rhe-
ology of milk products (AbU-JDAYIL and MOHA-
MEED, 2002; DOGAN and KAYAcIEr, 2004). Sim-
ilar results were reported in the literature for sa-
lep containing products in terms of flow behav-
ior (KAYA and tEKIN, 2001; DOGAN and KAYAcI-
Er, 2004; KUS et al., 2005; tELcIOGLU and KAY-
AcIEr, 2007; ALPASLAN and HAYtA, 2007; FAr-
HOOSH and rIAZI, 2007; YASAr et al., 2009; KAr-
AMAN and KAYAcIEr, 2010; YILMAZ et al., 2010; 
bahramParvar et al., 2010; KArAMAN and KAY-
AcIEr, 2012). 

the power law model is the most widely em-
ployed model for non-Newtonian fluids (bAHrAM-
PArVAr et al., 2010). In this study, this mod-
el was used to describe the rheological proper-
ties of samples. the fitting of the experimental 
data was satisfactory with high correlation co-
efficients (r2). As shown in table 1, the consist-
ency index (K) generally decreased with increas-
ing temperature. Previous studies reveal that the 
smaller the n values the greater the departure 
from Newtonian behavior. Lower K values indi-
cate a decrease in viscosity (ALPASLAN and HAY-

Fig. 1 - the viscosity values of A-1 labeled UHt salep drink at 20°, 30°, 40°, 50° and 55ºc.
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tA, 2007). Usually, flow behaviors of fluids tend 
to Newtonian behavior from non-Newtonian be-
havior at high the temperature. A decrease in the 
consistency index was observed with increasing 
the temperature indicating a decrease in appar-
ent viscosity at higher temperatures. As temper-
ature increases, thermal energy of the molecules 
increases and molecular distances develop due 
to reduction of intermolecular forces hence vis-
cosity of the fluid declines (FArHOOSH and rIA-
ZI, 2007). It is said that the viscosity changes re-
sulting from heat treatments are related to heat-
induced denaturation and subsequent aggrega-
tion of proteins (ALPASLAN and HAYtA, 2007).

table 1 shows the power law parameters (K, n) 
for three commercial salep drinks at all temper-
atures studied. It is concluded from table 1 that 
process (salep drink type) affected the n and K 

values which were found to be significantly dif-
ferent in samples (p ≤0.05). K and n values for in-
stant salep drink were different from those for UHt 
and traditionally cooked salep drink. the flow be-
havior index of samples was in the range of 0.51-
0.74 while the consistency index changed in the 
range of 0.14-2.68 Pa.sn for all temperatures. the 
lowest n value was determined for instant salep 
drink, while the highest K value was recorded for 
it. As expected, the viscosity and consistency in-
dex decreased with increasing temperature. the 
decrease in consistency index with increasing tem-
perature was reported by several other researchers 
in the literature for various samples (DOGAN and 
KAYAcIEr, 2004; KUS et al., 2005; KAYAcIEr and 
DOGAN, 2006; ALPASLAN and HAYtA, 2007; KArA-
MAN and KAYAcIEr, 2010). the flow behavior index 
increased with increasing temperature. Whereas 

Fig. 3 - the viscosity (experimental and model fit) values of c-3 labeled instant salep drink at 20°, 30°, 40°, 50° and 55ºc.

Fig. 2 - the viscosity values of b-2 labeled traditionally cooked salep drink at 20°, 30°, 40°, 50° and 55ºc.



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

table 2 - ranking sensory analysis results of commercial salep drink for flavour, consistency and overall acceptability by 
consumers.

 Salep Drink Sample Consistency Flavour Overall acceptability

UHT A-1 1.20±0.41 1.20±0.41 1.20±0.41
 A-2 1.80±0.41 1.80±0.41 1.80±0.41

Traditionally
cooked B-1 2.70±0.57 2.5±0.69 2.45±0.69
 B-2 1.65±0.67 1.40±0.60 1.50±0.69
 B-3 1.65±0.75 2.10±0.79 2.05±0.83

Instant C-1 5.05±1.96 4.30±2.05 4.40±1.98
 C-2 3.45±1.23 4.20±1.61 3.95±1.64
 C-3 2.75±1.48 2.40±1.47 2.35±1.42
 C-4 4.80±1.32 5.0±1.30 5.20±1.47
 C-5 2.85±1.63 3.10±1.65 3.20±1.44
 C-6 2.95±2.14 2.55±1.32 2.60±1.54

temperature effect on K and n values found to be 
insignificantly different in samples. 

Some literature references can be found re-
porting power law parameters. For example, 
KAYA and tEKIN, (2001) studied the rheologi-
cal characteristics of a ice cream prepared from 
whole cows’ milk or water-salep-sugar mix. they 
reported that the power law index values (n) of 
milk-salep-sugar and water-salep-sugar mixes 
were in the range of 0.95-0.77 and 0.99-0.85 at 
10, 20, 30, 40 and 50ºc. In another research has 
been done by DOGAN and KAYAcIEr (2004), rhe-
ological properties of the reconstituted hot salep 
beverage prepared by adding water or milk to the 
commercial instant salep powder in the temper-
ature range of 10°-50°c were evaluated. It was 
observed that the n values of milk-salep and wa-
ter-salep mixes were 0.44-0.57 and 0.25-0.44, K 

table 1 - K and n values for all commercial salep drink types.

T (ºC) Salep Drink Sample Kave  nave
  (Pa.sn)

20 UHTa 0.62±0.03a 0.66±0.02a
 Traditionally Cookedb 0.31±0.08a 0.69±0.03a
 Instantc 2.68±1.67b 0.51±0.10b
30 UHTa 0.47±0.25a 0.68±0.07a
 Traditionally Cookedb 0.22±0.07a 0.71±0.03a
 Instantc 2.15±1.38b 0.51±0.10b
40 UHTa 0.44±0.47a 0.68±0.09a
 Traditionally Cookedb 0.17±0.07a 0.72±0.04a
 Instantc 1.52±0.99b 0.55±0.08b
50 UHTa 0.29±0.38a 0.72±0.20a
 Traditionally Cookedb 0.16±0.06a 0.72±0.05a
 Instantc 1.29±0.96b 0.57±0.08b
55 UHTa 0.14±0.10a 0.74±0.11a
 Traditionally Cookedb 0.18±0.08a 0.69±0.07a
 Instantc 1.31±1.07b 0.57±0.09b

aThe average values of 2 commercial brands.
bThe average values of 3 commercial brands.
cThe average values of 6 commercial brands.

values of milk-salep and water-salep mixes were 
564-1453 mPasn and 107-407 mPasn, respective-
ly. In the study of Kus et al. (2005), the effect of 
salep concentration (0.5–1.5% salep content) on 
the rheological characteristics of ice-cream mix-
es was determined. the consistency coefficient 
decreased with increasing temperature while 
the flow behavior index increased. the flow be-
havior index of ice cream mixes at different tem-
peratures ranged from 0.33 to 0.81 while con-
sistency index changed between 0.15 and 31.05 
Pasn. In another research, the rheological prop-
erties of guar, xanthan and alginate solutions 
prepared (0.25, 0.50, 0.75 and 1.0%) with sa-
lep addition (0.05 and 0.1%) were evaluated. In 
this study, KAYAcIEr and DOGAN, (2006) report-
ed that n values of samples was in the range of 
0.196–0.971 while K values changed 35.576–
3189.9 mPasn. In the experiments performed by 
ALPASLAN and HAYtA, (2007), salep drink pre-
pared by soymilk mixed cow’s milk (0, 25, 50, 
and 75%) were studied. It was shown that K and 
n values were found between 0.147-1.276 and 
0.4094-0.7303. In addition, effects of sweeten-
ers and milk type on the rheological and sensori-
al properties of reduced calorie salep drink were 
studied by tELcIOGLU and KAYAcIEr (2007). It 
was reported that the average K values of sa-
lep sample with sugar was 232.64 mPasn, that 
was 236.89, 261.54 and 249.64 mPasn for sac-
charine, cyclamate and aspartame, respective-
ly. KArAMAN and KAYAcIEr, (2010) investigated 
the rheological characteristics of salep drink fla-
vored with cocoa powder (1, 2, 3%) at 10°, 20° 
and 30°c. they concluded that the flow behav-
ior index of salep drink flavored with cocoa pow-
der samples changed between 0.231 and 0.326 
while the consistency coefficient ranged from 
7.365 to 21.277 Pasn. these findings are in ac-
cordance with our K and values. 

According to our sensory analysis results 
(table 2), A-1 labeled UHt salep drink, b-2 
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labeled traditionally cooked salep drink and 
c-3 labeled instant salep drink was the most 
preferred for flavour, consistency and over-
all acceptability by consumers in each group 
(p≤0.05). An overall evaluation of the results 
leads to the conclusion that salep drink should 
have a high enough viscosity for good mouth-
feel. Most people prefer instant foods and bev-
erages due to their easy preparation and long 
shelf life (DOGAN et al., 2013). Instant type 
salep drink is more common than the other 
types in the market (ArDUZLAr, 2003). con-
sidering to the sensory analysis results (table 
2), a single rheological model was developed 
to express combined effects of shear rate (by 
Power law model) and temperature (by Arrhe-
nius equation) on the viscosity of c-3 labeled 
commercial instant salep drink. In the liter-
ature there is a rheological model expressing 
combined effects of shear rate (by Power law 
model) and temperature (by Arrhenius equa-
tion) on rheological flow of some food samples 
(IbANOGLU and IbANOGLU, 1998; SIMUANG et 
al., 2004; KAYA and SOZEr; 2005; ALtAY and 
AK, 2005; YOGUrtcU and KAMISLI, 2006; DAK 
et al., 2007; FArHOOSH and rIAZI, 2007; KArA-
MAN and KAYAcIEr, 2010). the Arrhenius mod-
el was used to express the influence of tem-
perature on apparent viscosity of salep sam-
ples (Eqs. 1 and 2). 
the model was successfully described by Eq. (3) 
with high correlation coefficients.

  (3)

cONcLUSIONS

In this study effects of temperature, shear 
rate and processing on the rheological proper-
ties of the commercial salep drink were deter-
mined. Salep drink generally exhibited a pseu-
doplastic or shear thinning behavior. Process-
ing (salep drink type) affected the n (flow be-
havior index) and K (consistency index) values 
which were found to be significantly different 
in samples (p ≤0.05). K and n values for instant 
salep drink were different from those for UHt 
and traditionally cooked salep drink. the low-
est n value was determined for instant salep 
drink, while the highest K value was record-
ed for it. the n value increased with increas-
ing temperature whereas the K value generally 
decreased with increasing temperature. Where-
as temperature effect on K and n values found 
to be insignificantly different in samples. Fur-
thermore, a single rheological model was devel-
oped to express combined effects of shear rate 
(by Power law model) and temperature (by Ar-
rhenius equation) on the viscosity of selected 
salep sample. As rheological properties of food 
sample affect the consumer preferences; the 
results obtained in this study could be used 

in standardization of the formulation, to facili-
tate better design of equipment and processes.
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AbStrAct

the aim of the study was to assess the effect of a technological processing method (blanching, 
cooking and freezing) on the content of dry matter, protein, fat, ash, mineral compounds as well 
as dietary fiber. the research material was cauliflower with white floret and cauliflower with con-
ical, green-yellow floret. Our results showed that the processing method significantly influences 
the concentrations of all nutrients and dietary fiber. the major factor, determining the extent of 
nutrients’ losses seems to be the period of water exposure. the results indicate that the cooking 
of raw cauliflower results in lower losses of nutrients than cooking frozen.
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INtrODUctION

there is strong evidence that the composi-
tion of our diet is crucial for human health and 
well-being (VOLDEN et al., 2008). It is necessary 
to provide vegetables and fruits because they 
are rich sources of vitamins, minerals, fiber, 
and many other biologically active compounds. 
these components show antibacterial, antiviral, 
and antioxidative effects in the organism and in-
fluence on metabolic pathways (e.g. detoxifica-
tion), the immune system, as well as decreased 
blood pressure (tOtUSEK et al., 2011). the con-
sumption of brassicaceae family (cruciferous) 
vegetables is also associated with a reduced in-
cidence of cancer, particularly colorectal cancer 
(SArIKAMIS, 2009, tOtUSEK et al., 2011). Dietary 
behaviour has shown to influence the acid-base 
balance. the Western-type diet, due to the ex-
cessive consumption of animal-derived protein 
and an inadequate intake of fruits and vegeta-
bles, shows an acidogenic effect. this is associ-
ated with a high dietary acid load and a low in-
take of base-forming dietary minerals (KÖNIG et 
al., 2008). A mismatch between acid- and base-
forming nutrients may result in subclinical low-
grade acidosis. In the mineral composition of 
vegetables dominate potassium, magnesium, 
calcium. A proper intake of minerals is crucial 
for growth, development, metabolism pathways 
of an organism, as well as prevention of several 
chronic diseases, i.e. cardio-vascular disorders, 
osteoporosis (KÖNIG et al., 2008). It is impor-
tant to maintain an adequate consumption lev-
el of vegetables in all seasons in the fresh form 
and after appropriate technological processing 
(to maintain as high nutritional value as possi-
ble). the World Health Organization (WHO) rec-
ommends consumption of at least 400g of veg-
etables per day. cauliflower is one of the most 
popular vegetables. In recent years, some new 
varieties of cauliflower (including these with 
green floret) have appeared on the market, and 
could enrich the offer of the frozen food industry 
(GĘbcZYŃSKI and KMIEcIK, 2007). Due to sea-
sonality, only small amounts of these vegetables 
are eaten as fresh ones. Most of them need to 
be preserved, usually by freezing. cauliflower is 
a popular vegetable consumed as a dish or its’ 
component. Due to its gustatory and nutrition-
al value, as well as bioactive compounds con-
tent, cauliflower is recommended by nutrition-
ists. Moreover, cauliflower, similarly as broccoli, 
is the present in the diet of small children. this 
vegetable is subjected to various forms of pro-
cessing to make it suitable for consumption. Wet 
thermal processes influence the dietary constit-
uents because of their thermal breakdown and 
the migration of components due to the change 
of integrity of cell structure (DAVEY et al., 2000; 
VOLDEN et al., 2008). their leakage can be mini-
mized by optimal conditions of thermal process-
ing. this is why the knowledge of the effects of 

wet thermal treatments is crucial (VOLDEN et al., 
2008). the aim of the study was to investigate 
the effects of blanching, boiling (fresh as well 
as frozen material), and freezing on the levels of 
health-related parameters (selected minerals, 
protein, fat and dietary fiber) in two varieties of 
cauliflower. We also examined the mass chang-
es after technological processing, in order to try 
to determine the types of loss during processing.

MAtErIAL AND MEtHODS

Material and processing methods

the experimental material was cauliflower 
with white floret (rober variety) and cauliflow-
er with conical, green-yellow floret (Romane-
sco type, Amfora variety). the vegetables were 
cultivated in the Polan Plant and Horticultur-
al Seed Production centre in Krakow, Poland 
(Experimental Station in Igołomia). the experi-
mental field was located in the eastern outskirts 
of the city. the cauliflower was grown in black 
soil on loess framework, with good horticulture 
and neutral pH. Mineral fertilization (taking 
into consideration the soil composition and nu-
tritional requirements of the species) included: 
400 kg Polifoski PK (MgS) 15-24-(6-7), 100 kg of 
Saletrzak NH4NO3 + cacO3 and twice foliar appli-
cation of Folicare NPK 18:18:18; 5:17:40. con-
ditioning treatments (i.e. mechanical weed con-
trol, as well as diseases and pests) were carried 
out during the growing season, depending on 
soil and weather conditions. research materials 
were: fresh vegetables (treated as raw material), 
edible parts of vegetables subjected to blanching, 
vegetables cooked to consumption softness, fro-
zen cauliflowers, and also cauliflower cooked af-
ter earlier freezing. In all cases, freezing of cau-
liflower was preceded by blanching process. the 
first step of processing (before thermal treat-
ment) included leaf removing, washing in run-
ning water, dividing the heads into florets (about 
5 cm in diameter). the blanching was carried 
out in a stainless-steel pot, by putting vegeta-
bles into the water of 96-98°c temperature for 
approximately 3 min (immediately after placing 
raw material into the container, the temperature 
of water was decreased to 80°c). After blanch-
ing, material was immediately chilled by placing 
it into cold water and then drained. One half of 
the blanched vegetables were packaged in poly-
ethylene pouches (max. 5 cm of vegetable lawyer) 
and frozen at –22°c. Vegetables (fresh and fro-
zen) were cooked in a stainless-steel pot (by the 
use of electric stove), starting with boiling water 
(the highest stove heating power). After the sec-
ond boiling the heating power was reduced to 
medium heating power. In the beginning phase 
of thermal processing, it was conducted without 
a lid. the cooking of fresh vegetables was car-
ried out for 10 -15 min, and frozen cauliflowers 
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5-8 min. Frozen vegetables were taken for anal-
ysis after 24 hours of storage (–22°c). Material 
was partially freeze-dried using a christ Alpha 
1-4 freeze-dryer and stored at refrigerator tem-
perature until the end of analysis. All techno-
logical processes were conducted in triplicate.

Chemical analysis

Determination of dry matter content was per-
formed by PN-ISO 712:2002 method, by the use 
of Venticell 55Plus dryer. the nitrogen content 
was assessed by Dumas method (PN-EN ISO 
16634-1:2008E) (truSpec N, LEcO, USA), and 
then calculated on protein content (using 5.9 
coefficient). the method’s correctness and re-
covery were determined using certified reference 
material NcS Zc73009(GSb-2) (china Nation-
al Analysis center for Iron and Steel, beijing, 
china). the content of fat was analyzed by car-
bon dioxide (purity of 99.995%) in supercritical 
state (extraction method) in tFE2000 (LEcO, 
USA) analyzer. 2 g of sample were mixed with 
about 1 g Leco Dry (LEcO, USA), placed in a 
metal tube, and then taken for analysis. the 
analysis parameters were set as follows: sam-
ple temperature - 100°c, cO2 pressure - 62 
MPa, the flow rate - 2 L/min, time of static ex-
traction – 15 min., time of dynamic extraction 
35 min. the determination of ash content was 
performed, according to PN-EN ISO 2171: 2010 
and by the use of a muffle stove (Nabertherm 
model LE6/11/b150, Poland). Minerals such 
as calcium, magnesium, potassium, and sodi-
um were analyzed by the flame atomic absorp-
tion spectrometric method FAAS (AA240FS, 
Varian, USA), according to PN-EN 15505:2009, 
and zinc and manganese – according to PN-EN 
14084:2004. the mineralization of samples 
was conducted in teflon containers by the use 
of high pressure microwave method (MarsX-
Pres, cEM, USA), with 65% nitric acid (Su-
prapur, MErcK, Poland, kat. Nr 1.00441), in 
the amount of 10 mL/ 0.5 g sample. Max. tem-
perature was set to 200°c, mineralization time 
– 40 min. buffer solution of Schuhknecht and 
Schinkel (cesium chlorate and aluminium ni-
trate in the concentrations 50 g/l and 250 g/l, 
respectively – MErcK, Poland, cat. no 102037, 
for potassium and sodium determination as well 
as buffer solution of Schinkel (cesium chloride 
and lanthanum chloride in the concentrations 
of 10g/l – MErcK, Poland, cat. no 1.16755), 
for the calcium and magnesium analysis were 
added. the wavelengths for the determination 
of minerals were as follows: K – 766.5 nm, ca 
– 222.7 nm, Mg – 285.2 nm, Na – 589.0, Zn 
– 213.9 nm, Mn – 279.5 nm. the accuracy of 
methods used was verified on the basis of cer-
tified reference material NcS Zc73012 - GSb-
5, china National Analysis center for Iron and 
Steel, beijing, china). All the methods used are 
fully validated, and checked by internal quality 

control procedure (according to PN-EN 13804) 
and interlaboratory/proficiency tests. 

the content of dietary fiber content was deter-
mined by enzymatic-gravimetric method AOAc 
991.43 (Megazyme kit, Ireland, cat. No. K-tD-
Fr). the method’s correctness was verified by 
the use of tDF controls KIt (Megazyme kit, Ire-
land, cat. No. K-tDFc,). All the chemical anal-
ysis’s were performed in triplicates.

Statistical analysis

the results were expressed as treatment 
means with standard deviations (SD). the data 
was subjected to one-factorial analysis of vari-
ance. the differences between treatment means 
were evaluated using post hoc Duncan’s test. 
treatment effects and differences between treat-
ment means were considered significant at P< 
0.05. the Statistica 9 software package (Stat-
Soft, tulsa, OK) was used for statistical analysis.

rESULtS AND DIScUSSION

All the results in tables 2 and 3 were present-
ed after calculation on dry matter. It permits 
us to know whether the changes of hydrother-
mal treatment affect the retention of particular 
compounds in ready-to-eat material. Percent-
age losses of compounds (determined as the ef-
fect of hydrothermal processing) were calculated 
in compliance with mass balance changes. this 
way of presenting data eliminated the influence 
of thinning the content of the element (with wa-
ter), and demonstrated only the influence of the 
processing technique applied.

the dry matter content in cauliflower of rober 
variety was 7.8 g/100 g. cauliflower of the Am-
fora variety was characterized by higher amount 
of dry matter – 9.6 g/100 g (table 1). the lev-
el of dry matter in cauliflower with green floret 
was 9.1 g/100 g in the study conducted by GA-
JEWSKI (2001), and 9.3 g/100 g in the study by 
GĘbcZYŃSKI and KMIEcIK (2007). Hydrothermal 
processes led to decreasing of dry matter con-
tent in cauliflower of both varieties (table 1). 
As a result of blanching (an indispensable ele-
ment of pre-treatments to the freezing of vege-
tables) – being a treatment connected with en-
zymes’ inactivation, venting, and reducing mi-
crobial amount – a small decrease of dry matter 
was observed. reducing of dry matter content in 
vegetables was also observed by other authors 
(GĘbcZYŃSKI, 2003; LENtAS and WItrOWA-rA-
JcHErt, 2008). cooking of fresh cauliflowers 
caused significant decrease of dry matter lev-
el. cauliflower of the rober variety was charac-
terized by 9.5% less its’ amount, in comparison 
to raw vegetable, and cauliflower of the Amfo-
ra variety – by 13.1% (table 1). Similar losses 
of dry matter content (12.5%) in cooked vege-
tables were obtained by GEbHArDt and tHOM-

http://enormy.pl/?m=doc&nid=PN-65.120.00-00201&key=dumas
http://enormy.pl/?m=doc&nid=PN-65.120.00-00201&key=dumas
http://enormy.pl/?m=doc&nid=PN-67.060.00-00432
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AS (2002). On the other hand, in the study of 
GĘbcZYŃSKI and KMIEcIK (2007) the increase 
of this parameter was observed during this pro-
cess, possibly because of the loss of water from 
the tissue and the shrinkage of the raw materi-
al (rAMESH, 2000).

Among hydrothermal treatment used, the 
cooking of frozen vegetables led to the highest 
changes in the level of dry matter (table 1) – 
its’ losses in cauliflower of the rober and Amfo-
ra varieties were 42.5 and 41.6%, respectively. 
Frozen and stored (by 24 hours, in -22°c) cau-
liflower was characterized by similar ranges of 
dry matter losses as compared with blanched 
vegetables. One can conclude that the changes 
of dry matter content were the result of blanch-
ing (water and temperature exposure).

the reason could be the extraction of solu-
ble compounds to water and/or absorption of a 
slight amount of water by tissues; it was prov-
en by mass balance analysis (table 1). Previ-
ous studies have shown the loss of dry mat-
ter (ranging from 11 to 31%) during blanching 
in peas, brussels sprouts, carrots and swedes, 

(WENNbErG et al., 2006). In their study, about 
50% of dry matter loss during blanching is con-
nected with soluble sugars. the leakage of dry 
matter is possibly a function of the osmotic gra-
dient of soluble compounds. VOLDEN et al. (2008) 
showed that DM loss was higher in blanching 
experiment (3 min) than in the boiling experi-
ment (10 min), so the time of the process was 
less important than the kind of treatment. How-
ever, the results of our study are in opposition to 
this theory, because of higher dry matter loss-
es during cooking process than after blanch-
ing. Protein content in dry matter of the vari-
ety Amfora cauliflower was 35.4 g/100 g, and 
cauliflower of the variety rober was lower (24.2 
g/100 g), as was presented in table 2. taking 
into consideration mass balance, it was report-
ed that cooking, particularly of vegetables previ-
ously frozen, led to significant losses of this com-
pound. In the case of Amfora variety cauliflower 
(cooked after freezing) losses mentioned above 
were over 40% (table 2). the awareness of this 
fact is indispensable for the consumer to make a 
right choice of raw material (fresh or frozen) and 

table 1 - the dry matter content (mean ± SD) and mass changes after technological processing of Amfora and rober var. 
cauliflower.

 Content [g/100 g] Mass changes [%] Losses* [%]

 Amfora Rober Amfora Rober Amfora Rober

Raw 9.6d±0.1 7.8d±0.1 100 100 - -
Blanched 9.1c±0.5 7.1c±0.2 105 105 0.5a 4.4a

Cooked 7.8b±0.7 6.6b±0.0 107 107 13.1b 9.5b

Frozen 9.0c±0.9 7.1c±0.6 105 105 1.6a 4.4a

Frozen and cooked 5.5a±0.1 4.4a±0.1 102 102 41.6c 42.5b

*Percentage losses of dry matter as the effect of hydrothermal processing were calculated in compliance with mass balance changes.

table 2 - the content (mean ± SD) of protein, fat, ash and dietary fiber of Amfora and rober var. cauliflower subjected to var-
ious technological processing (g/100 g d.m.).

Cauliflower Protein Fat Ash Dietary Fibre

 Content Losses* [%] Content Losses* [%] Content Losses* [%] Content Losses* [%]

Amfora
Raw 35.4b±0.37 - 1.5b±0.03 - 8.6c±0.32 - 21.2b±0.13 -
Blanched 36.2c±0.08 1.6a 1.2a±0.05 0.4a 8.9c±0.05 0.4a 18.6a±0.40 12.4a

Cooked 34.7a±0.02 14.7b 1.5b±0.02 11.5c 6.9b±0.11 28.6b 21.2b±0.55 17.3b

Frozen 35.2b±0.03 2.3a 1.5b±0.15 6.1b 8.6c±0.02 3.6a 17.8a±0.12 13.1a

Frozen and cooked 34.5a±0.39 43.1c 2.4c±0.01 21.1d 4.9a±0.12 65.5c 30.0c±0.27 17.2b

Rober
Raw 24.2b±0.12 - 2.0b±0.13 - 11.8c±0.04 - 25.6a±0.30 -
Blanched 23.4a±1.01 4.4b 2.2b±0.04 0.9a 10.4c±0.10 16.9a 23.7a±0.50 11.2b

Cooked 23.7a±0.15 6.3c 1.5a±0.06 39.2b 9.8b±0.03 27.5b 26.4b±0.15 3.2a

Frozen 24.2b±0.51 2.5a 1.2a±0.09 32.8b 10.1c±0.08 19.3a 23.8a±0.49 10.7b

Frozen and cooked 28.2c±0.35 18.3d 2.5c±0.17 50.3c 5.7a±0.09 80.0c 37.0c±0.50 16.4c

The values in the same columns denoted with different letters a,b,c differ statistically significant at p≤0.05.
*Percentage losses of compounds determined by the effects of hydrothermal processing were calculated in compliance with mass balance changes.



