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This study presents data about the chemical composition and antimicrobial effect of Satureja hortensis L. used as both dry plant
and essential oil, on fresh cow’s cheese, in order to extend its shelf-life. The proximate and elemental composition of dry plant
of Satureja hortensis L. highlights important level of microelements. The content of microelements increases even when small
amounts of Satureja hortensis in fresh cheese were added. The addition of Satureja hortensis dry plant leads to an increase in
Fe (13.46-65.54%) and Mn (8.33-88.33%) content of fresh cheese, depending on the amount of plant added. The composition of
essential oil isolated from Satureja hortensis L. was analyzed by GC-MS and the main compounds found were carvacrol (19.68%),
o-cymene (30.86%), and p-cymene (28.07%). In order to use Satureja hortensis L. as natural preservative in food industry, in vitro
effect of plant extract and essential oil against Staphylococcus aureus Gram-positive bacteria was tested. The oil of Satureja hortensis
L. showed antimicrobial activity at 0.50-1.5%, while the alcoholic extract does not inhibit Staphylococcus aureus mycelial growth.
The antimicrobial effect of Satureja hortensis L. dry plant in various proportions (0.5-1.5%) and essential oil (0.1%; 0.25%; 0.5%), on
fresh cow’s cheese, was assessed after 3 and 7 days by counting colonies obtained at 30°C. Results have shown that the addition of
Satureja hortensis L. dry plant and essential oil led to a reduction in the total number of germs, this reduction being more significant
when the essential oil was used. Regarding the effect of Satureja hortensis L. essential oil against Staphylococcus aureus inoculated
in fresh cow’s cheese, the results highlight that the essential oil of Satureja hortensis L. may be a natural solution to prevent the

development of this bacteria, while the ethanol extract does not prove to be effective.

1. Introduction

Cheeses are dairy products indispensable to human nutrition
due to nutrients with high values necessary for the human
body: milk casein (the main component of the coagulum),
lipids, lactose and the products that are formed after its fer-
mentation (lactic acid), and a significant amount of mineral
salts [1].

The range of cheeses comprises a wide variety of assort-
ments: depending on the production process adopted or
the raw material used. Fresh cow’s cheese is made from
cow’s milk, pasteurized, normalized, and cooled to 23-28°C
followed by coagulation with the help of coagulum [1].

In the case of cheeses, microbial growth is a major
problem that results in product quality deterioration [2].

Among the pathogens, Listeria monocytogenes, Staphylococ-
cus aureus, and Salmonella species are often associated with
outbreaks occurring in food and especially in cheese [3, 4].

In this regard, recently researches studies are focused on
the use of natural preservatives to help alleviate this problem.

Many medicinal plants and herbal extracts, in addition to
their distinctive flavor, exhibit strong antibacterial properties,
which give them the potential to be used as natural preserva-
tives 2, 4].

The volatile oil, extracts, tincture, and oleoresin of Sat-
ureja hortensis are extensively used as antimicrobial and
antioxidant agents in pharmaceutical and food industries.
The extracts of Satureja hortensis contain cafteic acid deriva-
tives and flavonoids; among them rosmarinic acid is present
in high concentration and is mainly responsible for biological
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activity of the extracts. Satureja hortensis essential oil has a
high percentage of carvacrol which is responsible mainly for
its biological activity [5].

Satureja hortensis L. is an annual plant belonging to the
Lamiaceae family grown in many parts of the world, being
one of the most important of the nine species of Satureja
[6]. In Romania, it is found in spontaneous flora and is used
in traditional medicine in the treatment of cardiovascular
diseases, thrombosis, muscle aches, stomach, and intestinal
disorders. It is also employed as an anti-inflammatory agent
in the treatment of rhino-sinusitis but it also has applicability
as spice and natural food preservative [7].

