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The aim of this study was to determine the effect of differentiated air relative humidity during the drying process on selected quality
features of TSG (traditional specialties guaranteed) pork and poultry-pork kabanosy. After heat treatment and 24-hour cooling at
4–6∘C, the products were placed in three chambers at 15∘C with differentiated air relative humidity: 60, 70, and 80%, respectively.
The drying process was carried out until all variants of kabanosy achieved the required final yield of the product (<68%). Color
components, water activity and shear force, water, protein, fat, and salt content, and the TBARS indicator values were determined.
The drying process might be shortened (∼50%) by a reduction of humidity in the drying chamber from 80 to 60%. The changes
in the content of chemical components in pork kabanosy compared to poultry-pork ones demonstrated the different dynamics
of the drying of the two types of kabanosy and the need for the selection of optimum drying conditions relative to raw material
composition.

1. Introduction

Sausages are one of the oldest meat products and have been
manufactured for nearly two thousand years. They are con-
sumed all over the world due to their attractive flavor profile.
Dry and semidry sausages are considered by consumers to be
two of the most delicious and highly sought after products
[1–3]. The growing interest in this type of products results
from their diversity, the use of different raw materials, and
their degree of fragmentation, not to mention the spices or
smoking methods used. Moreover, their high desirability is
also affected by their unique taste and aroma [4, 5]. In recent
years, there has been an increase in consumer demand in
terms of food quality and its safety and effects on health [6].
Growing consumer interest has been noted in food with a
smaller level of additives [7], as well as traditional and natural
products, especially in the countries of Eastern Europe [8,
9]. This group of products includes kabanosy, which are
popular in Poland. Kabanosy are a Polish traditional product

whose production history dates to the 1920s/30s [10]. The
word “kabanos” probably comes from the name of the pork,
“kabanina,” which was obtained from a characteristic species
of pig, known as a “kaban.” In the nineteenth century, a
kaban in Poland and Lithuania was a young male, extensively
fattened with potatoes to obtain a delicate meat with a high
degree of intramuscular fat (marbled meat with intramuscu-
lar fat content above 3%), which in turn positively affected
its juiciness and tenderness. In 2011, pork kabanosy were
registered in the European Union as a product of traditional
specialties guaranteed (TSG). Kabanosy are long, thin, and
evenly wrinkled pork sausages in natural casings, sheep
intestines. The product is subjected to drying and smoking
processes, which affects the formation of their specific color.
The color of the surface of pork kabanosy should be dark red
with a hint of cherry, while slightly creamy fat particles and
dark redmeat pieces should be visible in the cross section [10].
In the case of poultry kabanosy, the color is lighter, which
is the result of the use of poultry meat. Kabanosy should
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be characterized by the aroma of cured meat with a delicate
hint of cumin and black pepper. The characteristic feature
of kabanosy is their unique smell, which is mainly due to
smoking.

The drying process also plays an important role in the
distinctive, unique taste of kabanosy, emphasizing the advan-
tages of their aroma and taste. Drying is one of the oldest
methods of food preservation [11–16]. According to European
Parliament and Council Regulation (EU) number 1044/2011
[10], pork kabanosy (TSG) should be dried for 3 to 5 days
at a temperature of 14–18∘C, with an air relative humidity of
80%, to achieve the desired yield (≤68%).The drying process
significantly affects the quality of the produced kabanosy
and is a highly energy-consuming step that determines the
economy of production [11, 14]. Therefore, one aim of this
study was to determine the effect of differentiated air relative
humidity in the drying chamber (80, 70, and 60%) on the
quality of pork kabanosy. The consumption of poultry meat
has increased rapidly all over the world in the last decade,
and poultry production has become the fastest growing meat
sector [17]. Due to the nutritional value and low price of
poultrymeat resulting from its high supply, we also decided to
produce poultry-pork kabanosywith a chemical composition
similar to pork kabanosy TSG in this study.

