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Abstract: Staphylococcus bacteria are ubiquitous microorganisms. They occur in practically all envi-
ronments. They also show the ability to colonize the skin and mucous membranes of humans and
animals. The current trend is to look for new natural factors (e.g., plant extracts rich in polyphenols)
limiting the growth of undesirable bacteria in food and cosmetics or use as an adjunct in antibiotic
therapy. The aim of this study was to evaluate the effect of extracts from Rosa rugosa Thunb. on the
antagonistic properties of selected lactic acid bacteria strains in relation to Staphylococcus spp. isolates.
The biological material consisted of seven strains of lactic acid bacteria (LAB) and seven strains of
bacteria of the Staphylococcus genus. The anti-staphylococcal properties of the Rosa rugosa Thunb.
pomace extracts (the tested extracts were characterized by a high content of polyphenols, namely
8–34 g/100 g DM/dm) were tested using the well method. The conducted research showed that
the pomace extracts of the pseudo-fruit (Rosa rugosa Thunb.) had the ability to inhibit the growth of
Staphylococcus spp. bacteria. The minimum concentration of polyphenols inhibiting the growth of
staphylococci was in the range of 0.156–0.625 mg/mL. The conducted research showed that combined
lactic acid bacteria and extracts from the pomace from the pseudo-fruit Rosa rugosa Thunb. (LR
systems) may be factors limiting the growth of Staphylococcus spp. bacteria. As a result of the research,
two-component antagonist systems consisting of LAB cultures and extracts from Rosa rugosa Thunb.
pomace were developed, which effectively limited the growth of the test strains of Staphylococcus spp.
In 41% of all tested cases, the zone of inhibition of growth of bacteria of the genus Staphylococcus spp.
after the use of two-component antagonist systems was higher than that as a result of the control
culture (without the addition of extracts).

Keywords: Staphylococcus spp.; lactic acid bacteria; polyphenols; MIC

1. Introduction

Staphylococcus bacteria are ubiquitous microorganisms. They occur in practically all
environments. They also show the ability to colonize the skin and mucous membranes of
humans and animals. Often in the form of biofilm, they inhabit environmental, medical
material and implant, and food production surfaces (polypropylene, polystyrene, and stain-
less steel) [1–3]. Staphylococcus spp. strains can be brought into food with raw materials
and by humans participating in the production process. For example, enterotoxic strains of
the genus Staphylococcus are often isolated from dairy products. Staphylococcus aureus is a
widespread causative agent of mastitis in cattle [4]. In the process of obtaining milk from
cows with staphylococcal mastitis, even with good filtration, the number of staphylococci
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in milk is 100–200 CFU/mL. In cases where the appropriate hygienic standards are not com-
plied with during the milking of cows, this number may increase to 104–108 CFU/mL [5].
In the dairy industry, especially in the production of cheese (especially with low acidity
products such as lump cheese), staphylococci may contaminate the final product. On the
other hand, with the selection of inappropriate milk pasteurization temperatures, bacteria
of the genus Staphylococcus are isolated directly from the raw material and the products for
which it was used [6,7]. According to Asperger and Zangerl [8], staphylococci may also be
present in cottage cheese, and their concentration depends on the number of bacteria in raw
milk. Staphylococcus bacteria can also be a threat in many other industries. According to
data presented by the European Union Rapid Information System for dangerous non-food
products (Rapex), in 2005–2018, more than 100 cosmetics (including 20 for children) were
withdrawn due to microbiological contamination. Although the majority of the infections
were caused by gram-negative bacteria, it was found that in the group of gram-positive
bacteria, S. aureus was most often responsible for contamination of the product (no data on
whether the strain belongs to the methicillin-resistant species (MRSA) group) [9].

It should also be noted that a significant part of the world’s population (about 30%)
are carriers of S. aureus in the nasopharyngeal cavity, which occasionally causes severe
infections [10] but may be transferred to other environments, such as the food environment.
It is not only S. aureus that can be transmitted by humans. This also applies to the skin
microflora, where S. saprophyticus and S. epidermidis are a natural component of the human
skin microbiota. Unfortunately, these strains may be opportunistic [11,12].

The constant exposure to antimicrobial drugs has led many microorganisms to de-
velop antibiotic resistance mechanisms: changes in the permeability of cell membranes,
pump efflux, enzymes that break down antibiotics, modification of the target site, or mem-
brane vesicles. Multi-drug resistance (MDR) has become a global problem. Over the past
10 years, multi-drug resistance has increased significantly. Although MDR is a natural
process, it makes disease-causing organisms resistant to many chemotherapeutic agents,
resulting in increased mortality in patients. Thus, MDR is associated with fewer and fewer
therapeutic chemicals. It is believed that traditional herbal medicines (rich in bioactive
phytonutrients such as flavonoids and flavonols) may become an alternative to the use of
chemical compounds. Thus, there is a great need for an alternative treatment strategy for
staphylococcal infections. Resistance to antibiotics of bacteria of the genus Staphylococcus
involves various mechanisms. Thus, strains resistant to methicillin, vancomycin, penicillin,
linezolid, chloramphenicol, tetracycline, rifampicin, lincomycin, and drugs classified as
cephalosporins, macrolides, and sulfonamides are isolated from the environment [13,14].

Given the current interest in finding alternative antimicrobial compounds to antibiotics,
more and more research groups are exploring the antimicrobial potential of natural plant
extracts. There are many reports in the literature on the antimicrobial properties of plant
extracts (stems, roots, leaves, and flowers) [15]. The research group of Milala et al. [16]
showed the antagonistic activity of pseudo-fruit extracts of three rose cultivars against the
following strains: S. epidermidis A5, S. xylosus M5, S. haemolyticus M6, S. capitis KR6, and
S. warneri KR2A, which were isolated from the food environment. The main advantage
of plant extracts is the fact that they have a high content of phenolic compounds that can
induce metabolic changes within the bacterial cell. First of all, polyphenols are capable
of inducing cracks in the cell walls of bacteria (especially gram-positive species). The
weakened cell wall is a pathway for intracellular components (such as proteins, enzymes,
and ATP) to leak, resulting in abnormal replication processes. Moreover, the weakened
bacterial cell is unable to efficiently synthesize the compounds necessary for the proper
growth of biomass (impaired synthesis of enzymes, polysaccharides, and lipids). It has
been observed that bacteria weakened by polyphenols are unable to grow and function
properly. They often lose the ability to form biofilm and adhere to biotic surfaces [17].

Rosa rugosa belongs to the family Rosaceae Juss. and the genus Rosa L. The species is
native to eastern Asia, China, Japan, Korea, and southeastern Siberia (Kamtschatka). Rugose
rose has become a widely cultivated species all around the world, especially for production
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of flowers, fruit, and other parts of plants. Pseudo-fruits are valuable in processing for the
preparation of jams, juices, sauces, syrups, wines, and jellies. Moreover, they are widely
used to make infusion [18,19]. Chile is the main producer of rose hip material in the world
market. Every year, nearly 8000 kg of Rosa mosqueta are exported from Chile. The United
States is also one of the most important exporters of rose hips in the world. In the European
market, the large producers of rose hips (200–1000 tons) are Sweden, Turkey, Hungary, and
Germany. The commercial planting of wild rose in Poland consists of 1200 ha of Rosa rugosa
with a yield of approximately 3000 tons per year [20].

