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Abstract

The group of pathogens that most commonly cause food poisoning includes pathogens of the genus Salmonella. The
growth of Salmonella enterica subs. enterica Enteritidis CCM 3807 in chicken meat was examined, as well as the
Salvia sclarea essential oil alone and in combination, as well as their ability to prevent spoilage at two storage
temperatures. In food model studies, the impact of accompanying microbiota on fresh meat was examined, and the
anti-salmonella activity of artificially inoculated raw meat was assessed. The experiments were conducted in two
storage environments: +4 °C (the temperature at which meat is typically stored) and +18 °C (room temperature,
which favors the spoilage of investigated meat samples and development of food pathogens). The microbiological
quality of the chicken meat samples was assessed, including the total bacteria count, coliform bacteria, and
Salmonella with the classical microbiological method. A significant effect of essential oil against microbial meat
spoilage was indicated by changes in the normal microbiota, where various groups were impacted by various
treatments. Additionally, compared to the control samples, the treatment with S. sclarea essential oil decreased the
quantity of salmonella cells.
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1. Introduction prompted researchers to look for other sources of

antibacterial chemicals. These objectives are met
Meat and meat products must be preserved with by essential oils (EOs), which have been utilized
additives since they are perishable goods that can since the dawn of time and have proven to be
become contaminated with dangerous bacteria, efficient antibacterial agents in meat and meat
and foodborne pathogens. The upper limit of products [5] Recent years have seen a rise in the
Salmonella infections has been severely exceeded search for new natural alternatives due to the
over the previous few years. Although has a low negative consequences of synthetic preservatives
infection incidence, Salmonella has become a [6, 7]. Terpenoids and phenylpropanoids are the
problem for the food sector due to its widespread major  compounds  that  constitute their
diffusion globally [1-3]. Salmonella bacteria not composition, although they are also accompanied
only cause minor to severe infections but also by fatty acids, oxides, and derivatives of sulfur.
infections that can be lethal [4]. The need for Since many plant's EOs have been discovered to
products free of artificial preservatives has exhibit antibacterial activity, extending the shelf
life of meat and meat products is now a viable
option. The use of EOs enables the reduction of a
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microorganisms that synthetic chemicals may
occasionally be unable to eliminate [8].

However, there hasn't been much research on the
use of EOs as antimicrobial agents in meat and
meat products because additional research is
required to fully understand their technical and
organoleptic effects.

The aromatic plant Salvia sclarea, also known as
"clary sage," is used to treat a variety of illnesses,
and clary sage oil is considered as a safe oil with
no side effects [9]. S. sclarea, is found all over the
world, from southern Europe to the middle east.
The term "clary" is derived from "sclarea," which
has the base "clarus," which meaning clear [10].
The aim of this research was to determine how
Salvia sclarea inhibit Salmonella enterica subsp.
Enterica in raw and thermally processed chicken
meat.

2. Materials and methods

2.1 Essential oil

Commercial Salvia sclarea essential oil (SSEO)
was purchased from a local herbal producer
(Hanus, Nitra, Slovakia). The company reported
that the EO was extracted by steam distillation of
fresh flowering cloves and leaves. The major
compounds of SSEO were linalyl acetate 56-78 %,
linalool 6-24 %, D-germacrene 1-12 %, and
sclareol 2.6 %.

2.2 Microorganisms tested

The reference strain used in the analysis of sage
essential oil antimicrobial activity was Salmonella
enterica subsp. enterica serovar Enteritidis CCM
3807 (Czech Collection of Microorganisms, Brno,
Czech Republic).

2.3 Experiment with meat

The experiments were created to study the
individual short-term preservative effects of SSEO
and their combination (four incubation periods:
0h, 24 h, 48 h, and 72 h). Two distinct trials were
used in the testing. The first one investigated the
effect of SSEO to the changes in accompanying
bacterial meat microbiota; the second experiment
studied the effect of the SSEO to salmonella-
inoculated raw meat, while the third experiment
explored their effect to salmonella on thermally
processed (sous vide) meat inoculated with
salmonella. After being purchased from a local
butcher shop, raw chicken meat (breasts) was
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delivered to the lab within 30 minutes. The breast
fillets were then aseptically cut into 5.0 g pieces,
put in sterile bags, and used right away in
experiments. The meat samples were placed in
sterile bags and kept at 4 °C or at an ambient
temperature of 18 °C for the duration of the 15
minutes treatment with the SSEO (2 %) solution.
The rapeseed oil (RO) was used for preparing 2 %
solution of SSEO. Throughout the entire
incubation time of 72 hours, the samples were
examined at 0, 24, 48, and 72 h.

