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1 | INTRODUCTION

Abstract

Caraway (Carum carvi L.) essential oil (CEO: 0.01, 0.05, 0.10 ul/g) was used in dry-
fermented sausages manufactured with 15% and 25% of fat and three levels of so-
dium nitrite (0, 75, 150 mg/kg). Dry-fermented sausages were vacuum packed and
stored (225 days) and their physico-chemical, microbial, and sensory attributes were
assessed (a total of 288 dry-fermented sausages were produced). The inclusion of
CEO had a significant effect on pH, texture and color, odor, and flavor. Moreover,
the partial and total replacement of sodium nitrite with CEO (0.01 pl/g) provided
acceptable TBARS values (<0.3 mg MDA/kg) in low-fat (15%) of sausages through-
out the storage. The usage of CEO at 0.10 pl/g affected formation of atypical flavor.
Generally, our findings confirmed that the CEO has promising potential for devel-
opment of dry-fermented sausages with reduced level of sodium nitrite, primarily

regarding their oxidative stability.

Practical applications
The usage of natural antioxidants is one of the key strategies in the novel meat in-
dustry. Concerning strong antioxidant potential, CEO could be used as an emerging

antioxidant and potential substitute for sodium nitrite in meat processing.

Sodium nitrite is mostly used as synthetic additive against spoil-
age and pathogenic bacteria in dry-fermented sausages (Ozaki

Dry-fermented sausages are one the most popular dry-cured meat
products (Tomovi¢ et al., 2020). The production of this meat product
type is characterized by using the comminuted raw meat materials,
high content of animal fat and absence of thermal treatments; hence
these products are predisposed to spoilage, dominantly by lipid oxi-
dation and bacterial growth (Soji¢ et al., 2014). The use of synthetic
and/or natural additives is recommended in meat industry in order
to obtain the safety of final products during long storage period
(Tomovié et al., 2020).

et al., 2020; §ojic’ et al., 2020; Tomovi¢ et al., 2020). Moreover, so-
dium nitrite shows a strong potential in control of lipid oxidation
(Tang et al., 2021) and emerging reddish-pink color and typical flavor
for cured meat products (Perea-Sanz et al., 2020). However, nitrites
can lead to the N-nitrosamines development with strong toxic, terato-
genic, and carcinogenic potential (Alirezalu et al., 2021; Perea-Sanz
et al., 2020; Tang et al., 2021). Consequently, one of the key chal-
lenges in the novel meat technology is finding alternatives for so-
dium nitrite (Alirezalu et al., 2021; Kuréubic et al., 2014; De Oliveira
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et al.,, 2011; Ozaki et al., 2020; Perea-Sanz et al., 2020). Due to wide
spectrum of bioactive compounds (e.g., terpenoids and polyphenols)
with proven health potential (Chen et al., 2021; Stojanovi¢-Radi¢
et al., 2018; Vasiljevi¢ et al., 2017), essential oil isolated from differ-
ent plant origins (aromatic and medicinal) are progressively utilized
as alternatives for synthetic additives, including sodium nitrite (Soji¢
et al., 2019; Tomovic et al., 2020). Also, the increasing interest for
natural additives could be related to some weaknesses of synthetic
additives in relations of human toxicity and undesirable ecological
impacts (Chen et al., 2021).

Caraway (Carum carvi L.) of the Apiaceae family is one of the
ancient aromatic and medicinal plants all over the world (Rasooli
& Allameh, 2016). The caraway seeds contain a relatively high
percentage of essential oils (>40%) with significant nutraceutical
and antioxidant potential (Hromis et al., 2015; Krki¢ et al., 2013;
Rasooli & Allameh, 2016). Hence, caraway essential oil (CEO)
could serve as an effective food supplements and safe antioxi-
dant and antimicrobial agent in prevention of food deterioration
(Rasooli & Allameh, 2016). Furthermore, several studies assessed
the effect of caraway essential on the shelf-life of dry-fermented
sausages (Hromis et al., 2015; Koci¢-Tanackov et al., 2020; Krki¢
et al., 2013). Krkic et al. (2013) reported that CEO in combination
with chitosan biopolymer efficiently improved oxidative state of
Petrovskd klobdsa sausage. In other studies, strong antibacterial
(Hromis et al., 2015) and antifungal (Koci¢-Tanackov et al., 2020)
potentials of CEO in preservation of dry-fermented sausages were
confirmed.

Based on the literature data, we hypothesized that CEO oil
can serve as alternative for sodium nitrite in processing of dry-
fermented sausages. Thus, we assessed the supplementation of
CEO (0.00, 0.01, 0.05, and 0.10 pl/g) on the pH, color, oxidative
state, microbial quality, texture and sensory attributes (color,
odor, flavor) of dry-fermented sausages manufactured with 15
and 25% of fat and three levels of sodium nitrite (0, 75, and
150 mg/kg).

2 | MATERIALS AND METHODS
2.1 | Caraway essential oil
The CEO, obtained by the steam distillation method, was purchased

from the Herba doo producer (Belgrade, Serbia). CEO was retained
in dark glass flasks at 4°C awaiting investigates.

2.11 | GC-MS profile of CEO

GC-MS profile of CEO (expressed as relative percentage) was de-
termined by the method described in Pavli¢ et al. (2018), using gas
chromatography system (Agilent GC890N) coupled to a mass spec-
trometer (Agilent MS 5759).
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2.2 | Preparation of dry-fermented sausages

Dry-fermented sausages were produced according to the procedure
described in our previous study (Tomovi¢ et al., 2020). Firstly, two
batters were formulated with 15% and 25% of pork backfat. Sodium
nitrite was added in both: 0, 75, and 150 mg/kg. A total of six sub-
batters were produced. In each of them, CEO was added as a natural
antioxidant at four concentrations: 0.00, 0.01, 0.05, and 0.10 pl/g.
Furthermore, all of 24 batches (6 x 4) were subjected to following
processes: stuffing (collagen casings - 37 mm diameter), smoking and
ripening (t = 14-16°C; RH = 95%-80%) during 21 days. Finally, the
obtained sausages were vacuum packed and stored at 15 + 1°C for up
to 225 days. Sausages were sampled at different times of storage (O,
75, 150, 225 days), including three randomly selected samples from

each batch. A total of 288 dry-fermented sausages were produced.