Rose pseudo-fruits are known as a potential source of natural antioxidants and other
bioactive substances, including polyphenols, carotenoids, polysaccharides, essential oils,
polyunsaturated fatty acids (in seeds), vitamins A, B1, B2, B6, D, E, and K, and mineral
nutrients [21]. The extracts obtained from Rosa spp. show not only high antioxidant
activity but also antiallergic, antihypertensive, antidiabetic, antiinflammatory, antiviral,
and antimicrobial properties [21,22]. Taking into account the valuable properties of rose
extracts, pomace can be a good material for obtaining extracts rich in polyphenols. Rose
extracts, which are characterized by high levels of polyphenols in their compositions, can
also be a valuable source of substances with antimicrobial potential. Rosa spp. fruit extracts
may have a different composition of polyphenols. Hvattum [23] identified in rose hip
extracts inter alia the presence of anthocyanin, catechin, several glucosides of quercetin,
glycosides of taxiofilin and eriodictyol phloridizin, and several conjugates of methyl gallate.
However, in the extracts of Rosa canina, Ghendov-Mosanu et al. [24] identified compounds
such as flavonoids, cinnamic acids, flavonols, procyanidin, chlorogenic acid, epicatechin,
gallic acid, and catechin. The common feature of most phenolic compounds is the ability to
inhibit the multiplication of pathogenic and nonpathogenic microorganisms and to slow
down the oxidative processes in the food matrix. The bioactive compounds found in plants
exhibit antioxidant properties, which lead to them being willingly used in the sector of
natural preservation of food and cosmetics [25,26].

Due to the dynamic development of the functional food sector, lactic acid fermentation
products combined with polyphenols began to appear on the market. Both metabolites of
lactic acid bacteria (LAB) and secondary metabolites of plants also show high antimicrobial
potential. Polyphenols largely affect the integrity of the cell membranes of pathogenic
microorganisms. The rupture of cell membranes results in the leakage of many components
necessary for the proper growth and development of microorganisms. By inducing changes
in the metabolic processes of pathogenic microflora, polyphenols become a natural factor,
limiting growth [27]. The antimicrobial mechanism of LAB action is mainly based on the
synthesis of many specific metabolites. LAB are able to produce organic acids (mainly
lactic acid, acetic acid, and propionic acid). They have the ability to produce compounds
such as carbon monoxide (VI), hydrogen peroxide, diacetyl, and ethanol. In addition, many
species show the ability to synthesize specific compounds with antimicrobial activity, such
as bacteriocins, reuterin, and reutericycline [28,29]. Numerous in vitro studies have proven
that LAB exhibit antioxidant activity, have the ability to chelate iron ions, and degrade
nitrites and cholesterol [30,31]. LAB metabolites show antibacterial activity and are able to
inhibit the multiplication of some fungi [32,33]. Lactic acid bacteria often show the ability
to break down polyphenolic compounds (which has a positive effect on the consumer’s
microflora). LAB contained in food, through the metabolism of plant compounds, provide
the host organism with better absorbed (in the small intestine) compounds with antioxidant
activity. As a result of this process, bacteria also gain access to substances with a prebiotic
effect [34–37]. It is worth emphasizing that in the presence of polyphenols, LAB are able
to synthesize lactic acid at a higher level, which at the same time positively influences the
stabilization of phytochemicals. Due to the complex process of interaction between LAB and
polyphenols, they can become a natural environmental system to fight staphylococci [38].

The aim of this study was to assess the anti-staphylococcal potential of lactic acid
bacteria and extracts of Rosa rugosa Thunb. pseudo-fruit pomace both singly and in two-
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component antagonist systems. This goal was achieved by creating 28 2-component
antagonist environmental systems (composed of LAB and Rosa rugosa Thunb. extracts).

2. Materials and Methods
2.1. Research Material

The research material consisted of four extracts (two water-ethanol extracts—crude
(EC) and purified (EP)—and two water-acetone extracts: crude (AC) and purified (AP))
made of frozen Rosa rugosa Thunb. pseudo-fruit pomace. The exact preparation of the
extracts was described by Piekarska-Radzik et al. [39]. For the frozen pomace of Rosa rugosa
Thunb. pseudo-fruit, two portions of 2 kg (after the production of rose juice produced on
the same day) (Polska Róża, Falenty New) were subjected to 0.5 h of water extraction at
a ratio of 1:2 (v/v). Next, the pomace was extracted twice statically for 24 h with a 60%
percent acetone solution or 60% ethanol at a ratio of 1:3 (v/v). The received ethanol and
acetone extracts were concentrated in a vacuum evaporator (Hei-VAP Precision, Heidolph,
Schwabach, Germany). The concentrated acetone or ethanol extracts were then divided into
two parts. One of them was purified by column chromatography on Amberlite XAD 1600 N
(divinylbenzene copolymer) (30.0 × 3.7 cm). The concentrated crude extracts were applied
to the column (flow rate: 3–5 mL/min). Then, the column was washed with water, and
the adsorbed polyphenols were eluted with 10% and 68% ethanol. The alcohol fractions
were combined and concentrated on a Heidolph 24/7 automatic evaporator. The crude
and purified extracts were freeze-dried using a freeze dryer (Christ, Alpha 1–2 LD plus,
Osterode am Harz, Germany). In the obtained freeze-dried extracts, the content of the
selected groups of polyphenols was determined by using HPLC chromatographic methods.
The concentrations of ellagitannins, ellagic acid, and flavonols were determined in the
extracts by dissolving 100 mg in 80% methanol in 10-mL volumetric flask, diluted, and
analyzed as described by Karlińska et al. [40,41] and Sójka et al. [42]. Procyanidins and free
catechin were determined as described by Milala et al. [16].

The tested extracts had the following composition. EC: total of measured polyphenolic
compounds = 8.8 (g/100 g DM/dm), 4714.3 (mg/100 g DM/dm) including ellagitannins;
free ellagic acid = 168.1 (mg/100 g DM/dm), flavonols = 357.5 (mg/100 g DM/dm),
procyanidins = 3377.5 (mg/100 g DM/dm), free catechins = 196.2 (mg/100 g DM/dm). EP:
total of measured polyphenolic compounds = 29.2 (g/100 g DM/dm), 15,379.7 (mg/100 g
DM/dm) including ellagitannins; free ellagic acid = 496.6 (mg/100 g DM/dm); flavonols
= 993.7 (mg/100 g DM/dm); procyanidins = 10,750 (mg/100 g DM/dm), free catechins
= 1529.6 (mg/100 g DM/dm). AC: total of measured polyphenolic compounds = 14.9
(g/100 g DM/dm), of which ellagitannins = 8649.1 (mg/100 g DM/dm); free ellagic acid =
278.7 (mg/100 g DM/dm), flavonols = 603.2 (mg/100 g DM/dm); procyanidins = 5144.3
(mg/100 g DM/dm); free catechins = 205.5 (mg/100 g DM/dm). AP: total of measured
polyphenolic compounds = 33.2 (g/100 g DM/dm), 17,680.9 (mg/100 g DM/dm) including
ellagitannins; free ellagic acid = 645.8 (mg/100 g DM/dm); flavonols = 978.4 (mg/100 g
DM/dm), procyanidins = 12,475.5 (mg/100 g DM/dm); free catechins = 1399.9 (mg/100 g
DM/dm) [39].

2.2. Biological Material

The biological material consisted of six lactic acid bacteria strains deposited in the
Pure Culture Collection of Industrial Microorganisms of the Institute of Fermentation
Technology and Microbiology ŁOCK 105 (Łódź, Poland) and the Levilactobacillus brevis
MG451814 strain, the nucleotide sequence which was deposited in the GenBank NCBI
database. Due to the reclassification of the Lactobacillus genus carried out in 2020, the
current and new taxonomic names of the strains used in the research are summarized in
Table 1.
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Table 1. Change of the nomenclature and culture conditions of the lactic acid bacteria strains used in
the research.