Due to antibacterial properties, extracts and essential oil
have been used for many thousands of years in food products
conservation [2]. Satureja hortensis L. had shown antibac-
terial properties against different food borne pathogens
and spoilage bacteria [6, 8]. So, it turned out that the
oil showed activity against Klebsiella oxytoca, Streptococcus
pyogenes, Proteus mirabilis, Citrobacter species and Acine-
tobacter species [6], Klebsiella pneumoniae, Escherichia coli,
Staphylococcus aureus, Staphylococcus species, Pseudomonas
aeruginosa, Enterococcus species, Enterobacter species [6,
91, Streptococcus salivarius, Salmonella typhimurium, Proteus
vulgaris, Shigella dysenteriae R 366, Shigella flexneri NCTC
8516, Serratia marcescens, Candida albicans ATCC 10231,
Candida glabrata, Aspergillus flavus, Aspergillus niger ATCC
16404, Aspergillus parasiticus [9], Pseudomonas species and
coliforms [10], Bacillus cereus [11], Salmonella enterica [12],
and Listeria monocytogenes [13].

Considering the current trends in the food industry
regarding the use of natural compounds as bacterial pro-
tection agents, this study aimed to use the dried Satureja
hortensis L. plant and its essential oil as a natural preservative
for fresh cow’s cheese. The total plate count analysis in
sanitary veterinary control is used as an indicator of hygiene.
In our experiment, we aimed to improve the conservability
of the cheese by adding Satureja hortensis L. extract and
oil, using the total plate count method for detection and
quantitation of bacteria in food as an indicator. Also, the
paper aims are to study the effect of Satureja hortensis L.
essential oil added in cheese in decreasing the amount of
microorganisms with potentially pathogenic, enterotoxin-
producing, in our case Staphylococcus aureus.

The paper presents originality by the fact that until
now limited studies have approached the topic regarding
the antimicrobial effect of the Satureja hortensis L. plant
and oil on dairy products in general and on fresh cow
cheese in particular. Also, the fortification of fresh cheese in
microelements by using the Satureja hortensis L. has not been
sufficiently addressed.

The purpose of this study is (i) to obtain fresh cheese
enriched with dry plant of Satureja hortensis and essential
oil in different concentration; (ii) to analyze the proximate
composition of raw material (fresh cheese and dry plant of
Satureja hortensis) and chemical composition of essential oil;
(iii) to study the influence of fortification with Satureja hort-
ensis dry plant and essential oil on macro- and microelements
composition of fresh cheese; (iv) to perform the sensory
analysis of mixed fresh cheeses; (v) to study in vivo total
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antimicrobial potential and in particular the effect of mixed
cheeses against Staphylococcus aureus.

2. Materials and Methods

2.1. Sampling of Plant Material and Obtaining Satureja
Hortensis Extract and Essential Oil. Satureja hortensis L.
plants from spontaneous flora grown in the west side of
Romania were purchased from specialized distribution units
(S.C.Plafar). Species identification has been confirmed by the
Department of Herbs at BUASVM Timisoara and a voucher
sample has been retained. The fresh herb was dried at ambient
temperature and ground with the Grindomix Retsch GM
2000 laboratory mill. The essential oil was extracted from
300 g dry plant with 1000 ml water by hydrodistillation using
the Clevenger equipment.

In order to study in vitro antimicrobial effect, ethanol
extract (E) in concentration of 100 ug/mL was obtained using
10 g dry plants with 100 mL extraction solvent. A second work
concentration (10 ug/mL) has been obtained by dilution of
the initial concentration. The extracts were shaken using a
HEIDOLPH PROMAX 1020 Shaker, then filtered, and stored
at 4°C until analysis.

2.2. Samples Preparation. Fresh cheese (FC) has been pur-
chased from a local producer and stored at 4°C, until analysis.
Two distinguished experiments have been realized: a set of
samples consisted of fresh cheese with added plant (FC + P)
and a second set of samples consisted of cheese with added
essential oil (FC + EO).

In order to analyze the chemical composition and micro-
biological activity of FC + P samples, 9 samples each of 100 g
cheese were weighed and mixed with Satureja hortensis L. dry
plant (P) in the following concentrations: 0.5%; 1%; 1.5% (FC
+ P). From these samples, 3 g of each was taken for macro-
and microelement analysis, 10 g for detection of total plate
count number (TPC), and the rest for sensory analysis. The
analysis was done for each experiment in triplicate.

In the second experiment has been used the same set
of samples, but the fortification was done with essential oil
of Satureja hortensis L. in concentration of 0.1%; 0.25%; and
0.5% (FC + EO).