Ital. J. Food Sci., vol. 26 - 2014 279

cooking method. the fat content in cauliflower 
was minimal. Similar results were reported by 
KUNAcHOWIcZ et al. (2005) and USDA National 
Nutrient database. there was no clear tendency 
for the fat content in dry matter in dependence 
of treatment (table 2). However, the fat content 
was significantly reduced depending on process-
es used, if mass changes were considered in cal-
culations. Higher value of dietary fiber content 
in raw material was reported for the rober var. 
cauliflower (table 2) than in the Amfora var. veg-
etable (table 2). blanching as well as freezing led 
to similar losses of this compound (10.7-13.1%), 
as was shown in table 2. the physico-chemical 
properties of the dietary fiber (e.g., the propor-
tion of soluble and insoluble fiber, the viscosi-
ty and the molecular weight) are changed after 
blanching. Our results showed that the cooking 
of rober var. cauliflower led to lower dietary fiber 
loses than blanching. the reason could be high-
er levels of the resistant starch content during 
cooking in comparison with blanching. During 
wet heat treatment, insoluble fiber can be sol-
ubilized. Additionally, it may be degraded into 
smaller fragments and, in turn, lost to the wa-
ter (WENNbErG et al., 2006). these changes are 
the consequence of cleavage of glycosidic link-
ages within the polysaccharides. breakage of 
weak bonds between dietary fiber polymers is 
also possible (WENNbErG et al., 2006). Insolu-
ble fiber can reduce the risk of constipation and 
colonic cancer. During heat treatment glycosid-
ic linkages may be broken, and as a result the 
bulking capacity may decrease (WENNbErG et 
al., 2006). According to PUUPPONEN-PIMIA et al. 
(2003), soluble fraction constitutes 22% of cau-
liflower’s dietary fiber. there are evidences that 
soluble and viscous fibers added to a carbohy-
drate-rich meal, lowered postprandial glucose 

levels (ANDErSON et al., 2009; WENNbErG et 
al., 2006). cauliflower of the rober variety con-
tained ash on the level of 11.8 g/100g, and in 
cauliflower of the variety Amfora – 8.6 g/100 g. 
Similar values were presented by KUNAcHOW-
IcZ et al. (2005). Only cooking process (raw and 
frozen material) caused significant decrease of 
this compound in dry matter (table 2). Decrease 
of this compound in blanched material and also 
in material cooked after freezing was observed 
by LISIEWSKA et al. (2008) and LISIEWSKA et 
al. (2009). the share of calcium content in dry 
matter of cooked (after freezing) rober variety 
cauliflower was significantly higher than in raw 
material. the other processes led to reduction 
of this element share in dry matter (table 3). Si-
multaneously, losses of this mineral (in compli-
ance with mass changes) were observed. A sim-
ilar tendency was reported for cauliflower of the 
Amfora variety - the losses of calcium were from 
6.3 to 29.7% (table 3). Hydrothermal processes 
caused reduction in magnesium, potassium, so-
dium, manganese and zinc levels (in dry matter 
of cauliflower), as was presented in table 3. tak-
ing into consideration mass balance, lowering of 
all mineral compounds concentration was ob-
served. As an example, cauliflower cooked after 
freezing contained 65.0 - 70.9 less magnesium, 
67.9-70.4 potassium, 26.3-66.5 sodium, 58.4-
67.2 manganese as well as 51.5-63.2 zinc (ta-
ble 3). the cooking of frozen cauliflower result-
ed in higher losses of minerals as well as other 
nutrients in comparison to cooking of raw cau-
liflower. the reason could be probably a longer 
time of water exposure. In the case of raw cau-
liflower, it was only the time of cooking process, 
and in the case of frozen vegetables – losses were 
raised from blanching and cooking processes. 
the reduction of mineral compounds could be 

table 3 - the content (mean ± SD) of selected minerals in Amfora and rober var. cauliflower subjected to different techno-
logical processing (mg/kg d.m.).

Cauliflower Calcium Magnesium Potassium Sodium Manganese Zinc

 Content Losses*[%] Content Losses*[%] Content Losses*[%] Content Losses*[%] Content Losses*[%] Content Losses*[%]

Amfora
Raw 1676.3c±39.9 - 2156.8e±1.3 - 27238d±929 - 126.8b±0.6 - 36.5d±1.3 - 67.3e±1.8 -
Blanched 1573.0b±2.6 6.3a 1804.1d±3.1 20.5a 25512c±920 8.0a 114.7a±8.4 9.3a 28.8c±0.1 25.1a 53.7d±0.8 24.1a

Cooked 1856.1d±40.1 10.8b 1320.2b±1.4 48.2c 18717b±324 41.9b 121.7b±2.6 18.8c 26.9b±0.4 37.8b 39.3b±1.9 50.6c

Frozen 1563.2a±4.0 8.5a 1568.8c±2.2 28.6b 25520c±221 11.0a 117.1a±3.9 14.0b 27.3c±0.1 26.6a 48.0c±0.7 29.9b

Frozen and cooked 1830.7d±5.2 29.7c 1173.2a±4.5 65.0d 12529a±25 70.4c 145.2c±0.6 26.3d 23.6a±0.3 58.4c 38.4a±1.3 63.2d

Rober
Raw 1536.7b±0.6 - 2663.7c±1.0 - 40045e±821 - 137.6e±8.5 - 33.3d±1.0 - 59.3d±0.1 -
Blanched 1465.2b±1.7 14.9a 2064.8b±2.6 30.8a 27238d±929 39.3a 96.1d±6.7 37.7a 30.1c±2.6 19.3a 59.1d±1.8 12.7a

Cooked 1480.2b±32.5 29.6b 1398.9a±0.4 53.8c 18081a±84 60.3c 71.5b±0.6 59.3b 17.9b±0.0 52.5b 46.0b±0.4 42.6c

Frozen 1132.1a±39.2 15.3a 1446.2a±0.4 48.1b 19447b±143 53.6b 58.7a±0.8 54.3b 18.4b±0.4 47.1b 35.7a±0.6 31.7b

Frozen and cooked 1722.9c±27.1 38.0c 1399.4a±2.6 70.9d 23243c±327 67.9d 83.5c±1.2 66.5c 19.7a±0.4 67.2c 52.0c±1.6 51.5d

The values in the same columns denoted with different letters a,b,c differ statistically significant at p≤0.05.
*Percentage losses of minerals determined by the effect of hydrothermal processing were calculated in compliance with mass balance changes.
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affected by different factors. One of them could 
be the denaturation of metal-biocomplexes pre-
sent in material, it is typical for protein com-
plexes. the other one could be a reduction of to-
tal elements content connected with their elu-
tion into water solution. this effect could be en-
hanced by the expanded external surface of veg-
etables (KOPLIK et al., 2004). SANtOS et al. (2003) 
as well as ONYEIKE et al. (2003) also observed 
changes of mineral content in different vegeta-
bles under the influence of thermal processes. 
According to WENNbErG et al. (2006), during wet 
treatment (such as blanching), losses of low-mo-
lecular-weight components, such as minerals, 
from the plant cells into the processing water are 
observed. It could lead to a relative increase in 
some components in the plant, e.g., the content 
of dietary fiber. taking into consideration the 
general health in the population, a good knowl-
edge of the impact of culinary processing on di-
etary compounds content, is of pivotal impor-
tance. this is why the results obtained for min-
eral compounds in raw and cooked cauliflower 
(for comparison) were used for the calculation 
of percentage rDA (Recommended Daily Allow-
ances) or AI (Adequate Intake) for an adult man 
and woman (table 4). It was shown that cook-
ing, especially frozen cauliflower, provided less 
amounts of minerals (in comparison to recom-
mended dose) after consumption of one vegeta-
ble portion (100g). However, consumption of the 
Amfora var. cauliflower provided more minerals, 
independent of material (raw or frozen) cooked.

cONcLUSION

the findings in this study indicate that the 
method of cauliflower processing significantly 
influences the content of all nutrients as well as 
dietary fiber. this awareness is indispensable for 
the consumer to make a correct choice of raw 
material (fresh or frozen) and cooking method. 
Losses of health-related constituents are thus 
likely to be a function of type and physical form, 
and parameters of hydrothermal processes (such 
as time, temperature, amount of water). the ma-
jor factor, in this study, determined the extent 
of losses of nutrients seems to be the period of 

water exposure. the estimation of hydrother-
mal processing’s real impact on nutrients con-
tent in cauliflower should include mass chang-
es. the results of the present studies indicate 
that the cooking of raw cauliflower is more ad-
vantageous method (lower losses of nutrients) 
in comparison with the cooking of frozen vege-
table. In comparison with rober var. cauliflow-
er, consumption of Amfora var. cauliflower pro-
vides more minerals, independent of material 
(raw or frozen) cooked.
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AbStrAct

Coix seed is an important herbal medicine in china and it has various medicinal and nutrition-
al uses. In this study, Coix glutelin was hydrolyzed by five different enzymes and the angiotensin 
I converting enzyme (AcE) inhibitory activity was evaluated. the result showed that pepsin hy-
drolysate had the best AcE inhibitory activity. the optimized conditions for hydrolysis of glutelin 
with pepsin were then determined with hydrolysis degree as the indicative parameter. the pep-
sin-enzymatic glutelin markedly inhibited AcE activity with an Ic50 value of 52.34 ± 3.71 μg/mL. 
Our results strongly suggest that Coix glutelin peptides (cGP) are a beneficial ingredient in func-
tional foods for pharmaceutical utilization.
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INtrODUctION

Adlay (soft-shelled Job’s tears, Coix lacryma-
jobi L. var. ma-yuen Stapf) is a member of the 
grass family in the tribe Maydeae and has many 
medicinal and nutritional uses. Extensive re-
search has revealed that Coix seed and its ex-
tracts possess a wide spectrum of bioactivities. 
the methanolic extracts from the hull of adlay 
seeds exhibited antiproliferative effects in hu-
man histolytic lymphoma U937 monocytic cells 
(KUO et al., 2001). Free fatty acids of Coix seed 
extracted by acetone possessed antitumor activ-
ity (NUMAtA et al., 1994). Coix seed oil played a 
role in enhancing immunocompetence and pre-
venting decreases in white blood cells during 
chemical therapy (HU et al., 2007). SUNG OK 
KIM et al. (2004) discovered the hypolipidemic 
effects of the crude extract of adlay seed and 
considered its potential therapeutic usage for 
obesity control. Coix seeds could also effective-
ly aid against viral infections by enhancing cy-
totoxic activity (HIDAKA et al., 1992).

the endosperm of the Coix seed is rich in pro-
tein, accounting for 20% of fresh weight (OttO-
bONI et al., 1990). the protein may not show any 
bioactivity alone in an intact state, but it can be 
decomposed to release bioactive peptides during 
enzymatic digestion as well as through food pro-
cessing (KOrHONEN and PIHLANtO, 2003). cur-
rently, the enzymatic catalyzation of proteins 
using selected proteolytic enzyme preparations 
to cleave specific peptide bonds is widely used 
in food industry.

the angiotensin-converting enzyme (AcE) is 
a dipeptidyl carboxypeptidase that catalyzes the 
conversion of angiotensin I to the potent vaso-
constrictor angiotensin II (Ang II). It can also 
catalyze the degradation of bradykinin, a vas-
odilatory peptide (WU et al., 2002). AcE inhib-
itory peptides may therefore have the ability to 
lower blood pressure in vivo by limiting the va-
soconstrictory effects of Ang II and potentiating 
the vasodilatory effects of bradykinin (MUrrAY 
and FItZGErALD, 2007). In recent years, AcE 
inhibitory peptides obtained from various food 
sources such as buckwheat (AOYAGI, 2006), soy-
bean (rHO et al., 2009), rapeseed (MArcZAK et 
al., 2003) and many other crops have received 
great attention.

reactive oxygen species (rOS) are physiologi-
cal metabolites formed as a result of respiration 
in aerobic organisms. In humans, it is believed 
that rOS are involved in many health disor-
ders such as diabetes mellitus, cancer, neuro-
degenerative disorders, gastric ulcers, ischem-
ic reperfusion, arthritis and inflammatory dis-
eases (JE et al., 2009). therefore, oxidation in-
hibitors such as superoxide dismutase (SOD), 
glutathione and vitamin c are essential for hu-
man health. there are various methods to esti-
mate antioxidant activity in vitro and DPPH rad-
ical quenching activity is one of the most im-

portant analysis methods because it is simple, 
rapid and convenient.

the aims of this study are: (1) to find the ap-
propriate enzyme whose catalytic hydrolysate 
shows the highest AcE inhibitory activity, (2) 
to optimize hydrolytic conditions by single fac-
tor and orthogonal experimental design with hy-
drolysis degree as indicative parameter and (3) 
to estimate AcE inhibitory activity and antioxi-
dant activity of cGP in vitro.

MAtErIALS AND MEtHODS

Extraction of Coix seed glutelin

the Coix seed powder was defatted with cooled 
petroleum ether and dried overnight. Albumin, 
globulin, prolamin and glutelin were then se-
quentially extracted from the dried powder with 
deionized water, 0.5 M Nacl, 70% ethanol (con-
taining 5% β-mercaptoethanol) and 12.5 mM so-
dium borate buffer (containing 1% SDS and 2% 
β-mercaptoethanol), respectively (WALLAcE et 
al. 1990). Proteins were extracted in a shaker 
three times successively, each with a solid-liq-
uid ratio of 1:10 for 1 h. the extraction solution 
was centrifuged for 15 min at 10,000 rpm and 
the supernatant was collected. the target glu-
telin, dialyzed (3.5 KD molecular weight cut off) 
against distilled water for 24 h at 4°c, was vac-
uum freeze-dried for further analysis.

SDS-PAGE analysis 
of molecular weight distribution

SDS-PAGE was conducted to determine the 
molecular weight distribution of each type of 
protein. All the proteins were run for approx-
imately half an hour in 5% stacking gel with 
a voltage of 80 V and then were run for an-
other 2.5 h in 15% separating gel with a volt-
age of 100 V. Afterwards the gel was dyed with 
coomassie brilliant blue for approximately 5 h 
and then the gel was decolored until the strips 
were seen clearly.

Preparation of bioactive peptides 
by hydrolyzing Coix glutelin

the enzymatic hydrolysis method for prepar-
ing bioactive peptides was applied according 
to GUÉrArD et al. (2001) with some modifica-
tions. the glutelin was exactly weighed in quin-
tuplicate. Each batch was replicated 3 times 
and we then added an equal quality of enzyme. 
the five different kinds of enzyme applied in 
this research were pepsin (Sigma, P7000), pa-
pain (Sigma, P3250), α-chymotrypsin (Sigma, 
c3142), thermolysin (Sigma, P1512) and fla-
vourzyme (Sigma, P6110). their temperatures 
for hydrolysis are 37°, 65°, 37°, 65° and 65°c, 
respectively. the hydrolysis reactions were all 



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

conducted under the same conditions: an en-
zyme-to-substrate (E/S) ratio of 1:10 and a 
substrate concentration of 2% for 48 h. tris 
buffer (pH 8.0) was used for all enzymes ex-
cept pepsin. For pepsin, 0.01 M Hcl was used 
as the reaction buffer. the reaction was termi-
nated by water bath heating at 85°c for 5 min 
and ice cooling for 10 min. the supernatant of 
glutelin hydrolysate was collected and passed 
through a 3,000 molecular weight (MW) cutoff 
ultrafiltration membrane. Peptides with molec-
ular weight less than 3 KD were freeze dried for 
further analysis.

Determination of ACE inhibitory activity 
in vitro

the determination of in vitro AcE inhibito-
ry activity was performed by the reverse-phase 
high-performance liquid chromatography (rP-
HPLc) method as described by WU and DING 
(2002) with slight modification. AcE extracted 
from rabbit lung acetone powder (A6778), hip-
puryl-L-histidyl-L-leucine (HHL, H1635) and 
hippuric acid (HA, 112003) were purchased from 
Sigma chemical co. AcE inhibitory activity was 
confirmed by monitoring formation of HA which 
was generated by HHL under enzymatic hydrol-
ysis at 228 nm. the lyophilized peptide prepara-
tion was dissolved in the borate buffer solution 
(pH 8.3) (KIM et al., 2001). the reaction system 
was made up of 10 μL of samples, 20 μL AcE 
(2 mU) and 20 μL 2 mM HHL. the mixture was 
incubated at 37°c	for 10 min after adding AcE 
and samples. the mixture was then incubated 
for 60 min after adding HHL until the appropri-
ate amount of acetonitrile was added to termi-
nate the reaction. 

Samples were analyzed on a c18 column 
(250×4.6 mm, 5μm, tianhe) and eluted by a 
mobile phase of acetonitrile/water (0.05% tFA) 
at a volume ratio of 25:75 (MENG et al., 1995). 
captopril and borate buffer solution were used 
as positive and blank control, respectively. the 
AcE inhibitory ratio of each sample was calcu-
lated as follows:

Inhibitory activity (%) = [ (A-b) ∕	A] × 100%

where A is for the chromatographic peak area of 
HA from the blank and b is for the peak area of 
HA in the presence of the AcE inhibitor.

Optimization of hydrolytic conditions

In this study the OPA method was applied to 
determine the degree of hydrolysis (DH) and the 
reagents were prepared according to WANASUND-
ArA et al. (2002) with serine as the standard and 
deionized water as blank control. the OPA rea-
gents were mixed with the sample, standard and 
blank solution, respectively. After 2 minutes of 
reaction, the mixture was taken out to measure 

its absorbance at 340 nm. the DH of each sam-
ple was calculated as shown below:

(X = g sample; P = protein % in sample)

Hydrolytic conditions were optimized using a 
single factor experiment followed by a multifac-
tor orthogonal design. the three factors of hy-
drolysis duration, E/S ratio and substrate con-
centration were examined in the single-factor ex-
periment and the DH of each group was detect-
ed. then, three levels of each parameter were 
selected and an orthogonal array was applied 
to determine the optimal combination of the ex-
perimental conditions.

Radical scavenging assay of DPPH

DPPH radical scavenging activity was meas-
ured by using the methods described by NAN-
JO et al. (1996). DPPH was a stable free radical 
in methanolic solution and in its oxidized form, 
the DPPH radical had a maximum absorbance 
centered at 517 nm. the DPPH solution (25 μg/
mL) was prepared using methanol as solvent 
and the cGP was made into linear concentra-
tions (0.25, 0.5, 0.75, 1, 1.25 and 1.5 mg/mL). 
the typical antioxidant - glutathione was used 
as positive control and methanol as blank con-
trol. After reacting in the dark at ambient tem-
perature for 0.5 h and 1 h, the absorbance of 
the mixture was measured at 517 nm.

Statistical analysis

All the data in this paper were derived from the 
average of three replications and were subjected 
to one-way analysis of variance using the SPSS 
16.0 statistical software. Duncans’ new multi-
ple range test was performed to determine the 
significant differences at the 5% probability level.

rESULtS

Molecular weight distribution 
of Coix seed protein

Albumin, globulin, prolamin and glutelin were 
sequentially obtained from four different sol-
vents and their molecular weight (MW) distribu-
tions were detected by SDS-PAGE. the results 
showed that each protein from Coix had a wide 
range of MW distribution (Fig. 1). the albumin 
contained protein bands with molecular weights 
ranging from 97 to 10 KD and there was no sig-
nificant difference between each band. Wide MW 
distribution was also detected in globulin and the 
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Fig. 1 - the MW (molecular weight) distribution of four pro-
teins extracted from Coix. lane 1, marker; lane 2, albumin; 
lane 3, globulin; lane 4, glutelin; lane 5, prolamin.

Fig. 2 - the AcE inhibitory activity of glutelin hydrolysates 
catalyzed by (A) pepsin, (b) thermolysin, (c) papain, (D) fla-
vourzyme protease and (E) α-chymotrypsin.

proteins of 66, 35, 27 and 10 KD were highly ex-
pressed. the bands of glutelin were heterogene-
ous ranging from 97 to 15 KD and exhibited high 
expressions in approximately 66, 55, 35, 25 and 
17 KD. there were four molecular weight class-
es of prolamin, namely 27, 22, 19 and 16 KD.

Selection of protease 
for hydrolyzing Coix glutelin

Peptides were obtained by hydrolyzing glute-
lin with different enzymes since each enzyme had 
its specific sites of action. to select suitable pro-
teases for glutelin hydrolysis, Coix glutelin was 
independently hydrolyzed with pepsin, papain, 
α-chymotrypsin, thermolysin and flavourzyme. 
Among them, the hydrolysate digested with pep-
sin and thermolysin revealed rather high AcE in-
hibitory activity at the concentration of 0.20 mg/
mL, showing inhibitory ratios of 89.62±0.78% 
and 86.91±1.11%, respectively. However, there 
was no significant difference between them. the 
AcE inhibitory activity of the peptides from the 
other three enzymes decreased strikingly com-
pared to the former two (p = 0.05, Fig. 2) with 
inhibitory ratios from papain, flavourzyme and 
α-chymotrypsin hydrolysates of 71.63±0.60%, 

63.06±1.27% and 53.51±7.47%, respectively. 
thus, pepsin was chosen for economic reasons 
as the optimal enzyme in further bioactive pep-
tide production from Coix glutelin.

Optimization of hydrolytic conditions

In the test of the single factor experiment, hy-
drolysis reaction time was first explored with a 
constant substrate concentration of 2% and an 
E/S ratio of 1:10. the result indicated that a long-
er time was more favorable to the DH of glutelin. 
there was a dramatic increase over the first 12 
h, which reached a plateau state at 72 h (Fig. 3). 
Glutelin hydrolysis under different amounts of 
substrate and protease were also monitored over 
72 h. results reported in Fig. 3a showed that the 
DH was promoted by increasing the E/S ratio. 
A significant difference could be detected among 
given time points, except for the data at 12 h re-
action time. On the other hand, lower substrate 
concentration was beneficial for the DH, with the 
minimum concentration of 1% as an exception 
(Fig. 3b). the orthogonal experiment was designed 

Fig. 3 - the result of hydrolyzing Coix seed glutelin with pep-
sin by the single factor experiment. (a) the DH of glutelin at 
different E/S ratios. (b) the DH of glutelin at different sub-
strate concentrations.
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based on the results of the single factor test (ta-
ble 1). LSD multiple comparison of orthogonal 
results was also conducted (P=0.05). the opti-
mized hydrolytic condition of pepsin-hydrolyzed 
glutelin was determined to be an E/S ratio of 1:5, 
a substrate concentration of 2% and hydrolysis 
duration of 36 h.

ACE inhibitory activity 
of pepsin-catalytic glutelin

the rP-HPLc method was utilized to estimate 
AcE inhibitory activity. HA and HHL standard 
eluted out of the c18 column at 5.53 and 9.19 
min, respectively (Fig. 4a, b) and were well sep-
arated in the assay mixture (Fig. 4c, d, e, f). the 
control had no inhibitory activity and thus dis-
played a strong peak area of HA (Fig. 4c), while 
captopril (2×10-8 mol/L) manifested a strong 
AcE inhibition ratio of 87.36±0.32% (Fig. 4d). 
cGP acted as an inhibitor of AcE with an Ic50 of 
52.34±3.71 μg/mL (Fig. 5). the results implied 
that the observed inhibitory effects of cGP, al-
though not as powerful as captopril, contribut-
ed to antihypertensive activities.

DPPH scavenging activity 
of pepsin-catalytic glutelin

DPPH radical scavenging activity of cGP at 
0.5 h and 1 h was measured by the spectropho-
tometric method. Scavenging activity was en-
hanced with increasing concentrations of cGP 
reaching 63.80±0.10% at 2.5 mg/mL after 1 h 
(Fig. 6). the calculated Ic50 values of DPPH rad-
ical scavenging activity for cGP were 1.92±0.09 
mg/mL and 1.27±0.05 mg/mL at 0.5 h and 1 h, 

respectively. While the Ic50 of glutathione was 
significantly lower than cGP with 42.07±2.52 
μg/mL and 23.82±1.06 μg/mL at the same cor-
responding times. the data showed that cGP 
manifested antioxidant ability to a certain ex-
tent although not as strongly as glutathione.

DIScUSSION

there are different methods by which bioac-
tive peptides can be produced from precursor 
proteins, e.g. enzymatic hydrolysis with pro-
tease, through the action of enzymes derived 
from proteolytic micro-organisms (NAKAMUrA 
et al., 1995) and microbial fermentation (MEI-
SEL, 1998). Once the structure of bioactive pep-
tides is obtained, chemical synthesis of them can 
be accomplished. Among these methods, enzy-
matic hydrolysis is the most commonly used 
method. the angiotensin I-converting enzyme 
is closely associated with the renin-angiotensin 
system, which regulates peripheral blood pres-
sure. Inhibition of this enzyme can produce ef-
fective antihypertensive properties. AcE-inhib-
itory peptides have been isolated from the enzy-
matic digestion of various food proteins. At pre-
sent, these peptides are the most studied bio-
active peptide group, with diverse enzymes be-
ing used. In this study, pepsin enzymatic cGP 
showed satisfactory AcE inhibitory activity with 
an Ic50 of 52.34±3.71 μg/mL. AcE-inhibitory 
peptides were also released from soy protein al-
kaline hydrolysate after ultrafiltration and cat-
ion exchange resin fractionation by WU and 
DING (2002). their Ic50 value was estimated to 
be 0.065 mg of protein/mL. Via proteolytic di-

table 1 - the orthogonal results of hydrolyzing Coix seed glutelin with pepsin.

Experiment Hydrolysis  Enzyme-to- substrate ratio Substrate concentration (%) Degree of hydrolysis (%)
 duration (h)

1 36 1:5 2 14.9±0.2 a

6 48 1:15 2 13.4±0.5 b

8 60 1:10 2 13.1±0.3 b

4 48 1:5 3 12.9±0.2 b 
7 60 1:5 4 12.1±0.2 c

2 36 1:10 3 11.3±0.4 d

9 60 1:15 3 10.8±0.3 d

5 48 1:10 4 10.0±0.1 e

3 36 1:15 4 8.2±0.2 f

K1 34.4 39.9 41.4
K2 36.3 34.4 35.0
K3 36.0 32.4 30.3
k1 11.5 13.3 13.8
k2 12.1 11.5 11.7
k3 12.0 10.8 10.1
R 0.6 2.5 3.7

Each value of degree of hydrolysis was overall means ± SE from three independent experiments. The same letter means that the variance of two samples was 
not significantly different (P = 0.05). K represents the sum of degree of hydrolysis (DH) value at each level while lowercase k stands for the average DH value 
at each level. R represents the sum of deviation squares.
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gestion of wheat germ protein with alkaline pro-
tease, MAtSUI et al. (2000) also obtained a de-
sired AcE inhibitor (Ic50 = 0.37 mg protein/mL). 
thermolysin digestion of chicken muscle and 
the peptic digestion of ovalbumin were revealed 
to possess potent AcE-inhibitory activities with 
Ic50 of 45.0 and 45.3 μg/mL, respectively (FUJI-
tA et al., 2000). In addition, MIYOSHI et al. (1991) 
isolated AcE inhibitory peptides from alpha-zein 
thermolysin catalytic hydrolysate. there were 
also many AcE inhibitors derived from combi-
nations of other sources and proteases. Every 
protein has an optimal enzyme according to its 
structure and properties. However, the use of 
pepsin was considered to be more economical 
and would reduce costs for mass production in 
future research.

Fig. 4 - rP-HPLc chromatograms of (a) HA standard, (b) HHL standard, (c) blank control, (d) captopril of 2×10-8
 mol/L, (e) 

glutelin hydrolysate of 0.1 mg/mL and (f) glutelin hydrolysate of 0.4 mg/mL detected at 228 nm.

Fig. 5 - AcE inhibitory activity of cGP under different con-
centrations. 

Fig. 6 - DPPH radical scavenging activity of cGP. black col-
umn stands for DPPH scavenging activity of peptides at 0.5 
h while the grey column represents activity at 1 h.

It is widely recognized that most antihyper-
tensive peptides have relatively low molecular 
weight (tOVAr-PÉrEZ et al., 2009; QUIrÓS et al., 
2007; SUEtSUNA et al., 2001; SAItO and cHEN, 
2007; YAMAMOtO, 1997). In our study, ultrafil-
tration was used to obtain hydrolysate of less 
than 3 KD. In future research, bioactive peptides 
can be fractionated and enriched through var-
ious chromatographic methods such as cation 
exchange, gel filtration chromatography, prepar-
ative liquid chromatography and so on. 

