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Abstract: The effect of Juniperus communis L. essential oil (JEO) addition at concentrations of 0.01,
0.05 and 0.10 puL/g on pH, instrumental parameters of color, lipid oxidation (2-Thiobarbituric acid
reactive substances (TBARS)), microbial growth, texture and sensory attributes of dry fermented
sausages produced with different levels of fat (15 and 25%) and sodium nitrite (0, 75 and 150 mg/kg)
was assessed. Reduced level of sodium nitrite (75 mg/kg) in combination with all three concentrations
of JEO (0.01-0.10 uL/g) resulted in satisfying physico-chemical (color and texture) properties and
improved oxidative stability (TBARS < 0.3 mg MDA/kg) of dry fermented sausages produced with
25% of fat. However, sausages produced with 0.10 puL/g of JEO had untypical flavor. No foodborne
pathogens (Escherichia coli, Listeria monocytogenes, Salmonella spp. and sulfite-reducing clostridia)
were detected in any sample throughout the storage period (225 days). The results of this study
revealed significant antioxidative activity of JEO and consequently its high potential as effective
partial replacement for sodium nitrite in dry fermented sausages.

Keywords: Juniperus communis L.; essential oil; sodium nitrite; dry fermented sausage

1. Introduction

Fermented sausages have been manufactured in many countries worldwide. Currently,
customers are becoming progressively aware of these meat products for their unique sensory
characteristics and important health benefits [1]. Dry fermented sausages are produced using fresh
or frozen meat (70-80%) and back fat (20-30%), salt, starter cultures, spices and food additives [2,3].
Owing to the relatively high level of fat and distinctive processing technology (e.g., using diverse
raw materials, absence of thermal treatment), fermented sausages are highly susceptible to quality
deterioration, including lipid oxidation and bacterial growth [2,3].

Lipid oxidation is one of the chief non-microbial factors in quality deterioration in meat and
meat-derived products [4]. It is well known that meat products become very susceptible to oxidative
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deterioration due to high levels of unsaturated lipids (e.g., polyunsaturated fatty acids, phospholipids
and cholesterol), a variety of oxidizing agents in the muscle tissue, the presence of metal catalysts,
heme pigments, etc. Lipids (triacyl-glycerides, phospholipids and sterols) are largely spread in both
the intra- and extracellular space of muscle tissue. Oxidation of lipids is a three-step radical chain
reaction which involves: initiation, propagation and termination with the free radical’s formation [5].
It should be highlighted that lipid oxidation leads to loss of nutritional quality, reduced shelf life,
intensified toxicity and reduction of the market value of meat and meat-derived products [4].

Spoilage (Acinetobacter, Lactobacillus spp., Pseudomonas, Proteus spp., Enterobacter, Leuconostoc
spp., Moraxella, etc., yeasts and molds) and pathogenic (e.g., Salmonella spp., Campylobacter jejuni,
Listeria monocytogenes, Escherichia coli O157:H7, Clostridium spp.) microorganisms can diminish the
quality of meat and meat products and consequently induce numerous foodborne contaminations [6].
The growth of spoilage microorganisms causes the degradation of lipids and proteins present in meat
and meat products and affects the development of unpleasant quality characteristics (e.g., discoloration,
slime and gas production, off-odors and off-flavors). On the other hand, pathogenic bacteria are
primarily responsible for foodborne diseases and food poisoning of meat and meat-derived products.
Furthermore, in past decades, foodborne diseases have been marked as essential factors of growing
public health and economic problems all around the world.

Therefore, lipid oxidation and microbiological deterioration of meat and meat products can be
marked as major limitations in the modern meat industry [6].

The use of synthetic additives is one of the main approaches for preventing microbial growth and
oxidative reactions in meat products [7]. Nitrites (sodium and potassium nitrite) are well known food
additives and curing agents in meat processing [8]. They are officially registered as preservatives by
European Union directives [9]. During the process of curing, nitrites are applied in order to improve
the product’s shelf life because they efficiently suppress the growth of many harmful microorganisms
and impart significant antioxidant potential to meat products [10,11]. Besides the strong preservative
effect, the use of nitrites contributes to the of development of the typical reddish-pink color and flavor
of cured meat products [11,12]. However, these preservatives were recently marked as unhealthy to
humans because they promote the formation of carcinogenic N-nitroso-compounds [13,14].

Hence, consumers are increasingly demanding fresh, natural, and negligibly processed products
with lower content of artificial additives [12,15]. Essential oils are defined as volatile oils with
peculiar scents isolated from aromatic and medicinal plants by hydro-distillation or by cold pressing
from citrus fruit peel. It is well known that essential oils obtained from different aromatic and
medicinal plants possess a significant antioxidant and antimicrobial potential and therefore they are
progressively used as natural additives in the modern food industries [16,17]. They represent the
complex mixture of terpenoid compounds which can be present in different parts of herbs, particularly
in their waxy channels, glands and trichomes. From a chemical point of view, essential oils are usually
multipart mixtures of different organic compounds (e.g., terpenoids), aldehydes, ketones, esters,
acids and alcohols, where the main constituents commonly constitute up to 85% of the essential oils,
while minor compounds and trace elements constitute up to 15% [18]. Predominantly, essential oils are
attracting attention as natural food additives (antioxidants and/or antimicrobials), as they are “generally
recognized as safe” (GRAS) and have a wide customer acceptance [19]. Hence, several authors have
investigated the application of essential oils as natural additives in dry fermented sausages [20-22],
as well as potential replacements for nitrites in processing of cooked [12,16,23] and dry cured meat
products [24].

Juniperus communis L. is an evergreen coniferous plant widespread throughout Europe, North
America and North Asia [25]. The berries obtained from the medicinal herb Juniperus communis L.
are conventionally well known as a strong immune system booster and powerful detoxifier [26].
Juniperus communis L. is most frequently used in natural remedies for respiratory infections, sore throat,
arthritis, muscle aches and fatigue. It has been found that plant stems have also been used in order to
prevent both short- and long-term illnesses. Juniperus communis L. essential oil has been assessed and
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established for its in vitro antiradical and antioxidant activities which are mostly dependent on its
chemical shape [25,26].

Due to its strong antioxidant, antibacterial, antifungal, and anti-inflammatory properties,
Juniperus communis L. and its essential oil are widely used in food processing, and in the pharmaceutical
and cosmetic industries. Terpenoids (e.g., «-pinene, limonene and myrcene) determine the strong and
distinctive aroma of juniper essential oil [27].

Recently, the application of Juniperus communis L. essential oil as natural additive was investigated
in several studies [28-30]. Selim et al. [29] found that Juniperus communis L. essential oil added
at concentrations of 0.1, 0.5, and 1% possesses a weak inhibitory effect towards Enterococci and
Escherichia coli O157:H7 that were inoculated in ground beef meat, stored at a temperature of 7 °C for
14 days. However, in an earlier study, Schelz et al. [28] determined the strong antimicrobial potential of
Juniperus communis L. essential oil against Saccharomyces cerevisiae. In our previous research, we found
that Juniperus communis L. essential oil efficiently suppressed lipid oxidation and microbial growth and
enhanced the color of cooked pork sausages [30].

A literature review has exposed only a few published research papers that discuss the application
of essential oil as natural additive in dry fermented sausage processing. There is also a lack of data
regarding the application of essential oils as sodium nitrite replacements in this type of dry cured
meat product. Regarding its strong antioxidant and antimicrobial potential, we hypothesized that
Juniperus communis L. essential oil could be used as an alternative for sodium nitrite in meat processing.
Thus, the aim of this study was to assess the effect of Juniperus communis L. essential oil as an alternative
for sodium nitrite in dry fermented sausages. For these purposes, several physicochemical (pH,
color and texture), microbiological (total plate count, lactic acid bacteria) and sensory (color, odor and
flavor) parameters of dry fermented sausages were determined.

2. Materials and Methods
2.1. Juniperus communis L. Essential Oil

GC-MS Profile of Terpenoid Compounds

Juniperus communis L. essential oil (JEO) was purchased from the manufacturer Herba doo
(Belgrade, Serbia). JEO was kept in dark glass bottles at 4 °C prior to the experiments.

For identification of volatile terpenoids from JEO, GC-MS analysis was used according to the
method described by Pavli¢ et al. [31]. Agilent GC890N system coupled to mass spectrometer Agilent
MS 5759, with HP-5MS column (0.25 mm inner diameter and 0.25 um film thickness, 30 m length),
was applied for the characterization of terpenoid profile. Flow rate of helium was 2 mL/min. JEO was
dissolved in dichloromethane (approx. 1 mg/mL) and 5 pL of solution was injected in the device
with split ratio 30:1. Temperature conditions were: injector temperature 250 °C, detector temperature
300 °C, initial 60 °C with linear increase of 4 °C/min up to 150 °C. The NIST 05 and Wiley 7n data
base were used for compound identification. Retention equations, which describe dependence of
peak area on different concentration (R? > 0.99), were obtained using standard compounds dissolved
in dichloromethane at different concentrations (1-500 pg/mL). Results were expressed as relative
percentage (%).