2. Materials and Methods

2.1. Kabanosy Production. The basic raw materials for the
production of pork kabanosy were class I pork, 30%; class
IIA, 40%; class IIB, 30%. In the case of poultry-pork kabanosy,
the composition was chicken thigh meat, 80% and pork jowl,
20%. For both types of kabanosy, the same spice composition
was used (with respect to rawmaterials), that is, black pepper
(0.15%), sugar (0.20%), nutmeg (0.05%), and cumin (0.07%).
Pork and poultry-pork kabanosy were produced in three
series with precut (pieces measuring 5 cm), cured (2% based
on theweight of rawmaterials for 24 hours before production,
under refrigeration 4–6∘C) pork or poultry meat and pork
jowl.The production process was conducted according to the
following scheme:

(i) Grinding: class I pork meat or part of chicken thigh
meat (30%) was ground on a mesh of Ø 10mm; class
IIA, IIB pork meat, part of chicken thigh meat (50%),
and jowl were ground on a mesh of Ø 8mm; the
raw material grinding was conducted in a Mesko
WN60 laboratory grinder (Mesko-AGD, Skarżysko-
Kamienna, Poland).

(ii) Mixing: ground meat was mixed using a Kenwood
Majormixer (Kenwood, Havant, UK) for 5minutes to
thoroughlymix the ingredients; the spices were added
during the mixing.

(iii) Bar stuffing andmolding: sheep intestines (Ø 22mm)
were filled using a Dick manual stuffer (Friedr, Dick
GmbH & Co. KG, Deizisau, Germany) and then
formed into 25 cm bars.

(iv) Settling: the bars were deposited on a smoking stick
for 1 hour at room temperature.

(v) Heat treatment: kabanosy were dried in a Jugema
smoking-cooking chamber (Jugema, Środa Wielko-
polska, Poland) for 15 minutes at 40∘C, smoked with
warm smoke for 30 minutes at 50∘C, and then baked
at 75∘Cuntil 70∘Cwas reached in the geometric center
of the bar; after the treatment, kabanosy were cooled
for 1 hour in an off chamber.

(vi) Cooling: kabanosy were cooled in a refrigerator for 24
hours at 4–6∘C.

(vii) Drying: kabanosy were divided into three variants,
and these were subjected to a drying process in a labo-
ratory drying chamber (PHU Chłodnictwo, Warsaw,
Poland) at three different drying air relative humidi-
ties (K1–80% ± 2%, K2–70% ± 2%, and K3–60% ±
2%) at the same temperature of 15∘C ± 2∘C. The
humidity and temperature in the chambers were
monitored using data loggers (EL-USB-2 models,
Lascar Electronics Ltd., Erie, USA). The drying pro-
cess was carried out until all variants of kabanosy
achieved the TSG required [10] final yield of the prod-
uct, that is, below 68%. The final yield was controlled
each 12 h of the drying process. For kabanosy dried in
a chamber at 60% humidity, the required final yield
below 68% was achieved after 24 h of the process; at a
humidity of 70% after 36 h; and at a humidity of 80%
after 48 h of drying.

Before and after the drying process, a range of measure-
mentswere performed for each of the three production series,
for each of the three variants of kabanosy, and for both pork
and poultry-pork ones. The color components 𝐿∗, 𝑎∗, 𝑏∗ of
the surface and cross-sectional area of the bar, water activity
(𝑎𝑤), and the texture, that is the shear force (only after the
drying process), were measured on the unground kabanosy.
Ground kabanosy (laboratory grinder Zelmer Diana 886.8,
Zelmer, Rzeszow, Poland, grid hole diameter 3mm) were
subjected to the measurements of basic chemical component
content, that is, water, protein, fat and salt, and the TBARS
indicator was also determined.

2.2. Kabanosy Yield at Different Stages of the Production Pro-
cess. The yield of heat treatment after 24 hours and the final
yield after the drying process at different air humidities in
the chamber at a level of 80, 70, and 60%, respectively, were
determined during the process of pork and poultry-pork
kabanosy production. The yields were determined relative to
the initial weight before the heat treatment.

2.3. Measurement of Color Components on the 𝐿∗ 𝑎∗ 𝑏∗ Scale.
The measurements of color components were performed
using a Minolta CR-200 camera (Konica Minolta, Wroclaw,
Poland, light source D65, 2∘ observer, measuring head hole
8mm) calibrated according to white standard (𝐿∗ 97.81,
𝑎∗−0.45, 𝑏∗ 1.88). The measurements were taken in each of
the 5 repetitions on the surface and cross section of kabanosy,
taking the average as a result of the measurement.