2.3 | Physico-chemical analysis

The pH was measured using a Testo 205 digital pH meter (Testo AG,
USA) equipped with a combined penetration tip.

The instrumental parameters of color (12 readings per sample)
expressed as lightness—L*, redness—a* and yellowness—b* were
measured using a MINOLTA Chroma Meter CR-400 (Minolta Co.,
Ltd., Osaka, Japan; instrumental details: D-65 lighting, a 2° standard
observer angle and an 8-mm aperture in the measuring head; cal-
ibration plate: No. 11333090, Y = 92.9, x = 0.3159, y = 0.3322) in
accordance with procedure described in Soji¢ et al. (2019).

Texture profile analysis (hardness, springiness, cohesiveness,
and chewiness) of the samples was determined in accordance with
procedure described in Tomovié et al. (2020).

2-Thiobarbituric acid reactive substances test (TBARS), ex-
pressed as milligram of malondialdehyde (MDA) per kg of sample,
was used to evaluate the degree of lipid oxidation (Soji¢ et al., 2019).
All physico-chemical analysis were evaluated for three samples,

from each group of sausages in duplicate.

2.4 | Microbiological analysis

Total aerobic mesophilic bacteria (TAMB), lactic acid bacteria (LAB),
sulfite-reducing clostridia, Salmonella spp., Escherichia coli,and Listeria
monocytogenes were determined on three samples from each group
of dry-fermented sausages in duplicate, using standard ISO proce-
dures: 1SO 4833-1:2013, ISO 15214:1998, 1SO 15213:2003, I1SO
6579-1:2017,1SO 16649-2:2001, ISO 11290-2:2017, respectively.

2.5 | Sensory analysis

Prior to analyses panelists (10 members) were skilled in accord-
ance with procedures described in ISO 8586:2015, ISO 8589:2007.
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Difference-from-control test was used to evaluate the key sensory
attributes of samples—color, odor, and flavor (Tomovi¢ et al., 2020).
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 CEO 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 O to 6, where O = no difference; 1 = very slight dif-
ference; 2 = slight/moderate difference; 3 = moderate difference;
4 = moderate/large difference; 5 = large difference; and 6 = very
large difference.

2.6 | Statistical analysis

The main effects (content of fat, nitrite, and CEO content and day of
storage) for all analyzed physico-chemical, microbiological, and sen-
sory parameters were compared using t-test and Duncan's multiple
range test (p < .05). All data were expressed as mean value with their
standard deviations (SD). The two-way, three-way and four-way in-

teractions between these effects were also tested.

3 | RESULTS AND DISCUSSION
3.1 | Chemical profile of CEO

CEO was characterized in terms of chemical profile of volatile ter-
penoid compounds prior to its addition in meat products (Table 1
and Figure 1). Carvone (77.00%) was recognized as the predominant
compounds in CEO and its content was followed by b,L.-limonene
(18.05%). Mahboubi (2021) also reported that carvone and limonene
accounted for 95% of CEO compounds (Mahboubi, 2021). Content
of two major terpenoids was followed by dihydrocarvone (1.05%),
while all other detected volatiles were observed in <1% relative
percentage (Table 1). Oxygenated monoterpenes and monoterpe-
nes hydrocarbons were identified as the leading subgroups of ter-
penoids due to high content of carvone and limonene, respectively
(Figure 1) what was in align with literature data (Laribi et al., 2013).
Sesquiterpenes  (B-bourbonene, caryophyllene, trans-beta-
farnesene, and caryophyllene oxide) were the minor compounds
presented in these sample, while certain portion of unidentified
compounds could be attributed to the esters, aldehydes, sesquiter-
pene hydrocarbons, etc. (Laribi et al., 2013). Climate conditions, time
of harvest, water content, geographical conditions, genotype, and
postharvest processing often exhibit significant influence on yield
and chemical profile of essential oil, however, only few of them will
alter the content of carvone and limonene, while changes in minor
essential oil compounds could be significant (Mahboubi, 2021).

It was reported that caraway seeds exhibit antioxidant activity

in various in vitro model systems including reducing power assays,
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TABLE 1 Chemical profile of CEO sample

Relative

Compound RT? (min) percentage (%)
Sabinene 4.35 0.02
n.i.2 4.43 0.01
n.i. 4.59 0.02
Beta-Myrcene 4.68 0.06
p-Cymene 5.49 0.03
D,L.-Limonene 5.64 18.05
Linalool 7.48 0.06
n.i. 8.08 0.22
n.i. 8.21 0.20
n.i. 8.35 0.02
cis-Limonene-oxide 8.40 0.03
n.i. 8.51 0.20
n.i. 9.19 0.04
n.i. 9.33 0.05
n.i. 9.77 0.06
n.i. 10.23 0.30
Dihydrocarvone 10.37 1.05
n.i. 10.59 0.55
Isodihydrocarvenol 11.20 0.38
Trans-Carveol 11.43 0.55
Carvone 12.22 77.00
n.i. 12.82 0.25
n.i. 12.96 0.12
n.i. 14.31 0.08
n.i. 15.00 0.18
n.i. 15.99 0.08
Beta-Bourbonene 16.19 0.07
n.i. 16.97 0.04
n.i. 17.06 0.04
Caryophillene 17.24 0.07
Trans-beta-Farnesene 18.42 0.03
Caryophyllene oxide 22.10 0.17
Total 100

IRetention time (min).
2Not identified.

