
© Copyright by Wydawnictwo Uniwersytetu Przyrodniczego w Poznaniu

 Acta Sci. Pol. Technol. Aliment. 14(3) 2015, 191–198
www.food.actapol.net pISSN 1644-0730 eISSN 1889-9594 DOI: 10.17306/J.AFS.2015.3.20

SC
IE

NT
IA

RUM  POLONO
R

U
MACTA

danyluk@up.poznan.pl

The most important purpose of the producers is to se-
cure the quality and safety of produced food (Bilska and 
Kowalski, 2014; Tril et al., 2011). The use of sodium ni-
trate (V) and sodium nitrate (III) in animal source foods 

causes problems. Regardless of the benefi ts resulting 
from the application of sodium nitrate (III), the poten-
tial health risk caused by the use of this component has 
been indicated for a long time. As a result of the reaction 
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ABSTRACT

Background. The aim of this study was to determine the infl uence of the dried celeriac juice addition, as a ni-
trogenous compounds sources, on the quality of the experimental pork sausage. 
Material and methods. In the sausages with vegetable preparation addition and in traditionally cured sau-
sages amount of the sodium nitrate (III) and sodium nitrate (V) was determined (in the batter and 24 h after 
production). Moreover the total number of aerobic bacteria, number of coli forms, anaerobic survived bac-
teria, coagulase positive staphylococci, Listeria monocytogenes and occurrence of Salmonella in 25 g (ac-
cording to Polish Standards) was determined during sausages storing (after 2, 14 and 21 days). Also sensory 
evaluation was carried out (after 2 and 14 days). After 2, 7, 14 and 21 days the amount of drip loss in the 
package was determined.
Result. In the experimental sausage produced with the addition of vegetable preparation (E0), the content 
was 2.2 times higher of sodium nitrate (V) while sodium nitrate (III) three times lower, compared to tradi-
tionally cured sausages (K). In the E0 sausages faster aerobic microorganisms proliferation was observed. 
However, in these products, in comparison to the control group (K), no higher contamination with coliform 
bacteria, anaerobic sporulating bacteria, coagulase positive Staphylococci, Listeria monocytogenes or Sal-
monella was found. The sensory evaluation (colour in cross-section, fl avour, taste, consistency) showed no 
statistically signifi cant difference between the experimental sausages.
Conclusions. In the sausages produced with dried celeriac juice addition there was above twice more sodium 
nitrate (V) and threefold less sodium nitrate (III) in comparison to traditionally cured sausages and faster 
growth of aerobic bacteria was demonstrated. Sensory quality of ‘cold’ and ‘hot’ sausages without curing salt 
was worse, but the score number was never lower than 4,1, so the sausages were accepted. In the vacuum 
packaged sausages produced with the addition of vegetable preparation higher, about 0.3–0.4 percent score, 
drip loss was found.
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between sodium nitrate (III) and amide nitrogen or sec-
ondary, tertiary and quaternary amines contained in 
meat, nitrosamines may be formed, which are potential-
ly carcinogenic substances to humans (Ciemniak, 2006; 
Gajowiecki et al., 2005). Sodium nitrate (III) are toxic 
compounds and they may be harmful to human health. 
Therefore, products made with nitrites do not meet con-
temporary consumers’ requirements (Adamczak et al., 
2010; Honikiel, 2008; Pietrasik et al., 2003).

Sodium nitrate (III) gives meat products a charac-
teristic, desirable pink and red colour and palatability. 
It generates a typical curing aroma and has an anti-
oxidative and bacteriostatic effect (Gajowiecki et al., 
2005; Honikiel, 2008; Horsch et al., 2014; Sebranek 
and Bacus, 2007).