2.4. Content of the Basic Chemical Components. Themoisture
content was determined according to PN-ISO 1442:2000 [18]
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Table 1: Yield of kabanosy at different stages of the production process.

Kabanosy Thermal treatment yield (%) Yield after cooling (%) Final yield (%)
K1 - 80% K2 - 70% K3 - 60%

Pork 78.5 ± 5.3 74.9 ± 4.4 59.2a ± 6.8 55.3a ± 3.5 50.8a ± 2.8

Poultry-pork 84.2 ± 2.1 82.0 ± 3.5 65.0a ± 3.6 61.2a ± 2.9 60.7a ± 3.2
aAverage values in rows marked with different letters differ significantly at 𝑝 ≤ 0.05.

by drying samples at 105∘C (SUP-65 dryer, Wamed, Warsaw,
Poland).The protein content was determined by the Kjeldahl
method according to PN-75/A-04018:2002 (Velp Scientifica
UDK 129 Distillation Unit, Poland) [19]. The fat content was
determined by Soxhlet extraction (Büchi Extraction System
B-811, Donserv, Poland) according to PN-ISO 1444:2000
[20]. The salt content was determined using potentiometric
methods according to PN-ISO 1841-2:2002 [21], using a 702
SM Titrino (Metrohm AG, Herisau, Switzerland) device.

2.5. Measurement of Water Activity (𝑎𝑤). Measurement of
water activity was carried out using an Aqua Lab CX-2 appa-
ratus (DecagonDevices, Inc., Pullman,USA).The samplewas
prepared by cutting a flat rectangle from kabanosy, and the
analysis was performed at a temperature of 25.0±1.5∘C, three
times for each sample, and the average was taken as a result
of the measurement.

2.6. TBARS Indicator Determination. Thiobarbituric acid
reactive substances (TBARS) values were determined accord-
ing to the extractionmethod of Shahidi [22]. Absorbance was
measured at 532 nm using a spectrophotometer (Hitachi U-
1100; Gemini bv., Apeldoorn, Netherlands) against a blank
containing 5mL of 2-thiobarbituric acid (TBA) and 5mL of
10% trichloroacetic acid (TCA). A constant coefficient of 2.34
was employed for converting the absorbance units to TBARS
values, which were expressed as mg malondialdehyde per kg
sample (mg MAD/kg).

2.7.Measurement of Texture-Shear Force. Measurement of the
shear force was performed using a ZWICKI 1120 endurance
apparatus (Zwick, Ulm, Germany). Warner-Bratzler’s device
equipped with a flat knife was used for this purpose. The
maximum shear force 𝐹max was read out at a head shift of
50mm/min. The samples were prepared directly before tests
by cutting the kabanosy into 10 cm sections and subjecting
them to 30 minutes of conditioning at room temperature.
The measurements were taken at three points on each of the
prepared sections, for three different bars from each variant
of kabanosy. The results were then averaged.

2.8. Sensory Evaluation. The sensory quality of kabanosy
after the drying process in chambers with different levels of
humidity was assessed using a 10-point intensity scale for
such sensory characteristics as surface color, hardness, aroma,
and taste. However, overall acceptability was assessed on a
hedonic scale (where 0 points corresponded to unacceptable
and a 10-point evaluation as very desirable). The evalua-
tion was conducted by a trained 10-person team according

to PN-ISO 4121:1998 [23]. Kabanosy prior to the assess-
ment were conditioned for half an hour at room tempera-
ture.

2.9. Statistical Analysis of the Results. The results were sub-
jected to statistical analysis using ANOVA analysis and a
detailed Tukey’s HSD test, at a significance level of 𝛼 = 0.05.
Statistica ver. 10 PL (StatSoft, Inc., Tulsa, USA) was used. The
effect of air relative humidity in the drying chamber on yield
and on selected quality features of pork and poultry-pork
kabanosy was determined.

