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ABSTRACT: The effect of alternative drying and ripening environmental conditions (traditional or
industrial) on related physicochemical characteristics, proteolysis and biogenic amines formation in
Petrovska klobasa sausage was evaluated. Obtained results indicated that sausages dried in
industrial room (batch I) had higher weight loss and lower aw and pH values than counterparts from
traditional/artisanal production (batch T), throughout processing period (120 days). Different thermo-
hygrometric conditions showed significant influence on proteolysis, what was indicated by different (p
< 0.05) contents of non-protein nitrogen (NPN) (1.17 g 100 g™ dm vs. 1.07 g 100 g dm) and free
amino acids nitrogen (FAAN) (0.58 g 100 g™ dm vs. 0.53 g 100 g™ dm) between T and | batches, at
the end of ripening process. Tryptamine, phenylethylamine and spermine were the biogenic amines
determined in all analyzed samples, while histamine, serotonin and spermidine were not detected in
any sausage. Putrescine and cadaverine were found only in batch | sausages (6.63 mg kg™ dm and
9.56 mg kg™ dm, respectively) and tyramine was found in ripened sausages from both batches, 38.23
mg kg™ dm (T) and 15.81 mg kg™ dm (1), but not in a raw meat/fat mixture.

Key words: dry-fermented sausage, traditional production, industrial room, proteolysis, biogenic
amines
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INTRODUCTION

Traditional foods are a significant element
of the European cultural heritage, which
production and sale provide a decisive
economic input to many regions (Euro-
pean Commission, 2007). Special charac-
terristics of foods from any region or area
are connected to local ingredients and
production techniques, which are deeply
rooted in tradition and linked to the te-
rritory (Aquilanti et. al., 2007). An impor-
tant group among them are traditional dry-
fermented meat products. Petrovska klo-

basa is one of them. It is made in an area
nearby town of Backi Petrovac in the Auto-
nomous Province of Vojvodina (Northern
Serbia). Petrovské klobasa is produced
exclusively from pork meat, fat and sea-
sonings, in small household enterprises
during winter, when temperatures are
around 0 °C and lower, using traditional
methods. Drying and ripening process
lasts about 120 days. Ripened sausage is
characterized by specific hot taste, aro-
matic and spicy flavor, hard consistency
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and dark red color. These characteristics
are largely caused by the addition of a
high amount of red hot paprika powder
with high capsanthin and capsaicin con-
tent in basic formulation of sausage mix-
ture (KevreSan et al., 2009). Due to its
specific and recognizable quality, this pro-
duct has been protected with designna-
tion of origin (PDO) according to the Ser-
bian legislation (Petrovi¢ et al., 2007;
Ikoni¢ et al., 2010; Tasi¢ et al., 2010).

Proteolysis is one of the most important
biochemical changes affecting proteins
during the ripening of fermented sausa-
ges. It influences both texture and flavour
development due to the formation of se-
veral low molecular weight compounds,
including peptides, amino acids, aldehy-
des, organic acids and amines, which are
important flavour compounds, or precur-
sors of flavour compounds (Hughes et al.,
2002; Dalmis et al., 2008). Activity of pre-
sent and developed microflora can cause
the formation of biogenic amines (BA)
which are organic bases produced by de-
carboxylation of amino acids (Santos,
1996; Shalaby, 1996; Latorre-Moratalla et
al., 2008). It is important to monitor the
presence of biogenic amines in food since
toxicity of these compounds and their
association with several health disturban-
ces (Hernndez-Jover et al., 1996; Vidal-
Carou et al., 1990).

The objective of this study was to deter-
mine whether sausages alternatively
dried/ripened in industrial (controlled) con-
ditions would have different nitrogen frac-
tion and BA profiles, when compared to
those counterparts from traditionnal/-
artisanal production. Other parameters re-
lated to physicochemical characteristics
and proteolysis, such as weight loss, water
activity (aw) and pH were also followed up
to help on interpretation of results.