DH is a useful parameter for monitoring the 
extent of protein degradation and several meth-
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ods have been used for its estimation. the most 
commonly employed methods include OPA (o-
phthaldialdehyde), tNbS (trinitrobenzene-sul-
phonic acid) and pH stat (NIELSEN et al., 2001). 
OPA is based on the specific reaction between 
OPA and primary amino groups in the presence 
of a thiol to form an isoindole which can be quan-
tified spectrophotometrically at 340 nm (HEr-
NANDEZ et al., 1990). Similar to OPA, tNbS re-
acts specifically to primary amino groups to form 
a chromophore with a maximum absorbance at 
340 nm. these two methods can detect most of 
the amino acids except the proline, which con-
tains no primary amino group. In addition, OPA 
exhibits a weak reaction with cysteine and will 
lead to underestimation of DH of protein with 
high cysteine content (SPELLMAN et al., 2003). 
Nevertheless, the OPA method is superior to 
tNbS due to the advantage of speed and low tox-
icity. pH stat is unaffected by the type of ami-
no acids but is limited to pH conditions higher 
than 7. In this study, the OPA method was ap-
plied after full comparison of each method de-
spite its possible underestimation of the DH. Our 
results showed that the DH increased with in-
creasing incubation time and was nearly steady 
after 72 h at 37°c. GUErArD et al. (2002) spec-
ulated that this phenomenon may be due to a 
limitation of the enzyme activity by formation 
of reaction products at high degrees of hydroly-
sis. they also suggested that it might be due to 
a decrease in the concentration of peptide bonds 
available for hydrolysis, enzyme inhibition and 
enzyme deactivation.  

reactive oxygen species are related to many 
disorders and inflammatory diseases that are 
harmful to human health. DPPH radical quench-

ing is one of the most important factors in esti-
mating antioxidant activity in vitro. Our study 
revealed that cGP quenched DPPH radicals at 
a concentration of 1.92 mg/mL (0.5 h) and 1.27 
mg/mL (1 h), suggesting that cGP has some po-
tential ability for electron or hydrogen donation. 
this provides evidence for cGP’s potential use-
fulness in preventing and treating health disor-
ders and inflammation related diseases. Antioxi-
dative peptides have also been isolated from oth-
er crops such as wheat, chickpea and peanut.

Our study mainly focused on the bioactivity of 
crude hydrolysate for Coix glutelin. After further 
separation, purification and structural identifi-
cation of cGP, bioactive peptides with better an-
tihypertensive and antioxidant activity might be 
obtained. thus, functional foods beneficial for 
hypertension and related cardiovascular treat-
ments could also be developed in the near future.

cONcLUSION

Glutelin hydrolysate from Coix seed manifest-
ed high AcE inhibitory activity and some degree 
of antioxidant activity in vitro. this might con-
tribute to further research into food derived an-
tihypertensive compounds. this study also pro-
vides some reference for the clinical drug use of 
Coix in traditional chinese medicine.
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AbStrAct

Different sensory, microbial and physical-chemical traits were evaluated as potential limiting 
factors of the shelf-life of small-size salami pieces packed in perforated bag and kept for up to 150 
days at 10ºc, 65% r.H. and 1,000 lx. both pathogenic and fermentative bacteria were adequately 
inhibited during storage. Flavour deterioration associated with rancidity, bitterness and mouldy 
off-flavour, together with hardening and loss of juiciness, were identified as the main causes of 
loss of sensory quality. the storage time could be accurately monitored by using most of the sen-
sory and physical-chemical traits. the shelf life of salami was established in 100 days. 
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2. INtrODUctION

Product shelf life is very important for the 
meat industry. In the case of dry-cured fer-
mented sausages, such as salami, the shelf-life is 
often limited by its loss of sensory quality, since 
health risks are controlled by the use of preser-
vatives (salt, potassium nitrate and sodium ni-
trite), colourings (carminic acid or others), an-
tioxidants (sodium ascorbate or others), starter 
cultures (Lactic Acid bacteria and Gram-posi-
tive, catalase-positive cocci) and covering moulds 
(Penicillium spp. and others) (LÜcKE, 1994). the 
shelf life of salami ends when its appearance be-
comes unacceptable, or when the subsequent 
eating quality is critically worsened by previous 
display (GYESLEY, 1991); however, sometimes it 
is not clear which unfavourable traits are really 
limiting product acceptance. the shelf life of sa-
lami will depend on its intrinsic characteristics 
(composition, mincing, casing type and size, rip-
ening, etc.) and further processing (slicing, pack-
ing and retailing). Small-size salami (40 mm cali-
bre and 30 cm length) is widely consumed in Eu-
ropean Mediterranean countries, such as Spain, 
France or Italy. this salami is primarily made 
with pork, which is fermented, stuffed into nat-
ural or artificial casings covered by moulds and 
quickly dried. because of its small size, this sa-
lami is often retailed in whole pieces packed (or 
not) in perforated bags to regulate dehydration, 
and consumed as slices without casing.

the time period that salami remains accept-
able to consumers is largely determined by re-
tailing conditions. there are some studies on the 
effects of packaging methods and storage time 
on the shelf life of salami slices (ZANArDI et al., 
2002; rUbIO et al., 2007; EStUrK and AYHAN, 
2009) and whole pieces (SUMMO et al., 2006; 
MArcO et al., 2008; LEE et al., 2009). the sen-
sory quality of salami would be mainly limited by 
deterioration of the odour and flavour, and, to a 
lesser extent, colour and texture. Flavour deteri-
oration is associated with the degradation of vol-
atile compounds resulting from spices and mi-
crobial activities, and the formation of volatiles 
through lipid oxidation, which would be respon-
sible for rancidity and other off-flavours (SUM-
MO et al., 2010; LOrENZO et al., 2013), while bit-
terness can also appear though the release of 
some hydrophobic amino acids (HENrIKSEN and 
StAHNKE, 1997). Nitrosylmyoglobin, the pur-
plish-red pigment of dry-cured meat, may de-
grade during storage through the action of ox-
idizing agents, such as fluorescent lighting or 
an increase in temperature, resulting in disco-
louration and the appearance of brownish tonal-
ities (ZANArDI et al., 2002; rUbIO et al., 2008). 
Packed-sliced salami at retail can also present 
changes in hardness, cohesiveness and elastic-
ity through the alteration of meat proteins (rU-
bIO et al., 2007). Spoilage can be controlled by 
packing under vacuum or in protective atmo-

spheres, although lactic-acid bacteria may still 
proliferate in the salami. As regards whole pieces 
of salami unpacked or packed in perforated bags, 
spoilage might also involve to their appearance 
(mould growth, colour changes and casing wrin-
kling), odour and flavour (mouldy off-flavours 
and others) or texture (hardening, loss of juici-
ness and crusting), although little information 
is available in this respect. bearing in mind that 
such differences may be regarded as a function 
of retailing conditions, it is necessary to moni-
tor the spoilage phenomena that could limit the 
shelf life of salami.

the objective was to determine the shelf-life 
time of small-sized pork salami, stuffed into pig 
casing and retailed as whole pieces packed in 
perforated bags. Several sensory, microbial and 
physical-chemical traits that may contribute to 
sausage spoilage were evaluated.

3. MAtErIAL AND MEtHODS

3.1. Sausage manufacture and sampling

the salamis were manufactured by a local 
company (Elaborados cárnicos de Lorca, Mur-
cia, Spain) using the following recipe (g kg-1): 
boned pork shoulder (880), water (44), sodium 
chloride (22), black and white pepper (10), dex-
trose, lactose and sucrose (20), dextrin (20), po-
tassium nitrate (0.15) and sodium nitrite (0.15), 
sodium isoascorbate (0.5), sodium citrate (0.3) 
sodium glutamate (2.5) and Ponceau 4r red 
(0.2). the commercial mixture of additives and 
spices was provided by cargill texturizing Solu-
tions barcelona, Spain. the meat was minced in 
an atmospheric mincer using a 6 mm plate (Las-
ka GMbH, WW1302, Nu-Meat technology, Gi-
rona, Spain). A commercial starter culture com-
posed of (g per 100g culture) Pediococcus pento-
saceus (50), Staphylococcus carnosus (25) and 
Staphylococcus xylosus (25) was provided by De-
gussa Ferment´s Aromatization SAS, La Ferté 
sous Jouarre, France. the lyophilised cultures 
were rehydrated (15g in 200 mL chlorine-free 
water) for 4 h and then sown in the mass at a 
rate of 6 x 107 cfu g-1. 

the meat was then mixed with the starter cul-
tures, additives and spices in an AMU102 vac-
uum mixer (Maquinaria Vall, Miralcamp, Llei-
da, Spain). the paste was stuffed into the cas-
ing on a WF-612 automatic line (Albert Handt-
mann Mahcinefabrik, biberach an der riss, 
Germany). Swine casing, slightly curved, 40-
43 mm calibre and 300-320 mm in length, was 
used. the casing was previously desalted and 
washed with de-chlorinated water. the recent-
ly stuffed pieces were bathed in mould (Peni-
cilium chrysogenum PS5.1, cargill texturizing 
Solutions cultures SAS, La Ferté Sous Jouarre, 
France) solution (0.8 g l-1 water) and hung from 
steel racks 1.2 m wide, 1.2 m deep and 2.2 m 
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high. the loading density on the trolleys was 19 
kg m3. the trolleys were placed in an air-dry-
ing room (Sabroe S.A., barcelona, Spain) set at 
15°±1ºc. the r.H. was gradually reduced, af-
ter the first day at ambient humidity to elimi-
nate water through dripping; 6 days at 80±5% 
r.H. and 5 days at 70±5% rH. the temperature 
and r.H. were verified using a P 650 thermohy-
grometer (Dostmann Electronic GmbH, Wert-
heim-reicholzheim, Germany) with a precision 
of 0.2ºc and 0.5% rH. After drying, excess ex-
ternal microflora were eliminated by brushing 
in a chamber to avoid recontamination. For the 
study of shelf life, the salamis were packaged in 
perforated (6 mm diameter) polypropylene bA-
85 bags (Plásticos Sierra del Oro, Abarán, Mur-
cia, Spain) and then they were stored at 10°±1ºc 
and 65±0.2% r.H. for 0, 30, 60, 90, 120 or 150 
days in an open display cabinet (booster Group, 
Santiago, chile) continuously illuminated with 
white fluorescent light (1,000 lx), simulating re-
tail display conditions. the cabinet had a chill-
ing system capable of reaching average values 
of 10°±1ºc and 65±0.2% r.H. during the retail-
ing period, as was verified using a P 650 ther-
mohygrometer.

3.2. Physical and chemical analysis

Moisture (g 100 g-1) was determined by grav-
imetry after dehydration in an oven (Heraeus, 
Madrid, Spain) (ISO 1442, 1997). the water ac-
tivity “aw” was measured at 25ºc using a wa-
ter activity meter (Novasina tH200 Axair AG, 
Pfäffikon, Switzerland) (ISO 21807, 2004). the 
pH was measured with a crison micropH 2001 
pHmeter (crison, barcelona, Spain) using a com-
bined cat n. 52-22 electrode (Ingold, Inc. Wilm-
ington, USA) (ISO 2917, 1999). Objective colour 
was measured using a cr-200/08 chroma Me-
ter II (Minolta Ltd., Milton Keynes, United King-
dom). the salami pieces were sliced (8 mm thick) 
with a MAS9101 slicer (rober bosch Hawgeräte 
GmbH, Ljubljana, Slovenia). three measure-
ments in different zones of each slice and a total 
of three slices per sausage unit were measured. 
A D65 illuminant and a cr-A3f light projection 
tube (aperture size of 10 mm diameter) were 
used. results were expressed as Lightness (L*), 
redness (a*), yellowness (b*), chroma (C*) and 
Hue angle (H*) (sexagesimal degrees). C* = (a*2 + 
b*2)1/2 and H* = tan-1 (b*/a*) (cIE L*a*b* units).

texture profile analysis (tPA) and War-
ner-bratzler shear force were measured us-
ing a texture analyser QtS-25 (brookfield cNS 
Farnell, borehamwood, Hertfordshire, England) 
equipped with a load cell of 25 kg and texture 
Pro V. 2.1 software. Salami cubes of 20 x 25 x 
25 mm were used for both texture measure-
ments. For tPA, the samples were compressed 
with a 20 mm diameter cylindrical probe. the 
testing conditions were: 20ºc room tempera-
ture; two consecutive cycles of 50% compres-

sion, with the cross-head moved at a constant 
speed of 50 mm/min and a trigger point of 0.05 
N. texture variables, hardness (expressed as N), 
cohesiveness (no units), springiness (expressed 
as mm), gumminess (expressed as N) and chew-
iness (expressed as N*mm). Five measurements 
per sausage unit sample were made. to measure 
shear force, salami samples were cut perpendic-
ular to the muscle fibres with a Warner-brat-
zler shear (plain vee type). the testing condi-
tions were: 20 ºc room temperature; 30 mm/
min crosshead speed; 0.2 N trigger point; 40 mm 
travel distance and 1 mm calibration distance. 
Peak force (expressed as N) was determined, 
making five measurements per sausage unit.

3.3. Microbiological analysis

For microbiological assays, the salamis were 
aseptically manipulated in a 131 bio-II-A micro-
biology cabinet (telstar, tarrasa, Spain) using 
sterile tweezers. the casing was removed and 
then the samples (ranging from 10 to 25 g, de-
pending on the microbial analysis) were blend-
ed with peptone water, 0.1% w: w (Oxoid 133 
cM0087 tryptone water, basingstoke, Hamp-
shire, United Kingdom) into plastic bags using a 
stomacher (IUL Instruments, GMbH, Königswin-
ter, Germany). total viable counts “tVc” (log cfu 
g-1) were determined on Plate count Agar “PcA” 
(Oxoid cM0325) after incubation at 30ºC for 72 
h in a St 6120 culture incubator (Heraeus S.A., 
boadilla, Madrid, Spain) (ISO 4833, 2003). Lactic 
acid bacteria were counted on MrS Agar plates 
(de Man, rogosa, Sharpe) (Oxoid Ltd. cM0361) 
and incubated at 30ºc for 72 h in a St 6120 
culture incubator (Heraeus) (ISO 15214, 1998). 
Staphylococcus spp. were counted on Manni-
tol Salt Agar (Oxoid Ltd. cM0085) and incubat-
ed at 37ºc for 72 h. Enterobacteriaceae (log cfu 
g-1) was determined on Violet red bile Glucose 
Agar “VrbG” (cM04825, Oxoid) and incubated 
at 37ºC for 24 h (ISO 21528-2, 2004). Escherich-
ia coli and total coliform counts “tcc” (log cfu 
g-1) were determined using a chromogenic E. coli 
/ coliforms medium (rapid E. coli 2 Agar, bio-
rad, Marnes La coquette, France) after incuba-
tion at 37ºC for 24 h (ISO 4832, 2006). Salmo-
nella spp. (absence in 25 g) was determined ac-
cording ISO 6579 (2002). Samples were pre-en-
riched by incubating in peptone water at 37ºc 
for 18 h. A modified semi-solid rappaport-Vas-
siliadis (MSrV) Agar (Oxoid cM1112) was used 
for the selective enrichment (at 41.5ºC for 24 h). 
Muller-Kauffmann tetrathionate “MKt” broth 
base (Oxoid cM0343) was used as culture me-
dium for the isolation of salmonellae and the 
suppression of Proteus species (at 37 ºc for 24 
h). the culture medium for recovery of Salmo-
nella spp. was Xylose-Lysine-Desoxycholate 
AGAr XLD (Oxoid PO1132) (at 37ºC for 24 h). 
The selective and diagnostic culture medium was 
Brilliant Green Agar bGA (Oxoid: PO0171) (at 
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37ºC for 24 h). Clostridium spp. (log cfu g-1) was 
determined according ISO 7937 (2004). Samples 
were incubated at 37°c for 20 h under anaero-
bic conditions on Sulphite Polimixin Sulphadia-
zine “SPS” agar (cat 1082.00; Laboratorios con-
da, torrejón de Ardoz, Madrid, Spain). coagu-
lase positive Staphylococci (S. aureus and oth-
er species) (log cfu g-1) was determined accord-
ing to ISO 6888-2 (1999). Samples were incu-
bated at 37ºC for 24-48 h on baird Parker agar 
base (Oxoid: cM0961) supplemented with rab-
bit Plasma Fibrinogen (Oxoid: Sr0122). Listeria 
monocytogenes (absence in 25 g) was determined 
according ISO 11290-1 (1996) modified proce-
dure, which has validated according ISO 16140 
(2003) protocol. Samples were enriched at 30°c 
during 24 h using Fraser Agar before being incu-
bated at 37ºC for 24 h on Listeria agar contain-
ing phosphatidylinositol (Listeria Agar according 
Ottaviani and Agosti). Moulds and yeasts were 
counted on rb (rose-bengal) plates with chlor-
amphenicol (Oxoid Ltd. cM0549) after incubat-
ing at 25ºc for 120 h (ISO 21527-2, 2008). 

3.4. Sensory analysis

A quantitative descriptive sensory analysis 
(QDA) was carried out according to ISO 4121 
(2003). the salami pieces were skinned and then 
sliced (8 mm thick) using a MAS9101 slicer. ten 
panellists were selected and trained according 
to ISO 8586 (2012). Most of the panellists had 
previous experience on QDA of dry-cured fer-
mented sausage. there were six training ses-
sions. In the first two sessions, the main senso-
ry descriptors of freshly-made salami were iden-

tified and quantified in different samples; the 
next two sessions were concerned with identify-
ing and selecting the sensory attributes related 
with the spoilage of salami (moulds growth, ap-
pearance changes, off-odours, off-flavours, hard-
ening and casing wrinkling, among others). the 
final two sessions were concerned with quanti-
fying colour, odour flavour, texture and overall 
quality using five-point intensity scales from 1 
(minimum) to 5 (maximum), which was graduat-
ed in one-point intervals. both extremes of each 
scale corresponded to the respective reference 
samples and their descriptions. table 1 shows 
the scales and references for the different select-
ed attributes used to monitor the shelf life of sa-
lami. Six different references of this type of sa-
lami were used: (i): Salami retailed for 6 months 
for strongly spoiled samples (wrinkling, fat yel-
lowness, mouldy, rancidity, bitter, hardness and 
fattiness); (ii): Semi-ripened salami (dried for 6 
days) for pre-ripened samples (deficient colour, 
odour and flavour, excessive acidity and soft-
ness); (iii): Iberian pork salami (ripened for 12 
days) for high coloured and high flavoured sam-
ples; (iv): turkey salami (ripened for 12 days) for 
lean and dry samples; and (v): Fresh-cured (with-
out ripening) salami for samples lacking acidi-
ty. the outer halo, a quality defect consisting in 
a darkening of slice surface due excessive de-
hydration, was directly measured using a mil-
limetre ruler. 

Finally, the panel scored the overall quality 
using the same five-numeric scale. the maxi-
mum score of overall quality corresponded to 
freshly-made salami, while the minimum score 
of overall quality corresponded to the above men-

table 1 - Sensory descriptors and reference scales used in the qualitative descriptive analysis of salami.

 Scales Salami references

 Minimum Maximum Minimum Maximum
Scoring 1 5 1 5

Wrinkling Smooth Wrinkled Ripened for 6 days Kept for 6 months
Mouldy off-colour White Greenish Ripened for 6 days Kept for 6 months
Lean colour Pinkish-red Purplish-red Ripened for 6 days Iberian
Fat colour White Yellowish Ripened for 6 days Kept for 6 months
Outer halo 0 mm 5 mm
Odour Raw pork seasoned  Dry-cured pork seasoned Ripened for 6 days Iberian
 with pepper with pepper
Rancid odour Undetectable Rancid Ripened for 6 days Kept for 6 months
Mouldy off-odour P. chrysogenum Wet cardboard and pungent Ripened for 6 days Kept for 6 months
Flavour Raw pork seasoned  Dry-cured pork seasoned Ripened for 6 days Iberian
 with pepper with pepper
Rancid flavour Undetectable Rancid Ripened for 6 days Kept for 6 months
Mouldy off-flavour P. chrysogenum Wet cardboard and bitter Ripened for 6 days Kept for 6 months
Acid flavour Undetectable Acid Non-ripened Ripened for 6 days
Bitter aftertaste Undetectable Bitter Ripened for 6 days Kept for 6 months
Hardness Soft Hard Ripened for 6 days Kept for 6 months
Juiciness Dry Juicy Turkey Iberian
Fattiness Lean Fatty Turkey Iberian
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tioned spoiled salami. the relative loss of senso-
ry quality (expressed as percentage) was calcu-
lated as the ratio between current overall quality 
(days 0, 30, 60, 90, 120 and 150) and the over-
all quality corresponding to the salami with all 
its sensory properties intact (day 0).

3.5. Statistics

the statistical model design was complete-
ly random, and the time of storage was consid-
ered as the main treatment. Nine sausage units 
per replicate (three) and storage time (five) were 
analysed in duplicate. the effect of storage time 
on the physical, chemical, microbial and senso-
ry variables of salami was determined by one-
way ANOVA. the least squares means “LSM” and 
significance of treatments were calculated us-
ing type IV sum of squares. the Scheffe Means 
test was used to compare the LSM, which were 
considered to be statistically different when 
P<0.05. the statistical analysis was made with 
the Statistix 8.0 program for Windows (Analyt-
ical Software, tallahassee, FL, USA). Different 
regression (linear and non-linear) equations be-
tween the storage time and the dependent vari-
ables were determined to monitor the spoilage 
and shelf life of salami (Excell 2010, Microsoft 
corporation, redmond, WA, USA). Polynomi-
al regression equations presented the highest 
r2 coefficients and were finally used to monitor 
changes in the different quality traits of sala-
mi throughout the retailing period. these equa-
tions permitted to predict the average values of 
each quality trait of salami at any control time. 
the loss of half of the initial overall quality was 
used to establish the maximum shelf life time 
of salami. 

4. rESULtS

table 2 shows the effect of storage time on 
the microbial counts and related parameters (aw 
and pH) of pork salami. tVc were higher than 
8 log cfu g-1 from day 0 to 120 but had signifi-
cantly (p<0.05) decreased by day 150 with re-
spect to initial tVc. the growth of fermentative 
bacteria was very limited in the salami kept in 
retailing conditions. LAb, the main fermentative 
group, stabilized (p>0.05) at around 8 log cfu 
g-1 from day 0 to 60, decreased (p<0.05) from 
day 60 to 90 and then stabilized again from 
day 90 to 150. Staphylococcus spp., moulds 
and yeasts remained stable at around 5 log cfu 
g-1 throughout the retailing period. As regards 
hygiene and safety, Enterobacteriaceae totalled 
3 log cfu g-1 in the freshly-made salami, prob-
ably resulting from to the use of pork casing, 
although they were below the detection lim-
it on subsequent control days. None of stud-
ied pathogenic bacteria, E. coli and total coli-
forms, Salmonella spp., Clostridium spp., coag-
ulase positive staphylococci, and L. monocyto-
genes, were found in the salami. the evolution 
of aw and pH values was coherent with the mi-
crobial data, since aw diminished from 0.85 (day 
0) to 0.69 (day 150), the decrease being signif-
icant (p<0.05) from day 90 onwards. Mean pH 
values stabilized around 5 throughout storage, 
although the pH was higher (P<0.05) at day 150 
with respect to initial pH. this evolution of pH 
values suggests the lack of additional lactic fer-
mentation, an observation that could be extend-
ed to other bacterial groups even less capable 
of growing in the salami. It is therefore unlike-
ly that microbial phenomena could have limit-
ed the shelf-life of the salami.

table 2 - Microbial counts of salami kept in retailing conditions for up to 150 days.

   Storage days

 0 30 60 90 120 150
 M±SD M±SD M±SD M±SD M±SD M±SD

Total Viable Counts 8.64±0.28a 8.58±0.09a 8.70±0.36a 8.60±0.26a 8.31±0.39a 7.79±0.27b
Lactic Acid Bacteria 8.45±0.15a 8.40±0.14a 8.54±0.12a 7.97±0.19b 7.82±0.20b 7.74±0.17b
Staphylococcus spp. 5.52±0.13 5.93±0.38 5.51±0.79 5.12±0.98 4.98±0.78 4.77±0.33
Moulds and yeasts 5.46±0.24 5.51±0.27 5.55±0.13 5.53±0.28 5.70±0.15 5.62±0.16
Enterobacteriaceae 3.08±0.71 <1 <1 <1 <1 <1
E. coli and coliforms <1 <1 <1 <1 <1 <1
Salmonella spp. ND ND ND ND ND ND
L. monocytogenes ND ND ND ND ND ND
Coagulase + Staphylococci <1 <1 <1 <1 <1 <1
Clostridium spp. ND ND ND ND ND ND
aw 0.85±0.01a 0.82±0.02ab 0.81±0.05ab 0.77±0.07b 0.70±0.04c 0.69±0.06c
pH 5.10±0.36b 4.95±0.25b 5.00±0.20b 5.31±0.44ab 5.25±0.19ab 5.61±0.59a

M±SD: means and standard deviations.
Means with different superscripts are different at P<0.05.
ND: not detected.
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table 3 shows the effect of the storage time 
on the appearance and colour of pork salami. 
the slight wrinkling of the freshly-made salami 
moderately increased during storage, and was 
particularly high at day 150, by which time de-
hydration was very intense. Mould colour tend-
ed to change from white (day 0) to greenish 
(day 150). Slight but significant mould green-
ing was detected at day 30 and later. chang-
es in the colour of moulds are often due to the 
proliferation of contaminating microflora, since 
the P. chrysogenum culture used had white co-
nidia. Mould greening may affect appearance 
and, therefore, reduce the shelf life of the piec-
es of salami. After slicing, the lean colour score 
increased from 3.5 (day 0) to 4.5 (day 150) and 
red-purplish colour was evaluated as more in-
tense at day 60 (P <0.05) and later. the out-
er halo of salami slices diminished from 2 mm 

(day 0) to undetectable (day 150), this defect be-
ginning to decrease at day 30 (p<0.05). As re-
gards cIELab colour, L* decreased from 45 (day 
0) to 37 (day 150) cIE units, this decrease being 
significant from day 90 onwards. the a* and b* 
coordinates decreased from 13.4 and 1.9 (day 0) 
to 9.3 and -0.7 (day 150) cIE units, respective-
ly. this decrease in both coordinates was slight 
but significant at day 120 and later. c* and H* 
values proportionally decreased during storage. 
both sensory and reflectance data indicated that 
the intensification of lean colour in salami slices 
was related with gradual dehydration and cur-
ing, while the fat colour was quite stable. the in-
ternal colour of the salami slices does not seem 
to be a factor limiting its shelf-life, since no lean 
browning and no relevant fat yellowing were de-
tected. However, the slight greening observed in 
the covering moulds of casing might negatively 

table 3 - Appearance and colour changes of salami kept in retailing conditions for up to 150 days.

   Storage days

 0 30 60 90 120 150
 M±SD M±SD M±SD M±SD M±SD M±SD

Sensory
Wrinkling 1.96±0.60b 2.02±0.75b 2.07±0.66b 2.37±0.72ab 2.53±0.80ab 2.68±0.78a
Mould colour 1.30±0.58e 1.84±0.63d 2.12±0.77cd 2.38±0.88c 3.08±0.87b 3.53±0.87a
Lean colour 3.47±0.62d 3.65±0.63cd 3.83±0.69bc 4.07±0.69b 4.34±0.55a 4.46±0.57a
Fat colour 2.36±0.75c 2.29±0.67c 2.50±0.67bc 2.46±0.60bc 2.72±0.71ab 2.89±0.70a
Outer layer 1.98±0.66a 1.53±0.49b 1.60±0.48b 1.45±0.48bc 1.44±0.53bc 1.26±0.41c

CIE colour
L* 44.9±3.80a 39.5±1.96b 38.2±2.69bc 36.9±1.18cd 36.3±2.48cd 37.4±2.37bcd
a* 13.4±1.83a 11.1±0.78b 11.2±1.51b 10.6±1.71bc 9.25±1.55c 9.33±1.19c
b* 1.88±0.97a 1.51±0.45a 0.85±0.88ab 0.91±1.27ab -0.08±1.05bc -0.75±1.19c
C* 13.5±1.90a 11.2±0.82b 11.2±1.52b 10.7±1.83bc 9.30±1.53c 9.42±1.13c
H* 7.82±3.40a 7.83±1.43a 4.08±4.65ab 4.04±5.78ab -1.32±6.81bc -4.97±7.48c

M±SD: means and standard deviations.
Means with different superscripts are different at P<0.05.

table 4 - Odour and flavour changes of salami kept in retailing conditions for up to 150 days.