In the perception of consumers, sources of sodium 
nitrate (III) in food include fi rst of all meat products (Se-
branek and Bacus, 2007). Information on sodium nitrate 
(V) content in vegetables is less publicised, although it 
is known that they may include higher amounts of these 
compounds than animal origin food. It is assumed that 
vegetables and their processed products supply over 
80% sodium nitrate (V) and sodium nitrate (III) found in 
daily food ration, while cured meat, cheeses and smoked 
meat products – 16% (Tietze et al., 2007). A particularly 
high content of sodium nitrate (V) was found in fresh 
vegetables: radish, beets, cabbage, carrot and celeriac 
(Łozowicka, 2009; Sebranek and Bacus, 2007; Tietze 
et al., 2007). Thus producers of meat products focus 
on these processed products, in which vegetables are 
sources of sodium nitrate (V). The addition of denitrify-
ing bacteria causes sodium nitrate (V) to be transformed 
into sodium nitrate (III). This method enables an ad-
equate reaction of haem pigments in meat (Adamczak 
et al., 2010; Horsch et al., 2014; Lücke, 2008; Sebranek 
and Bacus, 2007 Sebranek et al., 2012). 

The aim of this study was to determine the effect of 
added vegetable preparation containing dried celeriac 
juice as a source of sodium nitrate (V) on the quality 
of pork, scalded, semi coarse ground sausage, during 
cold storage.

MATERIAL AND METHODS

Material for analyses comprised experimentally pro-
duced semi coarse ground sausages (denoted as K and 
E0), produced from pork meat grades IIA, IIB and III.

Sausage denoted as K was produced with an addition 
of a curing blend (99.6% salt + 0.4% NaNO3), sodium 
ascorbate (E301) and monosodium glutamate (E621). 

Sausage denoted as E0 was supplemented with 
a vegetable preparation and starter cultures – denitri-
fying bacteria. In contrast, sodium ascorbate and mon-
osodium glutamate were not applied, as substances 
denoted as E. The raw material composition of experi-
mental sausages is given in Table 1.

Meat grades IIA and IIB was comminuted in 
a grinder using plate for grinder with 8 mm diameter 
of orifi ces and meat grade III with 3 mm diameter of 
orifi ces. In the case of the control sample (K) after the 
addition of curing salts batter was mixed for 3 min, 
then preparation Z50 was added and the entire volume 
was mixed for another 10 min. In turn, batter for the 
production of the sample without the curing blend (E0) 
was supplemented with salt, after 3 min mixing the 
vegetable preparation was added and the whole vol-
ume was mixed for another 10 min. Next with the use 

Table 1. Raw material composition of experimental sau-
sages, kg

Raw material and additives
Sausage variant

K E0

Pork meat grade IIA 65.5 65.0

Pork meat grade IIB 25.0 25.0

Pork meat grade III 10.0 10.0

Water 19.3 19.3

Curing blend (99.6% NaCl + 0.4% NaNO2) 2.2 –

Sodium ascorbate 0.03 –

Monosodium L-glutamate 0.05 –

NaCl – 2.2

Spices 1.0 1.0

Preparation ion Z50 (dextrose, sucrose, 
cane sugar, pork protein, maltodextrin)

2.5 –

Vegetable preparation (dextrose, sucrose, 
cane sugar, pork protein, dried celeriac 
juice)

– 2.5

Starter cultures (a mixture of Staphylococcus 
carnosus and Staphylococcus vitulinus)

– 0.01
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of a stuffi ng machine the batter was stuffed into swine 
intestines of 26–32 mm in diameter. After links were 
formed they settled for 2 h at 20°C. Sausages produced 
with an addition of sodium nitrate (III) were next 
dried (50°C, 20 min), smoked (70°C, 45 min), scalded 
(78°C, until the temperature of 72°C was reached in-
side the link) and cooled with cold water for 20 min. 
Sausages produced with an addition of the vegetable 
preparation after settling were left at 40°C and 80% 
relative humidity of air for 60 min (the most advanta-
geous conditions for the activation and proliferation of 
selected denitrifying bacteria – ageing process). Then 
the sausages (E0) were dried, smoked, scalded and 
cooled, analogously as in the control sausage. 

Produced sausages after cooling to 8°C, i.e. after 
24 h, were vacuum packaged and cold stored (4–6°C).

The following analyses were performed during 
storage:
• Microbiological analyses at days 2, 14 and 21 from 

the completion of the production process (total 
count of aerobic bacteria according to the standard 
PN-EN ISO 4833-2004, count of coliform bacteria 
according to PN ISO 16649-2-2004, coagulase pos-
itive Staphylococci according to PN-EN ISO 6888-
-1:2001, L. monocytogenes – PN-EN ISO 11290-
-2-2000 and the presence of Salmonella in 25 g was 
analysed according to PN-EN ISO 6579-2003.