Each piece was removed after the incubation time,
homogenized in 30 mL of physiological saline,
and then prepared in tenfold serial dilutions in
sterile saline. By plating 100 mL aliquots of the
suitable dilution on the corresponding agar media,
bacteria were counted. After 48 hours of
incubation at 30 °C with inoculated plates, total
viable counts were made on Plate count agar
(PCA). After 24 hours of incubation at 37 °C
coliform bacteria on Violet red bile agar with
lactose (VRBL). The amount of CFU/g (colony
forming units) was calculated. The untreated
(control) samples were used in all experiments,
which were conducted independently in triplicate.
The findings are shown as the mean values and
standard deviations.

2.4 Anti-Salmonella inhibitory effect

The experimental set of meat pieces, raw meat,
was used to assess the inhibitory effects of the
tested oils against S. enterica growth in chicken
meat (surface-sterilized by 30 min of UV
radiation). Then, meat pieces were inoculated with
salmonella by dipping them for 15 minutes into
the bacterial inoculum that had been made (the
final concentration was 10° CFU/g). The treated
samples were incubated at two temps (4 °C and
18 °C) for 0 h, 24 h, 48 h, and 72 h. Samples in
triplicate were homogenized in physiological
saline following each incubation period, serially

diluted, and inoculated into Xylose Lysine
Deoxycholate agar (XLD) for salmonella
counting.

3. Results and discussion

It is well known that certain coliform bacteria play
a significant role in the spoilage of meat.
Depending on the hygienic handling of meat
samples, the total viable count, and the number of
coliform bacteria indicate significant indicators of
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general microbial contamination. As a result, the
prevalence of these groups suggests that there is a
greater risk of meat spoilage and the existence of
pathogens. Temperature and storage
circumstances, such as the availability of oxygen,
are crucial factors in the spoilage process [11].
The total viable count of raw meat treated with
SSEO and RO in 4 °C showed Figure 1. The
lower number of total viable count were found in
all groups in 0. hour. The highest total viable
count was found in 72 hours in control group. The
addition of SSEO reduced number of total viable
count in each evaluated hours.

Previous research has given sage preparations
antimicrobial activity a lot of attention and
suggested that it may be possible to use them in
food as a substitute for synthetic preservatives to
improve safety. Strong antimicrobial activity can
be attributed to its abundance in phenolic acids,
monoterpenes, and diterpenes [12-16].

Coliform bacteria of raw meat were treated with
SSEO and RO at 4 °C showed Figure 2. The lower
number of coliform bacteria were found in all
groups in 0. hour. The highest numbers of
coliform bacteria were found in 72 hours in the
control group. The addition of SSEO reduced the
number of coliform bacteria in each evaluated
hour.
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Figure 1. Microbiological quality of raw meat treated
with SSEO and RO at 4 °C temperature: Total count of
bacteria

At room temperature, the findings revealed
variable inhibition of various bacterial groups,
with SSEO showing significant reductions (Figure
3, 4). In contrast to those obtained at the storage
temperature of 18 °C, the results for the treated
meat samples stored at +4 °C revealed very
different effects of oils. The combined impact of
the oils was similarly effective and bacterial
growth-inhibiting at this temperature.
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Figure 2. Microbiological quality of raw meat treated
with SSEO and RO at 4 °C temperature: Coliform
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Figure 3. Microbiological quality of raw meat treated
with SSEO and RO at 18 °C temperature: Total count
of bacteria

