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Abstract: This study investigated the effect of Rosmarinus officinalis L. essential oil, REO (one, two and
three percent) on the microbiological and oxidative stability of Sarshir during 20 days of refrigerated
storage (4 °C). Initially, the chemical composition (gas chromatography/mass spectrometry, GC/MS),
antimicrobial (paper disc diffusion) and antioxidant (DPPH) properties of REO were evaluated. Then,
the microbial safety, oxidative stability (peroxide and anisidine values) and overall acceptability of
the product after addition of REO to Sarshir and the subsequent storage period were determined.
According to GC/MS analysis, the major components of REO were a-pinene (24.6%), 1,8-cineole
(14.1%), camphor (13.5%), camphene (8.1%) and limonene (6.1%), respectively. Moreover, it was also
found that Limosilactobacillus fermentum (inhibition zone (IZ) of 23.5 mm) and Salmonella Typhi (IZ
of 16.4 mm) were the most sensitive and resistant spoilage and pathogenic bacteria against REO,
respectively. In addition, the half-maximal inhibitory concentration (IC50) of the REO was measured
at 24.8 mg/mL, while the IC50 value of butylated hydroxytoluene (BHT) was 16.6 mg/mL. The
highest and lowest bacterial populations were detected in the control and the sample containing 3%
REO, respectively. The control had the highest extent of lipid oxidation, while the lowest peroxide
and anisidine values were measured in Sarshir containing 3% REO.

Keywords: antibacterial activity; antioxidant capacity; essential oil; Rosmarinus officinalis L.

1. Introduction

The undesirable growth of microorganisms, together with the occurrence of oxidation
processes (especially lipid oxidation), cause spoilage, off-flavours, inappropriate changes
and ultimately the waste of food products. The problems related to the negative effects of
some synthetic antimicrobial and antioxidant compounds on the health of consumers have
led to an increase in interest in the use of natural compounds that can increase the shelf
life of food without harmful effects [1]. Therefore, the use of natural antimicrobials and
antioxidants constitutes a useful, safe and effective approach to reduce these risks [2].

Over the last decades, an increased growth in the use of traditional herbs and medicinal
plants has been observed due to their high content of natural compounds with biological
properties [3]. Essential oils (EOs) are natural aromatic compounds obtained from various
plants. The extended biological properties of these compounds have led to their use as
flavouring, antioxidant, antimicrobial and antiallergenic agents [4,5]. It has also been
reported that essential oils have the potential to treat COVID-19 disease. These agents can
prevent SARS-CoV-2 infection by targeting its receptors on cells [6].

Rosemary (Rosmarinus officinalis L.) is an aromatic medicinal plant belonging to the
Lamiaceae family and grows wild in most of the Mediterranean countries. In addition to
its clinical applications, rosemary is used in the food industry to enhance flavour, inhibit
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oxidation, and reduce microbial contamination. REO is an almost colourless to pale yellow
liquid with a distinct and pleasant smell [7,8]. The antioxidant and antimicrobial activities
of rosemary are mainly attributed to its phenolic compounds, including rosmarinic acid,
carnosoic acid, rosmanol, carnosol, and epirosmanol [8,9]. In general, it has been reported
that the antioxidant activities have a high correlation with the content of flavonoids and
phenols [10].

EOs can have a negative effect on the organoleptic properties of products containing
them, due to their volatility and strong flavour, which should be considered in the final
formulation of the product. Achieving the optimal dose of EO and using the microencap-
sulation technique are among the strategies used to overcome this limitation [4]. Dairy
and meat products are interesting and promising food targets to evaluate and exploit the
antimicrobial characteristics of EOs due to the fewer expected negative effects on their
sensory properties [11]. Sarshir (Kaymak) is a type of dairy product that is widely con-
sumed in Iran, Turkey and Eastern European countries. To produce this product, first, the
milk is gently boiled and then gradually cooled to form a layer on the surface of the milk.
Finally, the layer is separated. Sarshir is sensitive to microbial contamination and is very
susceptible to oxidation due to its high fat content [12]. The maximum shelf life of Sarshir,
especially the traditional varieties, is 4 to 7 days while maintaining the appropriate quality
characteristics [13].

Considering that Sarshir is mainly produced traditionally, microbial contamination of
the product seems reasonable. Various studies have reported the contamination of Sarshir
with aerobic mesophilic bacteria, coliform, salmonella, shigella, staphylococcus, yeast and
mould. E. coli was also detected in some samples. Sarshir’s microbial contamination can be
improved using modern techniques and equipment, and implementing good manufactur-
ing practices (GMP), including HACCP [13,14]. Moreover, the packaging materials should
be hygienically suitable, and the final product should be kept under the cold chain until it
is released to the market [13].

Lactic fermentation and the use of essential oils are among the strategies that have
recently been considered to increase microbial safety and improve the quality of Sarshir. In
a study, Hashemi et al. [12] used three probiotic strains of L. plantarum (LP3, AF1, and LU5)
to ferment Sarshir and their effects on the antibacterial and antioxidant activities of Sarshir
were examined. Based on the results, LAB strains had an inhibitory effect on the pathogens
P. aeruginosa, E. coli O157: H7, B. cereus and S. aureus. In addition, the fermentation of
Sarshir by L. plantarum strains, especially LP3, resulted in beneficial changes in radical
scavenging activity, peroxide, anisidine, and carbonyl values, indicating that these strains
can help improve the quality and oxidative stability of Sarshir. In another study, Albay and
Simsek [15] used cinnamon powder (0.3%) and cinnamon essential oil (0.002% and 0.005%)
in the production of Sarshir. They stated that these ingredients masked the bad milk odour
and sour odour and taste defects from milk. According to the reported results, the control
sample, cream containing cinnamon powder and cream with 1% cinnamon essential oil
had the highest sensory acceptance. It was also concluded that adding 0.3% of cinnamon
powder and 0.005% of cinnamon essential oil can improve the functional properties of the
product, increase the sensory acceptability and provide a different variety of the product.