MATERIAL AND METHODS

Petrovska klobasa dry fermented sausa-
ges were manufactured from a mixture of
lean minced pork (80%) and pig fat (20%)
obtained from carcasses of large white
cross breed animals. After grinding the
meat and the fat to a size of about 10 mm
(with adjustable plate holder diameter set),

raw materials were mixed with seasonings
(red hot paprika powder, salt, raw garlic
paste, caraway and sucrose) for about 10
minutes. The mixture (M) was immediately
stuffed in collagen casings (500 mm long
and 55 mm in diameter) and raw sausages
were entirely processed in traditional
smoking/drying room (batch T) or, alter-
natively, in an industrial ripening room
(batch 1) during 120 days. The traditional
room temperature during drying and ripe-
ning ranged from 2.6 °C to 12.4 °C, the re-
lative humidity (RH) ranged from 43.3% to
93.0% while the air velocity ranged from O
to 0.5 m/s. Batch | sausages were smoked
in industrial room for 3 days (10 °C, 90%
RH and 0.5-0.6 m/s), dried in the same
room at 10 °C, 75% RH and 0.5-0.6 m/s
for 27 days and after that ripened in the
same conditions but with minimal air circu-
lation.

Samples of batches T and I, picked up at
distinct processing stages, included raw
meat/fat mixture just after mincing and
seasoning operations (0) and three ran-
domly selected sausages with 2, 4, 6, 9,
12, 15, 30, 45 (just batch 1), 60, 90 and
120 days of drying/ripening. Nitrogen frac-
tion and BA profiles were determined in
raw meat/fat mixture (0) and at the end of
drying/ripening process (120).

In order to determine weight loss five
sausages from each batch were weighed
just after stuffing (0O day). The same sa-
usages were reweighed at the end of pro-
duction process. The differences in weight
are expressed as percentage of the initial
weight.

To determine water activity (a,) of sam-
ples Testo 650 measuring instrument with
a pressure-tight precision humidity probe
was used (Testo AG, USA).

The pH values of sausages were mea-
sured using the portable pH meter (Con-
sort C931, Turnhout, Belgium) equipped
with an insertion glass combination elec-
trode (Mettler Toledo Greifensee, Switzer-
land).

Dry matter (DM) was determined by drying
the samples at 103 + 2 °C to constant
weight (1ISO 1442:1997).
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Determinations of non-protein nitrogen
(NPN) and free amino acids nitrogen
(FAAN) fractions were carried out accor-
ding to the methods described in Roseiro
et al. (2008). NPN and FAAN contents
were expressed as g 100 g* dry matter of
sample.

Tryptamine, phenylethylamine, putrescine,
cadaverine, histamine, serotonin, tyramin,
spermidine and spermine were determined
following the high-performance liquid chro-
matography. Sample preparation and ex-
traction were done according to Eerola et
al., 1993. HPLC analysis was performed
by using a liquid chromatography (Agilent
1200 series), equipped with a diode array
detector (DAD), Chemstation Software
(Agilent Technologies), a binary pump, an
online vacuum degasser, an auto sampler
and a thermostated column compartment,
on an Agilent, Eclipse XDB-C18, 1.8 um,
4.6 x 50 mm column (Tasic¢ et al., 2012).

Solvent gradient was performed by varying
the proportion of solvent A (acetonitrile) to
solvent B (water) as follows: initial 50% B;
linear gradient to 10% B in 7.6 min, 10% B
to 10 minutes; linear gradient to 50% B in
2 min. System was equilibrated 3 minutes
before next analysis. Flow rate was 1.5
mL/min and column temperature was 40
°C. 5 pL of sample was injected. The
spectra were acquired in the range 190-
400 nm.

Detection limits of the amines were deter-
mined to be 0.1 pg/g for putrescine and
spermidine, 0.167 ug/g for cadaverine and
tyramin, 0.25 ug/g for tryptamine, pheny-
lethylamine and histamine and 0.5 ug/g for
serotonin and spermine.