Species Name
(before Reclassification)

Species Name
(after Reclassification)

ŁOCK ID pr
NCBI No. *

Culture
Temperature

(◦C)

Lactobacillus acidophilus No change ŁOCK 0928 37
Lactobacillus brevis Levilactobacillus brevis ŁOCK 0944 30
Lactobacillus brevis Levilactobacillus brevis ŁOCK 0980 30
Lactobacillus brevis Levilactobacillus brevis ŁOCK 0992 30
Lactobacillus casei Lacticaseibacillus casei ŁOCK 0979 30

Lactobacillus rhamnosus Lacticaseibacillus rhamnosus ŁOCK 0943 37
Lactobacillus brevis Levilactobacillus brevis MG451814 * 30

* NCBI database number; ŁOCK ID = strain number in the Pure Culture Collection of Industrial Microorganisms
of the Institute of Fermentation Technology and Microbiology ŁOCK 105 (Łódź, Poland).

All strains of lactic acid bacteria (stored in MAST CRYOBANK; Mast Group Ltd.,
Merseyside, UK) were activated by transfer to a fresh Broth MRS medium (Merck, Darm-
stadt, Germany) and cultured at 30 ◦C or 37 ◦C (depending on the strain) for 24 h.

Seven strains of bacteria of the genus Staphylococcus were used as test strains. The
five strains are environmental isolates. The strains were obtained by surface swabbing
from the skin of healthy volunteers aged 24 to 30 years (2 female and 1 male). No invasive
or inconvenient methods were used to collect the samples. In non-invasive sampling,
our research institution (Institute of Fermentation Technology and Microbiology, Lodz
University of Technology) did not require the approval of the ethics committee to conduct
research using this microorganism in in vitro tests. All donors were volunteers who were
informed about the planned analytical procedures and agreed to publication of the obtained
data. The species affiliation of the Staphylococcus isolates was confirmed by molecular
methods based on sequence analysis of the 16S ribosomal RNA gene. The nucleotide
sequences of the strains obtained from the wild were deposited in the GenBank database
(The National Center for Biotechnology Information). The species affiliation and accession
numbers of the tested strains are presented in Table 2. In contrast, two strains, S. aureus
ATCC 25923 and S. epidermidis DSMZ 3270, were used as reference strains in the tests of
antagonist activity.

Table 2. Species affiliations of environmental isolates of the genus Staphylococcus.

Species Nucleotide Sequence Number Isolate Symbol

Staphylococcus epidermidis MW040703 R1A
Staphylococcus haemolyticus MW040704 R2A
Staphylococcus saprophyticus MW040705 R3A
Staphylococcus saprophyticus MW040701 S1A

Staphylococcus aureus MW040702 S2A

All strains of Staphylococcus spp. (stored in MAST CRYOBANK; Mast Group Ltd.,
Merseyside, UK) were activated by transfer to a fresh nutrient medium (Merck, Darmstadt,
Germany) and culturing at 37 ◦C for 24 h.

2.3. The Minimum Concentration of Polyphenols (MIC) That Inhibits the Growth of
Staphylococcus Bacteria

In order to determine the minimum concentration of polyphenols inhibiting the growth
of bacteria of the genus Staphylococcus, a deep culture of the studied microorganisms was
performed. For this purpose, 6 wells were cut (10 mm in diameter) into a plate from a 24-h
culture of Staphylococcus bacteria (density 108 CFU/mL) with a sterile crank and removed
with a sterile preparation needle. Added to the holes created in this way was 100 µL of
appropriately diluted extracts from the pseudo-fruit pomace Rosa rugosa Thunb., with a
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content in the extracts in the range of 0.0006–2.5 mg/mL. The negative control was 5%
DMSO. The plates were then placed in an incubator (37 ◦C) for 18–24 h. After this time,
the zone of inhibition of growth of the bacteria of the Staphylococcus genus was measured.
The results were given in mm ± standard deviation (SD). The lowest concentration of
polyphenols at which growth inhibition of the test bacteria was still observed was assumed
to be the MIC value (mg/mL).

2.4. Antagonistic Activity of Lactic Acid Bacteria

The antagonistic properties of lactic acid bacteria were investigated using the bar
method [43,44]. The method is based on the observation of parallel growth of the strains
(the indicator and the antagonistic ones). For this purpose, 1 mL was taken from a 24-h LAB
culture with a density of 109 CFU/mL and plunged into a sterile Petri dish (by pouring over
cooled MRS Agar, pouring it to the upper limit of the plate height). Next, from solidified
MRS medium overgrown with LAB, 10-mm (diameter) bars were cut out and put on the
prepared agar (nutrient agar, Merck) containing test microorganisms (Staphylococcus strain)
(105–106 CFU/mL). The dishes were incubated at 37 ◦C for 24 h. Following incubation, the
diameter of the test strain growth inhibition zone was measured. The results were given
in mm as the mean value of three repetitions ± standard deviation. In this way, a control
culture was obtained.

On the other hand, the two-component antagonist (LR) system was obtained by LAB
culture with Rosa rugosa Thunb. pseudo-fruit pomace extracts. MRS Agar with the addition
of Rosa rugosa Thunb. pseudo-fruit pomace extracts with a final polyphenol concentration
of 0.156 mg/mL (the concentration did not inhibit LAB growth, as shown in the publication
by Piekarska-Radzik et al. [39]). The plates prepared in this way were incubated for 24 h
at the temperature optimal for the growth of each of the tested lactic acid bacteria strains.
After incubation with a sterile cork, bars were cut from the plates and placed on the culture
plates of the test Staphylococcus spp. isolates. Cultures of the test strains were prepared
identically to those in Section 2.3. After the plates were incubated with the antagonist test,
the zones of inhibition of growth of Staphylococcus spp. around the bars were measured.
The results were given in mm as the mean value of three repetitions ± standard deviation.

2.5. The Acidity of Lactic Acid Bacteria

The effect of Rosa rugosa Thunb. pseudo-fruit pomace extracts on the acidic activity of
the LAB was assessed by measuring the pH. The extracts were added to the stock culture
in the Broth MRS medium bed so that the final concentration of polyphenols in each of
the samples was 0.156 mg/mL. After inoculation by 1% (v/v) LAB inoculum (density of
inoculum: 108–109 CFU/mL), the samples were cultivated for 48 h at the temperature
optimal for LAB growth. After 24 and 48 h of culturing, the pH of the culture was tested
(ELMETRON pH-meter, Poland, with a glass electrode (ELMETRON CP-411, Warsaw,
Poland)).

2.6. Statistical Analysis

All experiments were performed in at least three independent replicates, and the
result was reported as the mean value. For the obtained results, the value of the standard
deviation was also calculated.

The obtained data were statistically analyzed using STATISTICA 12 software (StatStoft,
San Francisco, CA, USA) using the one-way ANOVA and Tukey’s post hoc test with a
confidence interval of p ≤ 0.05.

3. Results
3.1. The Minimum Concentration of Polyphenols That Inhibit the Growth of Staphylococcus
Bacteria

The effect of Rosa rugosa Thunb. pseudo-fruit pomace extracts on the growth of
bacteria of the genus Staphylococcus is presented in Table 3. Both the water-ethanol and
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water-acetone extracts showed a high antagonistic potential. The minimum concentration of
polyphenols (MIC) inhibiting the growth of bacteria of the genus Staphylococcus was in the
range of 0.156–0.625 mg/mL for most of the tested strains. In the case of the Staphylococcus
epidermidis R1A strain, the MIC value of the water-ethanol extracts was above 2.5 mg/mL.

Table 3. The minimum concentrations of polyphenols that inhibit the growth of Staphylococcus
bacteria.

Strain or Extract
MIC of Polyphenols (mg/mL)

AC AP EC EP

S. aureus ATCC 25923 0.313 0.156 0.625 0.156
S. epidermidis DSMZ 3270 0.313 0.313 0.313 0.156

S. epidermidis R1A 0.313 0.156 >2.5 >2.5
S. haemolyticus R2A 0.313 0.313 0.156 0.313
S. saprophyticus R3A 0.625 0.313 0.625 0.313
S. saprophyticus S1A 0.313 0.156 0.156 0.156

S. aureus S2A 0.625 0.625 0.625 0.625
MIC = minimum concentration of polyphenols, AC = water-acetone crude extract, AP = water-acetone purified
extract, EC = water-ethanol crude extract, and EP = water-ethanol purified extract.