3. Results and Discussion

3.1. Yield of Kabanosy. The yields of kabanosy at different
stages of the production process are shown in Table 1. In
the case of both pork and poultry-pork kabanosy, there was
no significant (𝑝 > 0.05) effect derived from air relative
humidity on the final yield of these products (Table 1). Dried
sausages can lose up to 30% of their weight throughout the
production process and such sausages in the US market are
considered to be “moderately” dry products. In contrast, dry
sausages are those that are characterized by a 40% weight
loss [24]. The weight loss of the product is faster in the case
of a product dried at lower relative air humidity [25]. The
tendency observed in this study was, therefore, consistent
with the literature data. The period of drying of kabanosy
in the chamber with 80% humidity (yield below 68%, as
required by TGS) was considerably longer in comparison
with the drying time of the kabanosy under a humidity of
70 and 60%. The use of lower relative humidity in the drying
process reduced the duration of the process by 50%; however,
this may result in lower product yield. The observed average
10-percentage point difference in the yield of pork kabanosy
dried at 80 and 60% relative air humidity was caused not only
by the varying relative air humidity in the chamber but also
by the varied duration of the process. The different drying
dynamics of both types of kabanosy suggest the need for
the selection of optimum drying conditions in terms of raw
material composition.

3.2. 𝐿∗ 𝑎∗ 𝑏∗ Color Components of Kabanosy. The results of
𝐿∗, 𝑎∗ and 𝑏∗ color component measurement on the surface
and cross sections of kabanosy are summarized in Table 2.
A reduction of color component 𝐿∗, and thus the lightness
of the surface after the drying process, was noted in pork
kabanosy. The lowest value for this component was observed
in the case of kabanosy subjected to drying in a chamber
with a relative air humidity of 60%. The effect of different
relative air humidities in terms of the color lightness on the
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surface of pork kabanosy was not significant (𝑝 > 0.05).
Similar relationships were found for poultry-pork kabanosy
(Table 2). According to De Maere et al. [26], reduction of the
𝐿∗ component values during the drying process may result
from the reduction of water content in the product.

For both the pork and poultry-pork kabanosy, a decrease
in the values of the 𝑎∗ and 𝑏∗ color components was observed
during the drying process in chambers with different relative
air humidity compared to the kabanosy before the drying
process.This applies to both the color of the bar and the cross
section of the products. There was a tendency for 𝑎∗ and 𝑏∗
values to be lower with a decrease in relative air humidity
in the drying chamber. Pork kabanosy dried with an relative
air humidity of 60% were characterized by significantly (𝑝 <
0.05) lower values for components 𝑎∗ and 𝑏∗ than kabanosy
dried at 80% humidity (Table 2). In contrast, for the poultry-
pork kabanosy, drying relative air humidity had no significant
(𝑝 > 0.05) effect on the values of those components (Table 2).

Measurements of color components 𝐿∗, 𝑎∗, and 𝑏∗ were
also taken on the cross sections of kabanosy.The color on the
cross sections of kabanosy dried with a relative air humidity
of 70% and 60% was characterized by significantly lower
values for component 𝐿∗ compared to the values obtained
on the cross sections of kabanosy dried at 80% humidity
(Table 2). In the case of poultry-pork kabanosy, a significant
(𝑝 < 0.05) effect of relative air humidity was noted on the
lightness of their cross section color; however, this effect
was ambiguous. Poultry-pork kabanosy dried in a chamber
with a relative air humidity of 60% were characterized by
significantly lower values for component 𝐿∗, and so they were
the darkest, compared to kabanosy dried at a humidity of 70%
(Table 2).

Pork kabanosy dried in chambers with a relative air
humidity of 70 and 60% were characterized by significantly
(𝑝 < 0.05) lower levels of yellow color (𝑏∗) in the cross
sections of the bar compared to kabanosy dried at a relative
air humidity of 80% (Table 2).

In the case of poultry-pork kabanosy, significant differ-
entiation of this color component was observed between the
values determined for the cross section of the product dried
at 70 and 60% of relative air humidity (Table 2).