Considering the antibacterial and antioxidant capacities of Rosmarinus officinalis L.
EO (REO) and the fact that Sarshir is a perishable dairy product, in this research, the
potential of using REO to promote the microbial safety and oxidative stability of Sarshir
was investigated.

2. Results and Discussion

In the first step, we extracted REO and after determining the chemical composition,
we measured the antimicrobial and antioxidant properties of the pure EO. In the second
step, REO was added to the Sarshir in given concentrations to determine what effects it
would have on the microbial characteristics and oxidative stability of the product during
the storage period.
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2.1. Chemical Composition of REO

After performing the GC/MS analyses, fifty-one compounds were detected in REO,
comprising ~97% of the oil (Table 1). The order of essential oil compounds is based on
their elution from the capillary column. The major constituents of the REO were o-pinene
(24.6%), 1,8-cineole (14.1%), camphor (13.5%), camphene (8.1%) and limonene (6.1%),
respectively. Compared to previous studies, Bajalan et al. [16] reported that the most
important compounds of REO were x-pinene (14.2-21.4%), 1,8-cineole (3.3-28.3%) and
camphor (1.6-25.3%). On the other hand, the predominant constituents of REO in the
investigation of Oualdi et al. [17] were: 1,8-cineole (42.3-53.6%), a-pinene (11.6-12.3%) and
camphor (9.6-10.5%). Variation in the chemical composition of EOs in different research
has been attributed to differences in cultivars, geographical origin, harvesting season,
environmental conditions, sampling and extraction methods [18,19].

Table 1. Chemical constituents of REO.

N. Constituents Retention Index (RI)  Relative Percentage (%)
1 Tricyclene 928 0.4
2 a-Thujene 933 0.05
3 o-Pinene 941 24.62
4 Camphene 955 8.1
5 Verbenene 971 1.22
6 Sabinene 980 0.12
7 3-Pinene 982 1.09
8 Octen 3-ol 983 0.1
9 3-Octanone 987 1.3
10 Myrcene 992 4.1
11 3-Octanol 994 0.1
12 6-Methyl-5-Hepten-2-ol 996 0.1
13 o-Phellandrene 1005 0.1
14 5-2-Carene 1006 0.1
15 a-Terpinene 1021 1
16 para-Cymene 1031 1
17 Limonene 1034 6.1
18 1,8-Cineole 1039 14.1
19 Z-3-Ocimen 1044 0.06

20 Benzene acetaldehyde 1049 0.1

21 v-Terpinene 1066 1.1

22 Cis-Sabinene hydrate 1081 0.06

23 Terpinolene 1095 11

24 Linalool 1107 2.13

25 Pheny]l ethyl alcohol 1111 0.022

26 endo-Fenchol 1125 0.05

27 Chrysanthenone 1139 0.6

28 Camphor 1157 13.53

29 Camphene hydrate 1159 0.07

30 Trans-Pinocamphone 1171 0.45

31 Pinocarvone 1174 0.17

32 Borneol 1177 2.13

33 n-Nonanol 1178 0.56

34 Terpine-4-ol 1190 0.62

35 x-Terpineol 1194 1.09

36 Myrtenol 1207 0.3

37 Verbenone 1220 5.21

38 Citronellol 1233 0.1

39 Carvone 1248 0.1
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Table 1. Cont.

N. Constituents Retention Index (RI)  Relative Percentage (%)
40 Geraniol 1259 0.3
41 Bornyl acetate 1298 3.4
42 para-Cymene-7-ol 1299 0.1
43 Trans-Sabinyl acetate 1302 0.04
44 Tridecane 1305 0.09
45 Neryl acetate 1373 0.1
46 Geranyl acetate 1388 0.1
47 -Caryophyllene 1428 1.8
48 Geranyl acetone 1462 0.1
49 a-Humulene 1464 0.27
50 Caryophyllene oxide 1590 0.11
51 Eicosane 2007 0.3
Total identified 99.96

2.2. Antibacterial Activity of REO

The antibacterial activities of REO are shown in Figure 1. According to the figure, L.
fermentum (IZ of 23.5 mm) and S. Typhi (IZ of 16.4 mm) had the highest and lowest sensitivity
to REO, respectively. In general, gram-positive bacteria (L. fermentum, Lactiplantibacillus pentosus
and S. aureus) exhibited larger inhibition zones than S. Typhi as a gram-negative bacterium.
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Figure 1. The antibacterial activity of REO. Columns with various capital letters are significantly
different (p < 0.05).

Saleh et al.’s observations also indicated a stronger inhibitory effect of REO on Staphy-
lococcus aureus with an IZ of 30 mm compared to E. coli (IZ of 25 mm) [20]. Additionally,
a significant difference (p < 0.05) was found between the inhibitory effect of REO on the
pathogens (S. Typhi and S. aureus), while this difference was not significant for spoilage
bacteria (L. fermentum and L. pentosus).

Phenolic compounds and small terpenoids present in EOs play an important role in
their antibacterial activity. The dominant phenolic compounds of REO, including alpha-
pinene, 1,8-cineole, carvacrol, camphor, borneol and bata-caryophyllene, are the main ones
responsible for its antibacterial activity [20,21].

Due to their hydrophobic properties, EOs bind to the bacterial cell membrane lipids,
increasing cell permeability. The release of ions and other cellular components caused
by the permeability of the cell membrane eventually causes the death of the microorgan-
ism [22]. The presence of an outer membrane other than the thin layer of peptidoglycan
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makes gram-negative bacteria have a more complex cell wall compared to gram-positive
types [23]. Considering the protective role of this outer membrane, the lower sensitivity
of these bacteria to the antibacterial effects of EOs compared to gram-positive bacteria is
expected [24].