2.2. Samples

Dry fermented sausages were created with two levels (15 and 25%) of pork back fat (FC). In both
obtained batters, sodium nitrite (NC) was added at three concentrations (0, 75 and 150 mg/kg). Next,
each batter was divided into four parts, and into each part the corresponding concentrations of JEO
(0.00, 0.01, 0.05 and 0.10 uL/g) were added. The total number of batches (B) was: FC (2) x NC (3) x JEO
(4) = 24 (Figure 1). Samples were collected at different storage periods (SD) involving three randomly
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selected dry fermented sausages from each batch at the end of drying (0) and after 75, 150 and 225
days of storage. The total number of samples was: B (24) X SD (4) x 3 = 288.

FC NC JEO (uL/g)
(%) (mg/kg) 0 0.01 0.05 0.10

15 0

15 79

15 150

25 0

25 7D

25 150

Figure 1. Photograph of the inside surfaces of the sausages at the end of storage.

2.3. Preparation of Dry Fermented Pork Sausages

Dry fermented sausages were produced in a local industrial plant (A.D. Dim-Dim, Laktasi,
Bosnia and Herzegovina). Batters were produced using lean pork shoulder and pork back fat in the
ratio 75:25 and 85:15%. The amounts of other ingredients were calculated in relation to raw material
weight, and were as follows: NaCl (2.50%), gluconic delta-lactone (0.70%), spice mix (0.50%), dextrose
(0.10%), sodium nitrite (0, 75 and 150 mg/kg) and JEO (0.00, 0.01, 0.05 and 0.10 uL/g.) The meat and
back fat were minced using a cutter (Krdmer & Grebe, Germany), and then the other ingredients
were added and mixed with them until the required temperature (1 °C) was achieved. The sausages
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were stuffed in 37 mm diameter collagen casings and were placed in a climate chamber (Frigovent,
Serbia) for 21 days. The processes of fermentation, smoking, drying and ripening were performed at a
temperature of 14-16 °C and a relative humidity of 80-95%. Produced sausages were vacuum packed
(Multivac C500, Wolfertschwenden, Germany) and stored at 15 + 1 °C for 225 days. The proximate
chemical compositions of the sausages produced with 15 and 25% of back fat at the end of drying
process are presented in Table S1 (Supplementary material).

2.4. Physico-Chemical Analysis

The proximate chemical composition (moisture, protein, fat and ash) was determined according
to International Organization for Standardization (ISO) procedures [32-35].

The pH was evaluated using a digital pH meter Testo 205 (Testo AG, USA). Before measurement it
was calibrated using standard buffers (pH = 4.00 + 0.05 and pH = 7.00 + 0.01 at 20 + 2 °C). pH values
were determined for three samples, from each group of dry fermented sausages, in duplicate.

Color (CIE-LAB values: L*—lightness; a*—redness; b*—yellowness) of each sample of the dry
fermented sausages was measured on fresh cross cut immediately after slicing. The L*, a* and b* color
coordinates were determined using a MINOLTA Chroma Meter CR-400 (Minolta Co., Ltd., Osaka,
Japan) using D-65 lighting, a 2° standard observer angle and an 8-mm aperture in the measuring
head [16]. Prior to measurement it was calibrated using a Minolta calibration plate (No. 11333090;
Y =929, x =0.3159; y = 0.3322). Color was measured for three samples (2 cm thick) from each group
of dry fermented sausages in triplicate.

The TPA (Texture profile analysis) test was conducted at room temperature using TA.XT2 Texture
Analyzer (Texture Technologies Corp., Scarsdale, NY/Stable MicroSystems, Godalming, UK) equipped
with a standard @ 75 mm cylindrical plate. TPA parameters hardness (g), springiness, cohesiveness,
and chewiness (g) were determined as described by Ikoni¢ et al. [36]. The cylindrical shape samples
(2.54 cm in diameter, 2 cm thick) were taken from the central part of the sausage, and were analyzed
in two cycle compressions to 50% of their original thickness at a constant test speed of 1 mm/s.
Peak force during the first compression cycle was marked as hardness. The rate at which a deformed
sample goes back to its undeformed condition after the deforming force is removed was defined as
springiness. The ratio of the area under the second and first curve was defined as cohesiveness. Lastly,
by multiplying hardness, cohesiveness and springiness, chewiness was obtained. TPA was performed
for three samples from each group of dry fermented sausages in duplicate.

Lipid oxidation of dry fermented sausages was assessed using the 2-Thiobarbituric acid reactive
substances (TBARS) test according to the method of Botsoglou et al. [37], with some modifications.
The final step of the extraction procedure was carried out with total volume (10 mL) of TCA
(trichloroacetic acid) in ultrasonic bath XUB 12 (Grant Instruments, Cambridge, UK). Spectrophotometer
Jenway 6300 (Jenway, Felsted, UK) was used for absorbance measurement at 532 nm. The results of the
TBARS test were expressed as milligrams of malondialdehyde per kilogram of sample (mg MDA/kg).
TBARS was determined on three samples from each group of dry fermented sausages in duplicate.

2.5. Microbiological Analysis

Microbiological analyses were performed on three samples from each group of dry fermented
sausages in duplicate. Samples (20 g) were homogenized in 180 mL 1 g/L buffered peptone water
(Merk, Darmstadt) for 10 min at 200 rpm (Unimax 1010, Heidolph, Germany) and the serial of
decimal dilutions were prepared (up to 7-10). From each dilution 1 mL was placed in a sterile
Petri plate and poured with appropriate media depending on the type of tested microorganisms.
The following microorganisms were determined: total plate count (TPC), lactic acid bacteria (LAB),
Escherichia coli, Salmonella spp., Listeria monocytogenes and sulfite-reducing clostridia count [38-43].
TPC was enumerated in Plate Count Agar (PCA) (Merk, Darmstadt, Germany) and incubated at 30 °C
for 72 h; LAB was enumerated in de Man, Rogosa and Sharpe (MRS) Agar (Merk, Darmstadt, Germany)
and incubated at 30 °C for 72 h; Escherichia coli was determined on Tryptone Bile Glucuronic Agar (TBX
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agar) (Merk, Darmstadt, Germany) after an incubation at 44 °C for 24 h; Salmonella spp. was determined
on Xylose Lysine Deoxycholate (XLD) agar (Merk, Darmstadt, Germany) after an incubation at 37 °C
for 24 h; Listeria monocytogenes was determined on Listeria agar acc. Ottaviani and Agosti (ALOA)
(Merk, Darmstadt, Germany) after an incubation at 37 °C for 24 h; sulfite-reducing clostridia count
was determined on Tryptone Sulfite Cycloserine (TSC) Agar (Merk, Darmstadt, Germany) after an
incubation at 37 °C for 24-48 h under anaerobic conditions. After incubation, microscopic observation of
cell morphology and biochemical tests were used for typical and atypical grown colonies identification.
Results were expressed as a log number of colony forming units per gram (log CFU/g).

2.6. Sensory Analyses

Sensory analysis was carried out by a trained panel consisting of ten members, aged 25 to 50 years,
per two sessions. All panelists work at the Faculty of Technology Novi Sad, Serbia, and have wide
expertise in the sensory evaluation of foods. Panelists were trained according to methods described
in ISO 8586 [44], in a sensory laboratory equipped according to ISO 8589 [45]. Evaluation of sensory
attributes (color, odor and flavor) was performed using the difference-from-control test [46]. Prior to
analyses, sausages were equilibrated to room temperature for about 15 min. and marked with a
three-digit sample number. The sausages were sliced into 2 mm thick pieces and placed on a white
porcelain plate. Consumers were firstly questioned to evaluate the control sample (without JEO and
with the corresponding contents of fat and nitrite) and afterward to determine how different the coded
samples were from the control one. The difference was rated on a scale from 0 to 6, where 0 = no
difference; 1 = very slight difference; 2 = slight/moderate difference; 3 = moderate difference; 4 =
moderate/large difference; 5 = large difference; and 6 = very large difference.

2.7. Statistical Analysis

The statistical program STATISTICA 13.0 (TIBCO Software Inc., Palo Alto, CA, USA) was used
for data analyses. The main effects (fat content, nitrite content, JEO content and storage day) were
compared. All data were expressed as mean value with their standard deviation (Stdev). The two-way,
three-way and four-way interactions between these effects were also tested. Differences among
treatment means were compared according to t-test and Duncan’s multiple range test (p < 0.05).

3. Results and Discussion

3.1. Chemical Profile of JEO

Chemical profile of JEO was determined by GC-MS and results are presented in Table 1.

