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The aim of this paper was to examine the effect of chitosan coating with the addition of caraway essential oil and
beeswax on lipid oxidation protection, as well as aroma and water content preservation of traditional dry fermented
Petrovska klobasa sausage.

During the entire storage period, TBARS index value in coated sausage was lower compared to the control
(P<0.05). After two months of storage, TBARS index value in control and coated sausages were 0.94+0.04 mg kg™
and 0.66+0.03 mg kg™', while after seven months of storage, these values were 0.82+0.05 mg kg™ and 0.67+0.02
mg kg!, respectively. While content of saturated aliphatic aldehydes increased in control sausage (P<0.05), it
remained unchanged in coated sausage during 7 months of storage. Lipid oxidation protective effect could be
correlated to higher marks for aroma of coated sausage during the entire storage period (P<0.05). Coating slowed
moisture loss of coated sausage compared to the control (P<0.05).
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During manufacturing and storage of fermented sausages, intensive lipolytic and oxidative
changes occur. Lipid oxidation leads to rancidity, discolouration, and accumulation of
undesirable compounds, which affect sausage quality and may be harmful to human health
(Sonc et al., 2015). In addition to lipid oxidation, during storage of dry fermented sausages,
different deteriorative physical-chemical processes occur, among them sausage dehydration.
Moisture loss affects deterioration of sensory properties (wrinkled coating surface, dark
colour, too hard consistency), as well as the economic effect of production, considering
excessive loss of weight.

Researchers reported that chitosan can be used as edible film or coating for the protection
of fish, meat, and meat products from lipid oxidation during storage, probably due to its good
gas barrier properties (MoHaN et al., 2012). Often used solution is addition of plant extracts
and essential oils as active compounds, where film acts as carrier for active component and
enables its graduate release during time (Qmu et al., 2014; Hromis et al., 2015).

Although chitosan films show low permeability to gases, they lack resistance to water
transmission. In order to improve water barrier properties of chitosan film, addition of
different hydrophobic compounds showed considerable effect (THE et al., 2009; VARGAS et
al., 2009; Hrowmis et al., 2015).

In this paper, effect of chitosan coating with the addition of caraway essential oil and
beeswax on shelf-life prolongation of traditional dry fermented Petrovac sausage (Petrovska
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klobasa) protected with Designation of Origin according to the Serbian law in 2007 (PETROVIC
etal., 2007) was investigated. At the end of drying process, Petrovac sausage was coated with
composite coating in order to postpone lipid oxidation as well as water loss during 7 months
of storage.

1. Materials and methods

1.1. Materials

1.1.1. Coating preparation. Chitosan coating was prepared by dissolving chitosan powder
(crab shells, highly viscous, deacetylation degree approximately 80%, Sigma—Aldrich
Chemical Co., St. Louis, Missouri, USA) in acetic acid (CH,COOH, 1% v/v concentration).
Chitosan powder was added to reach chitosan mass per volume ratio of 10 kg m=. Solution
was stirred overnight on a magnetic stirrer to dissolve chitosan. After dissolving chitosan,
caraway essential oil (Herba doo, Belgrade, Serbia) and wetting agent Tween 20 (Superlab,
Belgrade, Serbia) were added to the solution in 1% and 0.5% volume concentrations,
respectively. Resulting emulsion was heated in a water bath to 60 °C and added to molten
wax to obtain film forming emulsion with beeswax mass per volume ratio of 36 kg m™
(Hrowis et al., 2015).

1.1.2. Sausage preparation and coating. Sausage preparation process was performed as
described by Krki¢ and co-workers (2012). One alteration was the drying process, which
lasted 90 days, because manufacturing was performed in traditional conditions in rural
households during winter months. Collagen casing “KOKO” with diameter 55 mm (Koteks
Viscofan, Novi Sad, Serbia) was used for stuffing sausage.

After drying, sausages were coated with coating emulsion using a sponge brush as
described by Krki¢ and co-workers (2013a). Sausages were designated as control and coated
sausage. After coating, sausages were stored for seven months at 15 °C and 75% RH. Analyses
were performed after drying (before coating), after 2 and 7 months of storage. All
determinations were made on three samples (three different sausages) from each group
(coated and control) in duplicate (two repetitions were done on each sausage).

1.2. Methods

1.2.1. Moisture, fat, and protein content. Chemical composition of sausages was determined
according to appropriate ISO standards: ISO 1442:1997, ISO 1443:1973, and ISO 937:1978.