2.3. Antioxidant Activity of REO

The EC50 parameter is widely applied to determine the free radical scavenging activity.
The lower the EC50 value, the higher the antioxidant capacity [25]. Figure 2 shows the
antioxidant activity (based on the DPPH scavenging assay) of REO compared to BHT
as a synthetic antioxidant. Accordingly, the free radical scavenging activity of the REO
was measured at 24.8 mg/mL, while the IC50 value of BHT was 16.6 mg/mL. In other
words, the BHT antioxidant capacity was significantly (p < 0.05) higher than that of the
REO. Our results were concordant with the results of Hashemi et al. [26] and Goudoum,
Abdou, Ngamo, Ngassoum and Mbofung [25], who found that BHT had a higher free
radical scavenging activity than the studied EOs. The terpenoid compounds of the REO
are the main reason for its high antioxidant capacity. Among the most effective antioxidant
compounds of rosemary, cyclic diterpene diphenols, carnosol and carnosolic acid have
been mentioned. Moreover, a compound like 1,8-cineole, at 14.1% in this essential oil, can
contribute to the high antioxidant activity of REO [5,8].
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Figure 2. The antioxidant activity of REO compared to BHT (* Statistically significant at p < 0.05).

2.4. Antibacterial Activity of REO in Sarshir

The antimicrobial effects of different REO concentrations on food-borne pathogens
(S. Typhi and S. aureus) and spoilage bacteria (L. fermentum and L. pentosus) during the
cold storage period are shown in Figure 3. The number of S. Typhi in the control increased
significantly (p < 0.05) from 7.3 (Log CFU/g) on day zero to 9.8 (Log CFU/g) on day 20,
while in samples containing REO, the count of this pathogen decreased with increasing
storage time (Figure 3a). The control had the highest number and the sample containing
3% REO had the lowest number of S. Typhi. As shown in Figure 3b, the count of S. aureus
in the control also increased significantly (p < 0.05) during refrigeration (ranging from
7.1 to 9 (Log CFU/g)), while its numbers in the samples containing different concentrations
of REO had a downward trend. The number of S. aureus in the control and the sample
containing 3% REO was considerably (p < 0.05) higher and lower than its number in other
samples, respectively. With increasing storage time, the population of L. fermentum in
Sarshir without REO increased significantly (p < 0.05) from 7.2 (Log CFU/g) on day 0 to
9.2 (Log CFU/¢g) on day 20, but the count of this lactic bacterium decreased significantly
(p <0.05) in samples containing 1 to 3% REO (Figure 3c). The control had the highest
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number of L. fermentum, while the lowest count was detected in Sarshir containing 3%
REO. From the fourth day onwards, the number of L. fermentum was significantly (p < 0.05)
different in samples containing different amounts of REO. According to Figure 3d, the
number of L. pentosus in the control sample increased significantly (p < 0.05) during cold
storage and reached from 7.2 (Log CFU/g) on the day zero, to 9.3 (Log CFU/g) on the 20th
day of the storage period. On the other hand, the numbers of this bacterium in the samples
containing REO decreased significantly (p < 0.05). The control and the sample containing
3% REO had the highest and lowest numbers of L. pentosus, respectively. The difference
between the samples containing REO was also significant (p < 0.05) in terms of the count of
L. pentosus during the cold storage period. In general, increasing the concentration of REO
caused a significant (p < 0.05) decrease in the number of pathogenic and spoilage bacteria
during the cold storage period. In addition, the highest reduction in the number of bacteria
in the samples containing REO occurred in the interval from 16 to 20 days.
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Molecules 2023, 28, 4206 7 of 13

C 12 -
1% REO m2% REO @ 3% REO A Control
310 A
2 I A
RS :
o [ ) §
= - s
6 - -
15 2 0 s
< 4
i [ |
2L
4 2
0 T T T T 1
0 4 8 12 16 20

Storage time (day)

©1% REO H2% REO ©3% REQO A Control
10 4
) 1 A
)
584 i
= ¥ i
3 . 3
: . :
i) ) [ ] *
E !
2 4
0 T T T T 1
0 4 8 12 16 20

Storage time (day)

Figure 3. The antimicrobial effects of different concentrations of REO on pathogenic (S. Typhi (a) and
S. aureus (b)) and spoilage bacteria (L. fermentum (c) and L. pentosus (d)) in Sarshir during the cold
storage period.

Most of the antimicrobial effect of EOs are related to phenolic components, which
usually change the permeability and integrity of the bacterial cell membrane [27]. El-Sayed
and Youssef [28] attributed the high antibacterial activity of dry rosemary to the high
amounts of rosmarinic acid, caffeic acid and flavones.

The inhibition of two pathogens S. aureus and S. Typhi under the effect of REO has
been found by Puvaca et al. [29]. Kamel et al. [30] reported the antimicrobial effect of
REO in two concentrations of 0.5 and 0.7% against S. aureus in stirred-like yoghurt. They
attributed the potent antimicrobial activities of REO to the presence of monoterpenes such
as alpha-pinene, 1,8-cineole, and borneol. Kontogianni et al. [31] used WPC active film
containing rosemary ethanolic extract to coat soft cheese, and observed that the active film
has an inhibitory effect against S. aureus compared to the control film.

EOs have the potential to inhibit food-spoilage lactic acid bacteria (LAB). For instance,
the inhibitory effects of some EOs on Pediococcus acidilactici, Lactobacillus buchneri and
Leuconostoc citrovorum have been reported [32]. In the study of Moro et al. [33] they used
REO in sheep milk cheese and did not observe any significant decrease in the number of
LAB during cold storage. Using rosemary and oregano EO (OEO) in the slurry of fresh
coalho cheese led to a reduction in L. lactis and L. cremoris during 72 h of cold storage [34].
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Diniz-Silva et al. [35] reported a delay in increasing the numbers of probiotic L. acidophilus
LA-5 in Minas cheese containing rosemary and OEO during 21 days of refrigeration. They
attributed this delay to higher terpene EO concentrations in the cheese at the beginning of
the ripening period. According to their report, eucalyptol, camphor, x-pinene, 3-pinene,
myrcene, p-cymene, x-o-cimene, isoborneol, o-terpinenol and caryophyllene constituted
the highest amounts of terpenes in Minas cheese containing OEO and REO during the
storage period.