It can be observed that 3-myrcene (14.12%) was the predominant compound in JEO, obtained using
the conventional technique of hydro distillation. Other compounds detected in JEO with relative
percentage higher than 1% were: (1) monoterpene hydrocarbons: sabinene (9.51%), 3-pinene (5.39%),
a-terpinene (1.95%), p-cymene (3.92%), d,I-limonene (8.36%), y-terpinene (3.38%) and «-terpinolene
(2.80%); (2) oxygenated monoterpenes: 4-terpineol (6.88%); (3) sesquiterpene hydrocarbons: x-cubebene
(1.22%), x-copaene (1.39%), 3-elemene (3.38%), caryophyllene (3.94%), a-humulene (3.26%), germacrene
D (3.81%), ledene (1.40%), o-muurolene (1.30%), c-amorphene (5.43%) and germacrene B (3.74%),
while all other compounds were present in content less than 1%. Results suggested a majority of
terpenoids with hydrocarbons, while a lower amount could be accounted for by the oxygenated
monoterpenes and sesquiterpenes. Present results were in accordance with similar studies since it
was reported that monoterpene hydrocarbons [x-pinene (31.1%), 3-myrcene (16.3%), sabinene (7.5%),
limonene (6.2%) and 3-pinene (3.7%)] were the major compounds identified in commercial JEO [47].
Similar results were also reported by Radoukova et al. [48] and Zheljazkov et al. [49]. It should be
highlighted that variations in chemical profile of JEO could be related to genetic properties, geographical
origin and climate conditions. Besides conventional technique of hydro distillation, Orav et al. [50]
and Markovi¢ et al. [51] investigated the possibility of using a novel technique of extraction for JEO
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recovery. Orav et al. [50] reported that the JEO obtained using supercritical fluid extraction (SFE)
with carbon-dioxide had a lower content of monoterpenes and a higher content of sesquiterpenes
compared to JEO obtained using conventional hydro distillation. On the contrary, Markovic et al. [51]
determined a similar chemical profile for JEOs obtained using conventional hydro distillation and novel
microwave-assisted hydro distillation. Therefore, it could be assumed that supercritical fluid extraction
will cause co-extraction of other lipophilic compounds which could further alter the bioactivity of
these extracts. Besides that, juniper variety, geographical origin, climate and post-harvest processing
could significantly affect JEO yield and chemical profile of terpenoids. Furthermore, the possibility of
utilization of other juniper materials, such as the needles (leaves) during hydro distillation cannot be
excluded [47].

Table 1. Chemical profile of JEO determined by GC-MS.

Retention Time (min) Relative Percentage (%)
Sabinene 4.37 9.51
p-Pinene 4.45 5.39
B-Myrcene 4.71 14.12
Phellandrene 5.02 0.46
A-3-Carene 5.14 0.22
a-Terpinene 5.29 1.95
p-Cymene 5.49 3.92
d,l-Limonene 5.58 8.36
y-Terpinene 6.33 3.38
ni. ! 6.68 0.28
a-Terpinolene 7.12 2.80
Linalool 7.47 0.29
n.i. 7.66 0.12
n.i. 8.09 0.08
n.i. 8.20 0.58
trans-Pinocarvenol 8.60 0.47
n.i. 8.77 0.23
n.i. 8.89 0.25
Borneol 947 0.36
4-Terpineol 9.80 6.88
p-Cymen-8-ol 10.07 0.35
n.i. 10.20 1.46
Benihinal 10.31 0.24
Verbenone 10.72 0.39
n.i. 12.34 0.10
n.i. 12.71 0.27
Bornyl acetate 13.10 0.72
n.i. 13.32 0.09
n.i. 13.38 0.12
n.i. 14.33 0.22
n.i. 14.72 0.14
a-Cubebene 15.09 1.22
Ylangene 15.76 0.13
a-Copaene 15.91 1.39
n.i. 16.21 0.20
B-Elemene 16.45 3.38
Isoledene 16.72 0.35
Caryophyllene 17.26 3.94
Aromadendrene 17.54 0.29
a-Humulene 18.30 3.26
trans-{3-Farnesene 18.44 0.86
Germacrene D 19.15 3.81

B-Selinene 19.29 0.17
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Table 1. Cont.

Retention Time (min)

Relative Percentage (%)

Ledene 19.54 1.40
a-Muurolene 19.72 1.30
a-Amorphene 20.44 5.43

y-Selinene 20.72 0.55
Aristolene 20.81 0.48
Germacrene B 21.36 3.74
n.i. 21.63 0.19
Spathulenol 21.99 0.62
Caryophyllene oxide 22.10 0.51
Humulene oxide 22.86 0.31
n.i. 23.01 0.38

n.i. 23.40 0.24
tau-Muurolol 23.82 0.85
a-Cadinol 24.18 0.99
n.i. 25.58 0.16

n.i. 25.89 0.17

Total 100

1 Not identified.

3.2. pH and Instrumental Parameters of Color of Dry Fermented Sausages

The pH values of dry fermented sausages are presented in Table 2.

8of 17

Table 2. pH, instrumental parameters of color and 2-Thiobarbituric acid reactive substances (TBARS)

values of dry fermented sausages.

pH L* a* b* TBARS (mg MDA/kg)
FC (%)

15 546 +0.102  47.8+3.0P 140+172 8011272 017 £0.122
25 533+0.10° 524+342 128 +17°%  7.66+1.13P 0.15+0.102

p <0.001 <0.001 <0.001 <0.001 0.258

NC (mg/kg)

0 538+0.128 50.7+412 135+192 776+1.162 0200122
75 541 +0.122 501 +3.73bP 134+182 783+1.222 0.14 £0.10°
150  539+0.122  495+39P 133+172 791+1.272 0.15+0.10°

p 0.362 0.019 0.680 0.484 <0.001

JC (ul/g)

0 537+0.102 51.2+422 133+192 780+1.132 0200112
001 540+0122 499+38P 133+192 783+1.362 0.16 £ 0.11 @b
0.05 540+0.142  498+3.7b 134+182 782+1222 0.14+0.11P
010 541+0112 494+39P 135+1.72  7.89+1.152 0.14 £0.10°

p 0.316 0.001 0.759 0.924 0.003

SD

0 526+0.089  50.8+3.62 13.0+ 1.8 759+121P 0.04 £0.034
75 547 +0.082 503 +4.13b 132+1.6° 751+1.11° 0.12 +0.06¢
150  5.40+0.10°¢ 49.7+3.7°P 13.2+18% 772+1.06P 0.20 £ 0.05P
225  544+0.10° 495+43P 142+183 852+1222 0.28 +0.092

p <0.001 0.020 <0.001 <0.001 <0.001

FC—fat content; NC—nitrite content; JC— Juniperus communis L. essential oil (JEO) content; SD—storage day;
Means + Stdev with different letters @~% in the same column are significantly different (p < 0.05).
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The fat content and storage time had a significant (p < 0.05) effect on the pH values. The samples
produced with 15% of fat had a higher pH value. Regarding storage time, it can be observed
that pH values inconsistently increased throughout storage, probably as the result of formation of
amino-compounds during the proteolysis in fermented sausages [52,53]. The two-way (SD X JC),
three-way (FC x NC x SD, FC x SD x JC) and four-way (FC x NC x SD X JC) interactions had a
significant (p < 0.05-0.001) effect on the pH values (Table S2—Supplementary material). Values of pH
ranged from 5.11 (FC = 25%, NC = 0 mg/kg, SD =0, JC = 0.05 uL/g) to 5.63 (FC = 15%, NC = 150 mg/kg,
SD =75, JC = 0.10 uL/g). Similar results were observed by Kurcubi¢ et al. [52] and Ozaki et al. [54] in
fermented meat products.

Color is one of the key quality parameters for meat and meat products [16]. The instrumental
parameters of color (L*, a* and b*) are displayed in Table 2. The contents of fat, nitrite and JEO, as well
as storage time, had a significant (p < 0.05) effect on L* values. As expected, the samples produced
with 15% of fat had lower L* values. Moreover, storage time had the effect of decreasing L* values,
according with the findings of Pateiro et al. [55]. Finally, the addition of JEO decreased the L* value,
probably as the result of interactions among bioactive compounds of JEO (phenolics, terpenes) and
myoglobin [30]. The two-way (FC x SD) and four-way (FC x NC x SD x JC) interactions were also
significant (p < 0.05) for L* values (Table S2). The L* values ranged across a wide interval from 43.92
(FC = 15%, NC = 150 mg/kg, SD = 225, JC = 0.10 uL/g) to 56.64 (FC = 25%, NC = 0 mg/kg, SD =0,
JC =0.00 uL/g).