DPPH, and B-carotene-linoleic acid (Rasooli & Allameh, 2016).
Furthermore, Fatemi et al. (2010) informed that antioxidant activity
of CEO was significantly higher comparing to trolox in DPPH and
B-carotene bleaching assay. On the other hand, antibacterial activ-
ity of CEO was confirmed on the common food-borne pathogens
such as Bacillus cereus, L. monocytogenes, Salmonella enteritidis, and
E. coli O157:H7 (Oroojalian et al., 2010). Clearly stated antioxidant
and antimicrobial properties of CEO were the major motivation for
selecting this sample as natural functional additive in dry-fermented

sausages.
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3.2 | Physico-chemical parameters of dry-
fermented sausages

Physico-chemical parameters (pH, color—CIEL*a*b*, and TBARS val-
ues) are displayed in Table 2. Backfat had a significant (p < .05) ef-
fect on the pH value. The increase of fat accelerated the process
of lipolysis and formation of free fatty acids, what consequently
affected decrease of pH value (Tomovi¢ et al., 2020). Also, sodium
nitrite, CEO and storage time had significant (p < .05) effects on the
pH value. Generally, increase of pH value was followed by proteoly-
sis and decline of LAB (Kuréubi¢ et al., 2014). Two-way (BF xCEO),
three-way (BF x SN x ST; BF x SN x CEO; BF x ST x CEO), and four-
way interaction (BF x SN x ST x CEOQ) also had significant effects on
the pH value (p < .05-.001; Table S1—Supporting Information).

0% 3%

B Monoterpene
hydrocarbons

B Oxygenated
monoterpenes

Sesquiterpenes

B Not identified

FIGURE 1 Relative percentage of terpenoid subgroups
observed in CEO
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Color is still the most important meat quality attribute per-
ceived by consumers (Tomasevic et al.,, 2021). In the case of
color, backfat significantly (p < .05) increased the lightness and
decreased the redness and yellowness. The color results are con-
sistent with those reported by Tomovié et al. (2020) and Soji¢
et al. (2021). Moreover, sodium nitrite had a significant (p < .05)
effect in declining the lightness and increasing the yellowness.
This phenomenon could be related to nitrosyl myoglobin forma-
tion (Ozaki et al., 2021). The usage of natural antioxidant (CEO)
significantly (p < .05) decreased the lightness and increased the
yellowness. Probably, it was the result of interactions among ter-
penoids of CEO (e.g., carvone, limonene) and pigment myoglobin
(Jin et al., 2018; Tomovic¢ et al., 2020). Storage time significantly
(p < .05) decreased the lightness, but increased the redness and
yellowness. Findings are consistent with those reported in our
previous study (Soji¢ et al., 2021). The two-way interactions (BF
x SN and BF x ST) had significant effects (p < .05) on all three pa-
rameters of color (Table S1). In the case of four-way interaction,
it can be observed that BF x SN x ST x CEO had a significant (p <
.05) effect on the redness and the yellowness. The individual val-
ues of redness ranged in interval from 9.35 (BF = 25%; SN =0 mg/
kg; CEO =0.00 ul/g; ST=0) to 16.83 (BF = 15%; SN = 75 mg/kg;
CEO = 0.10 pl/g; ST = 225). The obtained results confirmed syn-
ergistic effect of sodium nitrite (75 mg/kg) and CEO (0.10 pl/g) in
increased redness of low-fat dry-fermented sausages. Similarly,
in our previous studies we determined that essential oil obtained
from juniper (Tomovi¢ et al., 2020) and sage (Soji¢ et al., 2021)
efficiently improved the redness of dry-fermented sausages pro-

duced with different levels of sodium nitrite. Beside traditional

TABLE 2 pH,instrumental parameters of color and TBARS values of dry-fermented sausages

pH CIEL*
Backfat content (%)

15 5.47 +0.07° 477 +3.0°
25 5.35 +0.08" 524 +3.4°
Sodium nitrite content (mg/kg)

0 5.38 +0.10° 50.9 +4.2°
75 5.43 +0.10° 50.0 + 4.1°
150 5.42 +0.09° 49.3+3.5°
CEO content (ul/g)

0 5.37 £ 0.10° 51.2 +4.2°
0.01 5.45 + 0.09° 494 +3.8°
0.05 5.40 +0.10° 50.3 +3.8"
0.10 5.42 + 0.08% 49.5 +3.9°
Storage time (day)

0 5.35 + 0.08¢ 51.2 + 4.0°
75 5.47 +0.09° 50.4 + 4.1%°
150 5.39 + 0.08¢ 49.6 + 3.8
225 5.43 +0.10° 49.1 + 3.8°

TBARS (mg

CIEa* CIEb* MDA/kg)
14.0+ 1.7 8.09 + 1.30? 0.14 + 0.09?
128 £ 1.7 7.60 +1.132 0.15 + 0.10°
13.2 +2.1° 7.60 + 1.31° 0.18 + 0.11°
13.5 + 1.82 7.87 +1.23° 0.12 +0.09°
13.5 + 1.57 8.07 + 1.15° 0.13+0.08°
13.3+1.9° 7.80 + 1.13? 0.20 +0.11°
13.2 +1.8° 773 + 1.26% 0.14 + 0.10°
13.5+1.7° 7.97 +1.242 0.13 + 0.09"°
13.6 + 1.9° 7.89 + 1.32° 0.10 + 0.07°
12.6 +2.0° 7.25 + 1.17° 0.03 + 0.02°
13.3+1.5° 7.77 +0.92° 0.12 + 0.07°
134 +1.8° 7.75 + 1.24° 0.20 + 0.05?
14.3 + 1.6 8.61 +1.217 0.22 + 0.107
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colorimeter (Minolta), color values of the meat products could be
measured using computer vision system. According to Tomasevic
et al. (2019) computer vision system should be considered a more
desirable alternative to the traditional method for measuring
color of dry-fermented sausages.

It is well known that oxidation of lipids is one of the main chemical
deterioration that limits the shelf life of different type of meat prod-
ucts (Ozaki et al., 2021). Melton (1983) recommended that TBARS
value of 0.3 mg MDA/kg could be marked as the threshold for rancid-
ity of meat products. The sodium nitrite and CEO had significant (p <
.05) effects on the TBARS values (Table 2). Ozaki et al. (2021) reported
that reactions between sodium nitrite and potential prooxidants (hem-
inic and nonheminic iron) delay oxidative reactions in meat products.
In the case of natural antioxidant, it is important to highlight a strong
antioxidant activity of CEO in dry-fermented sausages. According to
Samojlik et al. (2010), antioxidant effects of CEO determined by in vitro
and in vivo tests can be related to its predominant compound, carvone.
Furthermore, it was indicated in the same study that CEO could serve
as pharmaceuticals, flavor agent, as well as natural additive in wide
spectrum of foodstuffs and beverages (Samojlik et al., 2010).