The sensitivity of the studied Staphylococcus spp. strains to the presence of polyphenols
contained in the extracts of Rosa rugosa Thunb. pseudo-fruit pomace in the environment
of their growth is an individual (strain) feature. Nevertheless, it should be noted that
the type of extraction influences the antagonistic potential of the obtained extracts. The
extracts obtained with the use of acetone showed a slightly higher antagonistic activity
than the water-ethanol extracts. Purifying the extracts (regardless of the solvent used) also
influenced the antagonistic activity of the obtained extracts.

3.2. Antagonistic Activity of Lactic Acid Bacteria

Table A1 (in Appendix A) and Figure 1 show the antagonistic activity of lactic acid
bacteria against Staphylococcus spp. strains. The tested LAB showed a high antagonistic
potential against the test bacteria of the Staphylococcus genus.

Both the S. aureus ATCC 25923 and S. epidermidis DSMZ 3270 reference strains were
sensitive to the metabolites of the LABs used. The growth inhibition zone for the ATCC
25923 strain was from 14.33 ± 0.58 mm to 21.00 ± 0.00 mm, while for the DSMZ 3270
strain, the values ranged from 17.22 ± 0.58 mm to 20.33 ± 0.58 mm. When analyzing the
sensitivity of the environmental test strains of Staphylococcus spp. to the metabolites of
the LAB tested, it was noted that the R1A strain showed resistance to the metabolites of
two lactic acid bacteria strains: Lacticaseibacillus rhamnosus ŁOCK 0943 and Levilactobacillus
brevis MG451814. In the case of the Levilactobacillus brevis MG451814 strain, its antagonistic
potential was also limited in relation to the Staphylococcus spp. strains designated as S.
haemolyticus R2A and S. aureus S2A. However, in the case of the test strain S. saprophyticus
S1A, the strain MG451814 was characterized by the highest antagonistic activity (the zone
of growth inhibition was 50.00 ± 0.00 mm). Moreover, it was found that the S1A strain
was characterized by a higher sensitivity to the metabolites of the LAB bacteria studied
(mean value of the growth inhibition, statistically significant) compared with the remaining
Staphylococcus spp.
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extracts; : LR system with the addition of purified extracts; : LAB basic culture. AC = crude 
water-acetone extract, AO = purified water-acetone extract, EC = crude water-ethanol extract, and 
EO = purified water-ethanol extract. (a,c,e,g,i) Antagonistic activity of two-component LR systems 
with the addition of acetone extracts and antagonistic activity of LAB stock culture. (b,d,f,h,j) 
Antagonistic activity of two-component LR systems with the addition of ethanol extracts and 
antagonistic activity of LAB stock culture. Lactic acid bacteria: Lactobacillus acidophilus ŁOCK 0928, 
Lacticaseibacillus rhamnosus ŁOCK 0943, Levilactobacillus brevis ŁOCK 0944, Lacticaseibacillus casei 
ŁOCK 0979, Levilactobacillus brevis ŁOCK 0980, Levilactobacillus brevis ŁOCK 0992, and 
Levilactobacillus brevis MG451814. Bacteria of the genus Staphylococcus spp. R1A: S. epidermidis R1A; 
R2A: S. haemolyticus R2A; R3A: S. saprophyticus R3A; S1A: S. saprophyticus S1A; S2A: S. aureus S2A). 

Table A2 (Appendix A) shows the antagonistic properties of the two-component LR 
systems. By combining 7 different LABs with four Rosa rugosa Thunb pseudo-fruit pomace 
extracts, 28 2-component LR systems were obtained, for which the anti-staphylococcal 
potential was tested (Figure 1). Each of the 28 LR systems was effective in inhibiting the 
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(expressed in terms of growth inhibition zones) was in the range of 12–28 mm. 
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tested. This was especially important in relation to the control sample, in which in four 
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should be noted that in these cases, the addition of extracts may positively affect the anti-
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Antagonistic activity of two-component LR systems with the addition of ethanol extracts and 
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ŁOCK 0979, Levilactobacillus brevis ŁOCK 0980, Levilactobacillus brevis ŁOCK 0992, and 
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Figure 1. Antagonistic activity of lactic acid bacteria and two-component LR systems against 
environmental isolates of the genus Staphylococcus. : LR system with the addition of crude 
extracts; : LR system with the addition of purified extracts; : LAB basic culture. AC = crude 
water-acetone extract, AO = purified water-acetone extract, EC = crude water-ethanol extract, and 
EO = purified water-ethanol extract. (a,c,e,g,i) Antagonistic activity of two-component LR systems 
with the addition of acetone extracts and antagonistic activity of LAB stock culture. (b,d,f,h,j) 
Antagonistic activity of two-component LR systems with the addition of ethanol extracts and 
antagonistic activity of LAB stock culture. Lactic acid bacteria: Lactobacillus acidophilus ŁOCK 0928, 
Lacticaseibacillus rhamnosus ŁOCK 0943, Levilactobacillus brevis ŁOCK 0944, Lacticaseibacillus casei 
ŁOCK 0979, Levilactobacillus brevis ŁOCK 0980, Levilactobacillus brevis ŁOCK 0992, and 
Levilactobacillus brevis MG451814. Bacteria of the genus Staphylococcus spp. R1A: S. epidermidis R1A; 
R2A: S. haemolyticus R2A; R3A: S. saprophyticus R3A; S1A: S. saprophyticus S1A; S2A: S. aureus S2A). 

Table A2 (Appendix A) shows the antagonistic properties of the two-component LR 
systems. By combining 7 different LABs with four Rosa rugosa Thunb pseudo-fruit pomace 
extracts, 28 2-component LR systems were obtained, for which the anti-staphylococcal 
potential was tested (Figure 1). Each of the 28 LR systems was effective in inhibiting the 
growth of Staphylococcus bacteria. The anti-staphylococcal potential of the 28 LR systems 
(expressed in terms of growth inhibition zones) was in the range of 12–28 mm. 
Interestingly, each of the 28 systems inhibited the growth of the environmental isolates 
tested. This was especially important in relation to the control sample, in which in four 
cases saw the tested lactic acid bacteria not showing anti-staphylococcal properties. It 
should be noted that in these cases, the addition of extracts may positively affect the anti-
staphylococcal properties of lactic acid bacteria. 

In the case of the S. epidermidis R1A strain, the highest anti-staphylococcal activity 
was observed in the system consisting of the Lacticaseibacillus rhamnosus ŁOCK 0943 strain 
with the addition of purified acetone extract and Levilactobacillus brevis ŁOCK 0992 with 
the addition of purified ethanol extract (Figure 1a,b). Both zones of growth inhibition were 
close to 40 mm. On the other hand, the weakest effect limiting the growth of staphylococci 
was observed for systems based on the culture of Levilactobacillus brevis ŁOCK 0980 
(regardless of the addition of the extract). The greatest antimicrobial potential was 
observed in LR systems based on the culture of Levilactobacillus brevis ŁOCK 0992 with 
crude extracts and Lacticaseibacillus rhamnosus ŁOCK 0943 with purified extracts. Due to 
the addition of acetone and ethanol extracts, the systems constructed on the basis of 
Lacticaseibacilluss brevis ŁOCK 0943 and Levilactobacillus brevis MG451814 cultures showed 
anti-staphylococcal potential (zone of growth inhibition in the range of 20–40 mm), 
despite the fact that the basic culture did not show anti-staphylococcal properties in this 
strain. Moreover, in most cases (20/28), the two-component LR systems showed a 
statistically significant higher antimicrobial potential than the stock culture (Figure 2 and 
Table A2, Appendix A). It should also be noted that neither of the systems exhibited a 
statistically significantly lower antimicrobial potential than the stock culture. 