   Storage days

 0 30 60 90 120 150
 M±SD M±SD M±SD M±SD M±SD M±SD

Odour 2.93±0.78a 2.93±0.69a 2.91±0.71a 2.85±0.86a 2.55±0.79b 1.95±0.68c
Flavour 3.16±0.73a 3.16±0.59a 2.88±0.77a 2.89±0.99a 2.38±0.76b 1.85±0.71c
Rancid odour 1.05±0.28d 1.25±0.46d 1.79±0.75c 2.01±0.94c 2.55±0.91b 3.11±0.92a
Rancid flavour 1.07±0.28d 1.39±0.55d 2.21±0.93c 2.33±1.07c 2.96±0.94b 3.43±0.92a
Mould off-odour 1.08±0.38d 1.22±0.46d 1.35±0.51cd 1.52±0.80c 1.80±0.95b 2.26±0.91a
Mould off-flavour 1.04±0.26d 1.14±0.34d 1.33±0.46cd 1.55±0.88bc 1.81±0.95ab 2.08±1.05a
Acid flavour 1.70±0.64ab 1.41±0.48c 1.48±0.52bc 1.43±0.55c 1.64±0.70abc 1.75±0.66a
Bitter aftertaste 1.21±0.47c 1.37±0.53c 2.12±0.90b 2.17±1.12b 2.95±0.98a 3.11±1.17a

M±SD: means and standard deviations.
Means with different superscripts are different at P<0.05.
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affect the sensory quality of the whole pieces of 
salami at retail.

table 4 shows the effect of the storage time 
on the odour and flavour of pork salami. the 
odour and flavour intensities were scored as 
moderate in the freshly made salami. they re-
mained stable from day 0 to day 90, but sig-
nificant losses in both attributes were noted 
at day 120 and later. coinciding with this loss 
of odour and flavour, rancid odour and flavour 
were scored as imperceptible (day 0), detectable 
(p<0.05) (day 60) and moderate (day 150), which 
may indicate gradual lipid oxidation. Mouldy 
off-odour and off-flavour increased from imper-
ceptible (day 0) to detectable (day 90) and then 
fell to weak (day 150). the mouldy smell was 
described as being like wet cardboard and pun-
gent, while the mouldy off-taste was also de-
scribed as bitter. bitter aftertaste was marked 
as imperceptible (day 0), detectable (day 60) 
and finally medium (day 150). Mouldy off-fla-
vour was less intense than rancidity and bit-
terness. Acid flavour scored weak throughout 
storage and showed only minor variations, re-
flecting the pH values obtained. the shelf life 
of salami was limited by the odour and flavour 
deterioration associated with incipient rancid-
ity and bitter aftertaste.

table 5 shows the effect of storage time on 
the texture and moisture of pork salami. the 
salami showed strong dehydration throughout 
the retailing period, passing from 33% moisture 
(day 0) to 18% moisture (day 150), despite being 
packed in perforated plastic bags. this resulted 
in marked changes in texture: early hardening 
was detected by the panel at day 30 (p<0.05), 
while loss of juiciness was detected at day 60 

and later and the sense of fattiness had inten-
sified by day 90 and remained intense thereaf-
ter. Instrumental texture data corroborated the 
above findings. the shear force increased from 
51 (day 0) to 111 N (day 150). According tPA, 
hardness increased from 87 (day 0) to 202 N (day 
120), springiness decreased from 6.4 (day 0) to 
4.7 mm (day 120) and cohesiveness decreased 
from 0.5 (day 0) to 0.3 (day 120). the effects of 
storage time on hardness, springiness and co-
hesiveness were significant at day 60 and later. 
However, the tPA test could not be performed 
on day 150 because the hardness value was 
over 250 N, the maximum force measurable by 
the load cell used. Other texture parameters, 
such as adhesiveness, gumminess and chew-
iness, were not clearly affected by the storage 
time. Early hardening associated with losses of 
juiciness, springiness and cohesiveness, limit-
ed the shelf life of salami pieces under retail dis-
play conditions.

Finally, the contribution of the different lim-
iting factors to the shelf-life of salami was as-
sessed. table 6 shows the polynomial regres-
sion coefficients between storage time and all 
the dependent variables. Polynomial regres-
sion provided higher r2 coefficients than other 
types of non-linear regression. the storage time 
was accurately predicted by using most of the 
dependent variables. the highest r2 were ob-
tained for the variables associated with off-fla-
vours and off-odours (moulds deterioration 
and rancidity), hardening and loss of juiciness 
(measured by tPA and sensory analysis) and 
lean purpling. these variables therefore might 
be used to calculate the shelf-life of the whole 
pieces of salami at retail. to confirm this, the 

table 5 - texture changes of pork salami pieces kept in retailing conditions for up to 150 days.

   Storage days

 0 30 60 90 120 150
 M±SD M±SD M±SD M±SD M±SD M±SD

Moisture 33.3±2.61a 27.4±2.18b 27.1±3.94bc 23.5±4.64c 18.5±1.67d 18.0±3.93d

Sensory
Hardness 2.76±0.62d 3.29±0.58c 3.49±0.59c 3.80±0.60b 4.18±0.70a 4.27±0.70a

Juiciness 3.28±0.64a 3.10±0.57ab 2.91±0.54bc 2.79±0.65c 2.50±0.79d 2.15±0.71e

Fattiness 2.87±0.67b 3.18±0.57ab 3.18±0.73ab 3.34±0.65a 3.37±0.92a 3.37±1.15a

Instrumental
Shear Force 51.4±12.8b 56.2±18.8b 70.8±14.5b 69.0±15.5b 110.9±37.0a 128.1±44.6a

Hardness 87.3±28.3c 116.9±38.6c 156.7±34.1b 182.9±30.6ab 201.9±50.9a ND
Adhesiveness -9.60±7.73 -9.31±71.01 -4.87±5.24 -7.09±9.77 -5.75±6.54 ND
Cohesiveness 0.50±0.04a 0.47±0.05a 0.37±0.06b 0.31±0.04bc 0.28±0.09c ND
Springiness 6.37±0.57a 6.09±0.49a 5.28±0.39b 4.75±0.34b 4.75±0.69b ND
Gumminess 46.1±8.98b 53.4±11.55ab 56.1±7.23ab 57.0±10.75a 53.6±7.71ab ND
Chewiness 290.2±63.9ab 320.9±48.3a 292.6±37.9ab 271.5±57.3ab 253.8±45.7b ND

M±SD: means and standard deviations.
Means with different superscripts are different at P<0.05.
ND: not determined.
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trained panel quantified the loss of sensory 
quality of salami throughout the retailing pe-
riod. Fig. 1 shows the effect of the storage time 
on the relative overall quality (real and estimat-
ed) of pork salami. the relative overall quali-
ty fell by half after 100 days of storage, which 
may also be estimated using a polynomial re-
gression equation (r2 = 0.9684). this r2 even 
increased to 0.9986 when the relative overall 
quality at day 150 was not used for the calcula-
tions. Spoiled salami (day 100) had an intense 
purplish-red and was hard, while its odour and 
flavour were already masked by rancidity, bit-
ter aftertaste, and, to a lesser extent, mouldy 
off-flavour. Most of the physical-chemical pa-

rameters studied also changed from day 0 to 
day 100. thus, a reduction by 50% in the ini-
tial score for overall quality seemed to corre-
spond to the end of the shelf-life of whole sala-
mi pieces kept in retailing conditions.

5. DIScUSSION

Excessive acidification, microbial quality and 
other defects due to oxidation and dehydration 
were evaluated as potential limiting factors of the 
shelf-life of salami. No additional acidification 
by lactic fermentation was found during stor-
age and the inhibition of pathogens and enter-
ic bacteria was amply ensured throughout the 
retailing period. the microbial quality of sala-
mi strongly depends on its levels of fermenta-
tive bacteria, especially when LAb and coagu-
lase Negative cocci are used as started cultures. 
Lactic-acid bacteria and Staphylococci are the 
predominant microflora present in this type of 
salami, where they are responsible for most of 
the total viable counts (MArtÍNEZ et al., 2009). 
As can been seen, no additional growth of to-
tal viable and fermentative bacteria occurred 
during storage, although their final counts were 
low because aw decreased as a result of addition-
al dehydration. Other authors have also report-
ed the inhibition of lactic fermentation during 
storage in unpacked pieces (LEE et al., 2009) or 
packed sliced salami (rUbIO et al., 2007). the 
low aw might have limited the microbial and en-
dogenous enzymatic activities responsible for pH 
changes in the salami. An increase in pH may 
occur as a result of the gradual release of pep-
tides, amino acids and ammonia following pro-
tein breakdown (SPAZIANI et al., 2009) or due to 
lactic acid degradation by moulds and internal 
yeasts (MENDONÇA et al., 2013). Pathogenic and 
spoilage bacteria would have been strongly in-
hibited in the displayed salami as a result of de-
creases in aw, pH and temperature, and preser-
vation by salt, nitrite and culture bacteriocins. 
the Enterobacteriaceae that occasionally ap-
peared in the first few days were probably due 
to the use of pork casing, although they were not 
detected on subsequent control days. No bacte-
rial risk regarding the safety and quality was re-
ported in salami stored for up to 7 months (IZ-
QUIErDO et al., 2006; rUbIO et al., 2007; LEE 
et al., 2009).

As regards the appearance of the salami piec-
es, wrinkling did not seem to be a major cause 
of loss of sensory quality, since a weak wrinkling 
was only assessed at day 150, when the sala-
mi was already strongly spoiled by other caus-
es. Wrinkling is caused by excessive dehydra-
tion, although many dry sausages stuffed in pig 
gut can present some degree of natural wrin-
kling (OrDÓÑEZ et al., 1999). However, slight 
greening of the mould covering was detected 
early, although it is difficult to assess this im-

table 6 - Polynomial regression coefficients (r2) between 
storage time and the dependent variables ordered from high-
est to lowest.

Dependent variable R2 Dependent variable R2

Mould flavour 0.9990 TPA Cohesiveness 0.9677
TPA Hardness 0.9951 CIE b* Yellowness 0.9643
TPA Gumminess 0.9944 Water activity 0.9573
Lean colour 0.9921 Bitter aftertaste 0.9550
Mould odour 0.9920 Total Viable Counts 0.9545
Rancid odour 0.9917 Moisture 0.9534
Juiciness 0.9917 Shear Force 0.9491
Hardness 0.9829 TPA Springiness 0.9484
Mould colour 0.9823 Fattiness 0.9368
Rancid flavour 0.9793 Fat colour 0.9336
Flavour 0.9726 Outer halo 0.9291
Odour 0.9700 Chroma 0.9047
Wrinkling 0.9693 CIE a* Redness 0.9021
Lightness 0.9688 Lactic acid bacteria 0.8323
Hue angle 0.9678 pH 0.8322

All the R2 coefficients were significant for p<0.05.

Fig. 1 - Estimation of the shelf-life under retail display con-
ditions of salami pieces according to their loss of senso-
ry quality.
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pact on the sensory quality in the salami slices 
eaten without casing. changes in the colour of 
moulds might be due to the growth of contami-
nating microflora present in the meat factories 
or retailing systems, whose proliferation would 
be favoured by the high relative humidity exist-
ing inside the perforated bag due to water evap-
oration and chilling. Mould cultures are used 
to prevent this defect. the P. chrysogenum cul-
ture used had white conidia and a particular-
ly recognisable flavour; however, most Penicilli-
um strains and other moulds can produce grey 
and green conidia (POSE et al., 2004). the pres-
ence of contaminating moulds, such as Penicil-
lium, Aspergillus and others, should be avoided 
for sensory reasons and because moulds may 
produce toxic metabolites, such as ochratoxin, 
and beta-lactams, which can spread to the meat 
(SUNESEN and StAHNKE, 2003; IAcUMIN et al., 
2011). Mouldy odour and flavour are good dis-
criminators of the eating quality of salami (rUÍZ 
et al., 2005).

Luminance is another good discriminator of 
the sensory quality of salami (rUÍZ et al., 2005). 
the colour changes observed could be explained 
by the formation of pigments, together with grad-
ual dehydration. Nitrosylmyoglobin exponential-
ly increases at the beginning of drying as a result 
of the addition of nitrite and the nitrate-reduc-
tase activity of staphylococci, and may continue 
to increase throughout ripening, since strong ox-
idizing conditions are required to transform the 
nitrosylmyoglobin into metmyoglobin (GØttErUP 
et al., 2008). this would explain why no brown-
ing was detected in the salami stored for up to 5 
months. A greater concentration of nitrosylmy-
oglobin in salami is associated with chroma in-
crease and hue angle decrease (cHAScO et al., 
1996); however, a decrease in lightness due to 
dehydration may change the red tonality from 
pinkish to purplish. SUMMO et al. (2006) found 
no decrease in cIELab values in vacuum-packed 
salami stored for 40 days, while other authors 
reported a certain discoloration of salami as stor-
age time increased (ZANArDI et al., 2002; rUbIO 
et al., 2008; LEE et al., 2009). A dark outer halo 
appears in the slices through excessive evapo-
ration of water on the surface due to rapid dry-
ing, and this can affect appearance (GUErrErO, 
1992); however, the initial halo gradually disap-
peared because it was rehydrated by internal 
water. Fat yellowing was almost imperceptible, 
indicating modest fat oxidation during storage. 
the addition of sodium ascorbate and red col-
orant, together with the low exposure of whole 
pieces to fluorescent lighting might could also 
have contributed to colour stabilization.

Flavour deterioration (associated with rancidi-
ty and bitterness) resulted in a clear loss of sen-
sory quality. Flavour deterioration during stor-
age has also been reported by others (rUbIO et 
al., 2007; SUMMO et al., 2010), although the rate 
of deterioration is slower in vacuum-packed than 

in unpacked salami (SUMMO et al., 2006 and 
2010). Flavour deterioration in this type of sa-
lami is associated with the degradation of vola-
tiles resulting from spices and microbial activi-
ties, and the formation of volatiles from lipid ox-
idation. Increases in heptanoic acid methyl es-
ter, pentanoic acid methyl ester and hexanoic 
acid methyl ester and 2-heptenal are good indi-
cators of the storage time (LOrENZO et al., 2013). 
Other studies (MArcO et al., 2008; rUbIO et al., 
2007; SUMMO et al., 2006) evaluated lipid oxida-
tion through increases in the malondyaldehyde 
level of retailed salami, which was determined 
by distillation and spectrophotometry, although 
this method not to be advised due to the interfer-
ences between nitrites and sugars presents with 
the thiobarbituric acid reagent substances (DE 
LAS HErAS et al., 2003). Lipid oxidation largely 
takes place by reaction with the oxygen occluded 
in the mass (FErNÁNDEZ et al., 1997), depend-
ing on fat composition and the balance between 
pro-oxidant and antioxidant agents, such as so-
dium ascorbate (MOrrISSEY et al., 1998). Lip-
id autooxidation generates volatile and non-vol-
atile compounds, such as aldehydes, ketones, 
alcohols, esters and alkanes, which contribute 
to the flavour of dry-cured sausages, including 
possible off-flavours (OLESEN et al., 2004). Pack-
ing and retailing conditions being equal, sala-
mi whole pieces should have a lower degree of 
oxidation than sliced salami, since whole piec-
es may be more protected against the pro-oxi-
dant factors involved in retailing systems, such 
as light and oxygen.

bitterness has been associated with the free 
amino acids, such as methionine, valine, leu-
cine, arginine, histidine, isoleucine, phenylal-
anine and tryptophan (HENrIKSEN and StAHN-
KE, 1997; OrDÓÑEZ et al., 1999), formed, along 
with ammonia, by reactions catalysed by endog-
enous and microbial exopeptidases (DEMASI et 
al., 1990; MOLLY et al., 1997). these amino ac-
ids can adversely affect acceptance and can also 
be transformed into biogenic amines by the de-
carboxylase activity of some microorganisms, 
constituting a health risk (MASSON et al., 1996; 
cOLOrEttI et al., 2008). Mouldy off-flavours 
might be caused by the impregnation of slic-
es by contaminating moulds from casing, since 
the P. chrysogenum culture used had a partic-
ularly recognisable flavour. the protease and 
lipase activites of moulds, together with their 
ability to degrade both free amino acids and fat-
ty acids, leads to the formation of branched al-
dehydes and alcohols, methylketones and sec-
ondary alcohols, which are related with flavour 
in ripened sausage (HIErrO et al., 2005). the 
worsening of texture clearly limited the shelf life 
of the salami pieces packed in perforated bags. 
the hardening, loss of juiciness and other tex-
tural changes noted would primarily have been 
related with the dehydration and denaturation 
of myofibrillar proteins (GONZÁLEZ-FErNÁNDEZ 
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et al., 2006; LIArOS et al., 2009; SPAZIANI et al., 
2009). this differs from other studies on vacu-
um-packed salami, where hardness, cohesive-
ness and elasticity slightly increased during stor-
age (rUbIO et al., 2007).

GYESLEY (1991) defined the shelf life as the 
length of time that food can be kept before it is 
considered unsuitable for sale, use, or consump-
tion, or, as the recommended time that food can 
be stored, during which the defined quality of 
a specified proportion of the goods remains ac-
ceptable under specified conditions of distribu-
tion, storage and display. According to this defi-
nition, acceptance may be measured as pur-
chase criterion based on consumer hedonism or 
preferences, or as the degree of preservation of 
properties of the freshly-made salami. We pro-
posed the second method, since QDA is a high-
ly sensitive tool for predicting the storage time, 
as regression analysis indicated. For example, 
hardening was detected earlier by QDA that by 
tPA or the Warner-bratzler test and, in general, 
sensory scoring predicted the storage time more 
accurately than instrumental measurements. A 
reduction of 50% of the initial sensory quality 
scored by a trained panel can be used as a limit 
for establishing the maximum time that the eat-
ing quality of salami is critically affected by pre-
vious display, or to quantify its shelf life. Most of 
our findings (hardening, losses of juiciness and 
flavour, rancidity, bitterness and mould spoil-
age) found in the spoiled salami support this 
proposal. However, further studies should be 
directed at verifying whether the determination 
of shelf life of salami based on a quantification 
of its gradual sensory spoilage corresponds, or 
not, with purchase criteria based on consumer 
hedonism or preferences.

6. cONcLUSIONS

the relative loss of sensory quality, scored by 
a trained panel, is proposed as a criterion for 
establishing the shelf life of salami. the shelf-
life of salami, retailed as small pieces covered 
by moulds and packed in perforated bags, was 
established at 100 days under the tested retail 
conditions. Microbiological criteria could not be 
applied to establishing the shelf-life, since the 
microbial quality was amply ensured and lactic 
fermentation stopped, favoured by the additional 
dehydration that occurred at retail. Flavour dete-
rioration and a worsening in texture were iden-
tified as the main causes related with the loss 
of sensory quality of salami. Flavour deteriora-
tion was associated with incipient rancidity and 
bitterness, and, to a lesser extent, with mouldy 
off-flavour, which was described as “wet card-
board”. Worsening of the texture involved hard-
ening and a loss of juiciness. Most of the senso-
ry and instrumental data determined in salami 
accurately predicted its storage time.
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AbStrAct

Physiochemical properties of starch and quality of the starch-based food can be modified by 
hydrocolloids such as flaxseed polysaccharide (FG), which is an anionic polysaccharide. In this 
paper the effect of flaxseed polysaccharide concentration and pH on the flaxseed polysaccha-
ride-potato starch mixtures (FG-PS) were investigated. the results showed that both flaxseed 
polysaccharide concentration and pH had significant effect on the physiochemical properties 
of FG-PS. At pH 7, when compared with pure potato starch, pasting properties, swelling pow-
er and freeze-thaw stability of potato starch were improved with addition of flaxseed polysac-
charide, while the gel hardness was decreased. Freeze-thaw stability of the mixtures under al-
kaline condition was higher than that under acidic condition due to the addition of FG, but the 
best one was exhibited at pH 7.
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1. INtrODUctION

the taste and texture of starch gel can be 
changed by addition of hydrocolloids. there-
fore, hydrocolloids are widely used to improve 
the texture, stability and moisture migration of 
starch-based foods (ArOcAS et al., 2009; brEN-
NAN et al., 2008; GULArtEA and rOSELL, 2011; 
KULIcKE et al., 1996; SIKOrA et al., 2007; SONG 
et al., 2006). till now, there are many investi-
gations about the effects of hydrocolloids on the 
pasting properties, gelatinization, swelling pow-
er, freeze-thaw stability of starches. SHI and bE-
MILLEr (2002) reported that pasting temperature 
of corn starch was decreased by addition of cMc, 
gellan gum, xanthan gum, guar gum and sodi-
um alginate. Some other researches also report-
ed that peak viscosity of potato starch was de-
creased significantly by addition of anionic pol-
ysaccharide, such as xanthan, for the electro-
static repulsive interaction between the anionic 
polysaccharide and the phosphate group of po-
tato starch (cAI et al., 2011). 

the hardness of starch gel could also be 
influenced by the presence of hydrocolloids 
(PArADA et al, 2011; WANG et al, 2007). Pos-
sible reasons that could explain why the gel 
properties of starch could be modified by addi-
tion of hydrocolloids are as follows: (1) starch 
granules are embedded in the gel network of 
hydrocolloid; (2) the electrostatic repulsive 
force exists between starch granules and ion-
ic hydrocolloids (GArcIA-OcHOA et al., 2000; 
KAtIA et al., 2011). 

Swelling power and freeze-thaw stability of 
starch could be also affected by hydrocolloids. 
rosell et al. reported that swelling power of rice 
starch was reduced by guar gum, while changed 
oppositely by xanthan (rOSELL et al., 2011). LEE 
et al. (2002) showed that freeze-thaw stability of 
sweet potato starch was improved significant-
ly by anionic polysaccharides such as xanthan, 
guar gum, sodium alginate. 

Potato starch (PS) is one of the most widely 
used tuber starch owing to its brilliant thicken-
ing capacity and paste transparency (SUDHA-
KAr et al, 1995; HASSAN et al, 2012). However 
in our previous studies, PS showed a weak ther-
mo-stability and weak resistance to acid or al-
kali, which could be likely improved by addition 
of polysaccharides. 

Flaxseed polysaccharide is a water soluble an-
ionic polysaccharide which is consisting of acidic 
flaxseed polysaccharide (AFG) and neutral flax-
seed polysaccharide (NFG). It presents suitable 
properties with thickening, weak gelling, emul-
sifying and stabilizing properties (cHEN et al., 
2006; MUrALIKrISHAN and SALIMAtH, 1987). 
Flaxseed polysaccharide solution with low con-
centration exhibited shear-thinning properties 
and weak thixotropic properties (cHEN, 2005; 
MAZZA and bILIADErIS, 1989). the weak gelling 
properties of flaxseed polysaccharide depend on 

the ratio of AFG to NFG and the flaxseed poly-
saccharide concentration. Additional research-
es, however, reported that gelling properties of 
flaxseed polysaccharide were weaker in the case 
of higher NFG content (cUI and MAZZA, 1996a; 
cUI et al., 1994). besides, flaxseed polysaccha-
ride solution showed good water-and-oil hold-
ing capacities for its emulsifying and emulsion 
stability (DIcKINSON, 2008; FEDENIUK and bIL-
IADErIS, 1994).

More studies were carried out on the effects 
of hydrocolloids on pasting and gelling proper-
ties of starch. However, few reports were avail-
able about the effect of flaxseed polysaccharide 
on pasting, gelling, swelling properties, freeze-
thaw stability of starch. WANG et al (2008) in-
vestigated the apparent viscosity of maize starch 
as affected by the addition of flaxseed polysac-
charide. they concluded that apparent viscos-
ity of maize starch was increased with adding 
flaxseed polysaccharide.

During food processing or storage, pH of food 
materials could be changed by adding some in-
gredients which would also affect the physico-
chemical properties of starch or hydrocolloid-
starch mixtures, and that could influence the 
quality of final products (cUI and MAZZA, 1996b; 
MALI et al., 2003; MAZZA and bILIADErIS, 1989; 
PArADA et al., 2011; SEDDIK et al., 2008). How-
ever, little information was available about the 
effect of pH on pasting, gelling, swelling prop-
erties and freeze-thaw stability of flaxseed poly-
saccharide-potato starch mixtures.

the objective of this study was to investi-
gate: (1) the effect of flaxseed polysaccharide 
(FG) concentration on pasting, gelling, swelling 
properties and freeze-thaw stability of potato 
starch; (2) the effect of different pH on pasting, 
gelling, swelling properties and freeze-thaw sta-
bility of flaxseed polysaccharide-potato starch 
(FG-PS) mixtures.

2. MAtErIALS AND MEtHODS

2.1 Materials

Flaxseed polysaccharide (moisture content: 
9.86%) was gifted by Linseed biological technol-
ogies co., Ltd (Sinkiang, china). Potato starch 
(moisture content: 16.56%) was purchased from 
tingfung Starch Development co., Ltd (tian-
jin, china). All other reagents were of analyti-
cal grade.

2.2 Preparation of samples

Preparation of solutions with different pH: so-
lutions at different pH were prepared by citric 
acid or Na2cO3 of 0.1M with a DELtA320 acidi-
ty meter (Mettler-toredo co., Shanghai, china).

Preparation of potato starch suspension 
(PS) at different pH: accurately weighed pota-
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to starch was dispersed in distilled water or in 
solutions at various pH and in different con-
centration. 

Preparation of flaxseed polysaccharide-potato 
starch mixtures (FG-PS) at different pH: Prelim-
inarily, flaxseed polysaccharide was dispersed 
in either distilled water or in solutions at differ-
ent pH under magnetic stirring for 30 min, then 
heated to 80oc for 8 min, and cooled to room 
temperature. then, PS was added to the FG so-
lutions. the mixtures were stirred sufficiently 
to avoid the formation of lumps. 

2.3 Determination of pasting properties

An aliquot of 2.1 g (7%, w/w) of PS was dis-
persed in distilled water or solutions with dif-
ferent pH, and added with the following differ-
ent FG amounts: 0, 0.03, 0.09, 0.15 g (corre-
sponding to a concentration of 0, 0.1, 0.3, 0.5% 
based on the total dispersion system, w/w, and 
to a FG:PS ratio of 0, 1:70, 1:23, 1:14), respec-
tively. Pasting properties of the FG-PS mixtures 
were examined with a rapid Visco Analyzer (rVA 
Starchmaster, Newport Ltd., Australia) and past-
ing profiles were recorded. Aliquotes of 30 g of 
FG-PS mixtures were used in this measure-
ment. the FG-PS mixtures were stirred at 960 
rpm for 10 s before the shear input decreased 
and held constant at 160 rpm during the follow-
ing heating and cooling cycles. the FG-PS mix-
tures were heated from 50o to 95oc at the rate 
of 12oc/min and held at 95oc for 2.5 min, then 
cooled to 50oc at the same rate. Pasting temper-
ature, peak viscosity, final viscosity and break-
down value were recorded. All determinations 
were done in triplicate.

2.4 Gel hardness analysis

An aliquot of 2.8 g (7% w/w) of PS was dis-
persed in either distilled water or solutions with 
different pH, with the following different FG 
amounts: 0, 0.04, 0.12, 0.20 g (corresponding 
to a concentration of 0, 0.1, 0.3, 0.5% based on 
the total dispersion system, w/w, and to a FG:PS 
ratio of 0, 1:70, 1:23, 1:14), respectively. 

An aliquot of FG-PS mixtures of 40 g was 
poured in a cylinder vessel. the mixtures were 
pasted in a boiling water bath for 10 min, then 
cooled in an ice water bath for 5 min, and stored 
at 4oc for 24 h to allow gel forming before anal-
ysis. before measurement, the samples were re-
stored to room temperature. Hardness analysis 
was performed with a texture analyzer (tA-Xt. 
Plus, Stable Micro Systems Ltd., England) using 
a P/0.5 (diameter of 0.5 inch) probe. the origi-
nal height of the sample was 2.4 cm, diameter 
of 4 cm. Gel was penetrated to 90% of original 
height by the test speed of 0.5mm/s. the maxi-
mum of force at fracture of the gel was recorded 
as gel hardness. the result was reported as the 
average of quintuplicate measurements.