Finally, TBARS values significantly (p < .05) increased through-
out the storage, undoubtedly as the result of lipid oxidative changes
in similar meat product (Krki¢ et al., 2013). The following two-way
(BF x SN; BF x ST; SN x ST; ST x CEO), three-way (BF x SN x ST)
and four-way (BF x SN x ST x CEOQ) interactions had significant (p <
.05-.001) effects on TBARS values (Table S1). Also, it is important
to highlight that in following samples: BF = 15%, SN = 75 mg/kg,
CEO = 0.00 pl/g, ST = 225; BF = 15%, SN = 0 mg/kg, CEO = 0.00
ul/g, ST = 225; BF = 25%, SN = 0 mg/kg, CEO = 0.00 nl/g, ST =
225; BF =25%, SN = 0 mg/kg, CEO = 0.01 pl/g, ST = 225, and BF =
25%, SN = 0 mg/kg, CEO = 0.05 pl/g, ST = 225, TBARS values were
higher than 0.3 mg MDA/kg. Hence, 0.01 ul/g of CEO improved ox-

idative shelf-life (225 days) of no nitrite sausages.

3.3 | Microbiological profile of dry-
fermented sausages

TAMB and LAB counts are presented in Table 3. The backfat,
sodium nitrite, and CEO did not significantly (p > .05) effect on
the TAMB and LAB counts. Findings are consistent with those
reported in our previous studies (Soji¢ et al., 2021; Tomovié¢
et al., 2020). In the case of antimicrobial activity of essential oils,
it is important to highlight that further investigations in terms of
plant materials selection, extraction techniques (e.g., hydrodis-
tillation, ultrasound extraction), as well as optimization of their
concentrations is necessary. Even though hydrodistillation is re-
garded as traditional approach in EO isolation, this technique is
still considered as method of choice since it could provide se-
lective separation of volatile fraction particularly concentrated
with terpenoids. Seidler-tozykowska et al. (2013) reported that
antimicrobial effects of CEO strongly depend on the content of

its minor components, rather than carvone.
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TABLE 3 Microbiological quality of dry-fermented sausages
Aerobic plate count (log LAB (log
CFU/g) CFU/g)
Backfat content (%)
15 5.52 +0.83° 5.60 + 0.84°
25 5.42 + 0.87° 5.51 +0.75°
Sodium nitrite content (mg/kg)
0 5.46 + 0.84° 5.66 +0.76%
75 5.47 +0.81% 5.59 + 0.74°
150 5.48 + 0.89° 5.41 +0.86"
CEO content (ul/g)
0 5.51 + 0.96° 5.62 +0.70°
0.01 5.37 +0.80° 5.49 +0.89"
0.05 5.53+0.79% 5.57 +0.90°
0.10 5.47 +0.85% 5.53 +0.82°
Storage time (day)
0 5.00 + 0.38° 6.51 +0.25°
75 4.51 +0.32¢ 5.46 + 0.50°
150 6.30 + 0.36° 5.58 + 0.42°
225 6.07 + 0.56° 4.66 +0.57°

Storage time had a significant (p < .05) effect on the microbi-
ological profile of dry-fermented sausages. TAMB inconsistently
increased throughout the storage (4.51-6.07 log CFU/g). These
results are consistent with those reported in our previous study
(Tomovié et al., 2020). LAB counts decreased during the storage
time (Table 3). Ozaki et al. (2021) observed that absence of sugar
and low storage temperature are responsible for reduction of LAB.
Also, none of interactions (two-way, three way, and four-way) did
not show significant (p > .05) effect on the microbiological pro-
file of dry-fermented sausages (Table S1). Furthermore, the most
abundant pathogen bacteria in cured meat products (sulfite-
reducing clostridia, Salmonella spp., E. coli, and L. monocytogenes)
were not found in any samples. The absence of pathogen bacte-
ria and relatively low TAMB counts (Table 3) may be the result of
high-quality raw materials and good hygienic procedures during

meat processing (Perea-Sanz et al., 2020).

3.4 | Texture profile of dry-fermented sausages

Texture attributes (hardness, springiness, cohesiveness, and chewi-
ness) are presented in Table 4. Backfat had a significant (p < .05)
effect on all texture attributes of dry-fermented sausages. Findings
were in a strong agreement with those reported in our previous
study (Soji¢ et al., 2021). In the case of antioxidants addition (so-
dium nitrite vs. CEO), it should be noticed that the CEO had higher
impact on the texture attributes. The CEO addition affected (p <
.05) increase of hardness and chewiness. These data are in contrary
with those reported in our previous studies, where we showed that

the same concentrations of juniper (Tomovié et al., 2020) and sage
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Hardness (g) Springiness Cohesiveness
Backfat content (%)
15 7,697 +1,371° 0.49 +0.04° 0.51+0.03"
25 5,474 + 990° 0.51 + 0.05° 0.53 + 0.04°
Sodium nitrite content (mg/kg)
0 6,480 + 1,523° 0.50 + 0.05° 0.51 +0.04°
75 6,583 + 1,681° 0.51 + 0.05° 0.52 +0.03°
150 6,686 + 1,680° 0.50 + 0.05° 0.52 +0.04°
CEO content (ul/g)
0 6,269 + 1,752° 0.51 + 0.05° 0.52 +0.04°
0.01 6,719 + 1,781% 0.49 +0.05° 0.51 +0.04%
0.05 6,343 + 1,416 0.50 + 0.05 0.52 +0.04°
0.10 6,998 + 1,437° 0.50 + 0.05%° 0.51+0.03"
Storage time (day)
0 5,294 + 1,135° 0.46 + 0.05° 0.54 +0.04°
75 6,661 +1,353" 0.51 +0.04" 0.53 +0.03"
150 7,498 + 1,401° 0.51 +0.03" 0.51 +0.03¢
225 6,873 +1,731° 0.53 +0.03° 0.50 + 0.03¢