• Sensory examination on days 2 and 14. Sensory 
examination was conducted by a panel of fi ve indi-
viduals, who ascribed to each attribute a score de-
pending on the quality grade: 5 – very good quality, 
4 – good quality, 3 – satisfactory, 2 – unsatisfactory 
and 1 – bad. In each product the evaluated param-
eters included colour at cross-section, taste, aroma 
and consistency. Based on the results a value was 
obtained, constituting the overall score. The fol-
lowing weighting coeffi cients were applied: 0.3 
– structure and consistency, 0.3 – colour at cross-
section and 0.4 – taste and aroma. Sausages were 
evaluated when cold, i.e. 30 min after being taken 
out of the cooler (4–6°C) – temperature in the room 
24–25°C; sausages were evaluated when they were 
cold, i.e. after the temperature inside the link was 
14°C, and when they were hot, i.e. after scalding. 

• The volume of drip from the product to the pack-
aging after 2, 7, 14 and 21 days. In order to de-
termine the amount of drip from the product to 

the packaging, packaged samples of 2 sausage 
links were weighed. Next, after the packaging was 
opened, the packaging and dried sausage without 
drip were weighed. Based on the differences in the 
mass, i.e. contents (with drip and without it) the 
percentage share of drip was calculated.
In the samples (K) and (E0), in the batter, after 

ageing (E0), settling (K) and after 24 h, contents of 
sodium nitrate (III) and sodium nitrate (V) were de-
termined. The IC-HPLC method was applied (PN-EN 
12014-4:2006P).

Recorded results were subjected to statistical anal-
ysis using Statistica 10.0 and Excel 2007. Two-way 
analysis of variance ANOVA was applied and to verify 
signifi cant differences Tukey’s multiple comparison 
test was used. The level of signifi cance was p ≤ 0.05.

RESULTS AND DISCUSSION

The contents of sodium nitrate (V) and sodium nitrate 
(III), determined in the experimental sausages are 
shown in Table 2. In batter K the amount of sodium ni-
trate (III) was 106.60 mg/kg. A relatively slight amount 
of sodium nitrate (V) (15.67 mg/kg) was also detected. 
In the fi nal product 24 h after the completion of produc-
tion the content of sodium nitrate (III) was 91.30 mg/kg, 
while that of sodium nitrate (V) was 8.31 mg/kg. 

Experimental sausage E0 was not cured in the con-
ventional process. Sodium nitrate (V) was introduced 
to the batter in the form of vegetable preparation. The 
preparation contained dextrose, sucrose, cane sugar, 
pork protein and dried celeriac juice. The vegetable 
preparation contained 1610 mg/kg nitrates.

In batter E0 the content of sodium nitrate (V) was 
58.37 mg/kg (total amount from vegetable preparation 
and meat), while no sodium nitrate (III) was detected. 
In the technological process of experimental sausage 
E0 batter was subjected to ageing. During that phase 
under the infl uence of added denitrifying bacteria 
some sodium nitrate (V) were reduced to sodium ni-
trate (III) and after heating the batter contained both 
sodium nitrate (V) (20.80 mg/kg) and sodium nitrate 
(III) (31.20 mg/kg). Similarly as in the case of the 
control, in the fi nal product E0 the amount of these 
compounds decreased and at 24 h after production it 
was 18.60 mg/kg NaNO3 and 30.60 mg/kg NaNO2. 
In comparison to the control sample (K) the content of 



Kostecki, A., Bilska, A., Danyluk, B.  (2015). Chosen quality parameters of pork sausage produced without curing mixture. Acta Sci. 
Pol. Technol. Aliment., 14(3), 191–198. DOI: 10.17306/J.AFS.2015.3.20

194 www.food.actapol.net/

sodium nitrate (V) in the tested sausage (E0) was 2.2 
fold higher, while sodium nitrate (III) three times low-
er. An approximately 2 – fold reduction in the amount 
of sodium nitrate (III) and approx. two-fold increase 
in the content of sodium nitrate (V) was also recorded 
by Adamczyk et al. (2010) in fi nely comminuted sau-
sages produced with an addition of vegetable prepara-
tion SUPER HAM® KOE 2006 in comparison to tra-
ditionally cured sausages. The potential to reduce the 
amount of sodium nitrate (III) in meat products was 
also indicated by Lücke (2008). 