In the case of the S. haemolyticus R2A strain, it was not possible to clearly define which 
two-component LR system had the highest and lowest anti-staphylococcal potentials 
(Figure 1c,d). The highest anti-staphylococcal potential (33–38-mm growth inhibition 
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Figure 1. Antagonistic activity of lactic acid bacteria and two-component LR systems against 
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extracts; : LR system with the addition of purified extracts; : LAB basic culture. AC = crude 
water-acetone extract, AO = purified water-acetone extract, EC = crude water-ethanol extract, and 
EO = purified water-ethanol extract. (a,c,e,g,i) Antagonistic activity of two-component LR systems 
with the addition of acetone extracts and antagonistic activity of LAB stock culture. (b,d,f,h,j) 
Antagonistic activity of two-component LR systems with the addition of ethanol extracts and 
antagonistic activity of LAB stock culture. Lactic acid bacteria: Lactobacillus acidophilus ŁOCK 0928, 
Lacticaseibacillus rhamnosus ŁOCK 0943, Levilactobacillus brevis ŁOCK 0944, Lacticaseibacillus casei 
ŁOCK 0979, Levilactobacillus brevis ŁOCK 0980, Levilactobacillus brevis ŁOCK 0992, and 
Levilactobacillus brevis MG451814. Bacteria of the genus Staphylococcus spp. R1A: S. epidermidis R1A; 
R2A: S. haemolyticus R2A; R3A: S. saprophyticus R3A; S1A: S. saprophyticus S1A; S2A: S. aureus S2A). 

Table A2 (Appendix A) shows the antagonistic properties of the two-component LR 
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potential was tested (Figure 1). Each of the 28 LR systems was effective in inhibiting the 
growth of Staphylococcus bacteria. The anti-staphylococcal potential of the 28 LR systems 
(expressed in terms of growth inhibition zones) was in the range of 12–28 mm. 
Interestingly, each of the 28 systems inhibited the growth of the environmental isolates 
tested. This was especially important in relation to the control sample, in which in four 
cases saw the tested lactic acid bacteria not showing anti-staphylococcal properties. It 
should be noted that in these cases, the addition of extracts may positively affect the anti-
staphylococcal properties of lactic acid bacteria. 

In the case of the S. epidermidis R1A strain, the highest anti-staphylococcal activity 
was observed in the system consisting of the Lacticaseibacillus rhamnosus ŁOCK 0943 strain 
with the addition of purified acetone extract and Levilactobacillus brevis ŁOCK 0992 with 
the addition of purified ethanol extract (Figure 1a,b). Both zones of growth inhibition were 
close to 40 mm. On the other hand, the weakest effect limiting the growth of staphylococci 
was observed for systems based on the culture of Levilactobacillus brevis ŁOCK 0980 
(regardless of the addition of the extract). The greatest antimicrobial potential was 
observed in LR systems based on the culture of Levilactobacillus brevis ŁOCK 0992 with 
crude extracts and Lacticaseibacillus rhamnosus ŁOCK 0943 with purified extracts. Due to 
the addition of acetone and ethanol extracts, the systems constructed on the basis of 
Lacticaseibacilluss brevis ŁOCK 0943 and Levilactobacillus brevis MG451814 cultures showed 
anti-staphylococcal potential (zone of growth inhibition in the range of 20–40 mm), 
despite the fact that the basic culture did not show anti-staphylococcal properties in this 
strain. Moreover, in most cases (20/28), the two-component LR systems showed a 
statistically significant higher antimicrobial potential than the stock culture (Figure 2 and 
Table A2, Appendix A). It should also be noted that neither of the systems exhibited a 
statistically significantly lower antimicrobial potential than the stock culture. 

In the case of the S. haemolyticus R2A strain, it was not possible to clearly define which 
two-component LR system had the highest and lowest anti-staphylococcal potentials 
(Figure 1c,d). The highest anti-staphylococcal potential (33–38-mm growth inhibition 

: LAB basic culture. AC = crude water-acetone
extract, AO = purified water-acetone extract, EC = crude water-ethanol extract, and EO = purified
water-ethanol extract. (a,c,e,g,i) Antagonistic activity of two-component LR systems with the addition
of acetone extracts and antagonistic activity of LAB stock culture. (b,d,f,h,j) Antagonistic activity of
two-component LR systems with the addition of ethanol extracts and antagonistic activity of LAB
stock culture. Lactic acid bacteria: Lactobacillus acidophilus ŁOCK 0928, Lacticaseibacillus rhamnosus
ŁOCK 0943, Levilactobacillus brevis ŁOCK 0944, Lacticaseibacillus casei ŁOCK 0979, Levilactobacillus
brevis ŁOCK 0980, Levilactobacillus brevis ŁOCK 0992, and Levilactobacillus brevis MG451814. Bacteria of
the genus Staphylococcus spp. R1A: S. epidermidis R1A; R2A: S. haemolyticus R2A; R3A: S. saprophyticus
R3A; S1A: S. saprophyticus S1A; S2A: S. aureus S2A).

Table A2 (Appendix A) shows the antagonistic properties of the two-component LR
systems. By combining 7 different LABs with four Rosa rugosa Thunb pseudo-fruit pomace
extracts, 28 2-component LR systems were obtained, for which the anti-staphylococcal
potential was tested (Figure 1). Each of the 28 LR systems was effective in inhibiting the
growth of Staphylococcus bacteria. The anti-staphylococcal potential of the 28 LR systems
(expressed in terms of growth inhibition zones) was in the range of 12–28 mm. Interestingly,
each of the 28 systems inhibited the growth of the environmental isolates tested. This was
especially important in relation to the control sample, in which in four cases saw the tested
lactic acid bacteria not showing anti-staphylococcal properties. It should be noted that in
these cases, the addition of extracts may positively affect the anti-staphylococcal properties
of lactic acid bacteria.