Fat content and storage time had a significant (p < 0.05) effect on the a* values. As expected,
the samples produced with 15% of fat had higher a* values. Concerning storage time, the increasing
of a* values after the 150th day of storage can be noticed. This is in accordance with the findings
of Pateiro et al. [55]. The increase of a* values could be related to the growth of the Staphylococcus
species [56]. Faustman and Cassens [56] reported that enzymes (NADH-cytochrome b5 reductase
systems, metmyoglobin reductase and nitrate reductase) of S. carnosus or S. xylosus can alter
metmyoglobin to form red myoglobin derivatives and enhance the color of meat products. Two-way
(FC x NC) and three-way interactions (FC x NC x SD and FC x SD x JC) suggested a significant
(p < 0.05-0.01) effect of using both sodium nitrite (150 mg/kg) and JEO (0.10 uL/g) for enhancing the
redness of low-fat (15%) dry fermented sausages (Table 52). The lowest (9.38) and the highest (15.95) a*
values were determined in the samples: FC = 25%, NC = 0 mg/kg, JC = 0.00 uL/g, SD = 0; FC= 15%,
NC =150 mg/kg, JC = 0.10 uL/g SD = 225. No significant (p > 0.05) four factor interaction was detected
for the a* value.

Fat content and storage time had a significant (p < 0.05) effect on the b* values. Surprisingly,
the samples produced with 15 fat had higher b* values. After the 150th day of storage, the increase in
b* value can also be noticed. Similar findings were observed by Rubio et al. [57] for comparable meat
products. Two-way (FC x SD, FC x JC, NC x JC, SD X JC), three-way (FC x NC x SD, NC x SD x JC)
and four-way (FC x NC x SD x JC) interactions were significant (p < 0.05-0.001) for b* values (Table
S2). The lowest (5.88) and the highest (10.17) b* value was detected in the samples: FC = 25%, NC =0
mg/kg, SD =75, JC = 0.01 uL/g; FC = 15%, NC = 150 mg/kg, SD = 225, JC = 0.01 uL/g.

3.3. TBARS Values of Dry Fermented Sausages

Lipid oxidation is one the most important parameters of quality for meat and meat products [30].
TBARS values of dry fermented sausages are presented in Table 2. The contents of nitrite and JEO
and storage time had a significant (p < 0.05) effect on TBARS values. The inclusion of sodium nitrite
(75 and 150 mg/kg) decreased TBARS values. This was probably the result of the antioxidant activity of
sodium nitrite [11]. Furthermore, Honikel [11] reported that antioxidant activity of nitrites is associated
with the ability of NO to fix and stabilize heme iron (Fe) of meat myoglobin, making it unavailable
to catalyze reactions of oxidation. Also, Karwowska et al. [58] reported that the reduction of nitrites,
from 150 to 50 mg/kg, increased TBARS values in cooked meat products. Moreover, samples produced
with the addition of JEO (0.05 and 0.10 pL/g) had lower TBARS values compared to samples produced
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without JEO. This is the consequence of the strong antioxidant potential of JEO. Hoferl et al. [25]
reported that juniper berry oil significantly prevented the formation of lipid peroxidation by-products
caused by TBA. Certain compounds, such as a-terpinene, y-terpinene and a-terpinolene exhibit strong
antioxidant activity in prevention of lipid oxidation which could be compared with a-tocopherol [59].
On the other hand, certain compounds from JEO (pinene, sabinene and limonene) have a rather
weak effect. Similar findings of the antioxidant effects of JEO in meat products were observed in our
previous study [30]. As expected, storage time had a significant (p < 0.05) effect on increasing TBARS
values, as the result of lipid oxidation [2]. The two-way interactions (FC x SD and NC X SD) were
significant (p < 0.05) for TBARS values. Moreover, three-way (FC x NC x SD and FC x SD x JC) and
four-way interactions had a significant (p < 0.05-0.001) effect on TBARS values (Table S2). The highest
TBARS value (0.398 mg MDA/kg) was observed in the sample: FC = 15%, NC = 0 mg/kg, SD = 225,
JC =0.05 uL/g. At the same time, TBARS values in the samples were: FC = 25%, NC = 75 mg/kg,
SD =225, JC = 0.01 uL/g and FC = 25%, NC = 75 mg/kg, SD = 225, JC = 0.05 uL/g amounted 0.117 and
0.110 mg MDA/kg, respectively. According to Melton [60], the TBARS value of 0.3 mg MDA/kg is
marked as the threshold for rancidity of meat products. The obtained results suggested that interaction
between sodium nitrite (75 mg/kg) and JEO (0.01 and 0.05 uL/g) efficiently reduced the lipid oxidation
in high-fat (25%) dry fermented sausages. Regarding the strong lipo-solubility of terpenoid compounds
(e.g., p-myrcene, sabinene, -pinene, limonene) JEO possessed a higher antioxidant potential in dry
fermented sausages produced with higher fat content (25%).

3.4. Microbiological Analysis of Dry Fermented Sausages

Total plate count (TPC) and lactic acid bacteria (LAB) of dry fermented sausages are presented in
Table 3.

Table 3. Microbiological quality of dry fermented sausages.

TPC (log CFU/g) LAB (log CFU/g)
FC (%)

15 5.55 + 0.73 2 5.71 +0.87 2
25 5.43 + (.84 2 5.53 + 0.87 2

p 0.459 0.336

NC (mg/kg)

0 551 +0.772 5.64 +0.752
75 5.57 £ 0.77 2 5.67 +0.802
150 5.40 + 0.81 2 5.55+1.042

P 0.705 0.851

JC (uL/g)

0 5.51 +0.962 5.62 +0.70 2
0.01 5.65 + 0.66 2 5.68 + 0.932
0.05 5.44 + 0.68 2 5.55 +0.932
0.10 5.37 + 0.68 2 5.63 +0.99 2

p 0.642 0.968

SD

0 5.10 + 0.38 ¢ 6.47 +0.512
75 474 +0534 5.81 +0.67°
150 6.23 + 0472 552+ 044"
225 591 +0.63° 468 +0.71°¢

p <0.001 <0.001

TPC—total plate count; LAB—Ilactic acid bacteria; FC—fat content; NC—nitrite content; JC—JEO content;
SD—storage day; Means + Stdev with different letters @% in the same column are significantly different (p < 0.05).
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The contents of fat and nitrite did not exhibit a significant (p > 0.05) effect on TPC and LAB.
In the case of JEO, the addition of this essential oil (>0.05 uL/g) had a tendency to reduce the
TPC (for 0.14 log cfu/g), but differences among the samples were not significant (p > 0.05). Hence,
further optimization with a higher concentration is necessary. Moreover, in our previous study [30]
we found that JEO addition (>0.10 uL/g) efficiently reduced TPC in cooked pork sausages. On the
contrary, Selim et al. [29] showed that JEO had no effect on the reduction of microbial growth in
fresh beef meat. The antimicrobial potential of essential oil depends of its chemical shape. Generally,
monoterpenes from the JEO (a-pinene, f-pinene, sabinene, y-terpinene, f-myrcene, and limonene)
are not efficient antimicrobials when applied singly [61]. However, a mixture of these compounds
with the presence of other JEO constituents present as a minor content could result in additive or
synergistic antimicrobial effects [62]. As mentioned, the utilization of a novel extraction technique
(e.g., SFE) could be a good solution in order to improve the chemical profile of JEO [50]. Orav et al. [50]
found that JEO obtained using SFE contained less monoterpenes (5.1%) and more sesquiterpenes
and oxygenated sesquiterpenes (69.8%) with a higher antimicrobial potential. As expected, storage
time significantly (p < 0.05) affected TPC and LAB. TPC decreased during the first 75 days of storage,
then increased until the 150th day of storage and again decreased until the end of storage. This trend
could be related to the reduction of LAB during storage, especially after the 150th day of storage.
As mentioned, the population of LAB decreased throughout storage, probably as the consequences
of low storage temperature (15 °C) and the exhaustion of sugar [63]. No significant (p > 0.05) two,
three or four factor interactions were detected for both TPC and LAB (Table S2). It can also be noticed
that foodborne pathogens (Escherichia coli, Listeria monocytogenes, Salmonella spp. and sulfite-reducing
clostridia) were not detected in any sample throughout the storage. The obtained results suggested
that all treatments provided a satisfactory microbiological quality according to EU regulation [64].

3.5. Texture Analysis of Dry Fermented Sausages

Results of instrumental determination of texture characteristics are shown in Table 4.