2.5 Determination of swelling power 
of the mixtures

the determination of swelling power was car-
ried out according to the method of HYUN-SEOK 
and bEMILLEr (2012) with slight modification. 
An aliquot of 0.4 g of PS (1% w/w) was dispersed 
in either distilled water or solutions with differ-
ent pH, added with the following different FG 
amounts: 0, 0.01, 0.02, 0.03g (corresponding to 
a concentration of 0, 0.025, 0.05, 0.075% based 
on the total dispersion system, w/w, and to a 
FG:PS ratio of 0, 1:40, 1:20, 1:13), respective-
ly. Aliquots of FG-PS mixtures of 40 g were put 
into centrifuge tubes with closed screw caps and 
heated at 95oc for 30 min . then, the centrifuge 
tubes were immersed in an ice bath to be cooled 
to room temperature immediately. the samples 
were centrifuged at the speed of 2000×g for 20 
min and then the supernatants were separated. 
the supernatants were dried to constant weight 
at 105oc. Dried supernatant (A) and wet precip-
itated paste (P) were weighed, respectively. All 
determinations were done in quintuplicate. the 
swelling power (SP) was calculated by the follow-
ing formula:

SP = P/[W×(1- A/W)]

where W is the initial weight of the starch in the 
centrifuge tube.

2.6 Determination of freeze-thawing stability

Freeze-thawing stability was determined ac-
cording to the method of ArUNYANArt and cHAr-
OENrEIN (2008). An aliquot of PS of 0.9 g (3%, 
w/w) was dispersed in either distilled water or 
solutions with different pH, added with the fol-
lowing different FG amounts: 0, 0.03, 0.06, 
0.09g (corresponding to a concentration of 0, 
0.1, 0.2, 0.3% based on the total dispersion sys-
tem, w/w, and to a FG:PS ratio of 0, 1:30, 1:15, 
1:10), respectively. the mixtures were pasted 
in a boiling water bath for 20 min with contin-
uously stirring, and then cooled in an ice water 
bath for 5 min. Aliquots of the mixtures of 30 
g was poured into n. 25 centrifuge tubes with 
closed screw caps (individually marked with 
No.1 to No. 25) and each of them was initially 
exactly weighted (M). All the samples were fro-
zen at -18oc for 24 h, and then thawed at 37oc 
for 12 h. the above freeze-thaw procedure was 
repeated for five cycles. After each freeze-thaw 
cycle, 5 samples were taken and centrifuged at 
4500×g for 10 min to remove supernatant, while 
the rest of the samples were left to the next cy-
cle. the quantity of precipitate was weighed, m. 
All determinations were done in quintuplicate. 
the syneresis (WS) was calculated by the fol-
lowing formula:

WS(%) = [(M-m)/M] × 100
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2.7 Statistical analysis

the statistical analysis of the results was con-
ducted by analysis of variance (ANOVA, SPSS 
17.0, SPSS Inc., chicago, IL) and tukey’s test. 
All significant differences were reported at a sig-
nificance level of 0.05. Values followed by differ-
ent letter for the same parameter in the same 
column are significantly different.

3. rESULtS AND DIScUSSION

3.1 Effect of polysaccharide concentration 
and pH on pasting properties of potato starch

Pasting properties of PS in the presence 
or absence of FG determined by the rVA are 
summarized in table 1. Addition of FG led 
to pronounced increases in pasting temper-
ature of PS, result that was observed also by 
other researchers (AcHAYUtHAKAN and SU-
PHANtHArIKA, 2008; cAI et al., 2011; cHAI-
SAWANG and SUPHANtHArIKA, 2006; KIM and 
WANG, 1999). compared with PS alone, past-
ing temperature was increased of 12.3oc by 
addition of 0.5% FG. this might be the strong 
electrostatic repulsions between the carboxyl 
group of FG (cHEN, 2005) and the phosphate 
group of PS. In addition, available water for 
pasting was reduced due to the increase in 
the hydration of FG. these made the swell-
ing of PS granules more difficult and result-
ed in higher pasting temperatures (brENNA 
et al., 2006; HIrASHIMA et al., 2005; SHI and 
bEMILLEr, 2002). Peak viscosity of PS was in-
creased significantly by the addition of FG in 
agreement with the results reported by cHAI-
SAWANG and SUPHANtHArIKA (2006), GULArtE 
and rOSELL (2011), HYUN-SEOK and bEMILL-
Er (2012), VItUrAWONG et al (2008). Howev-
er cAI et al (2011) found an inverse and de-
creasing trend of the peak viscosity of PS by 
addition of xanthan gum. these might be as-
cribed to the difference in molecular struc-
ture between xanthan gum and FG, which 
led to a different electrostatic repulsive force. 
FG is composed by both neutral polysaccha-
ride and acidic polysaccharide, while xanthan 

gum is composed only by acidic polysaccharide 
(cHEN, 2005; AbDULMOLA, et al., 1996). Peak 
viscosity of PS was increased by 101 rVU in 
presence of 0.5% FG by comparison with the 
PS alone. this might be attributed to the syn-
ergistic effect of the starch-hydrocolloid sys-
tems, in which FG is interspersed within the 
starch continuous phase as the starch gran-
ules absorbed water and swelled (cHAISAWANG 
and SUPHANtHArIKA, 2006; cHEN et al., 2006; 
MUrALIKrISHNA and SALIMAtH, 1987; PtASZEK 
and GrZESIK, 2007; PtASZEK and PtASZEK, 
2011; XU et al., 2011). 

the addition of FG showed slight effect on 
the final viscosity of PS, as also reported by 
PArADA et al (2011) that observed that the fi-
nal viscosity of starch-based food changed 
slightly when low concentrations of guar gum 
were added. 

breakdown value of PS was promoted by the 
addition of FG. this is in agreement with other 
studies (AcHAYUtHAKAN and SUPHANtHArIKA, 
2008; ArUNYANArt and cHArOENrEIN, 2008; 
cHAISAWANG and SUPHANtHArIKA, 2006), 
while cAI et al (2011) found a decrease for PS 
with addition of xanthan gum. this might be 
explained as the rigid and ordered chain con-
formation of xanthan in solution, which made 
it steadier than FG during heating (AbDULMO-
LA, et al., 1996). the breakdown value of PS was 
increased by the addition of 0.5% FG, compar-
ing with PS alone. this result indicates that the 
thermostability of PS was weakened by the ad-
dition of FG. the viscosity of FG was reduced at 
high temperature with constantly stirring and 
this determined an increase of the breakdown 
value of PS (cHAISAWANG and SUPHANtHArIKA, 
2006; cHEN, 2005; cUI et al., 1996; FEDENIUK 
and bILIADErIS, 1994).

In the case of PS alone, pasting properties were 
slightly affected by pH (table 2). by comparing re-
sults with those at pH 7, peak viscosity, final vis-
cosity and breakdown value were reduced signif-
icantly under acidic or alkaline conditions. MALI 
et al (2003) observed that peak viscosity and fi-
nal viscosity of cassava starch decreased at pH 3. 
this might be the consequence of starch hydrol-
ysis promoted by heat treatment under acidic or 
alkaline conditions (rOGOLS, 1986).

table 1 - Pasting temperature, peak viscosity, final viscosity, breakdown value of PS added with different concentrations of FGa,b.

FG concentration/% Pasting temperature/°C Peak viscosity/RVU Final viscosity/RVU Breakdown value/RVU

 0 71.5±0.3D 523±5D 282±5B 293±5C

 0.1 74.3±0.5C 560±9C 285±4B 296±8C

 0.3 76.5±0.0B 581±1B 285±4B 336±4B

 0.5 83.8±0.0A 624±4A 301±4A 375±2A

Note: aValues are the mean ± SD of triplicate. Values in the same column with different letters (A-D) are significantly different (p<0.05);
bpH value of the samples is about 7.
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table 2 - Pasting temperature, peak viscosity, final viscosity, breakdown value of FG-PS mixtures and of PS alone at differ-
ent pH valuesa,b.

pH Pasting temperature/°C Peak viscosity/RVU Final viscosity/RVU Breakdown/RVU

 PS-FG PS PS-FG PS PS-FG PS PS-FG PS

 4 77.8±0.2A 70.9±0.1B 505±4C 468±3BC 271±3B 162±7D 286±9E 196±10D
 6 78.1±0.6A 71.2±0.1AB 537±1B 492±3B 282±2A 241±2BC 309±7D 247±5B
 7 76.5±0.0B 71.5±0.3A 581±1A 523±5A 285±4A 282±5A 336±4B 293±5A
 8 77.5±0.5A 71.5±0.4A 502±3C 448±10C 282±7A 257±5B 325±4C 255±4B
10 75.6±0.2B 71.9±0.1A 453±9D 314±6D 269±0B 229±1C 345±5A 219±8C

Note: aValues are the mean ± SD of triplicate. Values in the same column with different letters (A-D) are significantly different (p<0.05);
bFG concentration: 0.3%.

Pasting properties of FG-PS mixtures (PS of 
7%, FG of 0.3% based on the total dispersion 
system, w/w) was influenced significantly by 
pH (table 2). Pasting temperature and final vis-
cosity of FG-PS mixtures changed slightly be-
tween pH 4 and pH 10. Pasting temperature of 
the mixtures at pH 10 was lower of 2.2oc than 
that at pH 4, which corresponds to the fact that 
the mixtures were pasted easier under alkaline 
condition than under acidic condition. by in-
creasing the pH from 4 to 10 the peak viscosity 
of the mixtures was initially increased and then 
decreased. compared with the mixtures at pH 
7, peak viscosity of the mixtures was decreased 
by 76 rVU at pH 4 and 128 rVU at pH 10, re-
spectively. the maximum peak viscosity was ob-
served at pH 7. this might be ascribed to the deg-
radation of flaxseed polysaccharide molecule and 
potato starch molecule under acidic or alkaline 
heat treatment (cHEN, 2005). breakdown val-
ue of the mixtures was gradually decreased un-
der acidic condition, while varied slightly under 
alkaline condition. Scarce information available 
on the effect of pH on starch-hydrocolloids mix-
tures and this will need further investigations.

3.2 Effect of polysaccharide concentration 
and pH on swelling power of potato starch

As shown in Fig.1a, swelling power of PS was 
increased gradually with increasing the FG lev-
el. In particular, an increase of 30% by the ad-
dition of 0.075 % FG, compared with PS alone 
occurred. XU et al (2011) reported that swell-
ing power of corn starch was increased by ad-
dition of konjac, cMc or chitosan. WANG et al 
(2011) reported that swelling power of tapioca 
starch was increased with addition of sodium 
alginate. chaisawang et al. reported an inverse 
trend that swelling power of cationic tapioca 
starch was lowered greatly by addition of xan-
than (cHAISAWANG and SUPHANtHArIKA, 2005). 
It was generally accepted that starch with high 
swelling power also yielded high peak viscos-
ity during pasting. this fact was reflected by 
higher peak viscosity obtained during pasting 

Fig. 1 - Swelling power of PS alone and of PS-FG mixtures 
at different pH.
(a) effect of FG concentration on swelling power of PS at 
pH7; (b) effect of pH on swelling power of PS alone and PS-
FG mixtures at FG concentration of 0.025%.

of PS with addition of FG (table 1). these re-
sults also implied that addition of FG could en-
hance swelling of starch granules at high tem-
perature and this could be due to the fact that 
the FG molecules either interacted or associat-
ed with PS granules.

As shown in Fig. 1b, for PS alone, a decrease of 
the swelling power was observed under acidic or 
alkaline condition. this result might be associat-
ed to both the electrostatic interactions between 
phosphate groups of PS granules and the depo-
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lymerization of starch molecules under acidic or 
alkaline condition (brENNAN et al., 2008). On the 
other hand, SIMONIN et al (2011) reported that 
gel swelling power of waxy rice starch showed a 
minimum at neutral pH and no significant ef-
fect of pH was observed on the gel swelling pow-
er of waxy corn starch.

Swelling power of FG-PS mixtures was affect-
ed significantly by pH as shown in Fig. 1b. com-
pared with pH 7, swelling power of the mixtures 
was decreased by both acidic and alkaline con-
dition. the results exhibited a similar trend as 
that of the PS alone. Moreover, swelling power 
of the mixtures in alkaline condition was lower 
than that in acidic condition. Under acidic con-
dition, electronic interactions and/or depolymer-
ization of the mixtures could have increased the 
water binding capacity of swollen starch gran-
ules more than that under alkaline condition. 
the results of swelling power also are also in ac-
cordance with the data of the peak viscosity of 
the mixtures at different pH (table 2). 

3.3 Effect of polysaccharide concentrate 
and pH on gel hardness of potato starch

Gel hardness of PS was decreased with in-
creasing FG level (Fig. 2a). Gel hardness of PS 
was decreased by 57% with addition of 0.5% FG, 

when data are compared with those of the PS 
alone. the result was in accordance with some 
other researches. SASAKI and KOHYAMA (2011) 
reported that addition of konjac gum or xanthan 
gum resulted in lower hardness of rice starch 
gels. With higher FG concentration, gel hard-
ness of maize starch was significantly weakened 
(WANG et al., 2011). PArADA et al (2011) showed 
that gel hardness of four kinds of starch-based 
products (maize, potato, rice or wheat starch) 
was decreased by guar gum. this might be as-
cribed to the weak-gel network formed by FG, 
which might disrupt the network of PS gel (cAI 
et al., 2011; cHEN et al., 2006; SASAKI and KO-
HYAMA, 2012).

by considering the effect of pH on the PS 
alone, gel hardness was strongly reduced under 
both acidic and alkaline conditions (as shown 
in Fig. 2b). At low pH this might be attributed 
to the decrease of net electrostatic repulsion for 
phosphate group of PS while at higher pH val-
ues, the alkaline depolymerization reaction, re-
sulting in less junction zones could be consid-
ered as main cause (cHEN et al., 2006).

For PS-FG mixtures, gel hardness was increased 
gradually and then decreased by the progressive 
increase of the pH (Fig. 2b) with a maximum gel 
hardness at pH 7. Gel hardness of the mixtures 
was decreased by 16% and 38% under acidic and 
alkaline conditions, respectively. this might be as-
sociated with the decrease of net electrostatic re-
pulsion under acidic condition and degradation 
under alkaline condition for both FG and PS. the 
results showed a similar trend as that of PS alone 
and this may indicate that starch-acid/alkali in-
teraction might be the predominant effect on the 
gel strength of FG-PS mixtures.

3.4 Effect of polysaccharide content and pH 
on freeze-thaw properties of potato starch

Freeze-thaw stability is an important property 
in food processing. During cold storage, the re-
organization of starch molecules might lead to 
syneresis and affect the functional properties of 
starch-based food. As shown in Fig. 3a, freeze-
thaw stability of PS was affected by the addition 
of FG. A positive correlation between syneresis 
and number of freeze-thaw cycles was observed 
for PS either with or without FG. this result may 
be due to the fact that the retrograded starch net-
work could be easily disrupted by ice crystal for-
mation and this led to a higher syneresis during 
the subsequent freezing and thawing process. 

A negative correlation between syneresis and 
FG level was also observed likely resulting from 
the higher water binding capacity of the mixtures 
associated to both the higher water holding ca-
pacity of FG and the interaction between FG and 
PS (FErrErO et al., 1994; LEE et al., 2002; LIU 
and ESKIN, 1998). After the first freeze-thaw cy-
cle, syneresis of PS was decreased by 32% with 
addition of 0.3% FG. the results suggested that 

Fig. 2 - Gel hardness of PS alone and of PS-FG mixtures at 
different pH.
(a) effect of FG concentration on gel hardness of PS at pH7; 
(b) effect of pH on gel hardness of PS alone and PS-FG mix-
ture at FG concentration of 0.3%.
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Fig. 3 - Syneresis of PS alone and of PS-FG mixtures at dif-
ferent pH.
(a) effect of FG concentration on syneresis of PS at pH7; (b) 
syneresis of PS alone at different pH; (c) effect of pH on syn-
ersis of PS-FG mixtures at FG concentration of 0.3%.

FG could minimize freeze-thaw damage and re-
duce the re-association of starch molecules and 
the damage to the network, with a decreased 
syneresis. WANG et al. (2011) reported a simi-
lar result as the freeze-thaw stability of tapio-
ca starch was improved by sodium alginate or 
xanthan. PONGSAWAtMANIt and SrIJUNtHONG-
SIrIA (2008) reported that freeze-thaw stabili-
ty of tapioca starch could be also enhanced by 
the addition of xanthan, with results similar to 
our study. FG showed thus, to be able to effec-
tively stabilize the starch gel against the repeat-
ed treatments of freeze-thaw cycles. the ionic 
groups of the starch and of FG molecules could 

immobilize adjacent water molecules and make 
more difficult their transformation into ice crys-
tals (LEE et al., 2002; SANDErSON, 1981).

As shown in Fig. 3b, syneresis of PS alone var-
ied between pH 4 and pH 10 with the lowest water 
release at pH 7 and at pH 4 it was higher than that 
at pH 10. the results are in agreement with those 
of SAE-KANG and SUPHANtHArIKA (2006) that re-
ported that the freeze-thaw stability of tapioca 
starch was also impaired under acidic condition. 

As shown in Fig. 3c, syneresis of the FG-PS 
mixtures varied between pH 4 and pH 10, with 
a similar trend as shown by the PS alone and a 
minimum at pH 7. this result is similar to those 
of SAE-KANG and SUPHANtHArIKA(2006) that 
showed that the freeze-thaw stability of tapioca 
starch was improved by xanthan at pH 7 or pH 
9. Syneresis of the mixtures under acidic con-
dition was higher than that under alkaline con-
dition at any given cycle number.

4. cONcLUSION

According to the results of the pasting prop-
erties, hardness, swelling power, and syneresis, 
the thickening capacity and the water binding 
capacity during freeze-thaw of PS was enhanced 
by the presence of FG, while the thermo-stabili-
ty and gelling capacity were reduced. 

the results of physicochemical properties of 
FG-PS mixtures under different pH indicated 
that pH showed significant effect on the physic-
ochemical properties of the mixtures. thicken-
ing capacity, thermo-stability, gelling capacity, 
and water binding capacity of FG-PS decreased 
in the presence of acidic or alkaline, meanwhile 
freeze-thaw stability of the mixtures exhibited 
the best was observed at pH7.
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AbStrAct

Sixty Streptococcus thermophilus and 111 Lactobacillus delbrueckii subsp. bulgaricus isolates 
from traditionally produced turkish yogurts were biochemically identified and examined for their 
technologically important features. Acidification profiles of the isolates were examined. Isolates 
with acidification rates comparable to those of commercial isolates were also tested for final pHs 
and acetaldehyde production after 24-h incubation. Selected isolates were also examined for their 
bacteriophage resistance and proteolytic activity. twenty-five L. bulgaricus and 22 S. thermophi-
lus isolates were selected based on their technological properties other than bacteriophage re-
sistance. bacteriophage resistance experiments revealed that all L. bulgaricus isolates except two 
were sensitive to the bacteriophages, while S. thermophilus isolates were resistant to most of the 
bacteriophages. the results show that yogurt bacteria isolated from traditional turkish yogurts 
have significant phenotypic diversity and the technological properties of these isolates are com-
parable to tested commercial cultures.
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1. INtrODUctION

Yogurt is a fermented dairy product made 
by Streptococcus thermophilus and Lactobacil-
lus delbrueckii subsp. bulgaricus as starter cul-
ture. the origin of yogurt was thought to be the 
Middle East (tAMIME and rObINSON, 2007). the 
first yogurt is believed to have been produced by 
the turks (tAMIME and DEEtH, 1980; HAYALO-
GLU et al., 2007). 

Yogurt starter culture turns the lactose in milk 
into lactic acid and hence causes milk coagu-
lation by decreasing pH (DE brAbANDErE and 
DE bAErDEMAEKEr, 1999; tAMIME and rObIN-
SON, 2007). Additionally, these cultures are im-
portant to the development of characteristic yo-
gurt aroma and flavour (DE brAbANDErE and 
DE bAErDEMAEKEr, 1999). Since starter cul-
tures affect the features and quality of the final 
product, the selection of an appropriate starter 
culture is crucial (MAYrA-MAKINEN and bIGrEt, 
1998). Although industrial starter cultures pro-
vide a safer process in terms of quality of the 
product and optimization of the manufacturing 
processes, they also narrow the diversity of fer-
mented dairy products (WOUtErS et al., 2002). 
Many scientists have studied native lactic acid 
bacteria isolated from fermented dairy products, 
particularly cheese, by examining their distinct 
and technologically important properties such as 
the production of volatile compounds (MOrALES 
et al., 2003), acid production activity (cOGAN et 
al., 1997; GAYA et al., 1999; DUrULU-OZKAYA 
et al., 2001), proteolytic activity (cOGAN et al., 
1997; GAYA et al., 1999; DUrULU-OZKAYA et al., 
2001), production of bacteriocin/bacteriocin-
like compounds (cOGAN et al., 1997; GAYA et al., 
1999), exopolysaccharide production (cOGAN et 
al., 1997), phage sensitivity and prophage induc-
tion (SÁNcHEZ et al., 2000). Nevertheless, oth-
er dairy products have been also used to isolate 
native lactic cultures such as laban (cHAMMAS 
et al., 2006), yogurt (ErKUŞ, 2007; JAYASHrEE 
et al., 2010; tErZIc-VIDOJEVIc et al., 2009), 
and yayik butter (SAĞDIÇ et al., 2002). Howev-
er, studies on native cultures from dairy prod-
ucts other than cheese are limited. In turkey, 
native S. thermophilus and L. bulgaricus were 
previously isolated from different sources such 
as raw milk (AYHAN et. al., 2005), pasteurized 
milk (YILMAZ, 2002) and artisanal yogurt sam-
ples (ErKUŞ, 2007).

traditional turkish yogurt is produced by 
back-slopping. therefore, it is likely to contain 
selected yogurt bacteria that have desirable tech-
nological properties and also provides features 
that could satisfy consumers who prefer tradi-
tional taste. In the present work, yogurt bacte-
ria were isolated from traditional turkish yo-
gurts and identified biochemically. Additional-
ly, the technological properties of these isolates 
were examined in comparison to commercial 
starter cultures.

2. MAtErIAL AND MEtHODS

2.1. Yogurt samples and reference bacteria

traditional turkish yogurts were collected 
from the cities of Mersin (7), Antalya (4) (Med-
iterranean region of turkey) and Erzincan (1) 
(Eastern region of turkey). commercial start-
er cultures were additionally used for the iso-
lation of yogurt starter cultures. the L. bulgari-
cus (DSM 20081t) reference strain was obtained 
from the German collection of Microorganisms 
and cell cultures (DSMZ). the S. thermophilus 
(LMG 18311) reference strain was provided by 
the French National Institute for Agricultural 
research (INrA). 

2.2. Bacterial isolation, growth media 
and temperature

Yogurt samples were diluted using sterile pep-
tone water (0.1% w/v). A loopful of the dilutions 
was streak-plated onto MrS agar (Merck; pH 
5.7±0.2 at 25ºc) for the isolation of L. bulgaricus 
and M17 agar (Merck; acidified to pH 6.8±0.1 at 
25ºc; tErZAGHI and SANDINE, 1975) for the iso-
lation of S. thermophilus. Plates were incubated 
at 42ºc for 48 hours under controlled atmos-
pheric conditions using a gas pack (Anaeroc-
ult c, Merck). colonies with similar morpholog-
ical characteristics to that of reference strains 
were chosen from plates. Each isolated culture 
was streak-plated to obtain pure cultures. these 
cultures were examined for their cell morphol-
ogy under a light microscope. rod-shaped bac-
teria from MrS and cocci-shaped bacteria from 
M17 media were selected. Stock cultures were 
prepared in 20% glycerol and stored at −80ºc.

2.3. Biochemical identification

Isolates were examined by Gram staining and 
the catalase test (Fig. 1). Gram-positive and cat-
alase-negative isolates were further examined for 
gas production from glucose. Growth at 10ºc 
was tested by incubating for 7 days in MrS 
or M17 broth with 0.04 g/L bromocresol pur-
ple. carbohydrate fermentation tests were per-
formed using the following carbohydrates: ara-
binose, cellobiose, esculin, fructose, galactose, 
glucose, lactose, maltose, mannitol, mannose, 
melibiose, ribose, saccharose, salicin, sorbitol, 
trehalose, and xylose. the test for esculin hy-
drolysis was conducted in MrS broth contain-
ing 5 g/L esculin with no meat extract or glu-
cose (tJANDrAAtMADJA et al., 1990). Positive re-
sults were identified via occurrence of turbidity 
and loss of fluorescence under UV light. Lacto-
bacillus casei subsp. casei NrrLb 441 was in-
cluded in the esculin hydrolysis test as a pos-
itive control. Fermentation tests for the rest of 
the carbohydrates were conducted using micro-
titer plates according to bULUt et al. (2005) and 
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ErKUŞ (2007) with some modifications. Modified 
MrS broth without glucose and meat extract 
(GÜrAKAN et al., 1995) containing bromocresol 
purple (0.04 g/L) was used as the basal media 
and supplemented with each filter sterilized car-
bohydrate (0.22 μm) to a final concentration of 
1%. cultures incubated at 42ºc for about 24 h 
in 10 mL MrS or M17 broth were centrifuged 
(1220xg for 15 min) and then washed with mod-
ified MrS. After placing the culture and sugar 
solution into wells, two drops of sterile mineral 
oil were placed in the wells. 

2.4. Standardization of initial microbial load 
for technological characterization experiments

Microorganisms of interest were taken from 
stock culture and transferred twice into broth 
before the preparation of pre-cultures. Pre-cul-
tures of S. thermophilus isolates were incubated 
for 13 h at 42ºc, and their optical density (OD600) 
was adjusted to 2. Pre-cultures of the putative 
L. bulgaricus isolates were incubated for 18 h at 
42ºc, and their OD600 was adjusted to 2. After 
these adjustments, both pre-cultures contained 
approximately 108 cfu/mL each. 

2.5. Technological characterization 
of isolates

the technological characterization tests of iso-
lates, except for bacteriophage resistance, were 
performed using reconstituted skim milk (rSM) 
(10% (w/v), Fluka) sterilized by autoclaving at 
121ºc for 5 min and inoculated with 2% stand-
ardized pre-culture. the isolates with OD600 low-
er than 2 were not subjected to these technolog-
ical property experiments since obtaining high-
yield cultures is also considered another im-
portant property for starter cultures (AYAD et 
al., 2004).

2.5.1. Acidification activity

Acidification activity was determined measur-
ing pH change with a pH meter (WtW pH 330) in 
2-h intervals during a 10-h incubation at 42ºc. 
the acidification rate was calculated as ∆pH = 
pHat zero time − pHat any time (AYAD et al., 2004). 

2.5.2. Acetaldehyde production and final pH

the samples were incubated at 42ºc for 24 
h. the pH measurements were made to deter-
mine final pH after 24 h incubation at 42ºc us-
ing a WtW pH 330 pH-meter. Acetaldehyde pro-
duction by the isolates was examined using an 
acetaldehyde determination kit (r-biopharm 
roche). Acetaldehyde production of L. bulgari-
cus isolates having comparable acetaldehyde 
production to that of commercial isolates was 
measured in three parallels, since L. bulgaricus 
is claimed as the major acetaldehyde producer 
(ObErMAN and LIbUDZISZ, 1998).

2.5.3. Bacteriophage resistance

the bacteriophages supplied by Prof. Dr. Nezi-
he tunail of the Department of Food Engineer-
ing at Ankara University were used to specify 
the bacteriophage resistance profiles of the iso-
lates. the bacteriophages were isolated (KALE-
Lİ et al., 2004; AcAr, 2002 and AcAr-SOYKUt, 
2007) from various sources such as raw milk, 
yogurt, whey and bulk culture collected from 
dairy plants in turkey.

bacteriophage resistance was examined us-
ing a spot test as performed by ÖZYUrt (2005) 
with some modifications. An aliquot (200 μL) of 
active S. thermophilus isolates, cultured in mod-
ified M17 (mM17) broth (KrUScH et al., 1987; 
AcAr, 2002) for 4-5 hours at 42ºc, was add-
ed to 3 mL of mM17 soft-agar (KrUScH et al., 
1987) (45°-50ºc) and poured onto mM17 agar 
plates (KrUScH et al., 1987). Some of the iso-
lates did not form bacterial lawns during incu-
bation. these isolates were concentrated 6 times 
and then mixed with mM17 soft-agar. After the 
solidification of the second layer, 10 μL of bac-
teriophage lysates (≥107 pfu/mL) were dropped 

Fig. 1 - Experiments with isolate quantity. Isolate quantities 
were given in parenthesis.
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on plates. the plates were incubated at ambi-
ent temperature for 10 min and then incubat-
ed at 42ºc for 18 h and checked for any plaque 
formation. Four bacteriophages were examined 
on a single plate.