In the case of the S. epidermidis R1A strain, the highest anti-staphylococcal activity
was observed in the system consisting of the Lacticaseibacillus rhamnosus ŁOCK 0943 strain
with the addition of purified acetone extract and Levilactobacillus brevis ŁOCK 0992 with the
addition of purified ethanol extract (Figure 1a,b). Both zones of growth inhibition were close
to 40 mm. On the other hand, the weakest effect limiting the growth of staphylococci was
observed for systems based on the culture of Levilactobacillus brevis ŁOCK 0980 (regardless
of the addition of the extract). The greatest antimicrobial potential was observed in LR
systems based on the culture of Levilactobacillus brevis ŁOCK 0992 with crude extracts
and Lacticaseibacillus rhamnosus ŁOCK 0943 with purified extracts. Due to the addition
of acetone and ethanol extracts, the systems constructed on the basis of Lacticaseibacilluss
brevis ŁOCK 0943 and Levilactobacillus brevis MG451814 cultures showed anti-staphylococcal
potential (zone of growth inhibition in the range of 20–40 mm), despite the fact that the
basic culture did not show anti-staphylococcal properties in this strain. Moreover, in most
cases (20/28), the two-component LR systems showed a statistically significant higher
antimicrobial potential than the stock culture (Figure 2 and Table A2, Appendix A). It
should also be noted that neither of the systems exhibited a statistically significantly lower
antimicrobial potential than the stock culture.
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The changes in the pH value during the culture of seven LAB strains with the 
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Figure 2. The changes in the zones of growth inhibition of Staphylococcus bacteria under the influence
of polyphenols contained in the Rosa rugosa Thunb. pseudo-fruit pomace extracts. The control
sample was the anti-staphylococcal properties of lactic acid bacteria without the addition of Rosa
spp. extracts (AC = crude water-acetone extract, AP = purified water-acetone extract, EC = crude
water-ethanol extract, and EP = purified water-ethanol extract). Strains: Lactobacillus acidophilus ŁOCK
0928, Lacticaseibacillus rhamnosus ŁOCK 0943, Levilactobacillus brevis ŁOCK 0944, Lacticaseibacillus casei
ŁOCK 0979, Levilactobacillus brevis ŁOCK 0980, Levilactobacillus brevis ŁOCK 0992, Levilactobacillus
brevis MG451814, S. epidermidis R1A, S. haemolyticus R2A, S. saprophyticus R3A, and S. saprophyticus
S1A, S. aureus S2A. The selected symbols show the difference in the size of the zone: “↓” = growth
inhibition zone after using the LR system, lower than in the case of control culture; “↑” = growth
inhibition zone after the application of the environmental LR system, higher than in the case of the
control culture; and “=” = the zone of inhibition of growth after the application of the LR system, the
same as in the case of control culture. Statistically significant changes are marked by different colors:
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In the case of the S. haemolyticus R2A strain, it was not possible to clearly define
which two-component LR system had the highest and lowest anti-staphylococcal potentials
(Figure 1c,d). The highest anti-staphylococcal potential (33–38-mm growth inhibition zone)
was demonstrated by the systems consisting of all tested extracts (both crude and purified)
with the culture of Levilactobacillus brevis ŁOCK 0992, a combination of crude extracts
(both ethanol and acetone) with the culture of Levilactobacillus brevis ŁOCK0944. The same
anti-staphyloccal potential was observed in the culture of Levilactobacillus brevis ŁOCK0980
bacteria with the addition of purified acetone extract and the culture of Lacticaseibacillus
rhamnosus ŁOCK 0943 bacteria with crude ethanol extract. On the other hand, the lowest
antimicrobial potential in relation to the S. haemolyticus R2A strain (growth inhibition zone:
21–28 mm) was observed in the systems consisting of Levilactobacillus brevis MG451814
bacterial cultures with the addition of acetone extracts (crude and purified) and purified
ethanol extract, as well as in combining the culture of Levilactobacillus brevis ŁOCK0980 with
crude extracts (acetone and ethanol) and the culture of Lactobacillus acidophilus ŁOCK 0928
with purified acetone extract and crude ethanol extract. All tested extracts used to create
the LR systems based on the Levilactobacillus brevis MG451814 bacterial culture showed
antagonistic activity (21–28-mm growth inhibition zone), although the stock culture did not
show anti-staphylococcal properties. Moreover, in the vast majority of cases (24/28), the
addition of extracts resulted in a statistically significant increase in the anti-staphylococcal
properties compared with the anti-staphylococcal properties of the stock culture (Figure 2
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and Table A2, Appendix A). On the other hand, a statistically significant reduction in the
antagonistic properties was observed only in the case of combining ethanol extracts with
the Lactobacillus acidophilus ŁOCK0928 culture.

The studies of the antagonistic properties of the LR systems in the case of the S. sapro-
phyticus R3A strain showed that the systems consisting of the Lactobacillus acidophilus ŁOCK
0928 strain (26–29-mm growth inhibition zone) and the systems constructed on the basis of
the Levilactobacillus brevis ŁOCK 0992 strain (inhibition zone: 27–29 mm) were characterized
by the highest antagonistic activity (Figure 1e,f). The lowest antagonistic activity (zone of
growth inhibition in the range of 16–20 mm) was recorded for the system consisting of the
Levilactobacillus brevis MG451814 culture and polyphenols contained in extracts from the
Rosa rugosa Thunb. pseudo-fruit pomace. Low antimicrobial potential (growth inhibition
zone: 17–19 mm) was also observed in the systems consisting of Levilactobacillus brevis
ŁOCK 0980 cultures and cleaned crude ethanolic and acetone extracts, as well as for the
system based on the culture of the Lacticaseibacillus casei ŁOCK 0979 strain and purified
acetone extract (growth inhibition zone equal to 19.67 mm). It is worth mentioning that
the addition of extracts to the culture of lactic acid bacteria would significantly affect their
anti-staphylococcal properties in relation to the S. saprophyticus R3A strain (in 18/28 cases,
the 2-component LR system showed statistically significantly lower anti-staphylococcal
properties than the basic culture) (Figure 2 and Table A2, Appendix A).

In the case of the S. saprophyticus S1A strain, the highest antagonistic activity was
recorded in the LR system consisting of Levilactobacillus brevis ŁOCK 0992 and polyphe-
nols contained in the crude acetone extract (zone of growth inhibition equal to 36 mm)
(Figure 1g). On the other hand, the system consisting of purified ethanol extract and the Lev-
ilactobacillus brevis MG4511814 strain was characterized by the lowest anti-staphylococcal
activity (Figure 1h). In the case of the purified acetone extracts, it was not possible to
clearly indicate which environmental system showed the greatest antimicrobial potential in
relation to the S. saprophyticus S1A strain (combination of purified acetone extract with the
Levilactobacillus brevis ŁOCK 0992 strain, with a growth inhibition zone equal to 27.67 mm,
and the combination of purified acetone extract and the Lactobacillus acidophilus ŁOCK 0928
strain, with a growth inhibition zone equal to 28.33 mm). In the case of ethanol extracts, the
highest anti-staphylococcal activity was obtained by combining them with the Levilacto-
bacillus brevis ŁOCK 0992 strain (zone of growth inhibition equal to 30.33 mm). The system
based on the culture of Lactobacillus acidophilus ŁOCK 0928 bacteria and crude ethanol
extract (zone of growth inhibition equal to 27.33 mm) also showed a high antimicrobial
potential. The weakest anti-staphylococcal properties in relation to S. saprophyticus S1A
were demonstrated by the combination of acetone extracts with the Levilactobacillus brevis
ŁOCK 0980 strain and ethanol extracts with the Levilactobacillus brevis MG451814 strain
(zones of growth inhibition equal to 15–17 mm). It should be noted that the antimicrobial
activity of the 28 LR systems against the S. saprophyticus S1A strain was largely due to the
antagonistic activity of the LAB strains used to create the system. In all cases (28/28), the
addition of the extract resulted in a statistically significant reduction in anti-staphylococcal
properties compared with the stock culture (Figure 2).

The S. aureus S2A strain, compared with the other environmental isolates, was the most
resistant to the effects of the two-component LR systems (Figure 1i,j). This was evidenced by
the fact that the highest zone of inhibition of growth (not exceeding 20 mm) was comparable
to the value of the minimum zones of inhibition of growth of other staphylococci. In the case
of the S. aureus S2A strain, an anti-staphylococcal potential was observed in the systems
consisting of the culture of Levilactobacillius brevis ŁOCK 0992 with acetone extracts (zone
of growth inhibition of about 19 mm) and the culture of Levilactobacillus brevis MG451814
with the addition of ethanol extracts (zone of growth inhibition in the interval 17–20 mm).
A moderate anti-staphylococcal potential in relation to the S. aureus S2A strain (growth
inhibition zone in the range of 17–19 mm) was also noted in the case of the Lactobacillus
acidophilus ŁOCK 0928 bacteria cultures with crude extracts (ethanol and acetone) and in
the system consisting of Levilactobacillus brevis ŁOCK0944 cultures with the addition of
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purified ethanol extract. The lowest antimicrobial potential in relation to the S. aureus S2A
strain was demonstrated by the two-component LR systems consisting of Levilactobacillus
brevis ŁOCK 0992 cultures in combination with ethanol extracts (crude and purified) and
the combination of purified ethanol extract with the Levilactobacillus brevis ŁOCK 0980
culture. A low anti-staphylococcal potential was also characterized by systems consisting
of the Levilactobacillus brevis MG451814 and Levilactobacillus brevis ŁOCK 0980 cultures in
combination with acetone extracts (growth inhibition zone equal to 13.33 mm), as well
as a combination of purified acetone extract with Lacticaseibacillus casei ŁOCK 0979 and
Lactobacillus acid ŁOCK 0928 (growth inhibition zone in the range of 13–15 mm). It is worth
noting that although 28 2-component LR systems were obtained to inhibit the growth of S.
aureus S2A bacteria, the overall antagonistic activity of the LR systems toward this strain
should be assessed as low. Four systems based on the Levilactobacillus brevis MG451814
strain showed anti-staphylococcal activity, although it was not observed in the control
sample.