As expected, fat content significantly changed (p < 0.05) the texture parameters (hardness,
springiness, cohesiveness and chewiness). Samples with lower fat content showed a higher value
of hardness and chewiness. An increase in hardness and chewiness as fat content decreases in
dry fermented sausages was also reported by other authors [65,66], probably as a result of a more
pronounced moisture loss in sausages with higher proportions of lean meat [66]. During the storage,
hardness and chewiness values showed significant (p < 0.05) increase until the 150th day of storage,
followed by decrease till day 225. Springiness value showed constant increase, while cohesiveness
showed constant decrease until the 150th day of storage. Rubio et al. [67] reported increase of hardness,
springiness, cohesiveness and chewiness of dry fermented sausage over the whole storage period
(till 210 days), while Severini et al. [68] reported decrease in firmness, due to proteolysis. In the case
of nitrites, it can be observed that the addition of sodium nitrite significantly (p < 0.05) affected the
cohesiveness of dry fermented sausages. A similar finding was observed by Dong et al. [69] in cooked
pork sausages. Moreover, Villaverdre et al. [70] found that the sodium nitrite addition at the levels of
75 and 150 mg/kg increased the hardness of fermented sausages. This could be related to the ability
of sodium nitrite to promote protein oxidation and Schiff base formation [70]. Regarding JEO, it has
been noticed that JEO addition had no impact on the texture parameters (hardness, cohesiveness and
chewiness) of dry fermented sausages. Similarly, Viuda-Martos et al. [71] reported that rosemary
essential oil has no effect on texture parameters of cooked sausages. Two-way (FC x SD) and four-way
interactions were also significant (p < 0.05-0.001) for all texture parameters (Table S2). The main
texture parameters (hardness and chewiness) ranged in interval from 3539 (FC = 25%, NC = 75 mg/kg,
SD =0, JC =0.00 uL/g) to 10,990 g (FC = 15%, NC = 0 mg/kg, SD = 150, JC = 0.05 uL/g) and from 926
(FC =25%, NC = 0 mg/kg, SD = 225, JC = 0.05 uL/g) to 2759 g (FC = 15%, NC = 150 mg/kg, SD = 225,
JC =0.05 uL/g), respectively. Similar results for hardness of different dry fermented sausages were
observed by Triki et al. [65] and Rubio et al. [67].
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Table 4. Texture parameters of dry fermented sausages.

Hardness (g) Springiness = Cohesiveness Chewiness (g)
FC (%)

15 7579 + 16112 0.488 +0.052 0.511 +0.03 b 1902 + 489 2
25 5282+ 1020 0505 +0.05°  0.525+0.042 1407 +321b

p <0.001 <0.001 <0.001 <0.001

NC (mg/kg)

0 6271 + 1707 2 0.489 +0.052 0.504 +0.04 € 1552 + 438 b
75 6542 + 18742 0500 +0.052 0.519 +0.04P 1694 + 508 2
150 6462 + 17122 0.500 + 0.052 0.531 £0.032 1713 +4802

p 0.377 0.079 <0.001 0.005

JC (nL/g)

0 6269 + 17522 0.508 + 0.052 0.523 +0.04 2 1654 + 4492
0.01 6502 + 15702 0.492 + 0.05b 0.516 + 0.03 2 1671 + 467 2
0.05 6672 + 2114 0.492 + 0.05b 0.512 +0.042 1675 + 562 2
0.10 6264 + 1556 2 0.494 +0.04b 0.521 +0.04 2 1612 + 437 2

p 0.219 0.022 0.093 0.739

SD

0 4730 £ 915 ¢ 0.444 + 0.04 € 0.553 +0.04 2 1153 £ 202 ¢
75 6649 +1341P 0505+ 0.03P 0521 +0.03P 1741 + 323"
150 7518 + 16412 0.516 +0.032 0.503 £ 0.03 € 1940 = 416 2
225 6801 + 1718 b 0.521 +0.032 0.496 + 0.03 ¢ 1777 + 506 b

p <0.001 <0.001 <0.001 <0.001

FC—fat content; NC—mnitrite content; JC—JEO content; SD—storage day; Means + Stdev with different letters (@)
in the same column are significantly different (p < 0.05).

3.6. Sensory Analysis of Dry Fermented Sausages

Results of sensory analysis are shown in Table 5.

The fat content, JEO content and storage time had a significant (p < 0.05) effect on the sensory
attribute of color. Two-way (FC x NC, FC x SD, NC x SD, FC x JC, SD x JC), three-way (FC x NC
x SD, FC x NC x JC, FC x SD X JC, NC x SD x JC) and four-way interactions were also significant
(p < 0.05-0.001) for this sensory attribute (Table S2). Moreover, nitrite content, JEO content and storage
had a significant (p < 0.05) effect on sensory attribute of odor. Furthermore, two-way (FC x NC, NC x]C,
SD x JC) and three-way (FC x NC X JC, NC x SD x JC) interactions had a significant (p < 0.05-40.001)
effect on odor (Table S2). It should also be noticed that the numerical data for the sensory attributes
of color and odor did not exceed the values of 2.0 (slight differences, less than 1.67 (color) and 1.78
(odor)), in any samples. Hence, the obtained results suggested that the fluctuations of fat, sodium
nitrite and JEO, as well as storage time had no negative impact on these sensory attributes. Nitrite
content, JEO addition and storage time had a significant (p < 0.05) effect on sensory attribute of flavor.
Two-way (FC x JC, NC x JC, SD x JC), three-way (FC x NC x JC, FC x SD x JC, NC x SD x JC) and
four-way interactions had also a significant (p < 0.05-0.001) effect on the flavor (Table S2). The highest
differences (>3, higher than moderate) of typical flavor were observed in the samples: FC = 25%,
NC = 150 mg/kg, SD = 225, JC = 0.10 pL/g; FC = 15%, NC = 150 mg/kg, SD = 225, JC = 0.10 uL/g.
Regarding JEO content of 0.05 puL/g, the highest difference (1.33) was observed in samples: FC = 15%,
NC = 150 mg/kg, SD = 225, JC = 0.05 uL/g; FC = 15%, NC = 75 mg/kg, SD = 150, JC = 0.05 uL/g).
This difference could be the result of interaction among the sodium nitrite and terpenoid-compounds
of JEO. In our previous study we also determined that a high percentage of JEO had a significant effect
on the strong aroma of cooked pork sausages [30]. Using novel extraction techniques (e.g., supercritical
fluid extraction) at optimum conditions results in extracts which possess a strong antioxidant and
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antimicrobial potential, as well as mild flavor, which enables their application at lower concentration
in meat processing [17,23].

Table 5. Sensory parameters of dry fermented sausages.

Color Odor Flavor
FC (%)

15 0.32 £ 0.64° 0.34 +0.672 0.89 +1.182
25 0.77 +0.77 2 0.29 +0.682 0.81+1.122

p <0.001 0.164 0.137

NC (mg/kg)

0 0.58 +0.78 2 0.18 £ 046 P 0.74 + 1.06°
75 0.57 +0.772 036 +0.732 0.85 + 1.17ab
150 0.49 + 0.67 2 0.41+0.772 0.98 +1.202

p 0.063 <0.001 0.002

JC (ul/g)

0 0.00 + 0.00 0.00 + 0.00d 0.00 £ 0.004
0.01 0.67 £0.72P 0.10 £ 0.36 ¢ 0.17 +0.49°¢
0.05 0.72 £0.81°P 022 +050P 0.80 +0.77P
0.10 0.80 £ 0.792 0.94 £0942 244 +0.862

p <0.001 <0.001 <0.001

SD

0 034 +0.65¢ 0.27 + 0.68 P 0.70 + 1.07°
75 0.48 £ 0.67 0.15+041°¢ 0.76 + 1.09 b
150 091 +0.822 0.46 +0.772 094 +1.102
225 0.45 £ 0.69 P 0.38£0.732 1.01+£1.292

p <0.001 <0.001 <0.001

FC—at content; NC—nitrite content; JC—JEO content; SD—storage day; Means =+ Stdev with different letters (@) jn
the same column are significantly different (p < 0.05).

4. Conclusions

Monoterpene hydrocarbon f-myrcene (14.12%) was the most abundant compound identified in
JEO. The sausages produced with a lower fat content were significantly darker and redder (p < 0.05).
Moreover, the values of hardness and chewiness were significantly (p < 0.05) higher in the samples
produced with a lower fat content. The variations in the contents of nitrite and JEO had no negative
impact on the color and texture parameters of dry fermented sausages. No foodborne pathogens
were detected in any samples. The highest concentration of JEO (0.10 puL/g) had negative impact on
flavor. The addition of JEO (0.01 and 0.05 pL/g) combined with reduced concentration of sodium
nitrite (75 mg/kg) efficiently retarded the lipid oxidation of high-fat (25%) dry fermented sausages
during 225 days of storage. Hence, JEO with evident antioxidant potential could be used as a
partial replacement for sodium nitrite in fermented sausages processing. In order to enhance the
antimicrobial potential of JEO, the usage of novel extraction technique (e.g., SFE) could be an effective
solution. Further investigations are needed to analyze the synergistic effects of different natural extracts,
isolated from various plant sources, on improving the quality and shelf-life of meat products.

Supplementary Materials: The following are available online at http://www.mdpi.com/2304-8158/9/8/1066/s1.
Table S1. Proximate chemical composition of dry ferment sausages; Table S2. The effect of two-way, three-way
and four-way interactions among processing parameters on the quality of dry fermented sausages expressed as
p-value.