2.5. Antioxidant Activity of REO in Sarshir

To evaluate the progress of lipid oxidation in food products, two indices of peroxide
and anisidine are used. The peroxide index determines the primary oxidation of lipids.
Figure 4a shows the changes in the peroxide value of the samples during refrigerated
storage. As can be observed, the peroxide values of all samples increased with time, and
this increase was significant (p < 0.05) at the end of the storage period compared to the
beginning. The highest degree of lipid oxidation was found in the control and Sarshir
containing 3% REO had the lowest peroxide value. By increasing the concentration of
REO from 1 to 3%, the peroxide value of the samples diminished, which was significant
(p < 0.05) at the end of the storage time.
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Figure 4. Changes in the peroxide (a) and anisidine (b) values of Sarshir during the cold storage period.

The anisidine value determines the concentration of secondary oxidation products.
Figure 4b shows the changes in anisidine values of the samples as a function of refrigeration
time. Accordingly, increasing the storage time caused significant (p < 0.05) increases in the
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anisidine values of the samples. The highest anisidine value was measured in the control,
while the sample containing 3% REO had the lowest anisidine value. With increasing
concentration of REQ, the anisidine value of the samples containing essential oil decreased,
which was especially significant (p < 0.05) at the end of the cold storage period.

Oxidation of lipids negatively influences the quality of dairy products rich in fat by
producing aldehydes, ketones and fatty acid hydroperoxides during refrigeration [36,37].
Free fatty acids resulting from triglyceride hydrolysis during cold storage accelerates the
degradation of peroxides into oxidation products [38]. The rearrangement of double bonds
during the formation of hydroperoxides from unsaturated fatty acids leads to the production
of conjugated dienes. For this reason, the oxidation parameters of the peroxide value,
anisidine value and conjugated diene value increase during the oxidation of lipids that
occurs during storage [39,40]. Hashemi, Mousavi Khaneghah, Kontominas, Es, Sant’Ana,
Martinez and Drider [12] reported an increase in the peroxide and anisidine values of
different Sarshir samples during a ten-day storage period. The increase in these indices
in other dairy products, including cheese [41], yoghurt [42,43], ice cream [38], butter [44],
Doogh [40] and yoghurt dessert [37], have also been reported during the storage period.

Milk naturally has a series of antioxidant compounds that are capable of scavenging
superoxide, peroxide and hydroxyl radicals [41]. Phenolic compounds are believed to
be responsible for the antioxidant activity of plant materials. Phenolic antioxidants act
as absorbers by donating a proton, thus inhibiting the auto-oxidation process. Olmedo
et al. [45] used REO in the production of flavoured cheese and found that cheese containing
REO had better resistance to lipid oxidation than the control sample. They stated the high
content of phenolic compounds in the EO as the reason for its high antioxidant activity.
Branciari et al. [46] found that the rosemary phenolic components significantly enhanced
the antioxidant capacity of pecorino cheese and effectively inhibited its lipid oxidation.
Qiu et al. [47] found that the addition of rosemary extract significantly decreased the value
of peroxide in cow’s milk compared to the control. They attributed the inhibition of lipid
oxidation in fish oil-enriched milk products to the phenolic compounds present in rosemary
extract. Ullah et al. [48] also reported that the addition of dry rosemary to cottage cheese
had a high antioxidant effect due to the high amounts of rosmarinic and caffeic acids,
flavones and phenolic diterpenes.

3. Materials and Methods
3.1. Bacterial Strains

Spoilage and pathogenic bacteria in Sarshir including L. pentosus PTCC 1872, L. fermen-
tum PTCC 1638, S. aureus PTCC 1826 and S. Typhi PTCC 1609 were purchased from the
Persian Type Culture Collection (IROST, Tehran, Iran). L. pentosus and L. fermentum were
activated in MRS broth medium for 24 h at 37 °C and S. Typhi and S. aureus were activated
in nutrient broth and tryptic soy broth medium, respectively, for 24 h at 37 °C.

3.2. REO Extraction and Chemical Characterization

Dried plant leaves were purchased from a medicinal plant shop in Tehran (Tehran,
Iran). About 100 g of the plant was poured into a volumetric flask and then 400 mL of
distilled water was added to it. After that, REO extraction was done for 110 min using a
Clevenger apparatus. The obtained REO was dehydrated with sodium sulphate and then
stored at 4 °C in dark glasses [49]. The yield of REO was 1.7% (v/w).

For GC/MS analysis (Agilent 7990, Santa Clara, CA, USA), an HP-5 MS capillary
column (30 m x 0.25 mm i.d., 0.25 um f.t.) was applied to identify the components. Helium
was used as a carrier gas at a rate of 5 mL/min. Thermal programming of the column was
performed from 60 to 240 °C with an increase rate of 4 °C/min. The temperature of the
injection part was set at 240 °C. The amount of injection was 0.1 uL [50]. The REO was
diluted with n-hexane (1/10, v/v) and a volume of 0.1 uL was injected with the split ratio:
1/10. The compounds were identified by comparing their mass spectral fragmentation
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patterns with those of similar compounds in the database (Wiley /NBS library) and with
mass spectra literature data [51].

3.3. Antimicrobial and Antioxidant Activities of REO

To perform this test, 100 uL of the suspension of each bacterium (~6.1 log CFU/mL)
was poured into the culture medium. Mueller-Hinton agar was used for S. Typhi and
S. aureus, and Mueller-Hinton agar +10% MRS medium was used for L. pentosus and L.
fermentum. About 10 uL of the REO was poured onto a sterile filter disc (diameter 6 mm)
and placed in the culture medium. Then the plates were incubated for 18 to 24 h at a
temperature of 37 °C and the diameter of the inhibition zone was measured [52].

DPPH was used to measure the antioxidant properties of the EO. For this purpose,
50 uL of different concentrations of EOs were mixed with 5 mL of methanolic DPPH
solution (0.004%) and after 30 min of storage at room temperature and in a dark place, the
absorbance of the samples was read at a wavelength of 517 nm [53].