The effects of processing time and pro-
cessing method on the variables studied
were analysed by two-way ANOVA (Sta-
tistica 10 — StatSoft Inc., 2011). The Dun-
can’s post hoc test was used for compa-
rison of mean values. Differences were
considered significant at p < 0.05.

RESULTS AND DISCUSSION

During ripening of Petrovska klobasa con-
siderable drying occurred. The changes in
aw and weight loss along the ripening pe-

riod showed the usual trends observed in
this type of products (Fig. 1).

The weight loss of sausages averaged
over drying type, was significantly higher
for products ripened in the industrial room
compared with those ripened in a tradi-
tional room (47.71% vs. 42.71%, p <
0.05).

The aw diminished from initial values of
around 0.95 to 0.82-0.85. These aw va-
lues were in agreement with those ge-
nerally found for various traditional dry-
fermented sausages (Moretti et al., 2004,
Casaburi et al., 2007; Roseiro et al., 2008,
2010).

According to Serbian legislation (Serbian
Regulations, 2004) moisture content in dry
fermented sausages have to be less than
35%. Sausages from batch T needed 90
days to reach required moisture content,
while sausages from batch | reached this
value after only 45 days. Both group of
sausages were left to ripen until 120th day
as it is defined in code of practice of this
protected product (Petrovi¢ et al., 2007). It
resulted in higher dehydration of batch |
sausages, i.e. higher weight loss and lo-
wer aw values during the whole period of
drying and ripening. This trend was deter-
mined by the influence of thermo-hygro-
metric conditions in industrial room (10 °C
and 75% RH).

During the entire drying and ripening
process pH values were lower in batch |
sausages. These variations were due to
the different environmental temperature
and relative humidity conditions used in
the respective smoking/drying operations,
which affected the development of the
natural microflora and consequently the
intensity of fermentation. It resulted in sig-
nificant differences (p < 0.05) of pH bet-
ween batches from 12th to 60th day of
production (Fig. 2).

The pH reached its minimal value after 30
days in | sausages while for T sausages
that period was twice as long due to very
low temperature in traditional room during
first two months of production. Either way,
pH never fell down below 5.20, being 5.40
and 5.27 in batches T and | respectively,
which makes both products to be classi-
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fied as low acid (Spaziani et al., 2009;
Roseiro et al.,, 2010). At the end of the
ripening pH was practically the same in T
and | sausages (5.61 and 5.62, respecti-
vely), and it almost reached the pH value
of unripened meat due to the liberation of
peptides, amino acids and ammonia as a
result of proteolytic reactions (Bover-Cid et
al., 2001).

After 120 days of processing, sausages
from batch T had higher nitrogen fractions
levels than their counterparts from Indus-

trial production (Table 1). Thus, the effect
of the processing method was seen in
both  NPN and FAAN contents, with
differences between batches being signi-
ficant (p < 0.05). In relation to initial con-
centrations determined in raw material
mixture, contents of these nitrogen frac-
tions increased 15 % more in batch T sau-
sages. Most likely, it was a result of higher
aw value in T sausages, during the entire
drying and ripening process, which enable
more intensive activity of muscle enzymes
involved in proteolysis (Toldra, 2006).
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Table 1.
Nitrogen fractions content in raw meat/fat mixture and in Petrovska klobasa ripened in traditional and
industrial conditions

;g?nepﬁgay) |8| - 120 | PT PM  PTxPM
NPN 0,71 £0.02* 1,17 +0.03° 1,07 £0.03° * *
FAAN 0,33+0.00® 0,58+0.02° 0,53+0.02° * *

Results are given as mean value * standard deviation

4~ Means within the same row with different superscript letters are different (p < 0.05)
PT - processing time effect; PM - processing method effect

*p <0.05

Table 2.
Biogenic amines content in raw meat/fat mixture and in Petrovska klobésa ripened in traditional and
industrial conditions