Author Contributions: Conceptualization, V.T.; methodology, V.T. and B.S.; software, V.T.; formal analysis, B.S.,
J.S., SK.-T, B.P. and M.].; investigation, V.T. and B.S.; resources, J.S., N.P, D.V;; writing—original draft preparation,

B.S. and B.P; writing—review and editing, V.T., V.D., N.P. and A.M.; supervision, D.V.; project administration, V.T.
and A.M.; All authors have read and agreed to the published version of the manuscript.


http://www.mdpi.com/2304-8158/9/8/1066/s1

Foods 2020, 9, 1066 14 of 17

Funding: This research was funded by the Ministry of Education, Science and Technological Development,
Republic of Serbia, under Grant 451-03-68/2020-14/200134. Also, this research has been done in liaison with the
activities defined by the grant for the establishment and implementation of the research-innovation-scientific
program “Centre of Excellence (CoE) for digitalization of microbial food safety risk assessment and quality
parameters for accurate food authenticity certification (FoodHub)”, financed by the Ministry of Science of
Montenegro, under the Grant No. 01-3660/2.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

Chen, X.; Mi, R;; Qi, B,; Xiong, S.; Li, J.; Qu, C.; Qiao, X.; Chen, W.; Wang, S. Effect of proteolytic starter
culture isolated from Chinese Dong fermented pork (Nan x Wudl) on microbiological, biochemical and
organoleptic attributes in dry fermented sausages. Food Sci. Hum. Wellness 2020, 3. in press.

éojié, B.V,; Petrovi¢, L.S.; Mandi¢, A.L; Sedej, 1].; DZini¢, N.R.; Tomovi¢, V.M.; Jokanovi¢, M.; Tasi¢, T.;
Skaljac, S.; Ikoni¢, PM. Lipid oxidative changes in traditional dry fermented sausage Petrovskd klobdsa during
storage. Hem. Ind. 2014, 68, 27-34. [CrossRef]

Van Ba, H.; Seo, HW.; Cho, S.H.; Kim, Y.S.; Kim, ].H.; Ham, ]J.S.; Park, P.Y.; Pil-Nam, S. Effects of extraction
methods of shiitake by-products on their antioxidant and antimicrobial activities in fermented sausages
during storage. Food Control 2017, 79, 109-118. [CrossRef]

Oswell, N.J.; Harshavardhan, T.; Ronald, B.P. Practical use of natural antioxidants in meat products in the
US: A review. Meat Sci. 2018, 145, 469—479. [CrossRef] [PubMed]

Tomovié, V.; Jokanovié¢, M.; gojié, B, ékaljac, S.; Ivi¢, M. Plants as natural antioxidants for meat products.
In Proceedings of the 59th International Meat Industry Conference MEATCON2017, IOP Conference Series:
Earth and Environmental Science, Zlatibor, Serbia, 1-4 October 2017.

Jayasena, D.D.; Cheorun, J. Essential oils as potential antimicrobial agents in meat and meat products:
A review. Trends Food Sci. Technol. 2013, 34, 96-108. [CrossRef]

Goémez, B.; Barba, FJ.; Dominguez, R.; Putnik, P.; Bursa¢ Kovacevi¢, D.; Pateiro, M.; Toldr4, F.; Lorenzo, ].M.
Microencapsulation of antioxidant compounds through innovative technologies and its specific application
in meat processing. Trends Food Sci. Technol. 2018, 82, 135-147. [CrossRef]

Abd Hamid, N.FEH.; Khan, M.M.; Hoon, L.L. Assessment of nitrate, nitrite and chloride in selected cured
meat products and their exposure to school children in Brunei Darussalam. J. Food Compos. Anal. 2020,
91, 103520. [CrossRef]

European Commission (EC). Directive 2006/52/EC of the European Parliament and of the Council of 5 July
2006 amending Directive 95/2/EC on food additives other than colours and sweeteners and Directive 94/35/EC
on sweeteners for use in foodstuffs. Off. |. Eur. Union 2006, 204, 10-22.

Choi, ].H.; Song, D.H.; Hong, ].S.; Ham, Y.K.; Ha, ].H.; Choi, Y.S.; Kim, H.W. Nitrite scavenging impact of
fermented soy sauce in vitro and in a pork sausage model. Meat Sci. 2019, 151, 36—42. [CrossRef]

Honikel, K.O. The use and control of nitrate and nitrite for the processing of meat products. Meat Sci. 2008,
78, 68-76. [CrossRef]

Jin, S.K,; Choi, J.S.; Yang, H.S.; Park, T.S.; Yim, D.G. Natural curing agents as nitrite alternatives and their
effects on the physicochemical, microbiological properties and sensory evaluation of sausages during storage.
Meat Sci. 2018, 146, 34—40. [CrossRef] [PubMed]

Herrmann, S.S.; Granby, K.; Duedahl-Olesen, L. Formation and mitigation of N-nitrosamines in nitrite
preserved cooked sausages. Food Chem. 2015, 174, 516-526. [CrossRef] [PubMed]

Slima, S.B.; Ktari, N.; Trabelsi, I.; Triki, M.; Feki-Tounsi, M.; Moussa, H.; Salah, R.B. Effect of partial
replacement of nitrite with a novel probiotic Lactobacillus plantarum TN8 on color, physico-chemical, texture
and microbiological properties of beef sausages. LWT Food Sci. Technol. 2017, 86, 219-226. [CrossRef]
Posthuma, J.A.; Rasmussen, ED.; Sullivan, G.A. Effects of nitrite source, reducing compounds, and holding
time on cured color development in a cured meat model system. LWT Food Sci. Technol. 2018, 95, 47-50.
[CrossRef]

éojié, B.; Pavli¢, B.; Ikoni¢, P.; Tomovié, V.; Ikonié, B.; Zekovié, Z.; Kocié-Tanackov, S.; Jokanovié, M.; ékaljac, S,;
Ivi¢, M. Coriander essential oil as natural food additive improves quality and safety of cooked pork sausages
with different nitrite levels. Meat Sci. 2019, 157, 107879. [CrossRef]


http://dx.doi.org/10.2298/HEMIND130118024S
http://dx.doi.org/10.1016/j.foodcont.2017.03.034
http://dx.doi.org/10.1016/j.meatsci.2018.07.020
http://www.ncbi.nlm.nih.gov/pubmed/30071458
http://dx.doi.org/10.1016/j.tifs.2013.09.002
http://dx.doi.org/10.1016/j.tifs.2018.10.006
http://dx.doi.org/10.1016/j.jfca.2020.103520
http://dx.doi.org/10.1016/j.meatsci.2019.01.001
http://dx.doi.org/10.1016/j.meatsci.2007.05.030
http://dx.doi.org/10.1016/j.meatsci.2018.07.032
http://www.ncbi.nlm.nih.gov/pubmed/30086439
http://dx.doi.org/10.1016/j.foodchem.2014.11.101
http://www.ncbi.nlm.nih.gov/pubmed/25529714
http://dx.doi.org/10.1016/j.lwt.2017.07.058
http://dx.doi.org/10.1016/j.lwt.2018.04.040
http://dx.doi.org/10.1016/j.meatsci.2019.107879

Foods 2020, 9, 1066 15 of 17

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

éojié, B.; Pavli¢, B.; Tomovié, V.; Ikoni¢, P.,; Zekovié, Z.; Koci¢-Tanackov, S.; Purovig, S.; ékaljac, S.; Jokanovié, M.;
Ivi¢, M. Essential oil versus supercritical fluid extracts of winter savory (Satureja montana L.)—Assessment of
the oxidative, microbiological and sensory quality of fresh pork sausages. Food Chem. 2019, 287, 280-286.
[CrossRef]

Ribeiro-Santos, R.; Andrade, M.; de Melo, N.R.; Sanches-Silva, A. Use of essential oils in active food packaging:
Recent advances and future trends. Trends Food Sci. Technol. 2017, 61, 132-140. [CrossRef]

Burt, S. Essential oils: Their antibacterial properties and potential applications in foods—A review. Int. J.
Food Microbiol. 2004, 94, 223-253. [CrossRef]

Meira, N.V.; Holley, R.A.; Bordin, K.; de Macedo, R.E.; Luciano, F.B. Combination of essential oil compounds
and phenolic acids against Escherichia coli O157: H7 in vitro and in dry-fermented sausage production. Int. J.
Food Microbiol. 2017, 260, 59-64. [CrossRef]

Kocié-Tanackov, S.; Dimi¢, G.; Peri¢, N.; Mojovi¢, L.; Tomovié, V,; éojié, B.; Bukié¢-Vukovi¢, A.; Pejin, J.
Growth control of molds isolated from smoked fermented sausages using basil and caraway essential oils,
in vitro and in vivo. LWT Food Sci. Technol. 2020, 123, 109095. [CrossRef]