The cheese used was made from pasteurized milk. Prior
to being introduced into the research, it was analyzed from
a microbiological point of view and the absence of any
coagulase-positive Staphylococcus strain was verified. Then,
90 g fresh cheese was mixed with 9 ml dipotassium phosphate
(pH 7.5+ 0.1) and inoculated with 1 ml Staphylococcus aureus
ATCC strain with turbidity of 0.5 McFarland standards 1
and 0.5, respectively. The cheese and the Staphylococcus
aureus strain were then stirred in the stomacher until the
cheese is evenly distributed (between 1 and 3 minutes).
After adding the suspension and maintaining the cheese in
the refrigerator, Staphylococcus was isolated and identified
as coagulase-positive by the rabbit plasma identification
method.

9 samples each contained 10 grams of fresh cheese
contaminated with the Staphylococcus aureus strain and
were transferred into sterile Petri dishes, and three different



Journal of Food Quality

amounts of Satureja hortensis oil, in concentration of 0.1%;
0.25%; and 0.5%, respectively, were added.

The levels of dry plant and essential oil were established
according to the minimum inhibitory concentration [14, 15].
The antimicrobial effect was assessed after 3 and 7 days.

2.3. Chemical Composition of Fresh Cheese (FC), Satureja
hortensis Plant (P), and Essential Oil (EO) and Mixtures (FC +
B FC + EO). The proximate composition of cheese and plant
(moisture protein content, lipid, and ash) was done using the
official methods: humidity (SR EN ISO 5534: 2004), protein
(STAS 6355-89), lipids (SR ISO 3433: 2009), and ash (SR ISO
936:2009).

The chemical composition of the essential oil was deter-
mined using a gas-chromatograph with a mass spectrometer
(GS/MS) Agilent Technology 7820A (Agilent Scientific, USA)
coupled with MSD 5975 mass spectrometer and equipped
with a capillary column with the following characteristics: DB
WAX 30 m x 250 ym x 0.25 yum. The NIST database was used
to identify volatile compounds.

The macro- and microelements content of cheese, Sat-
ureja hortensis L. plant, and mixtures (FC + P, FC + EO) was
performed by atomic absorption spectrometry (AAS) using
the official AOAC methods (AOAC 1997).

2.4. Sensory Evaluation. Sensory analysis of the fortified
cheese samples (FC + P, FC + EO) was performed by 5-point
hedonic scale method (STAS 12656-88), using a panel consist-
ing of 10 tasters (5 women and 5 men) for this purpose. The
sensory characteristics evaluated were appearance, texture,
color, taste, and flavor. Sensory evaluation was performed
on the day of cheese sampling (on the day of processing)
and on the day of preparation of cheeses assortments with
Satureja hortensis L. dry plant and essential oil. Samples
were tested and labeled for easier identification. Tasters gave
differentiate scores, between 1 and 5 for each attribute in part
(1 = poor, 2 = acceptable, 3 = good, 4 = very good, and 5 =
excellent) depending on the importance of that characteristic
in the overall organoleptic assessment of the product. Thus
the scores that were assigned for each feature were framed
between 0 and 4 for appearance, 0 and 3 for consistency, 0
and 3 for color, 0 and 5 for smell, and 0 and 5 for taste. By
summing up the maximum approved score for each feature,
a maximum of 20 points must be obtained.

2.5. Microbiological Quality of Cheese with Satureja hortensis
L. Plant, Essential Oil, and Mixtures (FC + P. FC + EO). The
total plate count number (TPC) assay was used to study the
effect of Satureja hortensis L. (plant and essential oil) on the
microbiological quality of fresh cow cheese.

The total plate count number (TPC) was determined
before adding the plant and the oil, but also after adding them
after 3 and 7 days, respectively. For determination, we used
the method based on counting colonies obtained at 30°C (SR
EN ISO 4833:2003).