Time (day) 0 120 PT PM PTxPM
Sample M T I

tryptamine 67.33+6.24° 110.69 +8.96° 55.07 + 4.85° ns * *
phenylethylamine 67.59+0.62°  4539+853° 3580 +2.95 * ns ns
putrescine nd® nd® 6.63 +0.23° * * *
cadaverine nd® nd® 9.56 + 0.58° * * *
histamine nd nd nd ns ns ns
serotonin nd nd nd ns ns ns
tyramin nd? 38.23 + 2.89° 15.81 + 2.84° * * *
spermidin nd nd nd ns ns ns
spermin 78.7 +2.42° 65.55 + 0.75° 47.76 + 3.85" * * *

Results are given as mean + standard deviation

4~ Means within the same row with different superscript letters are different (p < 0.05)
PT - processing time effect; PM - processing method effect

nd - not detected

ns - not significant

*p <0.05

Content of biogenic amines in raw mixture raw sausage mixture. Values of phenyl-
and in Petrovska klobasa ripened in thylamine and spermine were significantly
traditional and industrial conditions were different (p < 0.05) between all batches,
determined using HPLC method for anal- for each amine.

ysis and results referred to dry matter are

. Putrescine and cadaverine were the bio-
shown in Table 2.

genic amines found only in sausages from
Tryptamine, phenylethylamine and spe- | group, with the values of 6.63 mg kg™ dm
rmine were the biogenic amines deter- and 9.56 mg kg™ dm, respectively.

mined in all analyzed samples. Values of T : ted h t abundant
tryptamine in the raw mixture (M) and in yramine, reported as theé most abundan

the sausages T and | were 67.33, 110.69 amine In fe_rmented sausages (Bover-Cid,
and 55.07gmg kg™ dm, respectively. There 2001; Suzzi & Gardln'l, 2.003; Komprda et
was significant difference (p < 0.05) bet- al., 2004) was found n ripened sausage_sl
ween M and | and between T and | sam- from both batches, being _?8'23 mg kg
ples. Content of phenylethylamine ranged d_m .(T) and_ 1581 mg kg™ dm (I)’.W'Fh
from 35.80 mg kg™ dm in sausage | to S|gn|f|(?ant dlﬁgrenc_e (p < 0.05), while in
67.59 mg kg™ dm in the raw mixture, while raw mixture this amine was not found.

spei'rminf_a content ranged from 47.176 mg Histamine, serotonin and spermidine were
kg™ dm in sausage | to 78.7 mg kg™ dm in not detected in any sample. The fact that
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histamine was not found is very imortant,
since histamine is the most important
biogenic amine from toxicology point of
view (Vidal-Carou et al., 1990; Hernndez-
Jover et al., 1996, Shalaby 1996; Latorre-
Moratalla et. al., 2008). It can cause urti-
caria, hypotension, headache, flushing,
abdominal cramps, chemical intoxication
and other problems for human health
(Stratton et al., 1991).

Composition and content of biogenic ami-
nes in the raw meat/fat mixture and in the
final product produced from the same raw
material, dried and ripened in traditional
and industrial conditions are differrent
since their formation is affected by the
complex interaction of factors (Suzzi &
Gardini, 2003; Latorre-Moratalla, 2010)
what is also confirmed in this study.

CONCLUSIONS

The environmental conditions applied du-
ring drying and ripening of Petrovska klo-
bésa in industrial room had an influence
on physicochemical characteristics, pro-
teolysis and biogenic amines formation.
Thus, these sausages (I) had higher
weight loss and lower aw and pH values
than counterparts ripened in traditional
conditions (T). At the end of ripening pro-
cess (120th day) significantly different (p <
0.05) contents of non-protein nitrogen
(NPN) and free amino acids nitrogen
(FAAN) were determined in T and | sau-
sages. Tryptamine, phenylethylamine and
spermine were the biogenic amines deter-
mined in all analyzed samples, while
histamine, serotonin and spermidine were
not detected in any sausage. Putrescine
and cadaverine were found only in batch |
sausages and tyramine was found in ri-
pened sausages from both batches, but
not in a raw meat/fat mixture.
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YTULIAJ NMOCTYNKA CYWEMKA U 3PEHA HA NPOTEOJIMTUYKE NPOMEHE
U HACTAHAK BUOFrEHUX AMUHA ¥ TPAOAMLUUOHAIHOJ CYBOJ
®PEPMEHTUCAHOJ ITETPOBAYKOJ KOBACHLIN