1.2.2. Fatty acid profile determination. Fatty acid profile was determined by gas
chromatographic method with adequate preparation of samples described by Krxi¢ and co-
workers (2013b). After extraction of lipids, fatty acid methyl esters were extracted and
dissolved in n-hexane. Solution was injected into the GC (Varian, series 1400, Perkin-Elmer)
with a packed column (3 m x 3.0 mm, a stationary phase GP 10% SPTM-2330 on inert carrier
100/120 Chromosorb WAW) and flame ionization detection was used (Perkin-Elmer,
Waltham, Massachusetts, USA). Fatty acid methyl esters were identified by comparing
retention times of the peaks in the sample with those of standard pure compounds (Sigma-
Aldrich Chemical, St. Louis, Missouri, USA). Fatty acids methyl esters were quantified as
percentage of total methyl esters.
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1.2.3. TBARS determination. TBARS test was performed using the method of BotsoGLou
and co-workers (1994), with modifications according to Manpi¢ (2007). The test using
spectrophotometer Jenway 6300 (Jenway, Felsted, United Kingdom) was described by Krki¢
and co-workers (2013a). TBARS values were expressed as milligrams of malondialdehyde
per kilogram of sample.

1.2.4. Aldehydes determination. Static headspace gas chromatographic (SHS-GC)
analyses were performed on Agilent 7890A GC System (Agilent Technologies, Santa Clara,
California, USA) equipped with a capillary split/split less inlet, total electronic pneumatic
control of gas flow, headspace auto sampler, and FID. Static headspace (SHS) sampling was
performed with the headspace sampler, CombiPAL System (CTC Analytics, Zwingen,
Switzerland). A 2.5 ml HS syringe for CombiPAL was used, for the injection of 2.0 ml of
vapour phase from the 10 ml headspace vials. Chromatographic conditions and aldehydes
standard preparation was performed according to the Manpi¢ and co-workers (2012).
Homogenized sample was accurately weighed (2.00 g) into 10 ml screw-capped headspace
vial.

1.2.5. Sensory evaluation of aroma. Sensory evaluation was performed using quantitative
descriptive analysis (ISO 8586-1, 1993; ISO 4121, 2003; ISO 8586-2, 2008) according to the
method described previously by Son¢ and co-workers (2015), using a scale from 0 to 5, with
a sensitivity threshold of 0.25 points. Each mark means distinctive quality level, described as
follows: 5: extraordinary, typical, optimal quality; 4: observable deviations or insignificant
quality defects; 3: drawbacks and defects of quality; 2: distinct to very distinct drawbacks and
defects of quality; 1: fully changed, atypical properties, product unacceptable; 0: visible
mechanical or microbiological contamination, atypical product.

1.2.6. Statistical analysis. Statistical analysis was carried out using STATISTICA 8.0
(StatSoft, Inc., Tulsa, OK, USA). All data were presented as mean value with their standard
deviation indicated (mean = SD). Variance analysis (ANOVA) was performed, with a
confidence interval of 95% (P<0.05). Means were compared by Duncan’s multiple range test.

2. Results and discussion

In this experiment, moisture content (showed in Table 1) at the end of drying was 29.81+0.05%.
After reaching 35% or less moisture content (SL. GLASNIK RS, 94/2015), further moisture loss
is undesirable, because it affects sensory quality and sausage appears too dry, tough, and
wrinkled. During storage, moisture content decreased both in control and chitosan coated
sausage. After 2 months of storage, moisture content of control sausage was 22.19+0.06%,
while for chitosan coated sausage moisture content was higher (P<0.05), 24.00+0.05%. At
the end of storage, moisture contents for control and coated sausages were 15.21+0.08% and
16.27+0.08% and were statistically different (P<0.05). Following decrease in moisture
content, contents of fat and protein increased during storage in both tested sausages, and this
increase was more pronounced in uncoated sausage (Table 1). Coating sausage with chitosan
layer slowed down the moisture loss, but moisture loss was still significant.
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Table 1. Moisture, fat and protein contents of control and coated sausages during storage, %

End of drying 2 months of storage 7 months of storage
Unpacked Chitosan coated Unpacked Chitosan coated
Moisture  29.810.05 22.19+0.06° 24.000.05° 15.21+0.08° 16.27+0.08¢
Fat 28.58+0.27¢ 34.81+0.23° 32.68+0.18° 35.47+0.23° 34.8040.15°
Protein 31.95+0.33¢ 34.29+0.15° 33.71£0295¢ 39.43+0.29% 39.84+0.15%

abed

Different letters within the same row mark significantly different means with 95% probability (P<0.05).