Due to the lower content of sodium nitrate (III) 
in the sausages (E0) after 2, 14 and 21 days of cold 
storage microbiological purity was determined and 

compared with control sausage. As it is indicated by 
the results presented in Table 3, growth dynamics of 
aerobic microorganisms was lower in the control. Ex-
cept for 2 – day storage in each successive cold stor-
age time (14 and 21 days) in samples containing veg-
etable preparation a greater number of aerobic bacteria 
was found than in the control and the differences were 
signifi cant statistically. Conducted microbiological 
analyses did not show an effect of the curing mixture 
and celeriac preparation on changeability of contami-
nation of samples with coliform bacteria, anaerobic 
sporulating bacteria, coagulase positive Staphylo-
cocci, Listeria monocytogenes and Salmonella. Also 
results of analyses conducted at the Institute of Food 

Table 2. Mean contents of nitrites and nitrates in experimental sausages (N = 5), mg/kg

Sample 
type

Nitrogen 
compound

Phase of technological process

batter ageing sausage 
after settling

sausage 24 h 
post production

K NaNO3 15.67 ±0.17 – 12.50 ±0.15 8.31 ±0.09

NaNO2 106.60 ±0.45 – 94.40 ±0.35 91.30 ±0.28

Total 122.27 – 106.90 99.61

E0 NaNO3 58.37 ±0.27 20.80 ±0.22 – 18.60 ±0.19

NaNO2 – 31.20 ±0.25 – 30.60 ±0.21

Total 58.37 52.00 – 49.20

Table 3. Results of microbiological analyses of experimental sausage (N = 5)

Sample 
type

Storage 
time
days

Total count of 
aerobic bacteria 

log cfu/g
x̅ ±s

Coliform 
bacteria

cfu/g

Anaerobic 
sporulating 

bacteria
cfu/g

Coagulase 
positive 

Staphylococci
cfu/g

L. monocytogenes
cfu/g

Salmonella 
in 25 g

K 2 2.24a ±0.22 <10 <10 <10 <10 nb

14 4.08b ±0.61 <10 <10 <10 <10 nb

21 7.31d ±0.20 <10 <10 <10 <10 nb

E0 2 2.34a ±0.21 <10 <10 <10 <10 nb

14 4.56c ±0.17 <10 <10 <10 <10 nb

21 8.28e ±0.19 <10 <10 <10 <10 nb

Legend: x̅ – mean value, N – number of replications, s – standard deviation, nb – not found, a, b, c – mean values in columns de-
noted with different letters differ statistically signifi cantly according to Tukey’s test (p ≤ 0.05).



195

Kostecki, A., Bilska, A., Danyluk, B.  (2015). Chosen quality parameters of pork sausage produced without curing mixture. Acta Sci. 
Pol. Technol. Aliment., 14(3), 191–198. DOI: 10.17306/J.AFS.2015.3.20

www.food.actapol.net/

Technology, the University of Hohenheim (Fischer et 
al., 2005) showed no deterioration of microbiological 
quality of scalded sausage produced using a blend of 
spices with defi ned nitrate contents. On the basis of 
those analyses affi rmed that the count of bacteria from 
the family Enterobacteriaceae and the total count of 
aerobic microorganisms in sausages produced with no 
addition of curing salts did not differ from the count of 
these bacteria in traditionally cured sausages. Sodium 
nitrate (III) prevents food poisonings caused by Clo-
stridium botulinum, but doesn’t inhibit Listeria mo-
nocytogenes or lactic acid bacteria from proliferation 
(Lücke, 2008). Results of presented studies indicate 
that the application of celeriac juice as a source of ni-
trates results in a more rapid proliferation of aerobic 
microorganisms. They are saprophytic microorgan-
isms, which at high concentrations cause a deteriora-
tion of sensory attributes of the product. Certain poten-
tial to extend shelf life of meat products is provided by 
the introduction of lactates to the formulation. A study 
by Gajowiecki et al. (2005) showed that substitution 
of sodium nitrite with an addition of lactates in the 
production of poultry products provides microbio-
logically safe processed meats. Lactates, similarly as 
lactic acid, highly effectively inhibit growth of micro-
organisms causing food spoilage and pathogenic mi-
croorganisms, including Clostridium botulinum and 
Listeria monocytogenes (Bibngol et al., 2014; Juneja 
et al., 2014; Miller and Acuff, 1994). The bacteriostat-
ic action of lactates consists not only in reducing water 
activity in the products, but also in the specifi c effect 