3.4. Preparation of Sarshir Samples

Sarshir was purchased from a dairy shop in Shiraz city (Fars, Iran) and then heated
at 90 °C for 5 min. After cooling, the target bacteria (L. pentosus, L. fermentum, S. Typhi
and S. aureus) were inoculated separately to the Sarshir (~7.1-7.3 log CFU/g), and then
the REO was added to the samples in concentrations of 1 to 3% (v/w). The samples were
stored in closed glass containers for 20 days at 4 °C and microbial and oxidation tests were
performed every 4 days.

3.5. Enumeration of Bacteria

To enumerate the bacteria, first the Sarshir samples were diluted using peptone water
and then poured into a suitable culture medium. MRS agar medium was used for L.
pentosus and L. fermentum, and nutrient agar and trypticase soy agar were used for S. Typhi
and S. aureus, respectively. The plates were incubated at 37 °C for 24 to 48 h.

3.6. Peroxide Value (PV) and Anisidine Value (AnV) Determination

First, Sarshir lipid was extracted using a mixture of methanol/chloroform (1:1, v/v)
according to the method of Bligh and Dyer [54]. Then, the ferric-thiocyanate method,
proposed by [55], was used to measure the peroxide value. In order to measure the
anisidine value, the absorbance of the solution containing lipid, isooctane and p-anisidine
reagent was read at 350 nm [56].

3.7. Statistical Analysis

Statistical analyses were carried out using ANOVA and significant differences at
p < 0.05 were measured using t-tests and Duncan’s multiple range tests using the SPSS
program (v. 20.0 for Windows, SPSS Inc., Chicago, IL, USA).

4. Conclusions

Health problems caused by lipid oxidation have attracted the attention of researchers.
Considering the high-fat content of Sarshir, it is very important to inhibit its lipid oxidation.
Based on the results of the present study, REO was able to delay the lipid oxidation of Sarshir
due to its antioxidant compounds including «-pinene, 1,8-cineole, camphor, camphene
and limonene. Increasing the concentration of REO also led to a decrease in the peroxide
and anisidine values in the samples. In addition, the numbers of pathogenic and spoilage
bacteria in samples containing REO were reduced during the cold storage period, which
indicates the antimicrobial effects of REO compounds. Considering the destructive effects
of thermal processes on high-fat products and the intensification of oxidation reactions, it
seems necessary to use alternative and economic processes. The use of available, non-toxic
and inexpensive EOs, which contain high amounts of phenolic compounds, can improve
the functional properties of the product while reducing the negative impact of traditional
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processes. It is suggested to use the combination of EOs and other green technologies such
as fermentation in future research.

Author Contributions: Conceptualization, SM.B.H. and A.G.; methodology, SM.B.H. and A.G,;
formal analysis, S.M.B.H.; investigation, A.G. and E].B.; resources, SM.B.H., E].B. and A.G,; data
curation, SM.B.H. and A.G.; writing, SM.B.H., A.G. and F].B.; visualization, S.M.B.H. and EJ.B. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Research data are not shared.
Conflicts of Interest: The authors declare no conflict of interest.

Sample Availability: Not applicable.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Pisoschi, A.M.; Pop, A.; Cimpeanu, C.; Turcus, V.; Predoi, G.; Iordache, F. Nanoencapsulation techniques for compounds and
products with antioxidant and antimicrobial activity—A critical view. Eur. |. Med. Chem. 2018, 157, 1326-1345. [CrossRef]
[PubMed]

Bensid, A.; El Abed, N.; Houicher, A.; Regenstein, ].M.; Ozogul, F. Antioxidant and antimicrobial preservatives: Properties,
mechanism of action and applications in food—A review. Crit. Rev. Food Sci. Nutr. 2022, 62, 2985-3001. [CrossRef]
Gholamhosseinpour, A.; Hashemi, S.M.B.; Jafarpour, D. Nanoemulsion of Satureja sahendica bornm essential oil: Antibacterial
and antioxidant activities. J. Food Meas. Charact. 2022, 17, 317-323. [CrossRef]

Donsi, F; Ferrari, G. Essential oil nanoemulsions as antimicrobial agents in food. . Biotechnol. 2016, 233, 106-120. [CrossRef]

de Macedo, L.M.; Santos, EM.D.; Militdo, L.; Tundisi, L.L.; Ataide, J.A.; Souto, E.B.; Mazzola, PG. Rosemary (Rosmarinus officinalis
L., syn Salvia rosmarinus Spenn.) and its topical applications: A review. Plants 2020, 9, 651. [CrossRef]

Ighrammullah, M.; Rizki, D.R.; Purnama, A.; Duta, T.E; Harapan, H.; Idroes, R.; Ginting, B. Antiviral Molecular Targets of
Essential Oils against SARS-CoV-2: A Systematic Review. Sci. Pharm. 2023, 91, 15. [CrossRef]

Atti-Santos, A.C.; Rossato, M.; Pauletti, G.F; Rota, L.D.; Rech, J.C.; Pansera, M.R.; Agostini, E; Serafini, L.A.; Moyna, P.
Physico-chemical evaluation of Rosmarinus officinalis L. essential oils. Braz. Arch. Biol. Technol. 2005, 48, 1035-1039. [CrossRef]
Nieto, G.; Ros, G.; Castillo, ]. Antioxidant and antimicrobial properties of rosemary (Rosmarinus officinalis, L.): A review. Medicines
2018, 5, 98. [CrossRef] [PubMed]

Bozin, B.; Mimica-Dukic, N.; Samojlik, I.; Jovin, E. Antimicrobial and antioxidant properties of rosemary and sage (Rosmarinus
officinalis L. and Salvia officinalis L., Lamiaceae) essential oils. J. Agric. Food Chem. 2007, 55, 7879-7885. [CrossRef]