Fatty acid profile of control and coated sausage during storage is shown in Table 2. In
accordance with literature data, content of oleic acid (C18:1) was highest in fatty acid profile
(ANSORENA & ASTIASARAN, 2004; Rusio et al., 2008). These results correspond well with our
previous results (Krki¢ et al., 2013a, 2013b). Special consideration should be given to
unsaturated fatty acids (linoleic C18:2 and linolenic C18:3), knowing that they belong to the
group of essential fatty acids, and that they are highly susceptible to oxidative changes.
Obtained values for linoleic and linolenic acids in Petrovac sausage are similar to the results
in similar meat products (VALENCIA et al., 2006; RuBlo et al., 2008). Linoleic and linolenic
acid contents obtained in this study are slightly higher compared to our previous results for
Petrovac sausage (Krkic et al., 2013a, 2013b).

Table 2. Fatty acid profile in control and coated sausages during storage, %

Fatty acids ~ End of drying 2 months of storage 7 months of storage
Control Coated Control Coated

Cl14:0 2.60+0.06* 2.79+0.03° 2.20 +0.20° 2.7840.19° 2.15+0.10°
Cl16:0 25.15+0.35% 25.73£1.21% 25.20+0.38% 25.75+0.05% 25.35+0.65%
C18:0 12.10£0.01° 12.00+0.02" 11.84+0.01° 13.14+0.36° 13.54+0.65%
Clé:1 4.5040.14% 4.06 £0.15° 4.81+0.36 4.05£0.11°¢ 4.18+0.13%
C18:1 31.83+0.05% 31.82+0.49* 31.79£0.21% 32.10+0.09* 31.72+0.53
C20:1 0.50+0.05° 0.28+0.03° 0.43+0.02° 0.41+0.03" 0.38+0.02°
C18:2 20.80:£0.10%° 21.00+1.00* 21.44+0.392 19.39+0.42° 19.94+0.41%
Cl18:3 1.98+0.03° 1.95+0.15° 2.08+0.01%° 2.0440.03% 2.14£0.08"
> SFA 39.85+0.29 40.52+1.24% 39.24+0.57° 41.65+0.53" 41.03£0.10%
> UFA 60.12+0.33% 59.43+1.23% 60.76+0.57° 58.35+0.53° 58.97+0.10
> PUFA 23.294+0.09% 23.27+0.86% 23.72+0.40? 21.80+0.36° 22.69+0.54%

abed

Different letters within the same row mark significantly different means with 95% probability (P<0.05).

At the end of drying, TBARS index value in the sausage was 0.40+0.04 mg kg (Fig. 1).
This value is in agreement with literature data for TBARS index values in dry fermented
sausages (ANSORENA & ASTIASARAN, 2004; VaLENCIA et al., 2006). During storage, value of
TBARS in control and coated sausage increased, indicating oxidative changes in lipids, but
in coated sausage this increase was less pronounced (P<0.05) during the entire storage period.
After two months of storage, TBARS index value in control and chitosan coated sausages
were 0.94+0.04 mg kg'and 0.66+0.03 mg kg™!, respectively, and were significantly different
(P<0.05). Recorded difference was probably due to protective function of applied chitosan
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coating against deteriorative oxidative changes. In addition, fat content after two months of
storage was lower in coated sausage. After seven months of storage, TBARS index value in
control sausage decreased to 0.82+0.05 mg kg!, probably due to interaction of TBARS with
degradation products formed in the process of ripening, such as amino acids, sugars, and
nitrites (ANSORENA & ASTIASARAN, 2004), while TBARS index value in coated sausage
remained statistically unchanged (P>0.05), 0.67+0.02 mg kg™'. Comparing results with our
previous work on chitosan-caraway oil coated Petrovac sausage, it can be seen that applied
coating with beeswax in this experiment showed more pronounced protective effect against
lipid oxidation compared to chitosan coating with essential oil without beeswax. This could
be the result of a certain contribution of beeswax to antioxidant activity of chitosan-caraway
coating or better coating distribution on the product surface, coating-products interaction,
and less pronounced changes in product moisture content during storage (ANILAKUMAR &
KHanum, 2009).
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Fig. 1. TBARS (mg kg ") values for control and chitosan coated sausages during storage. Different letters 2°°¢

mark significantly different means with 95% probability (P<0.05)