essential oil (Soji¢ et al., 2021) had no effect on analyzed texture
attributes. Decreased tenderness of meat products could be the
result of protein oxidation and the creation of protein cross-links
(Jongberg et al., 2013), despite the addition of essential oils whose
main goal was to inhibit both lipid and protein oxidative deteriora-
tion. The ability of the CEO to inhibit lipid oxidation was evident
(from the Table 2), but the protein oxidation and products forma-
tions are more complex (Jongberg et al., 2013). Pateiro et al. (2015)
reported significant differences in hardness values with antioxi-
dants addition. Samples with the lowest concentration of CEO had
the highest value for hardness, followed by the samples with the
highest added concentration of antioxidant. The medium concen-
tration of added antioxidant had the lowest values of hardness, sug-
gesting the lower protein oxidation (Pateiro et al., 2015). In order
to obtain optimal texture of dry-fermented sausages, the selection
of natural antioxidants and optimization of their concentrations are
essential. As expected, the storage time significantly (p < .05) af-
fected the texture attributes. In accordance with our previous study
(Soji¢ et al., 2021), hardness and chewiness significantly increased (p
< .05) till 150th day of storage, then followed by decrease (p < .05)
till day 225. The decrease of hardness and chewiness values could
be the results of lipid oxidation (5oji¢ et al., 2021). The two-way
(BF x ST) and four-way (BF x SN x ST x CEO) interactions also had
significant (p < .01-.001) effects on all texture attributes (Table S1).

3.5 | Sensory quality of dry-fermented sausages

The following sensory attributes: color, odor, and flavor are pre-
sented in Table 5. Backfat, sodium nitrite, CEO, and storage time

had significant (p < .05) effects on the color, but the differences

Institute of f
] | P
+Technology

TOMOVIC ET AL.

TABLE 4 Texture attributes of dry-

eese(=) fermented sausages

1,920 + 412°
1,487 + 313°

1,647 + 411°
1,718 + 439°
1,745 + 418*

1,654 + 449"
1,667 + 407"
1,672 + 384°
1,819 + 434°

1,315 + 269°
1,762 + 283"
1,928 + 362°
1,806 + 474°

TABLE 5 Sensory attributes of dry-fermented sausages

Color Odor Flavor
Backfat content (%)
15 0.25 + 0.56° 0.50 + 0.92° 0.82 +1.13°
25 0.80 + 0.92° 0.55 + 0.93? 0.91 +1.23°
Sodium nitrite content (mg/kg)
0 0.60 + 0.94° 0.48 +0.917 0.86 + 1.25°
75 0.54 + 0.70° 0.54 + 0.90° 0.87 + 1.14°
150 0.44 + 0.76° 0.56 + 0.95° 0.85 + 1.157
CEO content (ul/g)
0 0.00 + 0.00¢ 0.00 + 0.00¢ 0.00 + 0.00¢
0.01 0.67 +0.83° 0.22 +0.54¢ 0.27 + 0.60°
0.05 0.55 +0.73¢ 0.40 + 0.66° 0.69 +0.79°
0.10 0.88 + 0.99° 1.49 + 1.16° 2.50 + 0.90°
Storage time (day)
0 0.41 +0.72° 0.66 + 1.05° 1.01 + 1.30°
75 0.52 +0.82° 0.50 + 0.95° 0.71 + 1.08%°
150 0.52 + 0.69° 0.45 + 0.76" 0.81 +1.12°
225 0.65 + 0.97° 0.50 + 0.88° 0.92 +1.21%

among the samples were very slight (<1). Findings are consistent
with those reported in our previous study (Tomovi¢ et al., 2020).
Also, the following two-way (BF x SN; BF x CEO; SN x CEQ), three-
way (BF x SN x CEO; SN x ST x CEO), and four-way (BF x SN x ST
x CEO) interactions had significant (p < .001-.05) effects on the
color (Table S1).

Furthermore, CEOQ, storage time, as well as their interaction (ST x

CEO) had significant (p < .05) effects on the odor. However, it should
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be noticed that the differences among the samples were ranged in
interval from very slight (<1) to slight (<2).

Finally, backfat, CEO, and storage time had significant (p < .05)
effects on the flavor. As expected, CEO showed the most pro-
nounced effect on this attribute. It is important to highlight that the
addition of 0.10 ul/g of CEO provided atypical flavor for this type
of dry-cured meat products (Table 5). Strong impact of CEO on the
flavor of dry-fermented sausages was unquestionably associated
with its chemical profile. It is well known that hydrodistillation pro-
vides “pure” essential oil with a high percentage of terpenoids com-
pounds (Table 1 and Figure 1), which possess a strong flavor (Soji¢
et al., 2018). Also, the following two-way (SN x CEO; ST x CEOQ),
three-way (BF x SN x CEO; BF x ST x CEO), and four-way (BF x SN
x ST x CEO) interactions had significant (p < .05-.001) effects on
the flavor.

4 | CONCLUSIONS

The most abundant compound of CEO was monoterpene carvone
(77%). The higher content of backfat allowed lower values for the
following physico-chemical attributes: pH, hardness, and chewi-
ness. In the case of antioxidant, sodium nitrite, and CEO addition
decreased the lightness and TBARS values. Also, it is important
to highlight that CEO at 0.10 nul/g contributed to the formation of
atypical flavor for dry-fermented sausages. Furthermore, the least
concentration of CEO (0.01 ul/g) efficiently increased the redness
and improved oxidative shelf-life (TBARS <0.3 mg MDA/kg) of
low-fat (15%) dry-fermented sausages produced with reduced lev-
els of sodium nitrite (0 and 75 mg/kg). Hence, the obtained results
suggested that the CEO (0.01 pl/g) could be used as a safe antioxi-
dant and an effective sodium nitrite replacement in dry-fermented

sausages processing.

ACKNOWLEDGEMENTS

This research was funded by the Ministry of Education, Science
and Technological Development, Republic of Serbia, under Grant
451-03-9/2021-14/200134. Also, this research has been done in [i-
aison 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 authentic-
ity certification (FoodHub)”, financed by the Ministry of Science of
Montenegro, under the Grant No. 01-3660/2.

CONFLICT OF INTEREST

The authors have declared no conflicts of interest for this article.