Yusnaini, R.; Nasution, R.; Saidi, N.; Arabia, T.; Idroes, R.; Ikhsan, I.; Bahtiar, R.; Ighrammullah, M. Ethanolic extract from Limonia
acidissima L. fruit attenuates serum uric acid level via URAT1 in potassium oxonate-induced hyperuricemic rats. Pharmaceuticals
2023, 16, 419. [CrossRef]

de Souza, E.L. Insights into the current evidence on the effects of essential oils toward beneficial microorganisms in foods with a
special emphasis to lactic acid bacteria—A review. Trends Food Sci. Technol. 2021, 114, 333-341. [CrossRef]

Hashemi, S.M.B.; Mousavi Khaneghah, A.; Kontominas, M.G.; Es, I.; Sant’Ana, A.S.; Martinez, R.R.; Drider, D. Fermentation of
sarshir (kaymak) by lactic acid bacteria: Antibacterial activity, antioxidant properties, lipid and protein oxidation and fatty acid
profile. J. Sci. Food Agric. 2017, 97, 4595-4603. [CrossRef]

Akarca, G.; Tomar, O.; Caglar, A. Production of Afyon kaymak with traditional and technological methods. J. Food Sci. Eng. 2014,
4,115-119.

Cakmakci, S.; Hayaloglu, A.A. Evaluation of the chemical, microbiological and volatile aroma characteristics of Ispir Kaymak, a
traditional Turkish dairy product. Int. J. Dairy Technol. 2011, 64, 444-450. [CrossRef]

Albay, Z.; Simsek, B. Tarcin ve Tar¢in Ucucu Yagi ile Uretilen Kaymaklarin Bazi Ozelliklerinin Belirlenmesi. Ed. Ozgiir Dogan
Giircii 2019, 296, 191-203.

Bajalan, I.; Rouzbahani, R.; Ghasemi Pirbalouti, A.; Maggi, F. Quali-quantitative variation of essential oil from Iranian rosemary
(Rosmarinus officinalis L.) accessions according to environmental factors. J. Essent. Oil Res. 2018, 30, 16-24. [CrossRef]

Oualdi, L; Diass, K.; Azizi, S.-E.; Dalli, M.; Touzani, R.; Gseyra, N.; Yousfi, E.B. Rosmarinus officinalis essential oils from Morocco:
New advances on extraction, GC/MS analysis, and antioxidant activity. Nat. Prod. Res. 2022, 1-6. [CrossRef]

Ozogul, Y.; Boga, E.K.; Akyol, I; Durmus, M.; Ucar, Y.; Regenstein, ].M.; Kosker, A.R. Antimicrobial activity of thyme essential oil
nanoemulsions on spoilage bacteria of fish and food-borne pathogens. Food Biosci. 2020, 36, 100635. [CrossRef]

Rashidipour, M.; Ashrafi, B.; Hadavand, S.; Beyranvand, F.; Zareivenovel, M. Evaluation of the Chemical Compounds and the
Antibacterial, Antioxidant and Cytotoxic Activities of Echinophora Cinerea Boiss Essential oil. Herb. Med. ]. 2020, 5, 1-10.


https://doi.org/10.1016/j.ejmech.2018.08.076
https://www.ncbi.nlm.nih.gov/pubmed/30196058
https://doi.org/10.1080/10408398.2020.1862046
https://doi.org/10.1007/s11694-022-01615-8
https://doi.org/10.1016/j.jbiotec.2016.07.005
https://doi.org/10.3390/plants9050651
https://doi.org/10.3390/scipharm91010015
https://doi.org/10.1590/S1516-89132005000800020
https://doi.org/10.3390/medicines5030098
https://www.ncbi.nlm.nih.gov/pubmed/30181448
https://doi.org/10.1021/jf0715323
https://doi.org/10.3390/ph16030419
https://doi.org/10.1016/j.tifs.2021.06.011
https://doi.org/10.1002/jsfa.8329
https://doi.org/10.1111/j.1471-0307.2011.00687.x
https://doi.org/10.1080/10412905.2017.1380542
https://doi.org/10.1080/14786419.2022.2111561
https://doi.org/10.1016/j.fbio.2020.100635

Molecules 2023, 28, 4206 12 of 13

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Saleh, A.; Al Kamaly, O.; Alanazi, A.S.; Noman, O. Phytochemical Analysis and Antimicrobial Activity of Rosmarinus officinalis L.
Growing in Saudi Arabia: Experimental and Computational Approaches. Processes 2022, 10, 2422. [CrossRef]

Mattazi, N.; Farah, A.; Fadil, M.; Chraibi, M.; Benbrahim, K. Essential oils analysis and antibacterial activity of the leaves of
Rosmarinus officinalis, Salvia officinalis and Mentha piperita cultivated in Agadir (Morocco). Int. J. Pharm. Pharm. Sci. 2015, 7, 73-79.
Azizkhani, M.; Jafari Kiasari, F; Tooryan, E; Shahavi, M.H.; Partovi, R. Preparation and evaluation of food-grade nanoemulsion of
tarragon (Artemisia dracunculus L.) essential oil: Antioxidant and antibacterial properties. J. Food Sci. Technol. 2021, 58, 1341-1348.
[CrossRef] [PubMed]

Noori, S.; Zeynali, F; Almasi, H. Antimicrobial and antioxidant efficiency of nanoemulsion-based edible coating containing
ginger (Zingiber officinale) essential oil and its effect on safety and quality attributes of chicken breast fillets. Food Control 2018, 84,
312-320. [CrossRef]

Gul, O,; Saricaoglu, F.T.; Besir, A.; Atalar, I.; Yazici, F. Effect of ultrasound treatment on the properties of nano-emulsion films
obtained from hazelnut meal protein and clove essential oil. Ultrason. Sonochem. 2018, 41, 466—474. [CrossRef]

Goudoum, A.; Abdou, A.B.; Ngamo, L.S.T.; Ngassoum, M.B.; Mbofung, C.M. Antioxidant activities of essential oil of Bidens pilosa
(Linn. Var. Radita) used for the preservation of food qualities in North Cameroon. Food Sci. Nutr. 2016, 4, 671-678. [CrossRef]
[PubMed]