Table 3. Aldehyde content in control and coated sausages during storage, ug g~

Aldehydes  End of drying 2 months of storage 7 months of storage
Unpacked Chitosan coated Unpacked Chitosan coated
Propanal 2.5140.13° 3.29+0.06" 2.57+0.05° 3.49+0.01° 2.44+0.07°
Pentanal 0.980.04° 1.08+0.11° 1.01£0.02° 1.29+0.06% 1.13£0.15°
Hexanal 0.64+0.02° 0.65+0.02" 0.64+0.01° 0.74+0.01° 0.63+0.01°
Heptanal 0.59+0.01° 0.60+£0.01%° 0.60:£0.02%° 0.620.01° 0.61+0.01%°
Octanal 1.050.04° 1.65+0.08° 1.33+0.16° 1.68+0.12% 1.13+0.03¢

Different letters *° within the same row mark significantly different means with 95% probability (P<0.05).

Propanal content was highest in the total aldehydes content in the sausage after drying,
as well as in both analysed sausages during storage (Table 3). High values for propanal
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content is characteristic for Petrovska klobasa (Krki¢ et al., 2013a, 2013b), probably due to
relatively high content of linolenic acid in the sausage. After propanal, aldehydes contents
may be represented in decreasing order: octanal>pentanal>hexanal>heptanal. Contents of
pentanal and hexanal, typical products of oxidative degradation of linoleic acid, were in the
range of values reported for similar products by authors ANSORENA and ASTIASARAN (2004)
and VALENcIA and co-workers (2006).

During storage, content of all analysed aldehydes increased in control sausage (P<0.05),
while in coated sausage, aldehydes content remained unchanged during 7 months of storage.
Comparing to our previous results (Krki¢ et al., 2013a, 2013b), analysed aldehydes contents
show more pronounced effect of chitosan coating with addition of essential oil and beeswax
compared to chitosan coating with essential oil without beeswax.

Sensory evaluation is one of the key elements in consideration of product acceptability
by consumers. Sensory evaluation of control and chitosan coated sausages after drying and
during storage is presented in Table 4. It can be noted from Table 4 that there was no significant
difference (P>0.05) between sensory evaluation of colour and texture between the two
sausages during storage, and marks for both parameters decreased during storage for both
tested sausages. Aroma of both uncoated and chitosan coated sausages also deteriorated
during storage. From 4.724+0.13 at the end of drying, control sausage aroma was evaluated
4.37+0.12 after two months of storage and 3.51+0.04 after seven months of storage. Chitosan
coated sausage was evaluated 4.53+0.05 after two months of storage and 3.75+0.12 after
seven months of storage. Higher sensory evaluation marks (P<0.05) for chitosan coated
sausage aroma are probably due to lower lipid oxidative changes in the chitosan coated
sausage.

Table 4. Sensory evaluation of control and coated sausages during storage

End of drying 2 months of storage 7 months of storage
Unpacked Chitosan coated Unpacked Chitosan coated
Colour 4.62+0.08% 437+0.12° 4.43+0.08" 3.67+0.21¢ 4.00+0.13¢
Texture 4.46+0.16* 4.03+0.24 4.30£0.27% 3.73+0.20° 3.80+0.33°
Aroma 4.72+40.13* 4.37+0.12¢ 4.53+0.05° 3.52+0.04° 3.75+0.124

abed

Different letters within the same row mark significantly different means with 95% probability (P<0.05).

3. Conclusions

During storage of seven months, coating based on chitosan with the addition of caraway
essential oil and beeswax resulted in the reduction of lipid oxidative changes measured as
TBARS index value and saturated aliphatic aldehydes contents. Apart from lipid oxidation
protective effect, composite coating influenced aroma preservation and lower moisture loss
of Petrovac sausage during storage.

This study was supported by the Ministry of Education, Science and Technological Development of the Republic
of Serbia, Project No. TR31032, as well as the Provincial secretariat for higher education and scientific research,
Autonomous Province of Vojvodina, Republic of Serbia, Project No. 142-451-3626/2016-01.
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