Variable findings were found in earlier research
on the topic of microbial flora changes in chicken
meat in the presence of plant essential oils [17,
18]. Recent research examined the effectiveness of
different plant metabolites against Salmonella
species in food models, and promising results for
carvacrol [19] was discovered, and essential oil of
Salvia officinalis, Schinus molle [14], Origanum
vulgare) [20], Ocimum basilicum [21] and
Rosmarinus officinalis [22].
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Figure 4. Microbiological quality of raw meat treated
with SSEO and RO at 18 °C temperature: Coliform
bacteria
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Along with oregano, cumin, and eucalyptus
essential oils, rosemary and basil have also been
found to be helpful in reducing the overall
bacterial load [23-25]. The obtained inhibitory
impact against salmonella cells varies significantly
between the two meat models, as observed. It is
abundantly obvious that SSEO has the greatest
impact when used on fresh meat (Figure 4, 5).
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Figure 5. Anti-Salmonella effect of raw meat treated
with SSEO and RO at 4 °C
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Figure 6. Anti-Salmonella effect of raw meat treated
with SSEO and RO at 18 °C

According to reports, SSEO show a preserving
effect in various food models against various
bacterial species, which is in line with our
findings. Previous studies on the use of essential
oils to reduce Salmonella spp. in poultry were few
in number. It was discovered that carvacrol, an
essential oil component, can decrease or
completely eradicate S. Enteritidis in raw chicken
meat that has been artificially inoculated [19].
According to Hayouni et al. [14] peppertree
(Schinus molle) and sage (Salvia officinalis)
essential oils showed a decrease of S. Enteritidis
(clinical strain) in minced beef meat that had been
kept at 4 °C for 15 days. During 12 days of
storage at 4 °C and 10 °C, oregano oil
demonstrated high efficacy at 0.9 % in lowering S.
Enteritidis concentration in minced sheep flesh
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[20]. In a variety of meat model experiments,
SSEOQ has thus far demonstrated a decrease in the
target bacterial cell number.

4. Conclusions

The current research examined storage conditions
and the effectiveness of sage essential oil against
salmonella. According to the findings of the
current research, very brief contact with SSEO has
the greatest impact on reducing the mixed bacteria
and is more effective at preventing Salmonella
Enteritidis in meat. The fact that all of the
treatments could inhibit the development of
different bacterial spoilage groups, as well as
pathogenic. S. Enteritidis in the meat model, and
that they could do so at both storage temperatures,
suggests that they have a high potential for
protecting this kind of food against this bacterium.

Acknowledgements

This research was funded by the grant APVV-20-
0058 “The potential of the essential oils from
aromatic plants for medical use and food
preservation”.

References

1. Busani, L., Cigliano, A., Taioli, E., Caligiuri, V.,
Chiavacci, L., Di Bella, C., Battisti, A., Duranti, A.,
Gianfranceschi, M., Nardella, M.C., Ricci, A., Rolesu,
S., Tamba, M., Marabelli, R., Caprioli, A., Prevalence
of Salmonella enterica and Listeria monocytogenes
Contamination in Foods of Animal Origin in Italy. J.
Food Prot. 2005, https://doi.org/10.4315/0362-028X-
68.8.1729

2. Rizaldi, A., Zelpina, E., Agricultural State
Polytechnic of Payakumbuh, JI. Raya Negara, KM 7
Tanjung Pati, Harau, Fifty Cities, 26271, Detection of
Salmonella sp. and Escherichia coli on Chicken Meat
at Tamiang Layang Market. Microbiol. Indones. 2020,
https://doi.org/10.5454/mi.14.3.5

3. Syamsiar, B.l., Santoso, K.P., Yudaniayati, I.S.,
Diyantoro, D., Detection of Salmonella sp. on Layer
Chicken Eggs Sold at The Vegetable Market of
Magetan Regency. J. Appl. Vet. Sci. Technol. 2020,
https://doi.org/10.20473/javest.\V1.12.2020.34-38

4. Bajpai, V.K., Baek, K.-H., Kang, S.C., Control of
Salmonella in foods by using essential oils: A review.
Food Res. Int. 2012,
https://doi.org/10.1016/j.foodres.2011.04.052

5. Pateiro, M., Munekata, P.E.S., Sant’Ana, A.S.,
Dominguez, R., Rodriguez-Léazaro, D., Lorenzo, J.M.,
Application of essential oils as antimicrobial agents