Hashemi, M.B.; Niakousari, M.; Saharkhiz, M.]. Antioxidant activity of Satureja bachtiarica Bunge essential oil in rapeseed oil
irradiated with UV rays. Eur. J. Lipid Sci. Technol. 2011, 113, 1132-1137. [CrossRef]

Ergiiden, B. Phenol group of terpenoids is crucial for antibacterial activity upon ion leakage. Lett. Appl. Microbiol. 2021, 73,
438-445. [CrossRef]

El-Sayed, S.M.; Youssef, A.M. Potential application of herbs and spices and their effects in functional dairy products. Heliyon
2019, 5, €01989. [CrossRef]

Puvaca, N.; Milenkovi¢, J.; Galonja Coghill, T.; Bursi¢, V.; Petrovi¢, A.; Tanaskovig, S.; Peli¢, M.; Ljubojevi¢ Peli¢, D.; Miljkovi¢,
T. Antimicrobial activity of selected essential oils against selected pathogenic bacteria: In vitro study. Antibiotics 2021, 10, 546.
[CrossRef]

Kamel, D.G.; Mansour, A.L; El-Diin, M.A.N.; Hammam, A.R.; Mehta, D.; Abdel-Rahman, A.M. Using Rosemary Essential Oil as a
Potential Natural Preservative during Stirred-like Yogurt Making. Foods 2022, 11, 1993. [CrossRef]

Kontogianni, V.G.; Kasapidou, E.; Mitlianga, P.; Mataragas, M.; Pappa, E.; Kondyli, E.; Bosnea, L. Production, characteristics and
application of whey protein films activated with rosemary and sage extract in preserving soft cheese. LWT 2022, 155, 112996.
[CrossRef]

Dunn, L.L.; Davidson, PM.; Critzer, E]J. Antimicrobial efficacy of an array of essential oils against lactic acid bacteria. J. Food Sci.
2016, 81, M438-M444. [CrossRef]

Moro, A.; Libran, C.M.; Berruga, M.I.; Carmona, M.; Zalacain, A. Dairy matrix effect on the transference of rosemary (Rosmarinus
officinalis) essential oil compounds during cheese making. . Sci. Food Agric. 2015, 95, 1507-1513. [CrossRef] [PubMed]

de Souza, E.L. The effects of sublethal doses of essential oils and their constituents on antimicrobial susceptibility and antibiotic
resistance among food-related bacteria: A review. Trends Food Sci. Technol. 2016, 56, 1-12. [CrossRef]

Diniz-Silva, H.T.; Brandao, L.R.; de Sousa Galvao, M.; Madruga, M.S.; Maciel, J.E; de Souza, E.L.; Magnani, M. Survival of
Lactobacillus acidophilus LA-5 and Escherichia coli O157: H7 in Minas Frescal cheese made with oregano and rosemary essential oils.
Food Microbiol. 2020, 86, 103348. [CrossRef] [PubMed]

Cheng, H. Volatile flavor compounds in yogurt: A review. Crit. Rev. Food Sci. Nutr. 2010, 50, 938-950. [CrossRef] [PubMed]
Hashemi, S.M.B.; Gholamhosseinpour, A.; Abedi, E. Biopreservative potential of Lactobacillus strains in yoghurt dessert. J. Food
Meas. Charact. 2021, 15, 1634-1643. [CrossRef]

Ullah, R.; Nadeem, M.; Imran, M. Omega-3 fatty acids and oxidative stability of ice cream supplemented with olein fraction of
chia (Salvia hispanica L.) oil. Lipids Health Dis. 2017, 16, 34. [CrossRef]

Shimada, Y.; Roos, Y.; Karel, M. Oxidation of methyl linoleate encapsulated in amorphous lactose-based food model. ]. Agric.
Food Chem. 1991, 39, 637-641. [CrossRef]

Hashemi, S.M.B.; Shahidi, F.; Mortazavi, S.A.; Milani, E.; Eshaghi, Z. Effect of Lactobacillus plantarum LS5 on oxidative stability
and lipid modifications of Doogh. Int. J. Dairy Technol. 2016, 69, 550-558. [CrossRef]

Batool, M.; Nadeem, M.; Imran, M.; Gulzar, N.; Shahid, M.Q.; Shahbaz, M.; Ajmal, M.; Khan, L.T. Impact of vitamin E and
selenium on antioxidant capacity and lipid oxidation of cheddar cheese in accelerated ripening. Lipids Health Dis. 2018, 17, 79.
[CrossRef] [PubMed]

Citta, A.; Folda, A.; Scalcon, V.; Scutari, G.; Bindoli, A.; Bellamio, M.; Feller, E.; Rigobello, M.P. Oxidative changes in lipids,
proteins, and antioxidants in yogurt during the shelf life. Food Sci. Nutr. 2017, 5, 1079-1087. [CrossRef]

Tseng, A.; Zhao, Y. Wine grape pomace as antioxidant dietary fibre for enhancing nutritional value and improving storability of
yogurt and salad dressing. Food Chem. 2013, 138, 356-365. [CrossRef]

Nadeem, M.; Abdullah, M.; Hussain, I; Inayat, S.; Javid, A.; Zahoor, Y. Antioxidant potential of Moringa oleifera leaf extract for the
stabilisation of butter at refrigeration temperature. Czech J. Food Sci. 2013, 31, 332-339. [CrossRef]