WkoHnh M. l'lpe,qparl, Tacuh A.TaTjaHal, MeTtposuh C. Iburbana®, JokaHosuh P. Mapwjaz, Casatuh b.
CHexxaHa®, Tomosuh M. BJ‘IaE,VIMVIpz, Linnnh P. HaTanMjaz, LWojuh B. BpaHMcnaB2

lyHMBepSVITeT y HoBom Cagy, MHcTuTyT 3a npexpambeHe TexHornorunje y Hoeom Caay,
21000 Hoeu Cag, bynesap uapa Jlasapa 6p. 1, Cpbuja

2YHvuaepszeT y HoBom Cagy, TexHonowku cdakyntet, 21000 Hoeu Cag,
Byneeap uapa Jlasapa 6p. 1, Cpbuja

CaxeTak: Y pagy je ncnutaH yTuuaj napameTapa Cyllewa U 3pera Ha (PU3NYKO-Xemujcka
CBOjCTBa, MPOTEONUTUYKE NMPOMEHE N HacTaHak BMOreHnx amuHa y TpagvuMoHarnHoj cyBoj depmeH-
TncaHoj [llempoeaykoj kobacuyu. [obujeHn pesyntaTn ykasyjy Ha TO [Aa Ccy TOKOM npoleca
npoussoane (120 gaHa) kobacuue cyweHe y nHgyctpujckoj komopwm (1) umane sehu rybutak mace u
HWXe BPeaHOCTU akTUBHOCTU BoAe (aw) n pH y ogHOCY Ha OHe cylueHe y TpaauuMOoHanHuMm ycrnosuma
(T). Takohe, gopyraunju TEPMO-XUTPOMETPUJCKN YCNOBM Cy MManu 3HayajaH yTuuaj Ha npouec npo-
Teonuse, Ha LWTa ykasyje 3Ha4dajHo pa3nuunT (p < 0.05) cagpxaj HenpoTteuHckor (NPN) (1.17 g 100 g'l
cMm Hacnipam 1.07 g 100 g'1 cM) n asoTta cnobogHux amwuHokucenuHa (FAAN) (0.58 g 1009'1 cMm
Hacnpam 0.53 g 100 g'l cm) y T n U kobacvuama, Ha Kpajy cyllerwa 1 3pewa. bruoreHm ammnHm koju cy
NMOEHTUMUKOBAHN Y CBUM aHanM3npaHuM y3opuuma cy TpUnTamMuH, EHUNeTUNaMmH U CnepMuH, 0K
XUCTaMWH, CEPOTOHMH M CNEPMUANH HUCY YTBPHEHM HU y jedHOj o4 ucnutaHux kobacuua. MNMyTpecumnH
W KagaBepuH cy PerI/ICTpOBaHI/I camo y kobaculiama CyleHUM Y UHAYCTpujckoj komopu (6.63 mg kg™
cm 1 9.56 mg kg~ cm, peaom), a TMpamuH je npoHaheH y rotoBuM kobacuuama obe rpyne y crnegehum
KoHUeHTpaumjama 38.23 mg kg™ cm (T) n 15.81 mg kg™ cm (M), AOK y CMPOBOM HaAeBy HUje peruc-
TpoBaH.

Krby4dHe peuu: cyse cpepmeHmucaHe kobacuue, mpaduyuoHanHu rnpoudsodu, uHdycmpujcka
Komopa, npomeorsu3sa, buo2eHu aMmuHu
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