Soncu, E.D.; Ozdemir, N.; Arslan, B.; Kiictikkaya, S.; Soyer, A. Contribution of surface application of
chitosan—thyme and chitosan-rosemary essential oils to the volatile composition, microbial profile, and
physicochemical and sensory quality of dry-fermented sausages during storage. Meat Sci. 2020, 166, 108127.
[CrossRef] [PubMed]

gojié, B.; Pavli¢, B.; Tomovi¢, V.; Koci¢-Tanackov, S.; Purovi¢, S.; Zekovi¢, Z.; Belovi¢, M.; Torbica, A.;
Jokanovi¢, M.; Uromovi¢, N.; et al. Tomato pomace extract and organic peppermint essential oil as effective
sodium nitrite replacement in cooked pork sausages. Food Chem. 2020, 330, 127202. [CrossRef] [PubMed]
Huang, L.; Zeng, X.; Sun, Z.; Wu, A,; He, J.; Dang, Y.; Pan, D. Production of a safe cured meat with low
residual nitrite using nitrite substitutes. Meat Sci. 2020, 162, 108027. [CrossRef] [PubMed]

Hoferl, M.; Stoilova, I.; Schmidt, E.; Wanner, J.; Jirovetz, L.; Trifonova, D.; Krastev, L.; Krastanov, A. Chemical
composition and antioxidant properties of Juniper berry (Juniperus communis L.) essential oil. Action of the
essential oil on the antioxidant protection of Saccharomyces cerevisiae model organism. Antioxidants 2014, 3,
81-98. [CrossRef] [PubMed]

Pandey, S.; Tiwari, S.; Kumar, A.; Niranjan, A.; Chand, J.; Lehri, A.; Chauhan, P.S. Antioxidant and anti-aging
potential of Juniper berry (Juniperus communis L.) essential oil in Caenorhabditis elegans model system.
Ind. Crop. Prod. 2018, 120, 113-122. [CrossRef]

Vasilijevi¢, B,; Miti¢-Culafi¢, D.; Djekic, I.; Markovi¢, T.; KneZevié-Vukéevig, J.; Tomasevic, I.; Nikoli¢, B.
Antibacterial effect of Juniperus communis and Satureja montana essential oils against Listeria monocytogenes
in vitro and in wine marinated beef. Food Control 2019, 100, 247-256. [CrossRef]

Schelz, Z.; Molnar, ].; Hohmann, J. Antimicrobial and antiplasmid activities of essential oils. Fitoterapia 2006,
77,279-285. [CrossRef]

Selim, S. Antimicrobial activity of essential oils against Vancomycin-Resistant enterococci (VRE) and
Escherichia coli O157: H7 in feta soft cheese and minced beef meat. Braz. |. Microbiol. 2011, 42, 187-196.
[CrossRef]

éojié, B.; Tomovi¢, V.; Jokanovi¢, M.; Tkoni¢, P.; Dzini¢, N.; Koci¢-Tanackov, S.; Popovi¢, L.; Tasi¢, T.;
Savanovié, J.; Zivkovié Sojié, N. Antioxidant activity of Juniperus communis L. essential oil in cooked pork
sausages. Czech J. Food Sci. 2017, 35, 189-193.

Pavli¢, B.; Bera, O.; Tesli¢, N.; Vidovi¢, S.; Parpinello, G.; Zekovi¢, Z. Chemical profile and antioxidant activity
of sage herbal dust extracts obtained by supercritical fluid extraction. Ind. Crop. Prod. 2018, 120, 305-312.
[CrossRef]

ISO. Meat and Meat Products—Determination of Moisture Content (Reference Method); ISO 1442:1997; International
Organization for Standardization: Geneva, Switzerland, 1997.

ISO. Meat and Meat Products—Determination of Nitrogen Content; ISO 937:1978; International Organization for
Standardization: Geneva, Switzerland, 1978.

ISO. Meat and Meat Products—Determination of Total Fat Content; ISO 1443:1973; International Organization for
Standardization: Geneva, Switzerland, 1973.

ISO. Meat and Meat Products—Determination of Total Ash; ISO 936:1998; International Organization for
Standardization: Geneva, Switzerland, 1998.


http://dx.doi.org/10.1016/j.foodchem.2018.12.137
http://dx.doi.org/10.1016/j.tifs.2016.11.021
http://dx.doi.org/10.1016/j.ijfoodmicro.2004.03.022
http://dx.doi.org/10.1016/j.ijfoodmicro.2017.08.010
http://dx.doi.org/10.1016/j.lwt.2020.109095
http://dx.doi.org/10.1016/j.meatsci.2020.108127
http://www.ncbi.nlm.nih.gov/pubmed/32247159
http://dx.doi.org/10.1016/j.foodchem.2020.127202
http://www.ncbi.nlm.nih.gov/pubmed/32531637
http://dx.doi.org/10.1016/j.meatsci.2019.108027
http://www.ncbi.nlm.nih.gov/pubmed/31838338
http://dx.doi.org/10.3390/antiox3010081
http://www.ncbi.nlm.nih.gov/pubmed/26784665
http://dx.doi.org/10.1016/j.indcrop.2018.04.066
http://dx.doi.org/10.1016/j.foodcont.2019.01.025
http://dx.doi.org/10.1016/j.fitote.2006.03.013
http://dx.doi.org/10.1590/S1517-83822010005000005
http://dx.doi.org/10.1016/j.indcrop.2018.04.044

Foods 2020, 9, 1066 16 of 17

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Ikoni¢, P.; Jokanovi¢, M.; Petrovié, L.; Tasié, T.; ékaljac, S.; éojié, B.; Dzini¢, N.; Tomovié¢, V.; Tomig¢, J.;
Danilovi¢, B; et al. Effect of starter culture addition and processing method on proteolysis and texture profile
of traditional dry-fermented sausage Petrovskd klobdsa. Int. ]. Food Proper. 2016, 19, 1924-1937. [CrossRef]
Botsoglou, N.A.; Fletouris, D.J.; Papageorgiou, G.E.; Vassilopoulos, V.N.; Mantis, A.J.; Trakatellis, A.G. Rapid,
sensitive and specific thiobarbituric acid method for measurement of lipid peroxidation in animal tissue,
food and feedstuff samples. J. Agric. Food Chem. 1994, 42, 1931-1937. [CrossRef]

ISO. Microbiology of the Food Chain—Horizontal Method for the Enumeration of Microorganisms—Part 1: Colony
Count at 30 °C by the Pour Plate Technique; ISO 4833-1:2013; International Organization for Standardization:
Geneva, Switzerland, 2013.

ISO. Microbiology of Food and Animal Feeding Stuffs—Horizontal Method for the Enumeration of Mesophilic Lactic
Acid Bacteria—Colony-Count Technique at 30 °C; ISO 15214:1998; International Organization for Standardization:
Geneva, Switzerland, 1998.

ISO. Microbiology of Food and Animal Feeding Stuffs—Horizontal Method for the Enumeration of
beta-glucuronidase-positive Escherichia coli—Part 2: Colony-Count Technique at 44 Degrees C Using
5-bromo-4-chloro-3-indolyl beta-D-glucuronide; 1ISO 16649-2:2001; International Organization for Standardization:
Geneva, Switzerland, 2001.

ISO. Microbiology of the Food Chain—Horizontal Method for the Detection and Enumeration of Listeria Monocytogenes
and of Listeria spp.—Part 2: Enumeration Method; ISO 11290-2:2017; International Organization for
Standardization: Geneva, Switzerland, 2017.

ISO. Microbiology of the food chain—Horizontal Method for the Detection, Enumeration and Serotyping of
Salmonella—Part 1: Detection of Salmonella spp; 1SO 6579-1:2017; International Organization for Standardization:
Geneva, Switzerland, 2017.

ISO. Microbiology of Food and Animal Feeding Stuffs—Horizontal Method for the Enumeration of Sulfite-Reducing
Bacteria Growing Under Anaerobic Conditions; ISO 15213:2003; International Organization for Standardization:
Geneva, Switzerland, 2003.

ISO. Sensory Analysis—General Guidelines for The Selection, Training And Monitoring of Selected Assessors
and Expert Sensory Assessors; ISO 8586:2012; International Organization for Standardization: Geneva,
Switzerland, 2012.

ISO. Sensory Analysis—General Guidance for the Design of Test Rooms; ISO 8589: 2007; International Organization
for Standardization: Geneva, Switzerland, 2007.

Meilgaard, M.; Civille, G.V.; Carr, B.T. Selection and training of panel members. In Sensory Evaluation
Techniques, 3rd ed.; Taylor & Francis Group: Boca Raton, FL, USA, 1999; pp. 174-176.