Olmedo, R.H.; Nepote, V.; Grosso, N.R. Preservation of sensory and chemical properties in flavoured cheese prepared with cream
cheese base using oregano and rosemary essential oils. LWT Food Sci. Technol. 2013, 53, 409-417. [CrossRef]


https://doi.org/10.3390/pr10112422
https://doi.org/10.1007/s13197-020-04645-6
https://www.ncbi.nlm.nih.gov/pubmed/33746262
https://doi.org/10.1016/j.foodcont.2017.08.015
https://doi.org/10.1016/j.ultsonch.2017.10.011
https://doi.org/10.1002/fsn3.330
https://www.ncbi.nlm.nih.gov/pubmed/27625769
https://doi.org/10.1002/ejlt.201000547
https://doi.org/10.1111/lam.13529
https://doi.org/10.1016/j.heliyon.2019.e01989
https://doi.org/10.3390/antibiotics10050546
https://doi.org/10.3390/foods11141993
https://doi.org/10.1016/j.lwt.2021.112996
https://doi.org/10.1111/1750-3841.13181
https://doi.org/10.1002/jsfa.6853
https://www.ncbi.nlm.nih.gov/pubmed/25092116
https://doi.org/10.1016/j.tifs.2016.07.012
https://doi.org/10.1016/j.fm.2019.103348
https://www.ncbi.nlm.nih.gov/pubmed/31703879
https://doi.org/10.1080/10408390903044081
https://www.ncbi.nlm.nih.gov/pubmed/21108074
https://doi.org/10.1007/s11694-020-00755-z
https://doi.org/10.1186/s12944-017-0420-y
https://doi.org/10.1021/jf00004a001
https://doi.org/10.1111/1471-0307.12292
https://doi.org/10.1186/s12944-018-0735-3
https://www.ncbi.nlm.nih.gov/pubmed/29642933
https://doi.org/10.1002/fsn3.493
https://doi.org/10.1016/j.foodchem.2012.09.148
https://doi.org/10.17221/366/2012-CJFS
https://doi.org/10.1016/j.lwt.2013.04.007

Molecules 2023, 28, 4206 13 of 13

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Branciari, R.; Ranucci, D.; Trabalza-Marinucci, M.; Codini, M.; Orru, M.; Ortenzi, R.; Forte, C.; Ceccarini, M.R.; Valiani, A.
Evaluation of the antioxidant properties and oxidative stability of Pecorino cheese made from the raw milk of ewes fed Rosmarinus
officinalis L. leaves. Int. J. Food Sci. Technol. 2015, 50, 558-565. [CrossRef]

Qiu, X; Jacobsen, C.; Serensen, A.-D.M. The effect of rosemary (Rosmarinus officinalis L.) extract on the oxidative stability of lipids
in cow and soy milk enriched with fish oil. Food Chem. 2018, 263, 119-126. [CrossRef]

Ullah, H.; Hussain, Y.; Santarcangelo, C.; Baldi, A.; Di Minno, A.; Khan, H.; Xiao, J.; Daglia, M. Natural Polyphenols for the
Preservation of Meat and Dairy Products. Molecules 2022, 27, 1906. [CrossRef]

British Pharmacopoeia Commission, HMS Office. 2. London 1980, 2, 109-110. Available online: https:/ /scholar.google.com/
scholar?hl=en&as_sdt=0%2C5&q=Pharmacopoeia%2C+B.%2B+1980%2B109-110.&btnG= (accessed on 3 March 2023).
Hashemi, S.M.B.; Nikmaram, N.; Esteghlal, S.; Khaneghah, A.M.; Niakousari, M.; Barba, E].; Roohinejad, S.; Koubaa, M. Efficiency
of Ohmic assisted hydrodistillation for the extraction of essential oil from oregano (Origanum vulgare subsp. viride) spices. Innov.
Food Sci. Emerg. Technol. 2017, 41, 172-178. [CrossRef]

Adams, R.P. Identification of Essential Oil Components by Gas Chromatography/Mass Spectrometry, 5th ed.; Texensis Publishing: Carol
Stream, IL, USA, 2017.

Hashemi, S.M.B.; Khaneghah, A.M.; Koubaa, M.; Barba, EJ.; Abedi, E.; Niakousari, M.; Tavakoli, J. Extraction of essential oil
from Aloysia citriodora Palau leaves using continuous and pulsed ultrasound: Kinetics, antioxidant activity and antimicrobial
properties. Process Biochem. 2018, 65, 197-204. [CrossRef]

Burits, M.; Bucar, F. Antioxidant activity of Nigella sativa essential oil. Phytother. Res. 2000, 14, 323-328. [CrossRef] [PubMed]
Bligh, E.G.; Dyer, W.J. A rapid method of total lipid extraction and purification. Can. J. Biochem. Physiol. 1959, 37, 911-917.
[CrossRef] [PubMed]

Shantha, N.C.; Decker, E.A. Rapid, sensitive, iron-based spectrophotometric methods for determination of peroxide values of
food lipids. J. AOAC Int. 1994, 77, 421-424. [CrossRef] [PubMed]

AOCS. Official, Methods and Recommended Practices of the American Oil Chemists” Society, Method: Cd 18-90; AOCS Press: Champaign,
1L, USA, 1998.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1111/ijfs.12712
https://doi.org/10.1016/j.foodchem.2018.04.106
https://doi.org/10.3390/molecules27061906
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pharmacopoeia%2C+B.%2B+1980%2B109-110.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pharmacopoeia%2C+B.%2B+1980%2B109-110.&btnG=
https://doi.org/10.1016/j.ifset.2017.03.003
https://doi.org/10.1016/j.procbio.2017.10.020
https://doi.org/10.1002/1099-1573(200008)14:5&lt;323::AID-PTR621&gt;3.0.CO;2-Q
https://www.ncbi.nlm.nih.gov/pubmed/10925395
https://doi.org/10.1139/y59-099
https://www.ncbi.nlm.nih.gov/pubmed/13671378
https://doi.org/10.1093/jaoac/77.2.421
https://www.ncbi.nlm.nih.gov/pubmed/8199478

	Introduction 
	Results and Discussion 
	Chemical Composition of REO 
	Antibacterial Activity of REO 
	Antioxidant Activity of REO 
	Antibacterial Activity of REO in Sarshir 
	Antioxidant Activity of REO in Sarshir 

	Materials and Methods 
	Bacterial Strains 
	REO Extraction and Chemical Characterization 
	Antimicrobial and Antioxidant Activities of REO 
	Preparation of Sarshir Samples 
	Enumeration of Bacteria 
	Peroxide Value (PV) and Anisidine Value (AnV) Determination 
	Statistical Analysis 

	Conclusions 
	References