of lactate ions (Miller and Acuff, 1994; Stekelenburg, 
2003). As a result of the reversal of dissociation of 
weak acid from the lactate ion an undissociated – and 
thus also more active form of lactic acid is formed.

Due to high microbiological contamination of 
the experimental sausages after 21 days of cold stor-
age sensory examination was conducted only after 
2 and 14 days of storage. Sensory examination was 
performed on cold and hot sausages, with the results 
given in Table 4 and 5. 

During the assessment of ‘cold’ samples only in the 
colour in the cross-section and in consistency did not re-
veal statistically signifi cant differences between the con-
trol samples and the samples with a vegetable preparation 
added (E0) at the next term of analyses. The assessment 
team also observed that there was a slight but statistically 
signifi cant decrease in the desirable aroma in the sample 
with dried celery juice on the 14th day after production. 
On the other hand, the taste of E0 samples was assessed 
at a statistically signifi cant lower level than the control 
samples both on the second and fourteenth day of cold 
storage. However, it is necessary to stress the fact that 
the samples never scored less than 4.1 points, which was 
a sign of their good quality. In the total sensory assess-
ment affi rmed that the control sample received higher 
statistically signifi cant marks than the sample with the 
vegetable preparation (E0), regardless of the fact if it 
was the second or fourteenth day of the cold storage.

The assessment of ‘hot’ samples also did not reveal 
differences in colour in the cross-section or in consist-
ency between the control samples and the samples with 

Table 4. Results of sensory examination of experimental sausages evaluated when cold (N = 5; x̅ ±s)

Sample 
type

Nitrogen 
compound

Attribute

colour at 
cross-section

x̅ ±s

taste
x̅ ±s

aroma
x̅ ±s

consistency
x̅ ±s

overall score
x̅ ±s

K 2 4.5a ±0.0 4.5b ±0.0 4.5b ±0.0 4.5b ±0.0 4.5c ±0.0

14 4.5a ±0.0 4.5b ±0.0 4.4ab ±0.1 4.5b ±0.0 4.5bc ±0.0

E0 2 4.6a ±0.1 4.2a ±0.2 4.5b ±0.0 4.4a ±0.1 4.4ab ±0.0

14 4.6a ±0.1 4.1a ±0.1 4.2a ±0.2 4.5b ±0.0 4.3a ±0.1

Legend: x̅ – mean value, N – number of replications, s – standard deviation, a, b, c – mean values in columns denoted with 
different letters differ statistically signifi cantly according to Tukey’s test (p ≤ 0.05).



Kostecki, A., Bilska, A., Danyluk, B.  (2015). Chosen quality parameters of pork sausage produced without curing mixture. Acta Sci. 
Pol. Technol. Aliment., 14(3), 191–198. DOI: 10.17306/J.AFS.2015.3.20

196 www.food.actapol.net/

the vegetable preparation on the second and fourteenth 
day after production. However, there were differences 
between the samples in the aroma and the structure. 
The difference in the structure was observed as early 
as the second day after production. On the other hand, 
a statistically signifi cant difference in the aroma was 
observed only on the fourteenth day of cold storage. 
Both on the second and fourteenth day of storage the 
taste of E0 sample was ranked signifi cantly lower than 
the control sample (K). It resulted in a signifi cantly 
worse score of the sample with celery juice. Similarly 
to the assessment of ‘cold’ samples, the examined sau-
sages did not score less than 4.1 points. 

Under the study the amount of leak in the package 
during the cold storage was determined. As was ob-
served, the addition of dried celery juice caused a sta-
tistically signifi cant increase in the amount of leak in 
the vacuum package after 7, 14 and 21 days of cold 
storage, as compared with the traditionally cured sam-
ples (Table 6). On the other hand, there was a minimal 

but statistically signifi cant increase in the leak ob-
served in the control cold cut (K) only 14 and 21 days 
after the end of the production process.