Out of all 28 LR systems tested, the strongest antagonistic activity was observed in
relation to the S. epidermidis R1A strain using a system consisting of purified acetone extract
and the Lacticaseibacillus rhamnosus ŁOCK 0943 strain. On the other hand, the weakest
antagonistic properties of the LR systems were observed in the case of S. aureus S2A (a
combination of both ethanol extracts with the Levilactobacillus brevis ŁOCK 0992 strain
and a combination of purified ethanol extract with the Levilactobacillus brevis ŁOCK 0980
strain). Of all the environmental isolates tested, S. epidermidis R1A and S. haemolyticus
R2A turned out to be the most sensitive strains to the effects of environmental systems
consisting of polyphenols and LAB cultures. It is worth emphasizing that in the case of the
antagonistic properties of the two-component LR systems, the antimicrobial activity against
the S. epidermidis R1A and S. haemolyticus R2A strains was largely due to the addition of
extracts. On the other hand, the S. aureus S2A strain was most resistant to the antagonistic
effects of co-cultures of LABs and polyphenols.

Figure 2 shows the differences in the size of the zones of inhibition of the growth
of bacteria of the genus Staphylococcus caused by the action of LR systems in relation to
the antagonistic properties of basic lactic acid bacteria cultures. The combination of lactic
acid bacteria and polyphenols contained in the Rosa rugosa Thunb. pseudo-fruit pomace
in a common culture system had a positive or negative effect, depending on the tested
strain of the genus Staphylococcus. It is interesting that the lack of statistically significant
differences in the operation of the LR system accounted for only 15% of all examined cases.
Among the results with a statistically significant difference, nearly 41% showed a favorable
effect from polyphenols on the LAB antagonistic properties (increase in the zone of growth
inhibition). LR systems consisting of LAB and rose extracts significantly influenced the
growth of the isolates S. epidermidis R1A and S. haemolyticus R2A. Both strains were more
sensitive to the effects of LAB systems in combination with ethanol and acetone extracts
than in the case of stock cultures. In the case of the remaining isolates (S. saprophyticus R3A,
S. saprophyticus S1A, and S. aureus S2A), the use of LR systems resulted in a statistically
significant reduction in the growth inhibition zones compared with the control sample.
It is worth noting, however, that in the case of the LR systems, in each of the studied
cases, the anti-staphylococcal properties of the systems were observed (while not all LAB
strains showed anti-staphylococcal activity). Only in 2% of the cases did the addition of
polyphenols to LAB cultures not change their anti-staphylococcal potentials. It should be
noted that in the LR systems, a concentration of polyphenols equal to 0.156 mg/mL was
used, which for 14 out of 20 cases permitted the use of a concentration lower than the MIC
value for the Staphylococcus spp. strains tested.

3.3. Change in the pH of the LAB Culture in the Presence of Rosa rugosa Thunb. Pseudo-Fruit
Pomace Extracts

The changes in the pH value during the culture of seven LAB strains with the addition
of polyphenols contained in Rosa rugosa Thunb. pseudo-fruit pomace extracts are presented
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in Table 4. The extracts in the concentration of 0.156 mg/mL (converted to the concentration
of polyphenols) added to the initial culture (t = 0 h) did not significantly affect the pH
value in any tested cases (no statistically significant differences). At the time of inoculation,
the lowest pH was observed in the culture of Lactobacillus acidophilus ŁOCK 0928 (5.2–5.3).
On the other hand, the starter culture of the Levilactobacillus brevis MG451814 strain was
characterized by the highest pH value (5.7). The pH value at the time of inoculation in the
case of the remaining cultures fluctuated in the range of 5.4–5.6. During the 48-h incubation
(under optimal conditions for the growth of each of the microorganisms), the pH value of
the culture gradually decreased. For all the tested strains, the highest decrease in the pH
value was observed after the first day of culturing Lacticaseibacillus rhamnosus ŁOCK 0943
with the addition of crude ethanol extract (∆pH = 1.5 units). In turn, the lowest decrease
in the pH value was recorded after a 24-h culture of Levilactobacillus brevis ŁOCK 0980
bacteria with the addition of crude ethanol extract (∆pH = 0.7 units). On the second day, the
decrease in pH was much lower in all cases and did not exceed ∆ = 0.3 units. The highest
decrease in pH value was observed in the culture of the Levilactobacillus brevis ŁOCK 0980
strain with the addition of crude ethanol extract (∆pH = 0.25 units). On the other hand, in
the case of Levilactobacillus brevis ŁOCK 0944 with the addition of crude ethanol extract and
the Lacticaseibacillus casei ŁOCK 0979 and Lactobacillus acidophilus ŁOCK 0928 cultures with
the addition of purified acetone extract, the decrease in pH was practically imperceptible
(∆pH = 0.02 units).

It should be noted, however, that extending the culture from 24 to 48 h for all 35
cultures resulted in a significant decrease in the pH value, and in 63% of cases, this value
was statistically significant (in all cultures with the addition of purified ethanol extract and
almost all control cultures, where the exception was Levilactobacillus brevis ŁOCK 0992).

After 48 h of incubation, the pH of the tested cultures was the highest for the Lev-
ilactobacillus brevis MG451814 strain in the culture with the addition of purified ethanol
extract. It should be noted that the observed pH value (4.67) was statistically different from
the pH value in the stock culture without the addition of extracts. However, there were
no statistically significant differences with the pH value in the culture with crude acetone
extract. On the other hand, the lowest pH value after 48 h of incubation was observed for
the Lactobacillus acidophilus ŁOCK 0928 strain grown with the addition of crude extracts
(3.97). However, this difference was not statistically significant compared with the cultures
with purified extracts.
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Table 4. Changes in pH of 48-h LAB cultures in the presence of Rosa rugosa Thunb. pseudo-fruit
pomace extracts.

Extract and
Time (h)

Control AC AP EC EP

pH of Lactobacillus acidophilus ŁOCK 0928 culture

0 5.33 ± 0.05 Cα 5.29 ± 0.04 ACa*α 5.28 ± 0.04 ACa*α 5.24 ± 0.03 ACa*α 5.26 ± 0.04 ACa*α

24 4.30 ± 0.02 Cβ 3.99 ± 0.03 ADa*β 4.03 ± 0.03 ADa*β 4.09 ± 0.08 ADa*β 4.10 ± 0.03 ADa*β

48 4.20 ± 0.03 Cγ 3.97 ± 0.02 ADa*β 4.01 ± 0.02 ADa*β 3.97 ± 0.03 ADa*β 4.00 ± 0.03 ADa*γ

Time (h) pH of Lacticaseibacillus rhamnosus ŁOCK 0943 culture

0 5.67 ± 0.04 Cα 5.55 ± 0.08 ACa*α 5.59 ± 0.03 ACa*α 5.65 ± 0.02 ACa*α 5.64 ±0.02 ACa*α

24 4.24 ± 0.02 Cβ 4.17 ± 0.03 ACa*β 4.18 ± 0.04 ACa*β 4.14 ± 0.02 ADa*β 4.15 ± 0.03 ADa*β