Kunova S. et al./Scientific Papers: Animal Science and Biotechnologies, 2023, 56 (1)

against spoilage and pathogenic microorganisms in
meat products. Int. J. Food Microbiol. 2021
https://doi.org/10.1016/j.ijfoodmicro.2020.108966

6. Alirezalu, K., Pateiro, M., Yaghoubi, M., Alirezalu,
A., Peighambardoust, S.H., Lorenzo, JM,,
Phytochemical constituents, advanced extraction
technologies and techno-functional properties of
selected Mediterranean plants for use in meat products.
A comprehensive review. Trends Food Sci. Technol.
2020, https://doi.org/10.1016/j.tifs.2020.04.010

7. Aminzare, M., Zanjan, Iran., Hashemi, M., Mashhad,
Iran., Hassanzad Azar, H., Zanjan, Iran., Hejazi, J., The
Use of Herbal Extracts and Essential Oils as a Potential
Antimicrobial in Meat and Meat Products; A Review. J.
Hum. Environ. Health Promot. 2016,
https://doi.org/10.29252/jhehp.1.2.63

8. Zuntar, L., Krivohlavek, A., Kosi¢-Vuksi¢, J.,
Granato, D., Bursa¢ Kovacevi¢, D., Putnik, P.,
Pharmacological and toxicological health risk of food
(herbal) supplements adulterated with erectile
dysfunction medications. Curr. Opin. Food Sci. 2018,
https://doi.org/10.1016/j.cofs.2018.10.012

9. Mahboubi, M., Clary sage essential oil and its
biological activities. Adv. Tradit. Med. 2020,
https://doi.org/10.1007/s13596-019-00420-x

10. Ozdemir, E., Alpmar, K.: An ethnobotanical survey
of medicinal plants in western part of central Taurus
Mountains:  Aladaglar  (Nigde Turkey). J.
Ethnopharmacol. 2015,
https://doi.org/10.1016/j.jep.2015.02.052

11. Stojanovi¢-Radi¢, Z., Pejcié, M., Jokovié, N.,
Jokanovi¢, M., Ivié, M., Soji¢, B., Skaljac, S.,
Stojanovi¢, P., Mihajilov-Krstev, T., Inhibition of
Salmonella Enteritidis growth and storage stability in
chicken meat treated with basil and rosemary essential
oils alone or in combination. Food Control. 2018,
https://doi.org/10.1016/j.foodcont.2018.03.013

12. Mizi, L., Cofrades, S., Bou, R., Pintado, T., Lépez-
Caballero, M.E., Zaidi, F., Jiménez-Colmenero, F.,
Antimicrobial and antioxidant effects of combined high
pressure processing and sage in beef burgers during
prolonged chilled storage. Innov. Food Sci. Emerg.
Technol. 2019,
https://doi.org/10.1016/j.ifset.2018.04.010

13. Sharifi-Rad, M., Ozcelik, B., Altin, G., Daskaya-
Dikmen, C., Martorell, M., Ramirez-Alarcén, K.,
Alarcén-Zapata, P., Morais-Braga, M.F.B., Carneiro,
J.N.P., Alves Borges Leal, A.L., Coutinho, H.D.M.,
Gyawali, R., Tahergorabi, R., lbrahim, S.A., Sahrifi-
Rad, R., Sharopov, F., Salehi, B., del Mar Contreras,
M., Segura-Carretero, A., Sen, S., Acharya, K., Sharifi-
Rad, J,: Salvia spp. plants-from farm to food
applications and phytopharmacotherapy. Trends Food
Sci. Technol. 2018,
https://doi.org/10.1016/j.tifs.2018.08.008

14. Hayouni, E.A., Chraief, I., Abedrabba, M., Bouix,
M., Leveau, J.-Y., Mohammed, H., Hamdi, M.,

102

Tunisian Salvia officinalis L. and Schinus molle L.
essential oils: Their chemical compositions and their
preservative effects against Salmonella inoculated in
minced beef meat. Int. J. Food Microbiol. 2008,
https://doi.org/10.1016/j.ijfoodmicro.2008.04.005