CONCLUDING REMARKS

In the experimental sausage (E0), i.e. produced with an 
addition of vegetable preparation containing dried ce-
leriac juice an over two-fold greater amount of nitrate 
and three-fold lower amount of nitrites were found in 
comparison to the traditionally cured sausage. In these 
products aerobic microorganisms were developing 
more rapidly. In contrast, no greater contamination 
was found for coliform bacteria, anaerobic sporulating 
bacteria, coagulase positive Staphylococci, Listeria 
monocytogenes or Salmonella. In sensory examination 
both on cold and hot sausages the samples of sausages 
produced with no curing salts were characterised by 
inferior quality, although the scores were min. 4.1, 
which indicates their acceptance by the panel mem-
bers. Application of celeriac juice in the production of 
sausage resulted in an increase in the amount of drip in 
vacuum packaging by 0.3–0.4 percentage points.
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CHARAKTERYSTYKA JAKOŚCI KIEŁBAS WIEPRZOWYCH 
WYTWARZANYCH BEZ DODATKU MIESZANKI PEKLUJĄCEJ

STRESZCZENIE

Wstęp. Celem pracy było określenie wpływu dodatku suszonego soku z selera, jako źródła azotanów, 
na jakość eksperymentalnej kiełbasy wieprzowej oraz jej zmiany w czasie przechowywania poprodukcyjnego.
Materiał i metody. W kiełbasach z dodatkiem preparatu warzywnego i peklowanych tradycyjnie oznaczono 
zawartość azotanów (III) i (V) (w farszu i po 24 h). Ponadto w czasie przechowywania (po 2, 14 i 21 dobie) 
określono w kiełbasach ogólną liczbę bakterii tlenowych, liczbę bakterii z grupy coli, beztlenowych bakterii 
przetrwalnikujących, gronkowców koagulazododatnich, bakterii Listeria monocytogenes oraz obecność Sal-
monella w 25 g (zgodnie z Polską Normą). Wykonano również ocenę sensoryczną (po 2 i 14 dobie). Po 2, 7, 
14 i 21 dobach oznaczono ilość wycieku w opakowaniach. 
Wyniki. W kiełbasach doświadczalnych, wyprodukowanych z dodatkiem preparatu warzywnego (E0), za-
wartość azotanów (V) była 2,2 raza większa, natomiast zawartość azotanów (III) była trzykrotnie mniejsza 
w porównaniu z kiełbasami peklowanymi tradycyjnie (K). W wędlinach E0 szybciej namnażały się drobno-
ustroje tlenowe. W wyrobach tych nie stwierdzono jednak, w porównaniu z grupą kontrolną (K), większe-
go zanieczyszczenia bakteriami z grupy coli, beztlenowymi bakteriami przetrwalnikującymi, gronkowcami 
koagulazododatnimi, bakteriami Listeria monocytogenes oraz Salmonella. W ocenie sensorycznej (barwa 
na przekroju, zapach, smak, konsystencja) nie stwierdzono statystycznie istotnych różnic pomiędzy badany-
mi próbkami kiełbas wytwarzanych eksperymentalnie.
Wnioski. W kiełbasach sporządzanych z dodatkiem suszonego soku z selera stwierdzono ponad dwukrotnie 
większą ilość azotanów i trzykrotnie mniejszą azotynów w porównaniu z kiełbasami peklowanymi trady-
cyjnie oraz wykazano szybsze namnażanie się drobnoustrojów tlenowych. W ocenie sensorycznej kiełbas 
zimnych i po ogrzaniu, próbki sporządzone bez peklosoli charakteryzowały się gorszą jakością. Oceny jed-
nak nigdy nie były niższe niż 4,1, co świadczy o ich akceptacji przez oceniających. W opakowaniach próż-
niowych wędlin produkowanych z dodatkiem preparatu warzywnego stwierdzano większe o 0,3–0,4 punktu 
procentowego ilości wycieków.

Słowa kluczowe: kiełbasa, azotan (III), azotan (V), preparat warzywny
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