Active L. bulgaricus isolates were transferred 
to MrS broth and incubated for 5-6 hours at 
42ºc. An aliquot (200 μL) from this culture was 
mixed with 3 mL of MrS soft-agar (0.45% agar) 
at 45°-50ºc, and 100 μL of sterile cacl2 (1M) 
were also added to obtain visible plaque forma-
tion (QUIbErONI et al., 2004). this mixture was 
poured on MrS agar as double layer. the follow-
ing steps were the same as that of S. thermophi-
lus with the exception of anaerobic incubation 
applied for L. bulgaricus.

2.5.4. Proteolytic activity

Proteolytic activity of the selected isolates was 
examined using the o-phthaldialdehyde (OPA) 
method of cHUrcH et al. (1983). the assay was 
carried out at least in duplicate for each isolate. 
Aliquots of 5 mL rSM were inoculated with 2% 
cell solution (obtained by washing 5 mL pre-cul-
ture with 0.32 mM sodium phosphate (pH 7.2) 
and resuspended to its original volume in the 
same solution) and incubated for 6 h at 42ºc. A 
non-inoculated rSM was also incubated under 
the same conditions as the control. After incu-
bation, 1 mL H2O and 10 mL of 0.75 N trichlo-
roacetic acid prepared daily was added into 5 
mL of sample. the sample was incubated at am-
bient temperature for 10 min and then filtered 
using filter paper. the filtrates were stored at 
−80ºc until the assay. A small amount of filtrate 
(150 μL) was mixed with 3 mL of daily prepared 
OPA reagent (cHUrcH et al. 1983; DONKOr et 
al., 2006), and this solution was incubated for 
2 min at ambient temperature. the absorbance 
was then measured at 340 nm using a spec-
trophotometer (Shimadzu UV1700). triplicate 
samples were analysed from each permeate. 
the absorbance values of non-inoculated rSM 
were subtracted from the absorbance readings 
of the samples, and hence ∆Absorbance (∆Abs) 
values were obtained as indicators of proteolyt-
ic activity.

3. rESULtS AND cONcLUSIONS

Gram-positive and catalase-negative rod-
shaped (121 total) and cocci-shaped (74 total) 
isolates were obtained from MrS media and 
M17 media, respectively. the isolates that grew 
at 10ºc were eliminated (Fig. 1). the rest of the 
isolates and reference strains were subjected to 
carbohydrate fermentation tests. the carbohy-
drate fermentation patterns of the isolates from 
M17 were observed to be similar to that of S. 
thermophilus LMG 18311. the lactose and glu-
cose fermentations tests resulted in acid pro-

duction for all cocci-shaped isolates. Almost all 
cocci-shaped isolates showed acidification upon 
fermentation on saccharose except one isolate. 
Some diversity was detected for fermentation of 
select carbohydrates such as fructose, galactose, 
maltose and mannose. the cocci-shaped isolates 
did not show any acidification on the following 
test carbohydrates: esculin, arabinose, cellobi-
ose, mannitol, melibiose, ribose, salicin, sorbi-
tol, trehalose and xylose. VAN DEN bOGAArD et 
al. (2004) observed utilization of glucose, lactose 
and sucrose among almost all of their S. ther-
mophilus strains. Galactose and fructose uti-
lizing S. thermophilus isolates were also report-
ed by the same authors. In our study, acid pro-
duction from galactose was commonly observed 
among the cocci-shaped isolates. Identification 
of 56 cocci-shaped isolates was confirmed as S. 
thermophilus by 16S rrNA gene sequencing (AL-
tAY DEDE, 2010).

the majority of isolates from MrS (111) had 
similar carbohydrate fermentation patterns to L. 
bulgaricus DSM 20081t and previously reported 
patterns of L. bulgaricus (bUcHANAN and GIb-
bONS, 1974; bADIS et al., 2004; GOMEZ-ZAVAGLIA 
et al., 1999). Fermentation of fructose, glucose, 
lactose and mannose was observed among most 
of these isolates. Eighty-one isolates showed acid 
production only from these four carbohydrates. 
Some of the isolates showed acid production 
from one or two of the following carbohydrates: 
esculin, galactose, maltose, mannitol, ribose, 
saccharose and trehalose, in addition to fruc-
tose, glucose, lactose and mannose. because of 
the probability of atypical strains, these isolates 
were retained in culture collection. the remain-
der of the rod-shaped isolates (7) were eliminated 
from this study because their carbohydrate fer-
mentation patterns differed from L. bulgaricus. 

Acidification activities of 51 S. thermophilus 
isolates and 110 putative L. bulgaricus isolates 
were measured (table 1). the isolates were clas-
sified as good, medium and fair acidifiers based 
on their ability to acidify rSM. the classifica-
tion of the isolates was performed by compar-
ing ∆pH after 4 h and 6 h incubation at 42ºc for 
S. thermophilus and putative L. bulgaricus iso-
lates, respectively. the classification parameters 
were defined based on ∆pH of commercial iso-

table 1 - classification of Streptococcus thermophilus and pu-
tative Lactobacillus bulgaricus isolates based on their acid-
ification properties.

 Good Medium Fair

S. thermophilus 4 22 25
L. bulgaricus 44 11 55

Classification parameters for S. thermophilus: ΔpH≥1.4 (Good), 1.4>ΔpH≥1.3 
(Medium), 1.3>ΔpH (Fair)
Classification parameters for L. bulgaricus: ΔpH≥1.5 (Good), 1.5>ΔpH≥1.4 
(Medium), 1.4>ΔpH (Fair)
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lates. the isolates having fair acidification were 
eliminated from culture collection. Nearly 50% 
of the isolates from each species showed medi-
um or good acidification. Isolation of these cul-
tures from yogurts produced via back-slopping 
could be the reason for this high ratio of desir-
able acidification. 

Acetaldehyde is known as the major com-
pound that provides the typical yogurt aroma 
(tAMIME and rObINSON, 2007). therefore, ac-
etaldehyde production of the isolates was stud-
ied in order to exhibit the effect of the isolates 
on yogurt aroma. twenty-five putative L. bulg-
aricus isolates out of 53 were selected because 
the amount of acetaldehyde they produced was 
comparable with that of commercial isolates. 
the amount of acetaldehyde production by pu-
tative L. bulgaricus isolates ranged from 6.95 to 
18.78 μg/g (Fig. 2) and by S. thermophilus iso-
lates (26) ranged from 3.96 to 7.02 μg/g (Fig. 3). 
Acetaldehyde produced by S. thermophilus iso-
lates was comparable with commercial isolates. 
Greater acetaldehyde producers, compared with 
commercial isolates, were detected among puta-
tive L. bulgaricus isolates. 

Acetaldehyde levels produced by S. thermo-

philus and L. bulgaricus isolates were found 
to be in agreement with previous observations 
summarized by tAMIME and rObINSON (2007). 
ÇELİK (2007) reported that the acetaldehyde lev-
el ranged from 1.2 to 31.5 mg/L among majority 
of L. bulgaricus strains and acetaldehyde levels 
produced by S. thermophilus and some L. bulgari-
cus strains were not in considerable level in their 
study. AYHAN et al. (2005) reported that acetal-
dehyde production was 25-55 ppm and 27.28-
47.74 ppm for their native S. thermophilus and 
L. bugaricus isolates, respectively.

the final pH that putative L. bulgaricus iso-
lates reached ranged from 3.11 to 3.39 (Fig. 4), 
while the final pH of S. thermophilus isolates 
ranged from 3.59 to 4.09 (Fig. 5). L. bulgaricus 
isolates reduced the pH to lower levels when 
compared to S. thermophilus isolates. this is 
consistent with the general properties of yogurt 
bacteria because the inhibition of S. thermophil-
us occurs in higher pH than L. bulgaricus (JAY et 
al., 2005). L. bulgaricus isolates with compara-
bly higher final pHs were detected, which could 
be important in eliminating post-acidification 
since L. bulgaricus is considered to be the main 
source of undesirable post-acidification during 
the storage of yogurt (MOLLEt, 1999; rENAULt, 
2002; LErOY and DE VUYSt, 2004). 

the 16S rrNA gene sequencing was performed 
on 23 L. bulgaricus isolates (out of 25) (cEbE-

Fig. 2 - Acetaldehyde production of putative Lactobacillus 
bulgaricus isolates.

Fig. 3 - Acetaldehyde production of Streptococcus thermo-
philus isolates.

Fig. 4 - Final pH of putative Lactobacillus bulgaricus isolates 
reached after 24-h incubation at 42ºc. 

Fig. 5 - Final pH of Streptococcus thermophilus isolates 
reached after 24-h incubation at 42ºc. 
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cİ AYDIN, 2008), and the biochemical identifica-
tion of these 23 isolates was confirmed by cE-
bEcİ AYDIN (2008). 

the majority of L. bulgaricus isolates including 
commercial cultures were sensitive to L. bulgari-
cus bacteriophages, while two traditional isolates 
(MrS-M2-16 and MrS-M23-2) were resistant to 
most of the bacteriophages (table 2). Additional-
ly, there were L. bulgaricus isolates that were re-
sistant to different bacteriophages in the collec-
tion (MrS-M2-21 and MrS-M2-16), which could 
be used together as members of the same starter 
culture. Phage sensitivity among native L. bulg-
aricus strains isolated in turkey has been pre-
viously reported in the literature (tUNAİL et al., 
2002; AYHAN et al., 2005). conversely, S. ther-
mophilus isolates were generally resistant to the 
bacteriophages. However, some of the S. thermo-
philus isolates from K1 yogurt, showed a clear 
ring-like area (a zone with the shape of ring with 
a less dense of bacterial growth within it) (ta-
ble 3). the presence of bacteriophage-resistant 
mutants in culture could cause this uncommon 
response to the bacteriophages. the remainder 
of S. thermophilus isolates (18) and commercial 

isolates (4) were resistant to all S. thermophilus 
bacteriophages tested in this study. KALELİ et 
al. (2004) reported that all native S. thermophi-
lus strains in their study were resistant to test-
ed phages. 

In lactococci, the loss of bacteriophage resist-
ance encoding plasmids can cause phage sen-
sitivity since many of the phage resistance sys-
tems are related to plasmids instead of chromo-
some (JOSEPHSEN and NEVE, 1998). However, 
plasmids were seen infrequently in S. thermophi-
lus and L. bulgaricus (MErcENIEr and LEMOINE, 
1989; PrIDMOrE et al., 2000; LEE et al., 2007), 
even though a restriction modification system, 
which is coded on a plasmid, has been shown 
to exist in S. thermophilus by SOLOW and SOM-
KUtI (2001). therefore, the common bacterio-
phage sensitivity among L. bulgaricus could not 
be explained with plasmid loss. the reason be-
hind this bacteriophage sensitivity should fur-
ther be investigated. However, preparation of yo-
gurt starter cultures containing greater S. ther-
mophilus to L. bulgaricus ratios (i.e. 1:10-1000) is 
the new approach (tUNAİL, 2009), and this could 
decrease the need for L. bulgaricus in yogurt pro-

L. bulgaricus bacteriophages

Isolates

Ф
Y4

-X
1

Ф
Y4

-X
2

Ф
Y4

-X
3

Ф
Y4

-X
4

Ф
Y4

-X
5

Ф
Y4

-X
6

Ф
Y4

-X
7

Ф
Y4

-X
8

Ф
Y4

-X
9

Ф
Y4

-X
10

Ф
Y4

-X
11

Ф
Y4

L-
A

Ф
V1

-X
20

Ф
Lb

A-
A

Ф
Lb

A-
Z

MRS-K1-43 + + + + + + (+) + + + + + + − +
MRS-M2-8 − − (+) (+) (+) (+) − − + − (+) − (+) − (+)
MRS-M2-12 (+) (+) − − − − (+) (+) (+) − (+) − − + +
MRS-M2-13 + + + + + + + + + + + + + + +
MRS-M2-14 (+) + (+) + + + + + + + + + + + +
MRS-M2-16 − − − − (+) − − − − − − − − (+) −
MRS-M2-17 (+) (+) − − (+) (+) (+) (+) (+) (+) (+) (+) (+) (+) (+)
MRS-M2-20 (+) − − (+) (+) − (+) − (+) (+) − − − (+) (+)
MRS-M2-21 + (+) (+) (+) − − − − − − − − − − −
MRS-M23-1 (+) + − − (+) − (+) − + + + (+) − − −
MRS-M23-2 − − − − − − − − + − − + − − −
MRS-M23-3 − + + + + + + (+) + + (+) + − − −
MRS-M23-4 + + + + − − − (+) + − − + − − −
MRS-M23-13 + + + + + + + + + + + + + + +
MRS-N2-2 + + + + + + + + + + + + + + +
MRS-N2-4 (+) − − (+) (+) − (+) (+) (+) − − − − − −
MRS-N2-5 (+) + (+) + + + (+) (+) + + (+) (+) + + +
MRS-N4-3 (+) (+) − (+) (+) (+) (+) (+) (+) (+) − (+) − (+) −
MRS-N6-2 (+) (+) (+) (+) (+) (+) (+) (+) (+) (+) + + + − −
MRS-N3-2 (+) (+) − − (+) (+) − − (+) (+) (+) − (+) − −
MRS-K2-1 + + + + + + + + + + + + + + +
MRS-K2-2 + + + + + + + + + + + + + + +
MRS-K2-3 + + + + + (+) + (+) + + + + + + +
MRS-K2-4 + + (+) + + + + + + + + (+) + + +
MRS-K2-5 + + + + + + + + + + + + + + +
MRS-Dan-Yo-Mix-1 (+) (+) (+) (+) (+) (+) (+) (+) (+) (+) (+) (+) (+) (+) (+)
MRS-Visby-1 + + + + (+) (+) (+) (+) + + + (+) (+) (+) −
MRS-Visby-2 + + + + + + + + + + + + + + +
MRS-Visby-3 + + + + + + + + + + + + + (+) (+)

+: sensitive, -: resistant, (+): 1 or 2 plaque were detected.

table 2 - bacteriophage resistances of putative Lactobacillus bulgaricus isolates challenged with L. bulgaricus bacteriophages.
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duction. the bacteriophage-resistant property 
of traditional S. thermophilus isolates revealed 
that these isolates could be used as starter cul-
tures alone or in a rotation with commercial S. 
thermophilus cultures to overcome the bacteri-
ophage problem.

In this study, putative L. bulgaricus isolates 
(25 native and 4 commercial) were also chal-
lenged with nine of the S. thermophilus bacteri-
ophages, and S. thermophilus isolates (26 native 
and 4 commercial) were challenged with the 15 
L. bulgaricus bacteriophages since some of these 
bacteriophages used were previously reported as 
broad-host-range phages (ÖZYUrt, 2005; AcAr-
SOYKUt, 2007). However, the heterologous host 
characteristic was not observed within these iso-
lates (data not shown).

L. bulgaricus isolates, including commercial 
isolates, were more diverse in terms of their pro-
teolytic activities, ranging from 0.052 to 0.416 
(∆Abs 340 nm) (Fig. 6). Proteolytic activity of 
S. thermophilus isolates, including commercial 
isolates, ranged from 0.042 to 0.079 (∆Abs 340 
nm) (Fig. 7). L. bulgaricus isolates revealed high-
er proteolytic activity than S. thermophilus iso-
lates. Higher proteolytic activity by L. bulgaricus 
than S. thermophilus has been previously ob-
served by others (SLOcUM et al., 1988a; rAJA-
GOPAL and SANDINE, 1990; cOUrtIN and rUL, 
2004), even though the opposite case has also 
been reported previously (SHIHAtA and SHAH, 
2000). Diversity within L. bulgaricus isolates 
was observed in terms of their proteolytic ac-
tivity. Four L. bulgaricus cultures (MrS-M23-4, 
MrS-M23-13, MrS-N4-3 and MrS-K2-5) re-
vealed higher proteolytic activity than commer-
cial cultures, while the proteolytic activity of 
the remaining of L. bulgaricus isolates was con-
sistent with that of the commercial isolates. It 
is known that excessive proteolysis may be the 
cause of the bitter taste in yogurt (SLOcUM et 
al., 1988b). On the other hand, since proteolytic 
activity of these species is essential in their as-

sociative growth (tAMIME and rObINSON, 2007), 
L. bulgaricus isolates that have different pro-
teolytic activities in a yogurt culture collection 
could be important to match consistent L. bul-
garicus and S. thermophilus isolates for yogurt 
production (GÜrAKAN and ALtAY, 2010).

Fig. 6 - Proteolytic activity of putative Lactobacillus bulga-
ricus isolates.

Fig. 7 - Proteolytic activity of Streptococcus thermophilus 
isolates.

table 3 - bacteriophage resistances of Streptococcus thermophilus isolates, which gave a clear ring-like area.

  S. thermophilus bacteriophages

Isolates

 

M17-K1-1 − (+) − (+) (+) − (+) (+) (+) − − − − − − − − − − − − − − − − (+) (+) −
M17-K1-7 − − − (+) (+) − (+) − − − − − − − − − − − (+) − − − − − − − (+) (+)
M17-K1-13 − − − (+) − (+) (+) (+) − − − − − − − − − − − − − − − − − − − −
M17-K1-16 − − − − − − (+) (+) − − − − − − − − − − (+) − − − − − − − − −
M17-K1-19 − − − − − − (+) (+) − − − − − − − − − − − − − − − − − − − −
M17-K1-27 − − − − (+) − − − − − − − − − − − − − − − − − − − − − − −
M17-K1-28 − − − − − − − (+) − − − − − − − − − − − − − − − − − − − −
M17-K1-30 − − (+) − (+) − − − − − − − − − − − − − − − − − − − − − − −
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technological property studies revealed con-
siderable phenotypic diversity within tradition-
al yogurt cultures and demonstrated the high 
potential of traditionally produced yogurts as a 
source of starter cultures in turkey. Our future 
work deals with the investigation of genotypic 
diversity among the isolates using the tools of 
molecular biology. 
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Erkuş O. 2007. Isolation, phenotypic and genotypic charac-
terization of yoghurt starter bacteria. M. S. thesis, Izmir 
Institute of technology, İzmir, turkey.
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AbStrAct

the aim of the work was to make reference to antioxidant properties of selected cultivars of in-
terspecific crosses of rowan. Altogether 6 cultivars were compared. the total phenolic content, 
antioxidant capacity, total flavonoid content and scavenging activity of the methanolic extract of 
fruit on nitric oxide were determined. Moreover, the polyphenolic profile of cultivars was screened. 

the highest values of phenolic and flavonoid content were found to be in the fruit of the Likernaja 
cultivar (5.82 g of gallic acid ∙ kg-1 FW; 3.85±0.18 g of rutin · kg-1 FW). Likernaja cultivar displayed 
the highest content of chlorogenic acid and quercetin (100.8 mg ∙ 100 g-1 FW, 51.4 mg · 100 g-1 
FW). the correlation coefficient between total phenolic content (tPc) and nitric oxide scaveng-
ing activity (NO) was r2 = 0.885 and between total flavonoid content (tFc) and NO was r2 = 0.810.
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INtrODUctION

Nowadays, lesser-known fruit species are a 
potential source of antioxidants. this also ap-
plies to interspecific crosses of rowan. the or-
namental plants with edible fruits can play sev-
eral important functions, liver and gall bladder 
diseases (WILSKA-JESZKA, 1992).

rowanberry has been described as an im-
portant source of flavonoids and their antiox-
idant activity affects reactive oxygen species 
and lipid peroxidation (bALOGHOVA, 2009; GIL-
IZQUIErDO and MELLENtHIN, 2001). In an at-
tempt to grow new fruit species but also cul-
tivars which would be resistant to low tem-
perature and adapted to a shorter vegetation 
period, from the start of the 20th century in-
terspecific and intergeneric crossing of fruit 
woody plants have been conducted. the fruits 
of interspecific crosses seem to be a suitable 
source of antioxidants and a promising fruit 
species in relation to modern civilization dis-
eases (Ehlenfeldt, 2009). the hybrid cultivars 
of Sorbus sp. were developed by cross-breeding 
rowan with Apple - Malus, pear - Pyrus, choke-
berry - Aronia, hawthorn - Crateagus and med-
lar - Mespilus (HUKKANEN et al., 2006; POYrA-
ZOGLU, 2004).

In the cross - breeding considerable frost re-
sistance, fertility needed and required charac-
teristics of fruit were accomplished so that the 
crosses could be suitable for consumption and 
further processing such as making fruit com-
potes, for the production of liquors, wines or 
spirits (WIDODO et al., 1995). In general, culti-
vars of interspecific crosses have a less astrin-
gent taste and are bigger in comparison with 
the fruit of Moravian rowan (Sorbus aucuparia 
subsp. moravica) (HUKKANEN et al., 2006). the 
fruits of interspecific crosses of rowan have a 
high content of tannins, which could be notice-
able in an unfavourable way in taste in prod-
ucts (although it is the case of Moravian row-
an). the consumption of fresh rowanberries can 
lead to light poisoning which might be caused 
by the presence of parasorbic acid and hydro-
gen cyanide (VOLDrIcH and KYZLINK, 1992). 
Nevertheless, by drying or cooking the toxici-
ty of rowanberries disappears completely. High 
antioxidant activity of fruits is generally con-
nected with anticarcinogenic effects (MAFFEI, 
2007). the great contribution of these crosses 
is high antioxidant capacity (HUKKANEN et al., 
2006) caused, in particular, by the content of 
phenolics (rOP et al., 2011a). the rowanberries 
cultivars and hybrids studied by Hukkanen et 
al. (2006) (burka, Dessertnaja, Eliit, Granatna-
ja, Kubovaja, rosina, rubinovaja, titan, and 
Zholtaja) displayed high antioxidant correlat-
ed to phenolic contents. cultivation of rowan-
berries resulted in increased anthocyanin con-
tent, but this did not diminish their bioactivi-
ty in comparison to wild rowanberries rich in 

caffeoylquinic acids (HUKKANEN et al., 2006; 
KYLLI et al., 2010). 

the ripe wild rowanberries have traditionally 
been used for jellies and jams, but their use as 
a food ingredient has been less popular because 
of their bitter taste. Sweeter and less astringent 
than wild rowanberries are different cultivars of 
sweet rowanberries and hybrids with other spe-
cies, especially Granatnaja and Moravica cul-
tivars (bErNA, 2012). both wild and cultivated 
rowanberry phenolics exhibited a bacteriostatic 
effect toward Staphylococcus aureus. In addition, 
the phenolic extract from Zoltaja was weakly in-
hibitory toward Salmonella typhimurium, where-
as both Zoltaja and Granatnaja-derived pheno-
lics retarded Escherichia coli growth (KYLLI et 
al., 2010). Polyphenol-rich extracts from certain 
berries inhibited a glucosidase activity in vitro 
(GrUSSU et al., 2011). these extracts exhibited 
the potential to replace acarbose (or reduce the 
dose required) in its current clinical use in im-
proving post-prandial glycaemic control in type 
2 diabetics (bOAtH, 2012).

the main objective of this study was to deter-
mine antioxidant properties - the total phenolic 
content (tPc), total antioxidant capacity (tAc), 
total flavonoid content and scavenging activi-
ties of 25% methanolic extracts of fruit on ni-
tric oxide (NO) of fruit of six interspecific cross-
es of rowan cultivars used. Moreover, cultivars 
were analysed in term of selected polyphenol-
ic compounds analysed by HPLc - ED method 
(chlorogenic acid, gallic acid, catalposide, rutin, 
quercetin, quercitrin).

MAtErIAL AND MEtHODS

Fruit were harvested in an experimental gene-
fund orchard of Mendel University in brno. this 
orchard is situated in the area of the village Zab-
cice, approximately 20  km southwards from 
brno, the czech republic. the average annu-
al temperature and a fifty-year average sum of 
precipitation are 9ºc (during the growing sea-
son 15.6ºc) and 553 mm (during the growing 
season 356 mm), respectively. Soils are classi-
fied as gleyed alluvial soils developed on the Hol-
ocene calciferous sediments with a marked ac-
cumulation of organic compounds. concerning 
the texture, the topsoil is loamy and the subsoil 
clayey-loamy.

Fruit was harvested in consume ripeness 
from three trees of each cultivar under study 
in the course of September 2012 and 2013. 30 
randomly chosen fruits from each tree were 
used for analyses (i.e. altogether 90 per each 
cultivar). the fruit of particular cultivars was 
processed immediately after the harvest (not 
later than within two days). Harvested fruits 
were puréed in a mixer and the average sample 
was obtained by dividing into quarters. Each 
parameter was measured in five replications.
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the following cultivars were used:
´burka´ - the cross between Sorbus aucupar-

ia x (Sorbus aria x Aronia arbutifolia)
´Dessertnaja´ - the cross between Sorbus au-

cuparia  x Aronia melanocarpa  x Mespilus ger-
manica

´Granatina´ - the cross between Sorbus aucu-
paria x Crataegus sanquinea

´Granatnaja´ - the cross between Sorbus au-
cuparia  x  Crataegus sanquinea  x  Crataegus 
laevigata

´Likernaja´ - the cross between Sorbus aucu-
paria x Aronia melanocarpa

´titovnaja´ - the cross between Sorbus aucu-
paria x Malus spp.

Extraction procedure

the extraction was performed according to 
the method described by Kim et al. (2003), using 
the following procedure: 10 g of a fresh sample 
were homogenized for 10 s in 100 mL of metha-
nol in a laboratory grinder SJ500 (MEZOS, Hra-
dec Kralove, the czech republic). the resulting 
paste was placed into Erlenmeyer flasks (120 
mL) and let to stand in a water bath with the 
temperature of 25°c for a period of 24 h. After 
the extraction the content of the flask was fil-
trated through paper Filtrapak No. 390 (Petr 
Lukes, Uhersky brod, the czech republic) and 
stored at 4ºc for further use. For analyses the 
final volume of extract was 100 mL.

Total phenolic content assay

to measure total contents of phenolic sub-
stances (tPc), 0.5 mL of extract was taken and 
diluted with water in a 50 mL volumetric flask. 
thereafter, 2.5 mL of Folin-ciocalteau reagent 
and 7.5 mL of a 20% solution of sodium carbonate 
were added. the resulting absorbance was meas-
ured in the spectrophotometer LIbrA S6 (bio-
chrom Ltd., cambridge, the UK) at the wavelength 
of 765 nm against a blind sample (water extract 
without adding Folin reagent), which was used 
as reference. A calibration curve using gallic acid 
(GAE) ∙ kg-1 of fresh mass (FW) was measured.

Antioxidant activity by the DPPH test assay

the DPPH (2,2-Diphenyl-1-picrylhydrazyl) assay 
was conducted according to the method of PArE-
JO et al. (2000). this test is based on reduction of 
DPPH*. In its radical form, DPPH* absorbs light 
at 515 nm, but upon reduction by an antioxidant 
or a radical species, the absorption disappears.

the stock solution was prepared by dissolving 
24 mg of DPPH with 100 mL of methanol and 
then stored at -20°c until needed. the working 
solution was obtained by mixing 10 mL of the 
stock solution with 45 mL of methanol to obtain 
the absorbance of 1.1±0.02 units at 515 nm us-
ing the spectrophotometer LIbrA S6 (biochrom 

Ltd., cambridge, the UK). Fruit extracts (150 µL) 
were allowed to react with 2.850 µL of the dilut-
ed DPPH solution for 24 h in the dark. then the 
absorbance was taken at 515 nm. the results of 
absorbance were converted using a calibration 
curve of the standard and expressed in ascor-
bic acid equivalents (AAE).

Total flavonoid content assay

the total flavonoid content (tFc) was deter-
mined following PArK et al. (2008). In a 10 mL 
Eppendorf tube, 0.3  mL of the fruit extract, 
3.4  mL of 30% ethanol, 0.15  mL of NaNO2 
(c = 0.5 mol∙L-1) and 0.15 nmol∙L-1 of Alcl3 · 6H2O 
(c = 0.3 mol∙L-1) were added and mixed. After 
5 min, 1 mL of NaOH (c = 1 mol∙L-1) was added, 
and the mixture was measured at the wavelength 
of 506 nm using the spectrophotometer LIbrA 
S6 (biochrom Ltd., cambridge, the UK). the to-
tal flavonoid concentration was calculated from 
a calibration curve using rutin as the standard. 
the results were expressed in mg · kg-1 FW.