10g sample with plant or oil has been weighed in
the stomacher bag, to which 90ml of diluent was added
(dipotassium phosphate pH 7.5 + 0.1) and preheated to 45°C.
The samples were mixed with the help of lab mixer AES

CHEMUNEX, EASY MIX STOMACHER, up to the uniform
distribution of the cheese (between 1 and 3 minutes); then
it has been inoculated and/or diluted according to SR EN
ISO 6887-5:2011 and analyzed according to SR ISO 4833:2003
using Plate Count Agar (PCA) Oxoid CM 0325 medium.

The prepared plates were inverted and incubated in the
thermostat set for 72+3 hours at 30+ 10°C. After the specified
incubation period, the colonies were calculated. The number
of microorganisms per milliliter or gram of product, N, was
calculated with the following formula:

yC

Tl +01m2)-d’ M

where

(i) > C is the sum of the colonies counted in all retained
plates;

(ii) n1 is the number of plates retained at first dilution;

(iii) n2 is the number of plates retained at the second
dilution;

(iv) d is the dilution factor for the first diluted dilution.

2.6. Loss of 590nm Absorbing Material. Loss of 590nm
absorbing material released from bacteria was measured
using the dilution method (SR EN ISO 6887-5:2011) and
horizontal method for the enumeration of coagulase-positive
staphylococci using Bayrd-Parker agar base with Egg Yolk
Tellurite Emulsion (Oxoid, CM0275) (SR EN ISO 6888-
1:2002 SR EN ISO 6888-3:2002).

Staphylococcus aureus ATCC 25923 was obtained from
the culture collection of the Laboratory of Microbiology
belonging to Interdisciplinary Research Platform of Banat’s
“King Michael I of Romania” University of Agricultural Sci-
ence and Veterinary Medicine Timisoara. The Staphylococcus
aureus ATCC 25923 was revived by overnight growth in
Brain Heart Infusion (BHI) broth (Oxoid, CM1135), at 37°C,
and passed for 24 hours at 37°C on BHI Agar. The strain
was then diluted with saline solution 4,5%o, at a turbidity
of 0.5 McFarland standard (DensiCHEK PLUS, Biomerieux).
150 pl of diluted suspension (1:30) of Staphylococcus aureus
was added in a 96-microdilution-well plate. The extracts
were tested in concentration of 10% and 1% and the EO
in concentration of 0.1%; 0.25%; and 0.5%. The plates were
covered and left overnight at 37°C; then the optical density
(OD) was measured at 590nm using an ELISA reader
(BIORAD PR 1100). Duplicate tests were performed for all
samples. The Staphylococcus aureus suspension was used as
positive control and a water: ethanol solution (1:1) was used
as negative control.

The plates were turned and incubated for 24 +2 hours and
then reincubated 24 + 2 hours in the incubator set at 37°C.
The contaminated cheese was set in the refrigerator at 4°C for
two days. After that each sample was analyzed using the same
methods described before.

2.7. Statistical Analysis. All determinations were made in
triplicate and the arithmetic mean was calculated from the
obtained values + standard deviation (SD).
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FIGURE 1: Macroelement composition of cheese and cheese with addition of dry plants. For the same element distinct letters indicate significant
differences according to t-test (p < 0.05). FC: fresh cheese and P: dry plant of Satureja hortensis L.

Statistical processing data was performed using the
Microsoft Excel 2010. Significant statistical differences of
investigated parameters were determined by t-test: two-
sample assuming equal variances at p < 0.05, after analysis
of variance (ANOVA one-way).

3. Results and Discussions

3.1. Chemical Composition of Cheese Sample, Satureja hort-
ensis L. Dry Plant, and Essential Oil. The results obtained
regarding proximate composition of fresh cheese were in
compliance with the norms provided by the legislation
according to SR 3664: 2008 and recorded the values: 8% fat,
22% dry matter, and 15.5% protein content.

Proximate composition of Satureja hortensis L. dry plant
revealed moisture content of 7%, mineral substances 7.85%,
11.83% proteins, and 0.86% lipids. Previous studies reported
higher mineral substances (10%) on Satureja hortensis L.
plant, while lipid and protein content are not specified [16].
The group of Obichi et al. 2015 [17] revealed that the leaves
of different medicinal plants belonging to Lamiaceae contain
carbohydrates (71.83%), proteins (10.11%), ash (9.03%), fibers
(5.20%), and lipids (2.26%).