15. Generalié, 1., Skroza, D., gurjak, J., Mozina, S.S.,
Ljubenkov, I., Katalini¢, A., Simat, V., Katalini¢, V.,
Seasonal Variations of Phenolic Compounds and
Biological Properties in Sage (Salvia officinalis L.).
Chem. Biodivers. 2012,
https://doi.org/10.1002/cbdv.201100219

16. Pavli¢, B., Tesli¢, N., Vidakovi¢, A., Vidovi¢, S.,
Velicanski, A., Versari, A., Radosavljevi¢, R., Zekovié,
Z., Sage processing from by-product to high quality
powder: I. Bioactive potential. Ind. Crops Prod. 2017,
https://doi.org/10.1016/j.indcrop.2017.05.031

17. Melo, A.A.M. de, Geraldine, R.M., Silveira,
M.F.A., Torres, M.C.L., Rezende, C.S.M. e, Fernandes,
T.H., Oliveira, A.N., Microbiological quality and other
characteristics of refrigerated chicken meat in contact
with cellulose acetate-based film incorporated with
rosemary essential oil. Braz. J. Microbiol. 2012,
https://doi.org/10.1590/S1517-83822012000400025
18. Kacaniova, M., Terentjeva, M., Puchalski, C.,
Petrova, J., Hutkov4, J., Kantor, A., Mellen, M.,
Cuboti, J., Haséik, P., Kluz, M., Kordiaka, R., Kunova,
S., Microbiological quality of chicken thighs meat after
four essential oils combination, EDTA and vaccum
packing. Potravinarstvo Slovak J. Food Sci. 2016,
https://doi.org/10.5219/548

19. Burt, S.A., Fledderman, M.J., Haagsman, H.P., van
Knapen, F., Veldhuizen, E.J.A., Inhibition of
Salmonella enterica serotype Enteritidis on agar and
raw chicken by carvacrol vapour. Int. J. Food
Microbiol. 2007,
https://doi.org/10.1016/j.ijfoodmicro.2007.05.002

20. Govaris, A., Solomakos, N., Pexara, A,
Chatzopoulou, P.S., The antimicrobial effect of
oregano essential oil, nisin and their combination
against Salmonella Enteritidis in minced sheep meat
during refrigerated storage. Int. J. Food Microbiol.
2010, https://doi.org/10.1016/j.ijfoodmicro.2009.12.017
21. Rattanachaikunsopon, P., Phumkhachorn, P.,
Antimicrobial Activity of Basil (Ocimum basilicum)
Oil against Salmonella Enteritidis in Vitro and in Food.
Biosci. Biotechnol. Biochem. 2010,
https://doi.org/10.1271/bbb.90939

22. Kahraman, T., Issa, G., Bingol, E.B., Kahraman,
B.B., Dumen, E., Effect of rosemary essential oil and
modified-atmosphere packaging (MAP) on meat
quality and survival of pathogens in poultry fillets.
Braz. J. Microbiol. 2015,
https://doi.org/10.1590/S1517-838246220131201

23. Sallam, Kh.l., Ishioroshi, M., Samejima, K.,
Antioxidant and antimicrobial effects of garlic in
chicken sausage. LWT - Food Sci. Technol. 2004,
https://doi.org/10.1016/j.1wt.2004.04.001



Kunova S. et al./Scientific Papers: Animal Science and Biotechnologies, 2023, 56 (1)

24. Oral, N., Vatansever, L., Sezer, C., Aydin, B.,
Giiven, A., Giilmez, M., Baser, K.H.C., Kiirk¢ilioglu,
M., Effect of absorbent pads containing oregano
essential oil on the shelf-life extension of overwrap
packed chicken drumsticks stored at four degrees
Celsius. Poult. Sci. 20009,

103

https://doi.org/10.3382/ps.2008-00375

25. Sharafati-Chaleshtori, R., Rokni, N., Rafieian-
Kopaei, M., Drees, F., Salehi, E., Antioxidant and
Antibacterial Activity of Basil (Ocimum basilicum L.)
Essential Qil in Beef Burger. 2018