3.3. Content of the Basic Chemical Components in Kabanosy.
The average content of basic chemical components in pork
kabanosy before the drying process was 52.1% water content,
24.8% protein content, 19.6% fat content, and 3.0% salt
content. During the drying process, as expected, there was a
decrease in the water content and increase in the components
constituting the dry matter of the product. Olivares et al.
[27] indicate that the concentration of protein and fat in
the product during the drying process is mainly due to the
water content decrease resulting fromweight loss.Thehighest
average values for protein (29.5%), fat (23.5%), and salt (3.6%)
content were found in the case of drying of the pork kabanosy
in a chamber with 60% relative air humidity. Despite the 10-
percentage point differences in the yield of products dried at
80% and 60% of relative air humidity, no significant differ-
ences (𝑝 > 0.05) were found in the chemical composition
of kabanosy dried in chambers with different relative air

humidity. This could be due to significant differences in the
process of drying in the various research series, as evidenced
by, among others, high standard deviations.

In the case of poultry-pork kabanosy, a decrease in water
content was observed from 53.1% before the drying process
to 45.8% after drying in a relative air humidity of 60%.
Protein, fat, and salt content changed from 21.7, 21.9, and
2.7%, respectively, before the drying process to 25.4, 25.6,
and 3.1% after drying in the chamber with 60% relative air
humidity. Also in this case, there were no significant (𝑝 >
0.05) differences of chemical composition of poultry-pork
kabanosy dried in chambers of different relative air humidity
(data not shown).

According to European Parliament and Council Reg-
ulation (EU) number 1044/2011 [10], kabanosy should be
characterized by the following chemical composition: protein
content of at least 15%, water up to 60%, fat up to 35%, and
salt maximum 3.5%. The poultry-pork kabanosy produced
in this study, irrespective of the drying conditions, met all
the above requirements. In the case of pork kabanosy, only
a slight excess of or the average salt content was found in
products dried at 60% relative air humidity.

3.4. Water Activity (𝑎𝑤), TBARS Indicator Value, and Texture
of Kabanosy. The water activity of both pork and poultry-
pork kabanosy decreased with a decrease in relative air
humidity in the drying chamber (Table 3). There was no
significant (𝑝 > 0.05) effect of drying air humidity on water
activity in pork kabanosy. Poultry-pork products dried at
60%humiditywere characterized by a significantly (𝑝 < 0.05)
lower water activity than those dried at 70 and 80% humidity.
Also in the studies presented byCollell et al. [1], a relationship
was demonstrated between the fall in 𝑎𝑤 and water content
during the drying process.

In the present study, there was no significant (𝑝 > 0.05)
effect of air relative humidity on the value of the TBARS
indicator in the case of pork and poultry-pork kabanosy
(Table 3).

There was no significant (𝑝 > 0.05) effect of air relative
humidity on the shear force of either pork or poultry-pork
kabanosy. There was only a tendency pointing to an increase
in the shear force of kabanosy with a decrease in relative
humidity in the drying chamber. According to Arnau et
al. [14], the first method to obtain an acceptable texture
with a short drying period in dry-cured meat products is
to accelerate the drying process by decreasing the relative
humidity and increasing the temperature of the drying air.
This was not confirmed in our research.

3.5. Sensory Quality of Kabanosy. A reduced relative humid-
ity of the air in the drying chamber did not affect such sensory
qualities of pork and poultry-pork kabanosy as hardness,
aroma, taste, and overall acceptability (Table 4). A significant
(𝑝 < 0.05) impact on the color of pork kabanosy was noted
as a result of the relative air humidity. Kabanosy dried at the
relative humidity of 60% received lower scores for color than
kabanosy dried at a humidity of 80%. An opposite trend was
observed in the case of the color of poultry-pork kabanosy,
but this was not significant (Table 4). Also, some trends in
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Table 3: Water activity (𝑎𝑤) and TBARS indicator values in pork and poultry-pork kabanosy before and after the drying process; shear force
value after drying process.