The extraction yield of Satureja hortensis L. essential
oil was 0.7%. From the Satureja hortensis essential oil, 20
compounds were separated by GC-MS, three of them being
in a majority rate: carvacrol (19.68%), o-cymene (30.86%),
and p-cymene (28.07%), except a-pinene (2.608%), 1.3-
octadiene (1.563%), 3-pinene (2.238%), m-cymene (5.989%),
(R)-isocarvestrene (1.142%), y-terpinene (1.285%), and 3-
carene (1.457%) proportion of other components being below
1%.

The percentage of terpenes in Satureja hortensis L. oil
was 97194%. Of the total terpenes the highest recorded
percentage was in the case of hydrocarbons monoterpenes
78.25%, followed by oxygenated monoterpenes (20.85%). In
addition, sesquiterpenes hydrocarbons (0.90%) were isolated.

Many studies reported the chemical composition of
Satureja hortensis L. essential oil and highlight that the
main components are carvacrol, y-terpinene, p-cymene,
and a-terpinene [6, 18-20] and thymol (29%). Previous
studies indicated twenty-nine components in the Satureja

hortensis essential oil including carvacrol (67%), y-terpinene
(15,3%), and p-cymene (6,73%) as the main components [6].
Farzaneh et al. (2015) [20] determined the main components
as carvacrol (48%), y-terpinene (24,2%), and p-cymene
(11,7%), while Adams R.P. 2007 reported carvacrol (26,5%),
y-terpinene (22,6%), p-cymene (9,3%), and thymol (29%) as
the major constituents of Satureja hortensis essential oil [18].

Our results are in agreement with those obtained by
Skoc¢ibus$i¢ and Bezi¢ 2004 [21] that identified carvacrol
(45.7%) as the major component followed by the monoter-
penic hydrocarbons p-cymene (12.6%), y-terpinene (8.1%),
borneol, thymol, and thymol methyl ether.

In Figure 1 are presented the macroelements composition
of Satureja hortensis L. plant (P), fresh cheese (FC), and
mixture samples (FC + P). The experimental results show
that potassium (10404 + 0.026 ppm) was the most abundant
macroelement present in Satureja hortensis L., followed
by calcium (6621 + 0.043 ppm), magnesium, and sodium
(92.61 ppm) (Figure 1).

The potassium, calcium, and magnesium contents of
Satureja hortensis L. samples were lower than the ones
reported by Seidler-Lozykowska and Golcz, 2012 [22], and
the Na content was in accordance with the results reported
by the same author. Other authors reported that the levels
of Mg and Ca appear in larger quantities in medicinal plants
of the Lamiaceae family. Mg in medicinal plants belonging
to Lamiaceae family varies between 1616 and 6405 ppm [23]
and 1292 and 45460 ppm [24], while Ca is the most abundant
macroelement (6763-82250 ppm) [25], (9279-48022 ppm)
[23]. Our results highlight that the fortification of fresh cheese
with dry Satureja hortensis plant leads to enrichment with
macroelements. So, K content increased between 3.51 and
14.20%, Ca between 5.74 and 23.12%, and Mg between 1.60
and 4.41% depending on plant amount.

According to the literature, cheese has a high content
of macroelements, especially calcium and a low content
of microelements [26, 27]. Thus, the addition of Satureja
hortensis L. in the cheese supplements can ensure the intake
of microelements, especially Fe and Zn, which are found
in higher quantities in Satureja hortensis L., resulting in a
functional product.
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FIGURE 2: Microelement composition of cheese and cheese with addition of dry plants. For the same element distinct letters indicate significant
differences according to t-test (p < 0.05). FC: fresh cheese and P: dry plant of Satureja hortensis L.

The microelement content in Satureja hortensis L. plant
(P) was 102.8 ppm Fe, 11.69 ppm Mn, 26.24 ppm Zn, 1.69 ppm
Ni, and 7.54 ppm Cu, while in fresh cheese lower values were
recorded: 6.98 ppm Fe, 0.6 ppm Mn, 8.73 ppm Zn, 0.13 ppm
Ni, and 0.89 ppm Cu.