AUTHOR CONTRIBUTIONS

Branislav V Soji¢: Conceptualization; Writing-original draft. Vladimir
M Tomovi¢: Conceptualization; Resources; Supervision. Jovo
Savanovic: Formal analysis; Methodology; Resources. Suncica Koci¢-

Tanackov: Formal analysis; Investigation. Branimir Pavlic: Validation;

aifst I-wiLey- 7

Writing-original draft. Marija R Jokanovié¢: Project administration;
Writing-review & editing. Vesna Djordjevic: Funding acquisition;
Resources. Nenad Parunovic: Funding acquisition; Methodology.
Aleksandra Martinovi¢: Project administration; Supervision. Dragan

Vujadinovi¢: Software; Visualization.

DATA AVAILABILITY STATEMENT
Data openly available in a public repository that issues datasets with
DOls.

ORCID

Branislav Soji¢ https://orcid.org/0000-0003-1837-5911

Suncica Kocic¢-Tanackov https://orcid.
org/0000-0002-9120-6033

Branimir Pavli¢ https://orcid.org/0000-0002-3551-7478

REFERENCES

Alirezalu, K., Hesari, J., Yaghoubi, M., Khaneghah, A. M., Alirezalu, A.,
Pateiro, M., & Lorenzo, J. M. (2021). Combined effects of e-polylysine
and e-polylysine nanoparticles with plant extracts on the shelf life
and quality characteristics of nitrite-free frankfurter-type sausages.
Meat Science, 172, https://doi.org/10.1016/j.meatsci.2020.108318

Chen, K., Zhang, M., Bhandari, B., & Mujumdar, A. S. (2021). Edible flower
essential oils: A review of chemical compositions, bioactivities, safety
and applications in food preservation. Food Research International,
139, 109809. https://doi.org/10.1016/j.foodres.2020.109809

de Oliveira, T. L. C., de Aratjo Soares, R., Ramos, E. M., das Gracas
Cardoso, M., Alves, E., & Piccoli, R. H. (2011). Antimicrobial activity of
Satureja montana L. essential oil against Clostridium perfringens type
A inoculated in mortadella-type sausages formulated with different
levels of sodium nitrite. International Journal of Food Microbiology,
144(3), 546-555. https://doi.org/10.1016/j.iffoodmicro.2010.11.022

Fatemi, F., Allameh, A., Khalafi, H., & Ashrafihelan, J. (2010).
Hepatoprotective effects of y-irradiated caraway essential oils in
experimental sepsis. Applied Radiation and Isotopes, 68(2), 280-285.
https://doi.org/10.1016/j.apradiso.2009.10.052

Hromis, N. M., Lazi¢, V. L., Markov, S. L., Vastag, Z.G., Popovi¢, S. Z.,
Suput, D. Z., Dzini¢, N. R., Veli¢anski, A. S., & Popovi¢, L. M. (2015).
Optimization of chitosan biofilm properties by addition of caraway
essential oil and beeswax. Journal of Food Engineering, 158, 86-93.
https://doi.org/10.1016/j.jfoodeng.2015.01.001

ISO. (1998). 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.

ISO. (2001). 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 °C using
5-bromo-4-chloro-3-indolyl beta-D-glucuronide; ISO 16649-2:2001;
International Organization for Standardization: Geneva, Switzerland.

ISO. (2003). Microbiology of food and animal feeding stuffs—Horizontal
method for the enumeration of sulfite-reducing bacteria grow-
ing under anaerobic conditions. 1ISO 15213:2003. International
Organization for Standardization: Geneva, Switzerland.

ISO. (2007). Sensory analysis—General guidance for the design
of test rooms; I1SO 8589:2007; International Organization for
Standardization: Geneva, Switzerland.

ISO. (2013). 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.


https://orcid.org/0000-0003-1837-5911
https://orcid.org/0000-0003-1837-5911
https://orcid.org/0000-0002-9120-6033
https://orcid.org/0000-0002-9120-6033
https://orcid.org/0000-0002-9120-6033
https://orcid.org/0000-0002-3551-7478
https://orcid.org/0000-0002-3551-7478
https://doi.org/10.1016/j.meatsci.2020.108318
https://doi.org/10.1016/j.foodres.2020.109809
https://doi.org/10.1016/j.ijfoodmicro.2010.11.022
https://doi.org/10.1016/j.apradiso.2009.10.052
https://doi.org/10.1016/j.jfoodeng.2015.01.001

8of 9 Wl LEY_ Journal of msunneorlfst

edciosy

ISO. (2017a). 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.

I1SO. (2017b). Microbiology of the food chain—Horizontal method for
the detection, enumeration and serotyping of Salmonella—Part
1: Detection of Salmonella spp; ISO 6579-1:2017; International
Organization for Standardization: Geneva, Switzerland.

Jin, S.-K,, Choi, J. S., Yang, H.-S., Park, T.-S., & Yim, D.-G. (2018). Natural
curing agents as nitrite alternatives and their effects on the physico-
chemical, microbiological properties and sensory evaluation of
sausages during storage. Meat Science, 146, 34-40. https://doi.
org/10.1016/j.meatsci.2018.07.032

Jongberg, S., Tagrngren, M. A., Gunvig, A., Skibsted, L. H., & Lund, M.
N. (2013). Effect of green tea or rosemary extract on protein oxi-
dation in Bologna type sausages prepared from oxidatively stressed
pork. Meat Science, 93(3), 538-546. https://doi.org/10.1016/j.meats
€i.2012.11.005

Koci¢-Tanackov, S., Dimi¢, G., Peri¢, N., Mojovi¢, L., Tomovi¢, V., Soji¢,
B., Dukié-Vukovi¢, A., & Pejin, J. (2020). Growth control of molds
isolated from smoked fermented sausages using basil and caraway
essential oils, in vitro and in vivo. LWT, 123, 109095. https://doi.
org/10.1016/j.lwt.2020.109095

Krki¢, N., gojic’, B., Lazi¢, V., Petrovi¢, L., Mandi¢, A., Sedej, I., Tomovié,
V., & Dzini¢, N. (2013). Effect of chitosan-caraway coating on lipid
oxidation of traditional dry fermented sausage. Food Control, 32(2),
719-723. https://doi.org/10.1016/j.foodcont.2013.02.006