Falcao, S.; Bacém, L; Igrejas, G.; Rodrigues, PJ.; Vilas-Boas, M.; Amaral, ].S. Chemical composition and
antimicrobial activity of hydrodistilled oil from juniper berries. Ind. Crop. Prod. 2018, 124, 878-884.
[CrossRef]

Radoukova, T.; Zheljazkov, V.D.; Semerdjieva, I.; Dincheva, I.; Stoyanova, A.; Ka¢aniovd, M.; Salamon, I.
Differences in essential oil yield, composition, and bioactivity of three juniper species from Eastern Europe.
Ind. Crop. Prod. 2018, 124, 643—652. [CrossRef]

Zheljazkov, V.D.; Astatkie, T.; Jeliazkova, E.A.; Heidel, B.; Ciampa, L. Essential oil content, composition and
bioactivity of Juniper species in Wyoming, United States. Nat. Prod. Commun. 2017, 12, 1934578X1701200215.
[CrossRef]

Orav, A.; Koel, M; Kailas, T.; Miitirisepp, M. Comparative analysis of the composition of essential oils and
supercritical carbon dioxide extracts from the berries and needles of Estonian juniper (Juniperus communis L.).
Proc. Chem. 2010, 2, 161-167. [CrossRef]

Markovi¢, M.S.; Radosavljevi¢, D.B.; Pavi¢evi¢, V.P; Risti¢, M.S.; Milojevi¢, S.Z.; Boskovié-Vragolovi¢, N.M.;
Veljkovi¢, V.B. Influence of common juniper berries pretreatment on the essential oil yield, chemical
composition and extraction kinetics of classical and microwave-assisted hydrodistillation. Ind. Crop. Prod.
2018, 122, 402-413. [CrossRef]

Kuré¢ubi¢, V.S.; Maskovi¢, PZ.; Vuji¢, . M.; Vrani¢, D.V.; Veskovi¢-Moracanin, S.M.; Okanovi¢, D.G.; Lili¢, S.V.
Antioxidant and antimicrobial activity of Kitaibelia vitifolia extract as alternative to the added nitrite in
fermented dry sausage. Meat Sci. 2014, 97, 459-467. [CrossRef]


http://dx.doi.org/10.1080/10942912.2015.1089280
http://dx.doi.org/10.1021/jf00045a019
http://dx.doi.org/10.1016/j.indcrop.2018.08.069
http://dx.doi.org/10.1016/j.indcrop.2018.08.012
http://dx.doi.org/10.1177/1934578X1701200215
http://dx.doi.org/10.1016/j.proche.2009.12.023
http://dx.doi.org/10.1016/j.indcrop.2018.06.018
http://dx.doi.org/10.1016/j.meatsci.2014.03.012

Foods 2020, 9, 1066 17 of 17

53.

54.

55.

56.

57.

58.

59.

60.
61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Lashgari, S.S.; Noorolahi, Z.; Sahari, M.A.; Ahmadi Gavlighi, H. Improvement of oxidative stability and
textural properties of fermented sausage via addition of pistachio hull extract. Food Sci. Nutr. 2020, in press.
[CrossRef]

Ozaki, M.M.; Munekata, P.E.; de Souza Lopes, A.; do Nascimento, M.D.S.; Pateiro, M.; Lorenzo, ].M.;
Pollonio, M.A.R. Using chitosan and radish powder to improve stability of fermented cooked sausages.
Meat Sci. 2020, 167, 108165. [CrossRef]

Pateiro, M.; Bermudez, R.; Lorenzo, J.M.; Franco, D. Effect of addition of natural antioxidants on the shelf-life
of “Chorizo”, a Spanish dry-cured sausage. Antioxidants 2015, 4, 42—67. [CrossRef] [PubMed]

Faustman, C.; Cassens, R.G. The biochemical basis for discoloration in fresh meat: A review. J. Musc. Foods
1990, 1, 217-243. [CrossRef]

Rubio, B.; Martinez, B.; Garcia-Cachan, M.D.; Rovira, J.; Jaime, I. Effect of the packaging method and the
storage time on lipid oxidation and colour stability on dry fermented sausage salchichon manufactured with
raw material with a high level of mono and polyunsaturated fatty acids. Meat Sci. 2008, 80, 1182-1187.
[CrossRef]

Karwowska, M.; Kononiuk, A.; Wéjciak, K.M. Impact of Sodium Nitrite Reduction on Lipid Oxidation and
Antioxidant Properties of Cooked Meat Products. Antioxidants 2020, 9, 9. [CrossRef] [PubMed]

Ruberto, G.; Baratta, M.T. Antioxidant activity of selected essential oil components in two lipid model
systems. Food Chem. 2000, 69, 167-174. [CrossRef]

Melton, S.L. Methodology for following lipid oxidation in muscle foods. Food Technol. 1983, 38, 105-111.
Dorman, H.J.D.; Deans, S.G. Antimicrobial agents from plants: Antibacterial activity of plant volatile oils.
J. Appl. Microbiol. 2000, 88, 308-316. [CrossRef]

Loziené, K.; Venskutonis, PR. Juniper (Juniperus communis L.) oils. In Essential Oils in Food Preservation, Flavor
and Safety; Academic Press: Cambridge, MA, USA, 2016; pp. 495-500.

Hussein, F.H.; Razavi, S.H. Physicochemical properties and sensory evaluation of reduced fat fermented
functional beef sausage. Appl. Food Biotechnol. 2017, 4, 93-102.

European Community (EC). Commission regulation (EC) No. 2073/2005. Microbiological criteria for
foodstuffs. Off. J. Eur. Union 2005, 338, 1-26.

Triki, M.; Herrero, A.M.; Rodriguez-Salas, L.; Jiménez-Colmenero, F.; Ruiz-Capillas, C. Chilled storage
characteristics of low-fat, n-3 PUFA-enriched dry fermented sausage reformulated with a healthy oil
combination stabilized in a konjac matrix. Food Control 2016, 31, 158-165. [CrossRef]

Fonseca, S.; Gémez, M.; Dominguez, R.; Lorenzo, ].M. Physicochemical and sensory properties of Celta
dry-ripened “salchichén” as affected by fat content. Grasas y Aceites 2015, 66, e059.

Rubio, B.; Martinez, B.; Sdnchez, M.].; Garcia-Cachan, M.D.; Rovira, J.; Jaime, I. Study of the shelf life of a dry
fermented sausage “salchichon” made from raw material enriched in monounsaturated and polyunsaturated
fatty acids and stored under modified atmospheres. Meat Sci. 2007, 76, 128-137. [CrossRef] [PubMed]
Severini, C.; De Pilli, T.; Baiano, A. Partial substitution of pork backfat with extra-virgin olive oil in
‘salami’products: Effects on chemical, physical and sensorial quality. Meat Sci. 2003, 64, 323-331. [CrossRef]
Dong, Q.L.; Tu, K;; Guo, L.Y;; Yang, ].L.; Wang, H.; Chen, Y.Y. The effect of sodium nitrite on the textural
properties of cooked sausage during cold storage. J. Texture Stud. 2007, 38, 537-554. [CrossRef]

Villaverde, A.; Ventanas, J.; Estévez, M. Nitrite promotes protein carbonylation and Strecker aldehyde
formation in experimental fermented sausages: Are both events connected? Meat Sci. 2014, 98, 665-672.
[CrossRef] [PubMed]

Viuda-Martos, M.; Ruiz-Navajas, Y.; Fernandez-Loépez, J.; Pérez-Alvarez, J.A. Effect of added citrus fibre
and spice essential oils on quality characteristics and shelf-life of mortadella. Meat Sci. 2010, 85, 568-576.
[CrossRef]

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1002/fsn3.1594
http://dx.doi.org/10.1016/j.meatsci.2020.108165
http://dx.doi.org/10.3390/antiox4010042
http://www.ncbi.nlm.nih.gov/pubmed/26785337
http://dx.doi.org/10.1111/j.1745-4573.1990.tb00366.x
http://dx.doi.org/10.1016/j.meatsci.2008.05.012
http://dx.doi.org/10.3390/antiox9010009
http://www.ncbi.nlm.nih.gov/pubmed/31877777
http://dx.doi.org/10.1016/S0308-8146(99)00247-2
http://dx.doi.org/10.1046/j.1365-2672.2000.00969.x
http://dx.doi.org/10.1016/j.foodcont.2012.10.008
http://dx.doi.org/10.1016/j.meatsci.2006.10.021
http://www.ncbi.nlm.nih.gov/pubmed/22064199
http://dx.doi.org/10.1016/S0309-1740(02)00204-8
http://dx.doi.org/10.1111/j.1745-4603.2007.00112.x
http://dx.doi.org/10.1016/j.meatsci.2014.06.017
http://www.ncbi.nlm.nih.gov/pubmed/25089792
http://dx.doi.org/10.1016/j.meatsci.2010.03.007
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Juniperus communis L. Essential Oil 
	Samples 
	Preparation of Dry Fermented Pork Sausages 
	Physico-Chemical Analysis 
	Microbiological Analysis 
	Sensory Analyses 
	Statistical Analysis 

	Results and Discussion 
	Chemical Profile of JEO 
	pH and Instrumental Parameters of Color of Dry Fermented Sausages 
	TBARS Values of Dry Fermented Sausages 
	Microbiological Analysis of Dry Fermented Sausages 
	Texture Analysis of Dry Fermented Sausages 
	Sensory Analysis of Dry Fermented Sausages 

	Conclusions 
	References