The level of microelements in medicinal plants varies in
wide limits depending on the culture and harvest conditions,
genetic background, agrotechniques, and climatic conditions
[28]. The Zn content corresponds with the data reported by
other authors which detected this element in the range of
8.5-95.8 ppm [24] or 17-68 ppm [23]. On the contrary, the
registered values for microelement content were lower than
those reported in study of Golcz and Seidler-Lozykowska,
2009 [29].

Regarding Fe content, the plants belonging to Lamiaceae
family are referred to as plants rich in iron, and the average
Fe content in them is much higher than in other plants
[30]. Previous studies on herbals belonging to different
families indicated that the level of iron varies between 63
and 853 mg/kg [23] or 76.2 and 102.8 ppm [24]. The study of
Tomescu et al. 2015 [28] highlights that the level of iron in
similar medicinal plants from Romania varies between 166
and 469 ppm.

The content of microelements increases even when small
amounts of Satureja hortensis in fresh cheese were added.
Thus, the addition of Satureja hortensis dry plant leads to
an increase in Fe content in the range of 13.46-65.54%,
depending on the amount of plant added. Also, a significant
increase of Mn level (8.33-88.33%) was observed when
the percentage of plant varies between 0.1 and 1.5%. An
important contribution of Zn (25.65% increase over the
control) is provided by 1.5% dry plant supplementation
(Figure 2).

3.2. Sensory Analysis. The addition of herbs, spices, and
essential oils as flavoring in cheeses represents a common
practice. Depending on tradition or preference, the addition
may be limited to one or two plants or mixtures of several
plants may be associated. An example of this is cheese made
in Turkey that includes 25 different plant species. One of the

most popular cheeses of Turkey is produced with the addition
of 25 different herbs [3].

The sensory characteristics of FC, FC + P, and FC + EO
samples are shown in Figure 3. The sensory analysis followed
the influence of the Satureja hortensis L. dry plant and
essential oil addition, on the cheese sensory characteristics.
The cheese is presented as homogeneous cream mass, with
fine consistency, buttery nature, white color, specific acid-
lactic fermentation odor, cream taste, sweetness, and slight
sourness. The mixture samples (FC + P, FC + EO) had the
following characteristics: homogeneous mass like a smooth
paste, having a white color in the case of essential oil addition
or the ingredient color added in the case of dry and milled
plant use, pleasant smell, and sweet flavor taste characteristic
of the added spice, which was not very pronounced.

The values registered for cheese samples with Satureja
hortensis L. dry plant and essential oil addition showed no
significant differences (p < 0.05) compared to those recorded
for fresh cow cheese samples without any addition. Higher
score was obtained for cheese with 1% dry plant and the lower
one was observed for cheese with 1.5% Satureja hortensis L.
dry plant.

Regarding the appearance were registered significant
differences (p < 0.05) particularly in the case of fresh cow
cheese samples with 1% dry plant of Satureja hortensis L.,
which obtained the highest score comparative with fresh cow
cheese with a 1.5% Satureja hortensis L. dry plant which
recorded the lowest score. Moreover, no significant (p < 0.05)
differences were observed in the color and consistency of all
types of cheese samples studied. Thus, the addition of Satureja
hortensis L. dried plant in a concentration of 1.5% led to a
lower score compared to that obtained in the case of the other
cheese samples inclusive compared with the control sample.

The addition of Satureja hortensis L. dry plant and
essential oil significantly improves (p < 0.05) the taste and
smell of fresh cow cheese samples studied.

The highest score was recorded for FC + 1% P and the
lowest for FC + 1,5% P. This was justified by tasters that the
fresh cheese samples with 1.5% Satureja hortensis L. dried
plant showed too intense taste and smell.
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Except the cheese sample with 1.5% Satureja hortensis
L. dried plant, in the case of the other cheese samples, the
addition of Satureja hortensis L. dry plant or essential oil has
improved the sensory characteristics.