(a)

Kabanosy
Water activity TBARS (mg MAD/kg of the product)

Before drying
process

After drying process Before drying
process

After drying process
K1, 80% K2, 70% K3, 60% K1, 80% K2, 70% K3, 60%

Pork 0.943 ± 0.007 0.940a ±0.004 0.927a ±0.011 0.919a ±0.011 0.54 ± 0.17 0.50a ± 0.11 0.60a ± 0.23 0.56a ± 0.18

Poultry-
pork 0.956 ± 0.005 0.940a ±0.002 0.935a ±0.004 0.926b ±0.003 0.55 ± 0.08 0.53a ± 0.08 0.55a ± 0.12 0.55a ± 0.11

(b)

Kabanosy
Shear force (𝑁)

After drying process
K1, 80% K2, 70% K3, 60%

Pork 91.3a ± 14.9 99.3a ± 6.9 103.4a ± 8.0

Poultry-pork 83.6a ± 17.9 85.5a ± 22.9 94.4a ± 14.9
a,bAverage values for the same differentiator in rows marked with different letters differ significantly at 𝑝 ≤ 0.05.

Table 4: The effect of air relative humidity on the sensory quality characteristics of kabanosy.

Characteristic (points) Kabanosy K1, 80% K2, 70% K3, 60%

Surface color Pork 9.4a ± 0.6 8.4ab ± 0.3 6.8b ± 0.3

Poultry-pork 7.4a ± 0.5 8.2a ± 0.3 9.26a ± 0.3

Hardness Pork 9.4a ± 1.2 8.4a ± 0.9 7.2a ± 0.6

Poultry-pork 8.8a ± 0.2 8.6a ± 0.2 9.6a ± 1.0

Aroma Pork 6.8a ± 0.8 6.8a ± 0.7 6.6a ± 0.3

Poultry-pork 8.2a ± 0.6 8.2a ± 0.8 8.0a ± 0.9

Taste Pork 7.4a ± 0.3 7.2a ± 0.8 6.2a ± 0.8

Poultry-pork 7.4a ± 0.6 8.6a ± 0.5 8.0a ± 0.5

Overall acceptability Pork 6.2a ± 0.5 6.0a ± 0.5 7.2a ± 0.9

Poultry-pork 6.4a ± 0.8 6.6a ± 1.4 6.8a ± 1.4
a,bAverage values for the same differentiator in rows marked with different letters differ significantly at 𝑝 ≤ 0.05.

changes in the scores given in the evaluation of hardness
and taste of kabanosy were observed. In the case of pork
kabanosy, scores given for these discriminants were lower
with the decrease in relative humidity; and in the case of
poultry-pork kabanosy, marks were higher (Table 4). This
confirms the need for a separate examination of the effect of
humidity in the drying chamber, depending on the type of
raw material used in kabanosy production.

4. Conclusion

Pork kabanosy produced at differentiated drying relative air
humidities met the requirements for the recipe for tradi-
tional specialty guaranteed (TSG) regarding the content of
basic chemical components, water, protein and fat, and the
assumed final yield; in the case of the salt content, these
assumptions were only met in the case of the product dried
in air at 70 and 80% relative humidity. TSG assumptions
regarding the chemical composition were also fulfilled by
poultry-pork kabanosy, regardless of relative air humidity in
the chamber.The final yield of the products was proportional
to the humidity prevailing in the drying chamber, but this was

not significantly differentiated. Kabanosy dried in air of 60%
humidity were thus characterized by the lowest final yield;
and, moreover, the duration of drying in this case was the
shortest. No significant effect of drying relative air humidity
was found on the value of the TBARS indicator in the case
of pork or poultry-pork kabanosy; however, reduced water
activity and water content were observed with a decrease
in air relative humidity and analogically an increase was
observed in protein and fat content in the products. After the
drying process, the products were darker both on the surface
and in cross section (a lower value for component 𝐿∗) than
before the process. Also, relative air humidity in the drying
chamber affected the color components of kabanosy. The
changes in the contents of particular chemical component
in pork kabanosy compared to poultry-pork ones point to
the different dynamics of the drying process of both types of
kabanosy and the need for the selection of optimum drying
conditions in terms of raw material composition.

Differentiation in relative air humidity in the drying
chambers affected the dynamics of changes, mainly in terms
of the color parameters and water activity of produced
kabanosy. Moreover, pork kabanosy dried at the relative
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humidity of 60% received lower scores for color than
kabanosy dried at a humidity of 80%. The results obtained
in this study indicate the possibility of shortening the drying
process by 50%, together with the reduction of humidity in
the drying chamber from 80 to 60%. In turn, the economic
effect of the lower humidity should be examined under
production plant conditions.
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