Nitric oxide scavenging activity assay

For the measurement of nitric oxide activity 
a 25% fruit extract (NO) (25 g fruits filled up to 
100 mL with extracting buffer) was prepared in 
the phosphate buffer (c = 50 mmol · L-1, pH 7.0). 
the assay of nitric oxide scavenging activity was 
performed according to the method described 
by GrEEN et al. (1981). 1 mL of the extract was 
mixed with 1 mL of the reaction solution con-
taining sodium nitroprusside (10 mmol · L-1) in 
the phosphate buffer (20 mmol · L-1, pH 7.4). the 
incubation at 37 ºc for 1 h followed and 0.5 mL 
of the aliquot was then mixed with 0.5 mL of 
Griess reagent. the absorbance was measured 
at 540 nm using the spectrophotometer LIbrA 
S6 (biochrom Ltd., cambridge, the UK) and ex-
pressed in per cent of inhibition.

HPLC profile of selected antioxidants

For the determination of the HPLc profiles of 
the individual cultivars, high performance liq-
uid chromatography (HPLc) with electrochemi-
cal and UV-VIS detection was used. the system 
consisted of two Model 582 ESA chromatograph-
ic pumps (ESA Inc., chelmsford, MA, USA) with 
a working range from 0.001 to 9.999 mL ∙ min-

1 and a Zorbax Sb c18 (150 × 4.6; size of par-
ticles 5 µm, Agilent technologies, USA) reverse 
phase chromatographic column. For UV detec-
tion, a Model 528 ESA UV detector was used. 
A twelve-channel coul Array detector (ESA) was 
used for electrochemical detection. Samples were 
injected automatically by an autosampler (Mod-
el 542, ESA), which has incorporated a thermo-
static space for a column. 

Flow rate was 1 mL∙ min-1. chromatographic 
column was thermostated to 35°c. compounds 
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were eluted by following linear increasing gradi-
ent: 0→1 min (5% ), 1→4 min (6%),

4→20 min (25% ), 20→30 min (100% ), 30→36 
min (100%), 36→38 min (5%), 38→45 min (5%). 
Detection on ED detector was carried out at 600 
mV. time of one analysis was 45 min.

rESULtS AND DIScUSSION

Phenolic content of Sorbus sp. cultivars was 
analysed as total phenolic content, compound 
classes - phenolic acids and flavonoids (chloro-
genic acid, gallic acid, catalposide, rutin, querce-
tin and quercitrin).

the results of chemical analyses of the sam-
ples of interspecific crosses of rowan cultivars 
are shown in Figs. 1, 2 and 3. the results were 
expressed as an average of a two-year experi-
ment since there was not a statistically signifi-
cant difference among the years in any param-
eter investigated. 

According to studies PAULOVIcSOVA et al. 
(2009) less common fruit species according to 
their free radical scavenging ability can be includ-
ed to the following order: cornelian cherries of the 
genotype 13 (88.85±5.58%) > cornelian cherries 
of the genotype 44 (84.56±0.27%) > mulberries of 
the genotype M 410 (81.85±0.99%) > cornelian 
cherries of the genotype 55 (77.59±0.25%) > mul-
berries of the genotype M 104 (77.25±1.47%) > 
rowanberries of the variant ´Sladkoplodá 
Moravská (76.84±1.22%) > blackberries of the 
variant thornfree´ (62.80±1.73%) > honeyberries 
and their clones (30.03±0.24 - 33.00±0.22%).

Moreover, recent studies also proved that to-
tal phenolics, total flavonoids, total proantho-
cyanidins and chlorogenic acid isomers repre-
sented the major group of phenolic compounds 
determined antioxidant activity of wild rowan-
berry fruits (OLSZEWSKA, 2009). the phenolic 
content varied between 550 and 1,014 mg ∙ 100 
g-1 FW. berries contain a large variety of differ-
ent phenolic compounds such as anthocyanins, 
flavonols, tannins, and phenolic acids. Only the 
few qualitative studies in rowanberry fruits ex-
amined polyphenolic compounds as quercetin, 
isoquercetin, hyperin, rutin, meratin, kaemp-
ferol-O-glycoside, catechin, epicatechin and 
compounds from the anthocyanin group: cyani-
din-3-galactoside, and cyanidin 3,5 diglucoside 
(HÄKKINEN, 1998). According to studies HAK-
KINEN et al. (1999) in rowans ferrulic acid and 
quercetin were the most abundant phenolic. 
On the other hand, the HPLc and Lc-MS anal-
yses of phenolic composition provided by KYL-
LI et al. (2010) revealed that the main phenol-
ic constituents were caffeoylquinic acids, var-
ying from 56 to 80% total phenolics. Hydroxy-
cinnamic acids (neochlorogenic and chlorogen-
ic acid) and procyanidins were the main pheno-
lics in rowanberry juice (WOJDYLO and OSZMI-
ANSKI, 2009). rowanberries contain also carot-

enoids, vitamin E, and vitamin c, which also 
contribute to their antioxidant capacity. Piir - 
Niiberg (2003) examined that carotenoid levels 
in sweet rowanberries are as high as those in 
carrots. the cultivated rowanberry fruits con-
tained from 7.25 mg ∙ 100 g-1 FW to 10.48 mg 
∙ 100 g-1 FW of carotenoids (Kampuss, 2009). 
Levels of vitamin c are close to those of straw-
berries, varying from 12 - 21 mg ∙ 100 g-1 (Gra-
natnaja) to 86 mg ∙ 100 g-1 (Zholtaja) (HAKKINEN 
et al., 1999). According to studies KAMPUSS et 
al. (2009) the vitamin c content in rowanberry 
fruits was equal to 131.3 mg ∙ 100 g-1 FW.the 
antioxidant activity is defined as an ability of 
the compound (or mixture of compounds) to 
inhibit oxidative reaction of various biomole-
cules (e.g. prevent the peroxidation of lipids) 
(POHANKA et al., 2012; rOP et al., 2011a; SO-
cHOr et al., 2010a; SOcHOr et al., 2011; SO-
cHOr et al., 2010c). Methods of the antioxi-
dant activity determination are usually based 
on the direct reaction of the studied molecule 
with radicals (scavenging) or on the reaction 
with transition metals (JUrIKOVA et al., 2012a; 
JUrIKOVA et al., 2012b; rOP et al., 2012; rOP 
et al., 2011b; SOcHOr et al., 2010b). berries 
with a strong purple color, such as crowberry, 
aronia, bilberry, and whortleberry, had clearly 
higher phenolic contents (28.7 - 50.8 mg GAE 
· g-1 FW) than the yellowish rowanberries and 
cloudberries (18.7 and 16.2 mg GAE ∙ g-1 FW), 
but there were no significant differences be-
tween the antioxidant activities (KAHKONEN et 
al., 1999). the total polyphenolic content of 
wild rowanberry (Sorbus aucuparia) was 522 
mg ∙ 100 g-1 FW (KAHKONEN et al., 2001). the 
total phenolic content can vary greatly among 
the sweet rowanberry cultivars ranging from 
550 - 1014 mg GAE · 100 g-1 of fresh weight of 
berries. In the study presented, the total poly-
phenolic and flavonoid content in the fruits of 
rowanberry interspecific crosses reached up 
3.65±0.10 g of GAE · kg-1 FW; 2.55±0.1 g of ru-
tin · kg-1 FW (Granatnja) up to 5.82±0.14 g of 
GAE · kg-1 FW; 3.85±0.18 g of rutin · kg-1 FW 
(Likernaja). In the same way, the highest phe-
nol content was detected in the rowanberry 
cultivar Likernaja (in average 484.9 mg GAE 
· 100 g-1 FW) in the studies of KAMPUSE et al. 
(2010). black chokeberries grafted onto Euro-
pean rowan tree exhibited the highest content 
of total phenols (14.25±0.33 mg GAE · g-1 FW), 
and flavonoids (7.87±0.25 mg cE · g-1 FW) also 
in studies of ŠAMEc et al. (2009) but in com-
parison with presented study they measured 
higher values of tPc and tFc (Fig. 1). the as-
sayed cultivars displayed higher content of 
tPc in comparison with studies of KAMPUSS 
et al. (2009) noticed the total phenol content 
of 8 rowanberry cultivar fruits and the fruits 
of their hybrids with Rosaceae L. between 162 
and 485 mg GAE · 100g-1 FW .

 the Likernaja cultivar displayed the highest 
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value of tAc 6.59 g of AAE · kg-1 FW followed by 
the Dezertnaja cultivar 6.12 g of AAE · kg-1 FW. 
Likernaja had by 50% higher antiradical activ-
ity (11.2 g of berries per 1 g of DPPH radical) 
KAMPUSE et al. (2010) than in assayed hybrids.

In previous studies high antioxidant capacity 
strongly correlating with phenolic levels has been 
found for numerous species representing the ge-
nus Sorbus s.s., including S. aucuparia (OLSZE-
WSKA et al., 2010; OLSZEWSKA, 2009). As regards 
tPc and tFc, they were significantly in correla-
tion with tAc (r2 = 0.9479; y = 0.7572x + 2.2085) 
and (r2 = 0.890; y = 1.115x + 2.041). In accord 
with our results a high correlation between the 
antioxidant capacity and total phenolic contents 
of sweet rowanberries cultivars and hybrids was 
established by HUKKANEN et al., (2006) and KAM-
PUSS et al., (2009). 

 both antioxidant effects measured by AbtS 
and DPPH test of the Sorbus sp. extracts were 
significantly (r > 0.8097, p < 0.05) influenced 
by the total phenolic content (tPc) as it was de-
termined by the OLSEWSKA (2012). 

Significant linear correlations (r in the range 
of 0.75  -  0.98) between DPPH, FrAP method 
and the contents of total phenolics, total flavo-
noids, total proanthocyanidins and chlorogen-
ic acid isomers showed that the listed phenolic 
compounds are determinants of the antioxidant 
capacity tested (OLSZEWSKA, 2009).

When comparing other species of pomaceous 
fruit, the quality of fruits of the rowan cultivars 
investigated is evident in relation to antioxidant 
properties (tHAIPONG et al., 2006). For example, 
in apples the average value is 2.50 g of AAE · kg-1 
FW, in pears it is on average 1.90 g of AAE · kg-1 

Fig. 1 - total phenolic content (expressed as grams of gallic acid · kg-1 FW), total antioxidant capacity (expressed as grams 
of AAE · kg-1 FW) and total flavonoid content (expressed as grams of rutin · kg-1 FW) n = 15.

Fig. 2 - Scavenging effect of 25% methanolic extract of fruit on nitric oxide (percentage of inhibition), n = 15. 
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FW. Similarly, cherries reach 1 g of AAE · kg-1 
FW and plums have around 5 g of AAE · kg-1 FW 
(rOP et al., 2010).

Moreover, for verifying the results the meas-
urement of scavenging activity of 25% methanol-
ic extracts on NO was performed. the highest 
values were found to be in the Likernaja, Des-
sertnaja, Granatina and titovnaja cultivars - in 
concrete terms, 30.97%, 29.26%, 28.56% and 
30.89%, respectively. the correlation coefficient 
between tPc and scavenging activity of NO was 
r2 = 0.885; y = 8.742x - 2.719 and between tFc 
and scavenging activity of NO was r2 = 0.810; 
y = 5.526x + 0.544

KAKHONEN et al. (2001) analyzed the phe-
nolic profiles of a total of 26 berry samples by 
HPLc-ED technique. the results of experiment 
showed that phenolic contents among different 
berry genera varied considerably, while phenol-
ic acids were dominant in rowanberries (genus 
Sorbus). Sweet rowanberry is especially rich 
in chlorogenic and neochlorogenic acid con-
tent (cLIFFOrD, 2000) as well as caffeic acid 
(HALLMANN, 2012). In our experiment the high-
est content of chlorogenic acid was examined 
in Likernaja 100.88 mg · 100 g-1 FW together 
with Granatnaja 90.62 mg · 100 g-1 FW that are 
by 60% lower values in comparison with HALL-
MANN (2012). the content of gallic acid var-
ied from 4.33 mg · 100 g-1 FW (titovnaja) up to 
26.35 mg · 100 g-1 FW (burka) (Fig. 3). 

Quercetin is the main flavonol presented in 
Sorbus sp. (HALLMANN, 2012; GIL-IZQUIErDO 
and MELLENtHIN, 2001). In assayed interspecific 
crosses of Sorbus sp. the content quercetin rep-
resented values from 44.03 mg · 100 g-1 FW up 
to 51.41 mg · 100 g-1 FW (Likernaja). In general-
ly, quercetin is the predominant flavonol in fruit 
reach up lesser amount than 15 - 30 mg · kg-1 
FW (MANAcH et al., 2004) but in all assayed in-

terspecific crosses reached up higher values. 
Quercetin was determined in all berries less-
er known fruit species analysed by HAKKIN-
EN et al. (1999), the contents being higher in 
bog whortleberry (158  mg  ·  kg-1, FW), lingon-
berry (74 and 146 mg · kg-1), cranberry (83 and 
121 mg · kg-1), chokeberry (89 mg · kg-1), sweet 
rowan (85 mg · kg-1), rowanberry (63 mg · kg-

1), sea buckthorn berry (62 mg · kg-1). In crow-
berry (53 and 56 mg · kg-1 FW) the content of 
quercetin is comparable to Likernaja. Except for 
quercetin assayed hybrids contained significant 
amount of rutin 14.43 mg · 100 g-1 FW (burka) 
up to 75.95 mg · 100 g-1 FW (Granatina).

the content of quercitrin in assayed sam-
ples reached up 8.54 mg · 100 g-1 FW (titovna-
ja) to 38.79 mg  · 100 g-1 FW (burka). Querci-
trin was found in lower amount in all the ber-
ries such as  whortleberry (15.8  mg  ·  100  g-1 
FW), ligonberry (7.4  -  14.6  mg  ·  100  g-1), 
cranberry (8.3  -  12.1  mg  ·  100  g-1), choke-
berry (8.9  mg  ·  100  g-1) ,  sweet rowan 
(8.5 mg · 100 g-1), rowanberry (6.3 mg · 100 g-1), 
sea buckthorn (6.2 mg · 100 g-1) and crowbery 
(5.3 - 5.6 mg · 100 g-1) (HÄKKINEN, 1998). It is 
also evident, that interspecific crosses of Sor-
bus sp. presented reacher sources of quercitrin 
than wild species.

the results presented are unique and in in-
terspecific crosses of rowan they have not been 
presented in such a way so far. In particular, it 
concerns nitric oxide which belongs to reactive 
oxygen species. these develop as a response of 
the human immune system to infections but 
are also produced in stressful situations - then 
they have a negative impact on human tissues, 
damage biological membranes and blood ves-
sels (bAE and SUH, 2007). No data on pheno-
lics content of hybrids presented in paper have 
been published previously.

Fig. 3 - the content of selected polyphenolic compouns in cultivars of Sorbus sp. (mg · 100g-1 FW).
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cONcLUSION

the results obtained point to possibilities of 
using interspecific crosses of rowan in human 
nutrition as a good substitute for other edible 
rowan species. the evaluated cultivars displayed 
high antioxidant activity significantly related to 
total polyphenolic and flavonoid content. the 
Likernaja cultivar displayed the highest content 
of tPc, tFc, antioxidant activity, chlorogenic 
acid and quercetin. this information about fruit 
quality is interesting for nutritionists as well as 
berry growers and breeders who can promote 
the cultivation of species and new cultivars with 
higher phenolic content an d antioxidant activ-
ity. Moreover, assayed interspecific crosses ex-
cel in low requirements for growing conditions 
and high resistance to frost. What is also inter-
esting is that their yield is mostly higher in com-
parison with Moravian rowan. therefore, these 
crosses are found in Northern European coun-
tries as well as the Siberian regions of russia.
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AbStrAct

Aflatoxins are potent fungal toxins, that may be transmitted and present in foods; this is pos-
sible if aflatoxin have infected the primary product source, animal or agricultural product. there 
can be major negative health effects if exposed to very high aflatoxin levels, these levels are known 
to produce cirrhosis, necrosis and possible hepatic failure as well as changes in the digestive/ab-
sorption and metabolism. As a result, aflatoxin presents a major concern for the food industries 
and their products produced for human consumption. the objective of this study was to investi-
gate the probable fungal infection of AfM1 in milk product produced in the province of Qom, Iran 
(2013). For testing purposes, forty random milk samples were collected from eight milk-collect-
ing centers, for evaluation and analysis of AfM1 content, HPLc method was used for evaluating 
all samples. All samples tested positive for Aflatoxin M1, the average concentration of 0.170 µg L-1, 
in one-hundred percent of the samples. AfM1 levels were greater than EU limit (0.05 µg L-1) and 
87.5% of samples exceeded legal limit of national standard of Iran.
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INtrODUctION

Aflatoxins subset of mycotoxins, consist of 
a large group of extremely toxic components, 
which are produced by certain species of fun-
gi, specifically by Aspergillus flavus and As-
pergillus parasiticus (FALLAH, 2010). these 
fungi contaminate a wide range of agricultur-
al products mainly cereal grains, during the 
pre- and post-harvest stages (EL KHOUrY et 
al., 2011, GUAN et al., 2011). Factors such as 
season, humidity, temperature and drought 
in field as well as storage conditions (i.e. rel-
atively high humidity and high temperatures 
of extended periods) play a critical role in pro-
duction of aflatoxins (KANGEtHE and LANGA, 
2010; DASHtI et al., 2009; EFSA, 2004). these 
metabolites are highly carcinogenic, mutagen-
ic and teratogenic components, which pose a 
serious health threat to humans and economic 
concern to the food industry hence; consum-
ables should be monitored closely for these 
potentially hazardous bacteria (SADIA et al., 
2012; ELZUPIr and ELHUSSEIN, 2010). Among 
the four common aflatoxins available (aflatox-
in b1, b2, G1, and G2), aflatoxin b1 (Afb1) is 
the most prevalent and poisonous molecule 
and categorized as group 1 human carcinogen 
by IArc (FALLAH, 2010; GUAN et al., 2011; EL 
KHOUrY et al., 2011). When lactating mam-
mals ingest feeds containing aflatoxin b1, it 
is converted to AfM1 by hydroxylation (rU-
ANGWISES and rUANGWISES, 20120). AfM1 is 
secreted into the milk and subsequently di-
gested by humans through the consumption 
of milk and other dairy products (PrANDINI et 
al., 2009). AfM1 have teratogenic and muta-
genic implication and recently, likewise Afb1, 
classified as first group human carcinogen 
(SASSAHArA et al., 2005; ALMEIDA PIcININ et 
al., 2012). Similarly, other aflatoxins, AfM1 
are thermo stable thus, during thermal treat-
ment, storage and/or other processing meth-
ods do not affect the AfM1 bacteria (ALMEIDA 
PIcININ et al., 2012; ZHENG et al., 2013).there 
are several regulations for AfM1 limitation in 
milk and dairy products in many countries. 
According to codex Alimentarius and Europe-
an community legislations, permitted level of 
AfM1 concentration in milk and dairy product 
are fixed at 0.05 µg L-1 (cOMMISSION, 2001; 
Ec, 2006). the Institute of Standards and In-
dustrial research of Iran (ISIrI) has set na-
tional legal limit to 0.1 µg L-1 for milk (ISIrI, 
2005). there were no previous studies, re-
cords or reportsof AfM1 bacterial presence in 
the raw milk in the province of Qom. We de-
termined further monitoring and testing was 
necessary for ruling out any possibility of the 
AfM1 bacteria; random samples of raw milk 
product were collected by sterile procedure, 
from the different milk-collecting centers of 
Qom province, Iran.

MAtErIALS AND MEtHODS

Sample collection

Forty samples were randomly collected from 
the eight milk-collecting centers (c1-c8) in the 
Qom province, during the month of January 
2013. Samples were collected and prepared in 
sterile plastic container and refrigerated at 4°c 
pending analysis, that were carried out later the 
same day.

Chemical and reagents

AfM1 standard were purchased from Sigma-
Aldrich. AfM1 Immunoaffinity columns were ob-
tained from Vicam (USA). HPLc grade solvents 
were purchased from Merck, riedel (Darmstadt, 
Germany).

Water used was purified by a Waters-Millipore 
(Milford, MA, USA).

Analysis of AfM1

the method used for analysis of AfM1 was the 
AOAc Official Method 2000.08 as reported by 
(DrAGAccI et al., 2001) with a minor modifica-
tion. 40 ml of homogenate milk were defatted by 
centrifuge at 3,500 rpms for 30 min, the super-
natant was removed and the resulting skimmed 
milk was poured through filter paper (Whatman 
no. 4) to remove any remnants of debris. Filtrate 
was then attached into an Immunoaffinity col-
umn. to remove matrix interferes, the column 
were washed with 30 mL of water. AfM1 were 
eluted with 4 ml of acetonitrile: the liquid(1:3, 
v/v) and elutes were evaporated at 40°c under 
a stream of nitrogen gas, and redissolved in 500 
µL of water: acetonitrile (1:3, v/v). A volume of 
100 µL was injected into the HPLc system. All 
samples were analyzed in duplicate. the HPLc 
system consisted of an A Hewlett Packard HPLc 
system (Hewlett Packard, Agilent 1100, Palo Alto, 
ca, USA) equipped with an auto sampler Agilent 
1100 Series and a HP Agilent 1100 fluorescence 
detector. Detection was set at 360 and 340 nm 
for excitation and emission, respectively. tem-
perature in column oven was 40°c. the mobile 
phase was water: acetonitrile (1:3, v/v) at a flow 
rate of 1 ml/min. the retention time for AfM1 
detection was 4.1-4.3 min. to determine the cal-
ibration curve, 6 fortified solution with AfM at 
the following concentrations 0.025, 0.05, 0.075, 
0.1, 0.2, 0.5 µg L-1 were used and calculated by 
least squares linear regression analysis of the 
peak areas versus milk concentrations of AfM. 
the coefficients of variation (cV) and the mean 
recoveries were calculated for each solution. the 
average recoveries were 77.1%. Limit of quan-
titation were determined using the Q2b meth-
od of US FDA (FDA, 1996). the precision of the 
method expressed as percentage cV ranged from 
3.5 to 5.1% (not shown).
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rESULtS AND DIScUSSION

Levels of AfM1 are summarized in table 1. 
AfM1 were found in all of 40 analyzed samples 
and the total average of AfM1 concentration were 
0.170 µg L-1. Statistical analysis showed no sig-
nificant difference in the mean amount of AfM1 
between points analyzed. According to the na-
tional standard of Iran, 87.5% of samples ex-
ceeded the legal limit of AfM1 content in the raw 
milk (0.1 µg L-1) and regarding codex Alimenta-
rius and European community regulation, one-
hundred percent of samples were above the per-
mitted level (0.05 µg L-1). the results were in near 
agreement with (OVEISI et al., 2007), that report-
ed AfM1 contamination in 78% of milk samples 
exceeded EU action level (0.05 µg L-1). KAMKA-
rA (2005) also pointed out high contamination 
in 111 raw milk samples produced in Sarab, 
Iran, in which AfM1 detections rates were 76% 
of the samples collected ranged between 0.015 
to 0.28 µg L-1 whereas 40% of the positive sam-
ples were above EU limit. In similar studies in 
Iran, AfM1 contamination in raw milk samples 
exceeded EU limit with percentage of 36% (rAHI-
MI and AMErI, 2012), 33% (NEMAtI et al., 2010), 
25% (rAHIMI and AMErI, 2012), 12.5% (tAJIK 
et al., 2007), 11.76% (GHIYASIAN et al., 2007), 
4.4% (KHEZrI et al., 2010).

A probable explanation of high values ob-
served could be attributed to winter sampling 
that are commonly associated with improper feed 
storage and favorable condition for fungal growth 
and Afb1 production. Previous study analyses 
demonstrated a high AflaM1 content in milk that 
was analyzed in winter, with that compared to 
the summer season (KAMKAr, 2005; tAJKArIMI 
et al., 2007; NEMAtI et al., 2010; GHIYASIAN et 
al., 2007; HErZALLAH, 2009; HUSSAIN and AN-
WAr 2008). the combination of high humidity 
and warm temperature accelerate fungi growth 
in the stored feeds, which results in a contami-
nated food supply for the dairy cow, which inher-
ently infects the raw milk withAfM1 in (DASHtI 
et al., 2009; GrYbAUSKA et al., 2000). However, 
we have no information regarding the feed giv-
en to cows by the local farmers in the sampling 
regions. Whereas the traditional dairy farming 

industry, it is more susceptible to this bacteri-
al contamination due to the improperly stored 
feed, the present storage methods create a per-
fect environment for growth of the mould (heat 
and moisture) and Afbl accumulation. crop res-
idues and dried wheat bread are given as a food 
supplement to the animals; these products are 
often visually contaminated with mould and are 
predispose to Afb1 production. Silage making 
constitutes a chief component of feed given to 
cows during winter, these are a major contam-
ination source of Afb1 (PErEYrA et al., 2011). 
Our study seems to indicate that the dairy farm-
ers require a comprehensive training program, 
for proper handling of the agricultural products 
for feed storage and silage production; this may 
well play a major role in the reduction in the 
contamination of AfM1 content in raw milk. A 
probable explanation of high bacterial infections 
values observed could be attributed to the win-
ter sampling that are commonly associated with 
improper feed storage and the favorable condi-
tions (heat and moisture) for fungal growth and 
Afb1 production. there are studies that impli-
cate high AflaM1 content in the milk analyzed 
in the winter as compared to the summer sea-
son analyses, (KAMKAr 2005; tAJKArIMI et al., 
2007; NEMAtI et al., 2010; GHIYASIAN et al., 
2007; HErZALLAH, 2009; HUSSAIN and ANWAr, 
2008). the combinations of high humidity and 
warm temperature during feed storage acceler-
ate fungi growth, which resulted in AfM1 con-
tamination of the raw milk (DASHtI et al., 2009; 
GrYbAUSKAS et al., 2000).

cONcLUSION

bearing in mind the fact that the amount of 
AfM1 in all milk examined were above EU limit, 
it is highly recommended that further control-
ling measures be implemented immediately to 
reduce the danger and further contamination of 
food and agricultural products. More stringent 
regulations and controls are required by the food 
administrations’ and of the National Standard of 
Iran. (i.e. GAP and HAccP), proper feed storage 
and training programs for the dairy industry/

table 1 - Aflatoxin M1 concentration (µg/L) in raw milk in different milk collecting center in Qom, Iran.

 Milk collecting centers Number of samples Mean Range

 Center 1 5 0.163 0.160-0.167
 Center 2 5 0.171 0.170-0.174
 Center 3 5 0.198 0.195-0.203
 Center 4 5 0.199 0.197-0.201
 Center 5 5 0.083 0.079-0.087
 Center 6 5 0.201 0.197-0.205
 Center 7 5 0.173 0.170-0.175
 Center 8 5 0.173 0.170-0.176
 Total 40 0.170 0.079-0.205
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farmers are a necessity, to aid in reducing and 
controlling this bacterial infection. Additionally, 
it is suggested further in-depth studies be con-
ducted on Afb1 contamination in the different 
stages and in the feed preparation, and further 
studies on which factors might possibly be in-
volved in the contamination Afb1 process.
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AbStrAct

this study explores a short food supply chain by analyzing direct sales of locally produced wine 
in Italy. the paper discusses the main factors influencing the purchase of locally produced wine 
through econometric analysis of a sample of Italian consumers using a binary logit model. the 
results reveal the profile of wine consumers who buy directly from wine producers including their 
attitudes and preferences. the findings provide important insight to managers and policy makers 
in terms of marketing and policy development.
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INtrODUctION

the short food supply chain (SFSc) has be-
come an important issue in international as 
well regional agro-food systems (GUPtILL and 
WILKINS, 2002; StEPHENSON and LEV, 2004; 
SELFA and QAZI, 2005; LOMbArDI et al., 2013; 
D’AMIcO et al., 2014) and has been widely ex-
plored in rural development studies (GALE, 
1997; rENtING et al., 2003; rIZZO and GIUDIcE, 
2013; D’AMIcO et al., 2013). the SFSc is based 
on the direct relationship between the produc-
er and consumer, being characterized by bene-
fits to both parties including a reduced number 
of trade intermediaries (LA trObE, 2001; AGUG-
LIA et al., 2009).