3.3. Antimicrobial Activity of Cheese. From a microbiological
point of view in cow cheese can be found lactic bacteria from
the essential microflora of milk, coagulant enzymes, germs,
somatic cells, and Staphylococcus aureus. The total count
number (TPC) includes mesophilic and aerobic organisms
that develop under aerobic conditions at a moderate temper-
ature between 20 and 45°C. These include all aerobic bacteria,
yeasts, moulds, and fungi developed in the specific agar. This
number also includes all pathogens and nonpathogens and
is used to determine the hygienic state of foods [31]. Both
the dried and milled Satureja hortensis L. plant as well as the
essential oil had antimicrobial activity on fresh cow cheese
samples, but the most increased activity could be detected
when the essential oil was added (Figure 4).

In the mixture samples (FC + P), the highest activity was
recorded at the concentration of 1.5% (p < 0.05 compared
with control) and the lowest at the concentration of 0.5% (p <
0.05).

In the case of fresh cow cheese (control) the total number
of germs increased from 1.0 x 10° TPC CFU/g (p < 0.05)
registered on the first day to 2.6 x 10> TPC CFU/g (p < 0.05)
in the third day, so that in the seventh day the value was of 5.8
x 10> TPC CFU/g (p < 0.05).

As a result of dry Satureja hortensis L. plant addition
after three days, there was a very small decrease, which was
proportional to the amount of plant added. Thus, the highest
antimicrobial activity was highlighted for the concentration
of 1.5% dry plant, that is, 1.7 x 10° TPC CFU/g (p < 0.05)
compared to the control which registered a value of 2.6 x 10°
TPC CFU/g (p < 0.05).

After 7 days the total number of germs increased in
all samples, the lower value also being recorded when a
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FIGURE 5: In vitro optical density (OD) of Staphylococcus aureus in contact with Satureja hortensis extracts and essential oil. Distinct letters

indicate significant differences according to t-test (p < 0.05).

percentage of 1.5% Satureja hortensis L. dry plant (3.9 x 10°
TPC CFU/g) (p < 0.05) was used.

Satureja hortensis L. essential oil has been found with
a higher antimicrobial activity. Thus, when 0.50% Satureja
hortensis L. EO was used, the highest antimicrobial activity
was recorded and the lowest in the sample FC + 0.1% EO.

After three days, the total number of germs was 1.4 x
10> TPC CFU/g (p < 0.05) in the sample FC +1.50% EO, 1.5 x
107 TPC CFU/g (p < 0,05) in the sample FC + 0.25% EO, and
1.7 x 10° TPC CFU/g (p < 0.05) in the sample FV + 0.1% EO
compared with 2.6 x 10° TPC CFU/g (p < 0.05) in control.

After 7 days, the antimicrobial activity was evident in the
case of the use of Satureja hortensis L. essential oil, and the
values decreased from 5.5 x 10° TPC CFU/mL ( p <0,05) to
3.3x10° TPC CFU/g (p < 0,05) in the sample FC + 0.5% EO,
4.1 x 10° TPC CFU/g (p < 0,05) in the sample FC + 0.25%
EO, and 5.5 x 10° TPC CFU/g (p < 0,05) to a concentration
of 0.1%.

Most studies in the field focus on the determination of
pathogenic microorganisms such as Listeria monocytogenes
(LM), Salmonella spp. (SALM), Escherichia coli OI157:H7
(EC), and Staphylococcus aureus [2-4, 32, 33].

The values obtained in the present study were lower than
those reported by Metwalli, 2011 [34], who conducted a com-
prehensive study determining both the total bacterial count
and also yeast, mould, lipolytic bacteria counts, coliforms,
and proteolytic bacteria. Wahba et al., 2010 [2], in their study
regarding antimicrobial effects of pepper, parsley, and dill in
cheese, reported higher values of total bacterial count for the
control sample (cheese itself, without any addition) and lower
for cheese with mixed herbs, compared with values obtained
in the present study.

3.4. Loss of 590 nm Absorbing Material. In order to estab-
lish the effective concentrations of plant and essential oil
that can be introduced into the cheese, the optical density
(OD) of extracts (E) in concentration of 10 yg-mL_1 and
100 ug-mL ™" and three oil concentrations (0.1, 0.2, and 0.5%)
were tested against the development of Staphylococcus aureus.
The results presented in Figure 5 show that alcoholic extracts
of Satureja hortensis do not inhibit the mycelium grown of

Staphylococcus aureus; on the contrary, they potentiate this
activity. The optical density (OD) increases with 17.8% when
extract 1% was added in cheese sample and with 77.8% at
10% extract concentration. Our studies are in accordance with
previous data that reported limited bacteriostatic activity
of plant extracts belonging to Lamiaceae family against
Staphylococcus aureus [35, 36].