Kurcubié, V. S., Maskovi¢, P. Z., Vuji¢, J. M., Vrani¢, D. V., Veskovic¢-
Moraéanin, S. M., Okanovi¢, D. G., & Lili¢, S. V. (2014). Antioxidant
and antimicrobial activity of Kitaibelia vitifolia extract as alternative
to the added nitrite in fermented dry sausage. Meat Science, 97(4),
459-467. https://doi.org/10.1016/j.meatsci.2014.03.012

Laribi, B., Kouki, K., Bettaieb, T., Mougou, A., & Marzouk, B. (2013).
Essential oils and fatty acids composition of Tunisian, German and
Egyptian caraway (Carum carvi L.) seed ecotypes: A comparative
study. Industrial Crops and Products, 41(1), 312-318. https://doi.
org/10.1016/j.indcrop.2012.04.060

Mahboubi, M. (2021). Mentha spicata L. essential oil, phytochemis-
try and its effectiveness in flatulence. Journal of Traditional and
Complementary Medicine, 11(2), 75-81. https://doi.org/10.1016/j.
jtcme.2017.08.011

Melton, S. L. (1983). Methodology for following lipid oxidation in muscle
foods. Food Technology, 37(7), 105-111.

Oroojalian, F., Bassami, M. R., Kasra-Kermanshahi, R., & Mashreghi, M.
(2010). Over-expression of nisin gene in co-cultures of L. lactis subsp.
lactis with some indicator bacteria examined by conventional and ab-
solute quantitative Real-time RT-PCR assays. Journal of Biotechnology,
150, 573. https://doi.org/10.1016/j.jbiotec.2010.10.056

Ozaki, M. M., Munekata, P. E. S., Jacinto-Valderrama, R. A., Efraim, P.,
Pateiro, M., Lorenzo, J. M., & Pollonio, M. A. R. (2021). Beetroot
and radish powders as natural nitrite source for fermented dry sau-
sages. Meat Science, 171, 108275. https://doi.org/10.1016/j.meats
¢i.2020.108275

Ozaki, M. M., Munekata, P.E. S., Lopes, A. D. S., Nascimento, M. D. S. D.,
Pateiro, M., Lorenzo, J. M., & Pollonio, M. A. R. (2020). Using chitosan
and radish powder to improve stability of fermented cooked sau-
sages. Meat Science, 167, 108165. https://doi.org/10.1016/j.meats
¢i.2020.108165

Pateiro, M., Bermudez, R., Lorenzo, J. M., & Franco, D. (2015). Effect
of addition of natural antioxidants on the shelf-life of ‘chorizo’, a
Spanish dry-cured sausage. Antioxidants, 4(1), 42-67. https://doi.
org/10.3390/antiox4010042

Pavli¢, B., Bera, O., Tesli¢, N., Vidovi¢, S., Parpinello, G., & Zekovi¢, Z.
(2018). Chemical profile and antioxidant activity of sage herbal

TOMOVIC ET AL.

dust extracts obtained by supercritical fluid extraction. Industrial
Crops and Products, 120, 305-312. https://doi.org/10.1016/j.indcr
0p.2018.04.044

Perea-Sanz, L., Lopez-Diez, J. J., Belloch, C., & Flores, M. (2020).
Counteracting the effect of reducing nitrate/nitrite levels on dry
fermented sausage aroma by Debaryomyces hansenii inocula-
tion. Meat Science, 164, 108103. https://doi.org/10.1016/j.meats
¢i.2020.108103

Rasooli, |., & Allameh, A. (2016). Caraway (Carum carvi L.) essential oils.
In Essential oils in food preservation, flavor and safety (pp. 287-293).
Elsevier Inc. https://doi.org/10.1016/B978-0-12-416641-7.00032
-8

Samojlik, I., Laki¢, N., Mimica-Duki¢, N., Dakovic’-évajcer, K., & Botin,
B. (2010). Antioxidant and hepatoprotective potential of essential
oils of coriander (Coriandrum sativum L.) and caraway (Carum carvi
L.) (Apiaceae). Journal of Agricultural and Food Chemistry, 58(15),
8848-8853.

Seidler-tozykowska, K., Kedzia, B., Karpinska, E., & Bocianowski, J.
(2013). Microbiological activity of caraway (Carum carvi L.) essential
oil obtained from different origin. Acta Scientiarum—agronomy, 35(4),
495-500.

§0jic’, B., Pavli¢, B, lkoni¢, P., Tomovi¢, V., Ikoni¢, B., Zekovi¢, Z., Koci¢-
Tanackov, S., Jokanovi¢, M., Skaljac, S., & Ivi¢, M. (2019). Coriander
essential oil as natural food additive improves quality and safety
of cooked pork sausages with different nitrite levels. Meat Science,
157,107879. https://doi.org/10.1016/j.meatsci.2019.107879

Soji¢, B., Pavli¢, B., Tomovi¢, V., Koci¢-Tanackov, S., Burovié, S., Zekovic,
Z., Belovi¢, M., Torbica, A., Jokanovi¢, M., Urumovi¢, N., Vujadinovic,
D., lvi¢, M., & §kaljac, S. (2020). Tomato pomace extract and organic
peppermint essential oil as effective sodium nitrite replacement in
cooked pork sausages. Food Chemistry, 330, 127202. https://doi.
org/10.1016/j.foodchem.2020.127202

§ojic’, B., Pavli¢, B., Zekovi¢, Z., Tomovié, V., Ikoni¢, P., Koci¢-Tanackov, S.,
& Dzini¢, N. (2018). The effect of essential oil and extract from sage
(Salvia officinalis L.) herbal dust (food industry by-product) on the
oxidative and microbiological stability of fresh pork sausages. Lwt—
food Science and Technology, 89, 749-755. https://doi.org/10.1016/j.
Iwt.2017.11.055

Soji¢, B. V., Petrovi¢, L. S., Mandi¢, A. I, Sedej, I. J., DZini¢, N. R., Tomovi¢,
V. M., Jokanovié, M. R,, Tasi¢, T. A., Skaljac, S. B., & lkonié, P. M.
(2014). Lipid oxidative changes in tradititional dry fermented sau-
sage Petrovska klobasa during storage | Oksidativne promene na li-
pidima tradicionalne suve fermentisane kobasice Petrovska klobasa
tokom skladistenja. Hemijska Industrija, 68(1), 27-34. https://doi.
org/10.2298/HEMIND130118024S