Among the alternative short food chains iden-
tified by rENtING et al. (2003), direct sales of a 
locally produced food - such as by farm shops, 
farmers’ markets, pick-your-own, roadside 
markets, mail order, e-commerce, box schemes 
and home deliveries - allows consumers to ver-
ify the quality of the food and appreciate their 
favorable attributes such as the freshness, gen-
uineness and seasonality. At the same time, 
consumers can buy higher quality products 
at lower or more competitive prices than those 
purchased in supermarkets (brOWN, 2003; 
WOLF et al., 2005; AGUGLIA et al., 2012). Sev-
eral studies have observed that the high repu-
tation of locally produced food is attracting the 
attention of the modern consumer. the increas-
ing success of such SFSc is due to the grow-
ing environmental awareness of consumers; in 
fact, ecological sustainability is often associat-
ed with local food production given its low en-
vironmental impact (WOLF et al., 2005; crAN-
FIELD et al., 2012).

Many authors report that farmers’ markets 
and direct selling at farm shops play a promi-
nent role in enabling farmers to earn a higher 
income (NAYGA et al., 1995; GOVINDASAMY et al., 
1999; DI VItA et al., 2013c) as a consequence 
of better profits margins and reduced transport 
and packaging costs (JArOSZ, 2008; AGUGLIA et 
al., 2009). Simultaneously, direct selling allows 
producers to regain their active role in the agro-
food market, gaining new market opportunities 
and receiving a fair price for their products. In 
particular, direct marketing and direct sales 
represent an interesting economic opportunity 
in the light of the ongoing economic crisis that 
has weakened the power of household spend-
ing (Di Vita et al., 2014) and reduced the prof-
itability of small wine grape growers in south-
ern European countries (LANFrANcHI and GI-
ANNEttO, 2013; DI VItA, D’AMIcO and brAc-
cO, 2013; PAPPALArDO et al., 2013; SPAMPINA-
tO et al., 2013). 

Studies on direct farm marketing have main-
ly addressed local food produce (WOLF, 1997; 
rENtING et al., 2003) from the aspect of the so-
cial and economic features of direct market con-

sumption (ONIANWA et al., 2005; NAYGA et al., 
1995). Many authors have examined in depth 
the behavior of consumers toward locally pro-
duced food (GrAcIA et al., 2012; crANFIELD et 
al., 2012) and their willingness to purchase it 
(JEKANOWSKI et al., 2000; LOUrEIrO and HINE, 
2002; cAMPbELL, 2013). 

consumers’ studies on farmers’ markets 
(EAStWOOD, 1996; brOOKEr et al., 1993; HIN-
rIcHS, 2000; WOLF et al., 2005) have highlight-
ed the relevance of the preferences, habits and 
socio-demographic characteristics of local con-
sumers in urban as well in rural areas (brOWN, 
2003; WEAtHErELL et al., 2003). Although the 
profile of local consumers has been analyzed 
in depth, studies have mainly been directed 
towards food produce in general. Few studies 
have focused on a specific product, such as lo-
cally produced wine. Given local wine produc-
tion represents an important issue in the inter-
national scientific debate and there is a lack of 
empirical evidence regarding locally produced 
wines, the purpose of our study is to analyze in 
depth the main features and aspects of the di-
rect selling of wine. 

the main objective of the present paper is to 
identify the profile of Italian consumers with re-
spect to locally produced wine by analyzing the 
main socio-economic components that directly 
influence their choice and purchasing behav-
ior. this study additionally attempts to identify 
which factors influence the purchase of wine di-
rectly from wineries. the paper is divided as fol-
lows: Section 2 briefly describes the survey de-
sign for the study and the empirical model. Sec-
tion 3 reports the main findings of Italian con-
sumers who buy wine directly from wineries. 
Section 4 discusses the most important impli-
cations of the findings.

MAtErIALS AND MEtHODS

Data were collected using a questionnaire sub-
mitted to a random sample of 953 wine consum-
ers who were interviewed between July and Sep-
tember 2011. the questionnaire was structured 
in 4 parts: the first part covered the features of 
the wine purchases (wine typology, quantity con-
sumption, shopping frequency, etc.). the second 
part included questions on sensory attributes, 
such as packaging and origin. the third part 
focused on the distribution channel and selling 
location. the fourth and final part collected the 
social and economic variables of the interview-
ees. the questionnaires, utilizing 26 closed-end-
ed questions, were administered through face-to-
face interviews in the three main areas of Italy to 
obtain a representative sample of the Italian con-
sumer: Southern Italy (Palermo and catania), 
central Italy (rome) and Northern Italy (Milan). 
respondents were recruited both at a large re-
tail store and at specialized wine shops in each 
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of the study areas, and were selected according 
to their willingness to cooperate with the survey.

the study aimed at capturing the habits and 
socio-economic characteristics of consumers to 
identify the profile of consumers who buy wine 
directly from wine producers. the survey was 
carried out on 295 consumers who declared they 
buy wine directly from wine producers, which 
represent around 31% of the total sample. ta-
ble 1 provides a brief description of the respond-
ents’ demographic statistics that were collected 
from the survey. 

Analysis was carried out using a logit model, 
where the dependent variable, defined as “con-
sumers who buy wine directly from a wine pro-
ducer”, is dichotomous and assumes the val-
ue of 1 for consumers who buy wine at winer-
ies and 0 for respondents who do not buy wine 
at wineries. 

binary models such as that used in our sur-
vey are particularly suitable for the analysis of 
an  individual’s choice, especially in surveys 
where individuals must make a choice between 
two distinct alternatives. this approach tends 
to give greater weight to the individual sphere, 
compared with the dimension of time in which 
the choices are made.

the econometric model we chose was the bi-
nary logit model estimated with maximum like-
lihood (ML). this is because such a functional 
form is relative to its assimilation to the normal 
distribution that generally leads to dissimilar re-

sults compared with those of the probit model 
(AMEMIYA, 1981). the specification of the logit 
model is as follows:

the independent variables in our survey were 
linked to a) socio-economic features of consumer, 
such as age, gender, number of household mem-
bers, level of education, and four different lev-
els of income; b) characteristics of wines, such 
as typologies (red, white, sparkling, bubbling, 
rosè, sweet and novella wines), sensory attrib-
utes (colour, taste, appearance and flavour) and 
Product Designation of Origin (PDO)/Protected 
Geographical Indication (PGI) designation; and 
c) habits of buying, such as shopping frequency 
(weekly, monthly and occasionally). table 2 re-
ports the variables used in the ordered analysis 
and their descriptive statistics. 

rESULtS

table 3 presents the results of the binary log-
it model. the explanatory variables describe a 
specific short supply chain channel configura-
tion: direct sales from wine producer to final wine 
consumer, revealing the profile and characteris-
tics of wine consumers buying at wineries. In the 
econometric model we employed social and eco-
nomic variables (age, gender, income, number of 

table 1 - Demographic characteristics of the sample.
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table 2 - Variables implemented in the econometric logit.

household members, education and occupation), 
the typology of purchased wine (red, white, spar-
kling, bubbly, rosè, sweet and novello, wines) and 
the features of the purchasing process including 
shopping frequency, according to the post-mod-
ern consumer approach (cIcIA et al., 2011; cEM-
bALO et al., 2013). Among the variables employed 
in the estimated model, we report only those with 
a statistical significance of at least 10% (table 
3). the estimated logit model shows that all the 

signs of the coefficients of each variable are sig-
nificant and the results are in line with expecta-
tions, thus inferring how to better target the mar-
keting of wines sold directly from wineries. the 
findings of our study provide for first time insight 
into the consumer profile of purchasers of local-
ly produced wine and their attitudes towards the 
main attributes of wines 

According to the descriptive statistics of our 
study, the results confirm a high percentage of 
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table 3 - regression results of the binary logit model.

consumers (31%) who buy wine directly from 
wine producers. these findings are consistent 
and in line with the findings of a recent study 
that estimated that over 30% of Italian consum-
ers prefer to buy directly from wine producers 
(MEDIObANcA, 2013).

On the basis of our regression results, the 
profile of consumers who buy wine directly from 
wineries is characterized by self-employed adult 
males with low to medium income and a larger 
than average household. With respect to con-
sumer attitudes, it was found that the purchase 
of wines was not frequent, given most consum-
ers only purchased wine once a month. An in-
teresting insight can be derived by taking into 
account the variables related to the characteris-
tics of the typology of the wine. consumers tend-
ed to prefer red wines followed by white wines, 
being less interested in other typologies such as 
sparkling or rosé wines.  Moreover, we observed 
that consumers are uninterested in product dif-
ferentiation such as the PDO and PGI designa-
tions since these variables estimated in our mod-
els did not significantly differ from zero. 

cONcLUSION

Although the relevance of SFSc and local food 
product consumption has been widely reported 
in the economic literature (rENtING et al., 2003; 

Stephenson and Lev, 2004), the majority of stud-
ies have focused on identifying factors affecting 
consumers’ behavior towards locally produced 
food (WEAtHErELL et al., 2003; crANFIELD et 
al., 2012; DI VItA et al., 2013b).

Our results show for first time the behavior 
of wine consumers buying directly from winer-
ies and their profile, attitudes and preferences. 
the high number of wine consumers that bought 
wine directly from wineries indicates that SFSc 
represents a very relevant phenomena in the 
Italian agro-food system. thus, our findings pro-
vide important insights to sales and marketing 
wine managers, wine experts and policy makers 
in terms of marketing and policy development. 

Our findings highlight the importance of so-
cio-demographic characteristics such as in-
come and occupation in influencing the behav-
ior of consumers of locally produced products. 
the results presented in this study also con-
firm the role of direct marketing as a strategic 
tool for consumers of winemaking areas (cANI-
GLIA et al., 2008; bOrSELLINO et al., 2012; DI 
VItA et al., 2013c), and suggests, as previously 
rEPOrtED (brOWN, 2003), that price does not 
play a prominent role in the choice of local prod-
ucts consumers at SFSc.

this study also has policy implications for 
wine-producing countries with respect to the en-
hancement of economic sustainability for rural 
areas. the findings suggest using public fund-
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ing to support these forms of short channel mar-
kets to generate benefits for both wine consum-
ers and wine producers. Within this context, it 
could be useful to stimulate the expansion of free 
and unconstrained direct sales of wine, releasing 
the wine market from tariff barriers and bureau-
cratic rules that negatively affect wine business.
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AbStrAct

the objective of this work is to determine the feasibility of establishing a farmer’s market in 
Messina (Italy). For this purpose, a “motivational” snapshot was obtained through the traditional 
methodology of a descriptive research survey by questionnaire. the research methodology adopt-
ed was quantitative and random. Prior to conducting the survey, their search team developed the 
hypothesis of the study, constructed the survey questions and delimited the area of research. the 
questionnaire comprises 16 multiple choice questions that area series of general questions put 
to agricultural producers on the situation of local business, including the characteristics of con-
ducting local business, the size of production and the local economy, agricultural products, dis-
tribution channels and marketing. the questions relate exclusively to knowledge of short chain 
markets in general and farmers’ markets in particular. the sample size was fixed taking into ac-
count the objectives of the research and the resources available.
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INtrODUctION: EcONOMIc EFFEctS 
OF SHOrt cHAIN MArKEtS

When considering rural development and 
multi-functionality in agriculture, we must 
take into account strategies and objectives 
that aim to keep people on the land, resourc-
es, traditions, and socio-economic and cultur-
al aspects indispensable for revitalizing rural 
areas. In this respect, the short chain can be 
considered a component of rural development 
falling within the concept of multifunctional 
agriculture (DE bLASI et al., 2009), helping to 
boost economic growth and consequently con-
tributing to the permanence of the population 
and businesses in rural areas. the term “short 
chain,” now in common use, includes reference 
to short circuits of production and consump-
tion, agro-food networks, and alternative or 
sustainable food chains (LANFrANcHI, 2010). 
From a commercial point of view, the imple-
mentation of short chains is an alternative to 
the logic and organizational modalities of the 
agro-food system dominant up to now. Short 
chains shorten the distances not only spatial-
ly but also socially, culturally and economical-
ly between the agricultural world and the final 
consumer (ScHIFANI and MIGLIOrE, 2011). Al-
though, the concept of the short chain is not 
new, today it has become important in value.  
the short chain has its roots in sales made in 
local and traditional markets. In fact, buying or 
selling with zero km distances was born some 
time ago, when the farmer would take his lo-
cally produced vegetables and livestock prod-
ucts to the local village or town square to sell. 
thereafter, large-scale distribution came into 
force, affecting consumer habits and break-
ing down one of the main pillars of agricultur-
al enterprise, namely, the seasonality of prod-
ucts, by offering the consumer food out of sea-
son. today, in fact, you can buy any agricul-
tural food or products at any time of the year. 
the superiority of the food chain, conquered 
thanks to intensive agriculture, globalization 
of cultures, and technological advancement of 
packaging and transport, allows the consum-
er to tear down time issues (buying products 
out of season) and spatial issues (purchase of 
products made in other countries). the pro-
cess of globalization has consequently deepened 
the crisis for small producers who have been 
ousted from the markets now occupied mainly 
by large producers (SPAMPINAtO et al., 2013). 
these large producers have farming practices 
not entirely environmentally sustainable but 
meet the needs of consumers who are increas-
ingly accustomed to highly differentiated prod-
ucts. this economic-cultural change has inten-
sified the process of pollution, mainly due to the 
advent of organized retailing and distribution 
that has seen the long-distance transportation 
of all agricultural goods, such as by road, ship, 

aircraft, railway. Such transportation methods 
are inefficient in terms of logistics and are major 
contributors to greenhouse gas emissions on a 
global scale (cAPUtO et al., 2013). thus, avail-
ability of food choice is a significant contribu-
tor to environmental pollution. therefore, to re-
spect the environment, and rediscover the sea-
sonality, freshness and flavours of local prod-
ucts, it is important to buy and consume foods 
of ones’ own local area (ANtONELLI and VIGANò, 
2009). to achieve such a “zero cost km” mod-
el of purchase requires direct contact between 
producer and consumer at local markets (for 
example, farmers’ markets), or selling direct-
ly from the producer’s farm, where the cost of 
packing and shipping would be minimal. Ana-
lyzing this context, we can summarize the effi-
ciency of the short chain into four areas of effi-
ciency: logistic-organizational efficiency, infor-
mational efficiency, distribution efficiency and 
environmental efficiency (cHINNIcI et al., 2013). 
the development of short chain food produc-
tion is not only a commercial alternative to the 
current globalized distribution process, but is 
an important tool to support the policies of lo-
cal rural development (LANFrANcHI and GIAN-
NEttO, 2013).

tYPES OF SHOrt cHAIN ActIVItY

In recent years, the world agro-food indus-
try has been characterized by the presence of 
a long chain comprising many actors placing a 
greater and greater distance between produc-
ers and consumers. Producer prices of agricul-
tural products have generally decreased, while 
consumer prices have remained stable if not in-
creased. In this context, shortening the supply 
chain seems the best solution to reduce costs 
for both producer and consumer (bELLEttI and 
MArEScOttI, 2013). the short chain is a par-
ticular type of business that allows consum-
ers to buy food directly from producers, result-
ing in a shortening of the number of commer-
cial intermediaries and lowering the final price. 
One way of achieving a short chain are farm-
ers’ markets, which markets are usually held 
outdoors where producers make direct sales 
of their products to consumers. Farmers’ mar-
kets established themselves United States and 
Europe in the early ‘70s and spread to North-
ern Europe in the 1990s. In Italy, their success 
has been very recent, and can in fact be traced 
back to the Decree of the Ministry of Agricul-
ture and Agro-Forestry of 20 November 2007, 
in which specific reference is made to “the crea-
tion of markets reserved for direct sale by farm-
ers in order to meet the needs of consumers so 
as to purchase agricultural products which have 
a direct link with the territory of production” (Of-
ficial Gazette number 301 of 29-12-2007). this 
recognition at the legislative level has resulted 
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in considerable expansion of farmers’ markets 
in Italy. In fact, since 2008,the strongest growth 
in employment has been in the area of direct 
sales of food products. In 2008 alone, about 
52% of the Italian population bought food prod-
ucts from at least once directly from the pri-
mary producer. Unlike in other countries, Ita-
ly does not have a trade association establish-
ing common requirements for farmers’ markets. 
For this reason, farmers’ markets in Italy often 
have very different characteristics. Farmers’ 
markets are generally are organized through 
collaboration, such as by agricultural organi-
zations, producer associations, organic organ-
izations (AIAb, Associazione Italiana Agricoltu-
ra biologica; Italian Association of Agricultur-
al biology) and other similar organizations. the 
farmer’s market is not characterized simply by 
sales from producer to consumer, but infers a 
much deeper relationship established between 
the two parties, creating knowledge about prod-
ucts and confidence in the producer that are 
essential elements for the consumer.

Farmers’ markets, in fact, according to the 
Decree of the Ministry of Agriculture and Agro-
Forestry, must be (Official Gazette number 301 
of 29-12-2007):
• organized by professional organizations or 

farmers’ market associations constituted lo-
cally by farm producers;

• always carried out in the same area at least 
once a week because longer periods would cre-
ate logistical problems for producers, forcing 
them to carry almost all their produce to the 
usual markets, thus reducing their presence 
in the farmer’s market;

• organized in itinerant form so that they can 
be regularly found in other areas but always 
in the same province;

• an expression of the territory, offering only 
typical and traditional products;

• an expression of those farmers who synergisti-
cally promote sales of their own locally grown 
products either through specific associations 
of the farmer’s market or via similar associ-
ations that have provided support from the 
their beginning;

• created by producers, preferably located as 
closely as possible to the market and should 
ordinarily have the nature of seasonality. If 
the producer runs out of their own products 
for that year, they also lose their presence in 
the market. A limited number of outlets pro-
vide better knowledge and collaboration be-
tween producers, increasing sales per pro-
ducer and thus protecting their presence in 
the market. In large centres, several farmers’ 
markets with the same characteristics can be 
established.
An important aspect of farmers’ markets is 

the leading role of the director of a farmer’s 
market, who acts as a key guarantee for both 
consumers and producers.  the director’s func-

tions range from the organization of the logistics 
of the market itself (such as sales, turnover of 
producers, development of a register of market 
areas, planned production, production periods 
and so on) activities of promotion and commu-
nication, careful control of the products in the 
field, assessment of the cultivation techniques 
used in the production and compliance with 
rules. Following these principles, the farmers’ 
markets are supported by consumers, who not 
only see the economic benefits and advantages 
but also the social benefits. Another alternative 
form in the marketing of food products are the 
solidarity-based purchasing groups (Gruppi di 
Acquisto Solidale; Solidarity Purchase Groups, 
GAS) (brUNOrI et al., 2010) - groups of peo-
ple who buy together. based on the principle 
of solidarity, these groups prefer to buy from 
small producers who respect the local environ-
ment and from people with which they can re-
main in direct contact. the first GAS in Italy 
emerged in Fidenza in 1994, arising from crit-
icism of an unjust and unsustainable develop-
ment model.  the group was established as an 
alternative to the dominant distribution system 
and the desire to be able to consume healthy 
and tasty foods. Such groups developed rapidly 
especially in the north of Italy.  there are cur-
rently over 600 GAS. A substantial difference 
compared to farmers’ markets, is that GAS are 
not promoted by manufacturers but by consum-
ers. In particular, the aim of GAS members is to 
buy environmentally- and people-friendly prod-
ucts with the aim of constructing an economy 
that is closer to the needs of man and the en-
vironment that will lead to sharing instead of 
competition. Each GAS develops its own prin-
ciples, but there is often a common base theme 
of criticism towards the consumption pattern 
and dominant global economy that has emerged 
in recent years.

Another classification of direct sales, is the 
“box scheme,” whereby seasonal agricultur-
al products are distributed by the producer at 
agreed intervals, generally to individual’s homes 
or groups of consumers. Usually this type of 
direct distribution is carried out by individual 
producers. However, producers may also work 
in collaboration, forming associations or co-
operatives, to expand the basket of products 
offered. consumers, in this regard, may de-
cide not only the quantity of product to buy, 
but also, the content, which varies according 
to the products available by a specific produc-
er. this method also allows manufacturers to 
better manage the seasonal nature of agricul-
tural production and to plan production activ-
ities. box scheme distribution is widespread, 
especially in the United States, canada and in 
Northern Europe. In some cases, it can cover 
a considerable share of the market of a specific 
product due to the amount of orders that can 
be really huge.
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MEtHODOLOGY

the research methodology adopted was quan-
titative and random. the random search refers 
to identification of factors that depend on the 
behaviour of producers in a specific location 
-Messina (Italy) in the case of our study - and 
evaluation of cause-effect relationships in a giv-
en community. Prior to conducting the survey, 
research members developed the research hy-
pothesis, constructed the survey questions and 
delimited the area of research. the question-
naire consisted of 16 multiple-choice questions, 
which were a series of questions put to agricul-
tural producers regarding the situation of lo-
cal enterprises and with reference to the char-
acteristics of the producer, the size of produc-
tion and the local economy, agricultural prod-
ucts, sales distribution channels and the area 
of marketing (ASIOLI et al., 2012). Some ques-
tions included knowledge about farmers’ mar-
kets and the short chain market. the number 
of questions was limited to avoid discourag-
ing participants. the survey was conducted be-
tween April 1, 2013, and June 28, 2013, on a 
sample of 300 producers in Messina. the sur-
vey was conducted mainly on farms, interview-
ing a sample of producers directly face-to-face, 
using a questionnaire prepared for the specific 
purpose. the sample size was fixed taking into 
account the objectives of the research and the 
resources available. the data collected from the 
responses was favourable and supportive of the 
creation of a single farmer’s market in the area 
covered by this survey.

DEGrEE OF FEASIbILItY OF EStAbLISHING 
A FArMEr’S MArKEt IN tHE MUNIcIPALItY 

OF MESSINA (ItALY)

the purpose of the survey was to determine 
the feasibility of establishing a farmer’s market 
in Messina (LANFrANcHI et al., 2012). For this 
reason, the study was of the “motivational” type, 
conducted through a traditional survey method-
ology of descriptive research by questionnaire. 

Producers who responded to the questionnaire 
were far from the usual entrepreneur of the area 
of Messina: they were active entrepreneurs, al-
ready sensitized to the concept of short chain 
and informed about the operational and econom-
ic problems arising from the numerous supply 
chain steps of products of the earth. respond-
ents were mostly men with an average age of 58, 
reflecting a significant lack of young entrepre-
neurs, with the majority of respondents (69%) 
having a university degree or diploma in agri-
culture and most of the remaining (21%) having 
primary or middle school education. the analy-
sis of the data makes apparent the need to es-
tablish a farmer’s market, not only according to 
agricultural resources available in the territory 
of Messina, but also as an initiative to encour-
age young people to enter the agricultural sec-
tor by stimulating their knowledge and interest 
in an occupation that connects land, food and 
health, which are closely linked to the life of all 
of us. the survey findings and summary of type 
of sales by producers in Messina are shown in 
table 1.

the data reveal there is no one homogeneous 
producer behavior. Although there is no com-
mon distribution channel, producers do have 
direct contact with consumers. All the respond-
ents lean towards a strong respect for the sea-
sonality of the products, only30 producers (10%) 
claiming to produce the same food products all 
year round.

From the analysis of the data, it is noted that-
113farmers (37.5% of the sample interviewed) 
sell their products directly from the farm and 
have close contact with consumers, but 74 pro-
ducers (25%) have never done this type of sale. 

regarding knowledge about farmers’ markets 
(table 2), 15% of respondents know fully about 
the function of the market, 25% know enough 
about it and only 12.6% lack knowledge. Nev-
ertheless, the data highlight the high percent-
age of entrepreneurs who have not yet done di-
rect sales but would like to do so: 127 out of 300 
(42.5%) would be willing to sell their products 
in a farmer’s market.

On the other hand, 15% of the producers 

table 1 - type of sale including seasonality of products.

Frequency of Sale of own-produced Sale of own-produced agricultural Sale of own-produced Production of agricultural
sales/production agricultural products products to both supermarkets agricultural products products all the year round
 exclusively to supermarkets and local markets directly to the consumer

Never 76 60 74 90
Rarely 36 0 15 39
Occasionally 90 67 38 60
Often 38 143 60 81
Always 60 30 113 30
Total 300 300 300 300

Source: data collected by questionnaire.
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table 2 - Questions related to knowledge of farmers’ markets.

 You know about You would be willing You believe a better understanding You believe the existence of a farmer’s
 farmers’markets to sell your products of local products by consumers market in the area would bring benefits
  in the marketplace could counter the purchase of products to both producers and consumers
   from abroad in favour of  local products

Not At All 38 45 8 23
A Little 52 15 22 15
Average 90 38 30 112
Enough 75 75 45 75
A Lot 45 127 195 75
Total 300 300 300 300

Source: data collected by questionnaire.

interviewed are not willing to reduce the time 
spent working to dedicate their time to making 
sales in markets or directly from the farm. Some 
of them, in fact, believe that the existence of a 
farmer’s market in the territory would not bring 
benefits to producers and consumers. Howev-
er, 65% of respondents think that a better un-
derstanding of local products by consumers 
would reduce the purchase of products from 
abroad in favour of local products. the pro-
ducers surveyed have a varied product portfo-
lio; most produce not only oil but also wines, 
vegetables, cheese and fruit. Only a few farms 
specialize in one product. 

rESULtS

the results from the survey reveal wide spread 
perception that direct sales in markets is little or 
undeveloped in the reference area, Messina. De-
spite this, however, many producers state they 
would sell their products in a farmer’s market. 
Although most producers know about operation 
of farmers’ markets, many still need to be bet-
ter informed as well as encouraged to participate 
in this type of short chain. Most producers be-
lieve that the existence of a farmer’s market in 
the area would bring benefits to both producers 
and consumers. the existence of asymmetry in-
formation on consumer demand is an element 
that must be removed. It is believed that more 
accurate information about the benefits relat-
ed to the farmer’s market could help reduce the 
import of agricultural products from abroad by 
encouraging the purchase and consumption of 
local products.

cONcLUSIONS

this study provides useful data for the as-
sessment of the potential role that short chain 
markets have in the process of revitalizing 
the economy of rural areas. In this sense, the 
spread of farmers’ markets has created an al-

ternative local economy. this, however, needs 
sufficient time to stabilize. the experiences of 
areas similar to that of the study area at the 
time of the survey appear to be well established 
(tUDIScA et al., 2013). On one hand, the in-
creasing propensity of consumers to seek out 
and establish a direct relationship with agricul-
tural producers is contributing to the creation 
of an alternative local economy as opposed to 
the dominant global one. On the other hand, 
the growth of organizational skills and interper-
sonal relations by producers has influenced the 
emergence of this, both as a sales channel and 
also as an alternative approach to the produc-
tion-consumption process. However, this pro-
cess of shortening the supply chain is not yet 
sufficiently consolidated and only partly af-
fects the dominant socio-technological system 
as represented by large supermarkets (ScHIM-
MENtI et al., 2013). Nevertheless, it has begun 
to impact various levels of society and the econ-
omy at the local level.

Gradual integration between markets for pro-
ducers and GAS will bring about a transition 
from intensive agriculture - industrialized and 
controlled by transnational corporations - to a 
more sustainable agricultural system based on 
the rational use of natural and social resources 
available (LANFrANcHI, 2012). the analysis in 
this paper identified a lack of a network of re-
lationships between producers and consumers, 
which represents a major obstacle to the short-
ening of the agricultural supply chain. Another 
critical issue that emerged from the survey is the 
level of producers’ knowledge of the short chain, 
agriculture and production processes, and con-
sequently, the level of awareness in choosing 
this sales method. In fact, the majority of pro-
ducers do not interpret this alternative form of 
trade as a concrete and sustainable economic 
opportunity for both consumers and producers.

In essence, consumers have yet to acquire suf-
ficient knowledge of the problems that plague 
agriculture and have yet to abandon the tradi-
tional consumption associated with large retail 
organizations.
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