Regarding the oil activity against Staphylococcus spp. it
can be noted that Lamiaceae family represents a viable source
of active principle that inhibits this Gram-positive bacteria [6,
9]. Our results presented in Figure 4 confirm this hypothesis.
It can show a 17.12% reduction of OD when 0.1% essential oil
was added and this percentage increased with the quantities
of essential oil at 17.89% and at 19.84%. From this point of
view the essential oil of Satureja hortensis can be a viable
antibacterial agent in the food industry and therefore has
been tested further in vivo as a natural preservative in fresh
cheese.

Starting from the premise demonstrated before that
Satureja hortensis extracts do not inhibit the development of
Staphylococcus aureus, for in vivo tests only essential oil in
three concentrations was considered. The results presented
in Figure 6 show that the essential oil is effective in control
of Staphylococcus aureus.

It can be seen that the optical density decreases with
the addition of essential oil, which demonstrates the in vivo
antibacterial effect of Satureja hortensis against Staphylococ-
cus aureus. Compared to control, the decrease of optical
density varies between 55.97 and 60.55% when the inoc-
ulated concentration of Gram-positive bacteria was lower
and between 15.81 and 62.21% at higher concentration of
Staphylococcus aureus.

Previous studies highlight that the effect of spice plants
and flavors on Staphylococcus aureus in vivo in different types
of cheese is lower than that exerted in vitro. High concen-
tration of Cayenne (3%) or Green Pepper (9%) inhibited
Staphylococcus aureus (1x 10° CFU g™') to undetectable levels
within 2 days of storage at 4°C + 2°C [2]. This fact is due to
the synergistic or antagonistic effects caused by the complex
composition of the dairy matrix in combination with the
active principles of the plants [37]. The protein and lipid
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fraction of cheese can act as a barrier that blocks the access
of active principles from essential oils to microorganisms
[3]. Another factor that blocks the in vivo antibacterial effect
of essential oils is that the complex cheese matrix contains
all the necessary nutrients for faster microbial growth of
the culture cell. Also, the low content of water in cheese
compared to the culture media prevents the transport of the
natural compound to the microorganisms and allows the
recovery of cells damaged [3]. However, de Carvalho et al.
(2015) [38] reported lower thyme essential oil concentration
(25uL mL™") that can be able to reduce the population of
Staphylococcus aureus, in Cottage cheese. Our results are
in agreement with these findings demonstrating that the
essential oils of plants belonging to Lamiaceae family have an
antibacterial potential against Staphylococcus aureus even at
low concentrations (0.1-1%).

4. Conclusions

The present study highlights that Satureja hortensis plant
and essential oil represent a viable solution for increasing
the functionality, increasing the shelf-life period, and pre-
venting the development of Staphylococcus aureus in fresh
cheese.

The addition of dried and milled Satureja hortensis L.
plant and its essential oil inhibits the development of total
microbial activity in fresh cow cheese, with greater effect
occurring when essential oil was used.

Besides the antimicrobial effect the addition of aromatic
plants in fresh cheese gives a great flavor to the cheese and
provides the enrichment with macro- and micronutrients.
The level of microelements as Fe, Mn, Cu, and Zn is improved
by the use of plants that increase in this way the functionality
of cheese.

Regarding the antibacterial potential against Staphylo-
coccus aureus, this study highlights that the essential oil of
Satureja hortensis L., even at low concentrations, may be a
natural solution to prevent the development of this Gram-
positive bacteria in fresh cheese, while the ethanol extract
does not prove to be effective.

The results support the future use of Satureja hortensis
L. oil added to fresh cheese to extend the shelf-life of fresh
cheese and to control the multiplication of enterotoxigenic
microorganisms.

Taking into account all these considerations, we rec-
ommend the use of essential oil of Satureja hortensis as a
natural additive in the food industry, in order to increase the
functionality and microbial safety of the alimentary products.
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