§ojic’, B., Tomovi¢, V., Savanovié, J., Koci¢-Tanackov, S., Pavli¢, B.,
Jokanovi¢, M., Milidrag, A., Martinovi¢, A., Vujadinovi¢, D., & Vukic,
M. (2021). Sage (Salvia officinalis L.) essential oil as a potential re-
placement for sodium nitrite in dry fermented sausages. Processes, 9,
424, https://doi.org/10.3390/pr9030424

Stojanovi¢-Radi¢, Z., Pejéi¢, M., Jokovi¢, N., Jokanovi¢, M., Ivi¢, M., Soji¢,
B., Skaljac, S., Stojanovi¢, P., & Mihajilov-Krstev, T. (2018). Inhibition
of Salmonella Enteritidis growth and storage stability in chicken meat
treated with basil and rosemary essential oils alone or in combina-
tion. Food Control, 90, 332-343. https://doi.org/10.1016/j.foodc
ont.2018.03.013

Tang, R., Peng, J., Chen, L., Liu, D.,, Wang, W., & Guo, X. (2021).
Combination of Flos Sophorae and chili pepper as a nitrite alternative
improves the antioxidant, microbial communities and quality traits in
Chinese sausages. Food Research International, 141, 110131. https://
doi.org/10.1016/j.foodres.2021.110131

Tomasevic, I., Djekic, I., Font-i-Furnols, M., Terjung, N., & Lorenzo, J. M.
(2021). Recent advances in meat color research. Current Opinion in
Food Science, 41, 81-87. https://doi.org/10.1016/j.cofs.2021.02.012


https://doi.org/10.1016/j.meatsci.2018.07.032
https://doi.org/10.1016/j.meatsci.2018.07.032
https://doi.org/10.1016/j.meatsci.2012.11.005
https://doi.org/10.1016/j.meatsci.2012.11.005
https://doi.org/10.1016/j.lwt.2020.109095
https://doi.org/10.1016/j.lwt.2020.109095
https://doi.org/10.1016/j.foodcont.2013.02.006
https://doi.org/10.1016/j.meatsci.2014.03.012
https://doi.org/10.1016/j.indcrop.2012.04.060
https://doi.org/10.1016/j.indcrop.2012.04.060
https://doi.org/10.1016/j.jtcme.2017.08.011
https://doi.org/10.1016/j.jtcme.2017.08.011
https://doi.org/10.1016/j.jbiotec.2010.10.056
https://doi.org/10.1016/j.meatsci.2020.108275
https://doi.org/10.1016/j.meatsci.2020.108275
https://doi.org/10.1016/j.meatsci.2020.108165
https://doi.org/10.1016/j.meatsci.2020.108165
https://doi.org/10.3390/antiox4010042
https://doi.org/10.3390/antiox4010042
https://doi.org/10.1016/j.indcrop.2018.04.044
https://doi.org/10.1016/j.indcrop.2018.04.044
https://doi.org/10.1016/j.meatsci.2020.108103
https://doi.org/10.1016/j.meatsci.2020.108103
https://doi.org/10.1016/B978-0-12-416641-7.00032-8
https://doi.org/10.1016/B978-0-12-416641-7.00032-8
https://doi.org/10.1016/j.meatsci.2019.107879
https://doi.org/10.1016/j.foodchem.2020.127202
https://doi.org/10.1016/j.foodchem.2020.127202
https://doi.org/10.1016/j.lwt.2017.11.055
https://doi.org/10.1016/j.lwt.2017.11.055
https://doi.org/10.2298/HEMIND130118024S
https://doi.org/10.2298/HEMIND130118024S
https://doi.org/10.3390/pr9030424
https://doi.org/10.1016/j.foodcont.2018.03.013
https://doi.org/10.1016/j.foodcont.2018.03.013
https://doi.org/10.1016/j.foodres.2021.110131
https://doi.org/10.1016/j.foodres.2021.110131
https://doi.org/10.1016/j.cofs.2021.02.012

TOMOVIC ET AL.

Journal of Féndmm%lfst _Wl LEY 9 of 9

Tomasevic, I., Tomovic, V., Milovanovic, B., Lorenzo, J., Dordevi¢, V., SUPPORTING INFORMATION
Karabasil, N., & !Djekic, l (20_19)' Comparison of a con?puter vision Additional supporting information may be found online in the
system vs. traditional colorimeter for color evaluation of meat
products with various physical properties. Meat Science, 148, 5-12.
https://doi.org/10.1016/j.meatsci.2018.09.015

Tomovié, V., §ojic’, B., Savanovi¢, J., Koci¢-Tanackov, S., Pavli¢, B.,
Jokanovi¢, M., Dordevi¢, V., Parunovi¢, N., Martinovi¢, A., &

Supporting Information section.

How to cite this article: Tomovi¢, V., Soji¢, B., Savanovic, J.,

Vujadinovi¢, D. (2020). New formulation towards healthier meat
products: Juniperus communis |. essential oil as alternative for so-
dium nitrite in dry fermented sausages. Foods, 9, 1066. https://doi.
org/10.3390/foods9081066

Vasiljevi¢, L. J., Beribaka, M., Vulinovi¢, J., & Petroni¢, S. (2017).

Estimation of antioxidative potential of thyme (Thymus alpestris L.).
Journal of Engineering & Processing Management, 9(1), 29-32. https://
doi.org/10.7251/JEPM1709029V

Kocié-Tanackov, S., Pavli¢, B., Jokanovi¢, M., Dordevié, V.,
Parunovi¢, N., Martinovi¢, A., & Vujadinovié, D. (2021).
Caraway (Carum carvi L.) essential oil improves quality of
dry-fermented sausages produced with different levels of
sodium nitrite. Journal of Food Processing and Preservation, 00,
e15786. https://doi.org/10.1111/jfpp.15786



https://doi.org/10.1016/j.meatsci.2018.09.015
https://doi.org/10.3390/foods9081066
https://doi.org/10.3390/foods9081066
https://doi.org/10.7251/JEPM1709029V
https://doi.org/10.7251/JEPM1709029V
https://doi.org/10.1111/jfpp.15786