48 4.14 ± 0.02 Cγ 4.08 ± 0.03 ACa*β 4.11 ± 0.02 ACa*β 4.10 ± 0.05 ACa*β 4.09 ± 0.02 ACa*γ

Time (h) pH of Levilactobacillus brevis ŁOCK 0944 culture

0 5.39 ± 0.03 Cα 5.34 ± 0.03 ACa*α 5.39 ± 0.03 ACa*α 5.41 ± 0.03 ACa*α 5.38 ± 0.03 ACa*α

24 4.28 ± 0.02 Cβ 4.07 ± 0.04 ADa*β 4.19 ± 0.02 BDa*β 4.17 ± 0.03 ADb*β 4.25 ± 0.03 BCa#β

48 4.16 ± 0.04 Cγ 4.01 ± 0.03 ADa*β 4.15 ± 0.03 BCa*β 4.15 ± 0.03 ACb*β 4.16 ± 0.02 ACa#γ

Time (h) pH of Levilactobacillus casei ŁOCK 0979 culture

0 5.42 ± 0.03 Cα 5.48 ± 0.03 ACa*α 5.42 ± 0.02 ACa*α 5.43 ± 0.03 ACa*α 5.48 ± 0.02 ACa*α

24 4.42 ± 0.03 Cβ 4.24 ± 0.03 ADa*β 4.36 ± 0.02 BCa*β 4.38 ± 0.02 ACb*β 4.17 ± 0.03 BDb#β

48 4.31 ± 0.03 Cγ 4.10 ± 0.03 ADa*γ 4.34 ± 0.02 BCa* β 4.24 ± 0.02 ACb#γ 4.05 ± 0.04 BDb*γ

Time (h) pH of Levilactobacillus brevis ŁOCK 0980 culture

0 5.52 ± 0.02 Cα 5.55 ± 0.02 ACa*α 5.54 ± 0.02 ACa*α 5.52 ± 0.02 ACa*α 5.56 ± 0.02 ACa*α

24 4.65 ± 0.02 Cβ 4.78 ± 0.03 ADa*β 4.76 ± 0.03 ADa*β 4.82 ± 0.02 ADa*β 4.61 ± 0.02 BCb#β

48 4.50 ± 0.03 Cγ 4.54 ± 0.02 ACa*γ 4.54 ± 0.03 ACa*γ 4.57 ± 0.03 ADa*γ 4.53 ± 0.01 ACa*γ

Time (h) pH of Levilactobacillus brevis ŁOCK 0992 culture

0 5.42 ± 0.02 Cα 5.41 ± 0.03 ACa*α 5.42 ± 0.02 ACa*α 5.42 ± 0.03 ACa*α 5.46 ± 0.03 ACa*α

24 4.02 ± 0.02 Cβ 4.27 ± 0.02 ADa*β 4.27 ± 0.02 ADa*β 4.15 ± 0.02 ADb#β 4.28 ± 0.03 BDa*β

48 3.98 ± 0.02 Cβ 4.14 ± 0.04 ADa*γ 4.15 ± 0.02 ADa*γ 4.07 ± 0.03 ADa#γ 4.19 ± 0.02 BDa*γ

Time (h) pH of Levilactobacillus brevis MG451814 culture

0 5.68 ± 0.04 Cα 5.71 ± 0.02 ACa*α 5.72 ± 0.02 ACa*α 5.73 ± 0.03 ACa*α 5.69 ± 0.01 ACa*α

24 4.79 ± 0.05 Cβ 4.76 ± 0.01 ACa*β 4.72 ± 0.02 ACa*β 4.65 ± 0.02 ADb#β 4.79 ± 0.03 BCa*β

48 4.55 ± 0.02 Cγ 4.66 ± 0.02 ADa*γ 4.57 ± 0.01 BCa*γ 4.61 ± 0.02 ADb*β 4.67 ± 0.03 BDb*γ

A, B: Statistical differences (ANOVA, Tukey’s post-hoc test (p ≤ 0.05)) between acetone (AC = crude, AP = purified)
extracts and between ethanol (EC = crude, EP = purified) extracts (AC-AP, EC-EP) within the same LAB species.
C, D: Statistical differences (ANOVA, Tukey’s post-hoc test (p ≤ 0.05)) between the control sample (culture without
extract) and samples with the addition of extracts (Control-AP, Control-AC, Control-EC, and Control-EP) within
the same LAB species. a, b: Statistical differences (ANOVA, Tukey’s post-hoc test (p ≤ 0.05)) between crude and
purified extracts (AP-EP, AC-EC) within the same LAB species. *, #: Other statistical differences (ANOVA, Tukey’s
post-hoc test (p ≤ 0.05)) between extracts (AC-EP, AP-EC) within one LAB species. α, β, γ: Statistically significant
differences in time (ANOVA, Tukey’s post-hoc test (p ≤ 0.05)) between the same trials.

4. Discussion

In recent years, a systematic increase in the number of microorganisms resistant to
routinely used drugs has been observed. The spread of antibiotic resistance among staphy-
lococci (including coagulase-negative strains) may pose a threat to human health. Many
scientists believe that food may be the habitat of multi-drug resistant strains of the genus
Staphylococcus and may be the transfer of antibiotic resistance between the environment
and people [45]. The substrate for the development of antibiotic-resistant bacteria can
be, among others, ready-to-eat, fermented milk products (for the preparation of which
unpasteurized milk is used) [46]. Currently, it is methicillin resistance that is considered to
be one of the most important problems in the control of staphylococci. Methicillin-resistant
species are often phenotypically resistant to other β-lactam antibiotics used so far (including
penicillin, oxacillin, nafcillin, or cephalosporins) [47]. According to the research conducted
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by Chajęcka-Wierzchowska et al. [47], more than 83% of methicillin-resistant Staphylococcus
isolates (from ready-to-eat food) also showed resistance to tetracycline, rifampicin, and
clindamycin. Moreover, the studies by Chajęcka-Wierzchowska et al. [47] showed that over
30% of food isolates are strains that have experienced multi-drug resistance (antibiotic resis-
tance belonging to three or more classes). Hence, the aim of this study was to understand
the anti-staphylococcal properties of four polyphenol-rich extracts from Rosa rugosa Thumb.
pseudo-fruit pomace and seven strains of lactic acid bacteria.

The tested extracts from the pseudo-fruit pomace of Rosa rugosa Thunb. were char-
acterized by a total content of polyphenols at the level of 8–33 mg per 100 g DM. The
content of polyphenols in the extracts of rose pseudo-fruit depended primarily on the
species of rose but also on the method of extraction. The extracts obtained from the pomace
through the use of various solvents differed in the content of polyphenols. The content of
polyphenols in the acetone extracts was higher than in the ethanolic extracts by 1.69 times
(crude) and 1.14 times (purified). Ellagitannins and procyanidins dominated in all obtained
extracts, and their shares were similar. According to research by Yi et al. [48], the methanol
extracts of Rosa nutkana, Rosa pisocarpa, and Rosa woodsii contained 6–13 mg of polyphenols
(GAE equivalent) per liter of extract. On the other hand, Nowak and Gawlik-Dziki [49]
determined the content of polyphenols in 17 different species of roses (including Rosa
canina, Rosa rugosa, Rosa villosa, and Rosa gallica). The total content of polyphenols in the
extracts was in the range of 6–16% dry matter (which was 5–19 mg of flavonols per g of dry
matter and 9–20 mg of ellagic acid per g of dry matter). The number of polyphenols (and
their types) contained in rose extracts is primarily influenced by the part of the plant that
was used to produce them. For example, the concentration of polyphenols in the extracts of
the Rosa nutkana and Rosa woodsii rose hips obtained by Yi et al. [48] was higher than in the
seed extracts.

Four extracts of pomace from Rosa rugosa Thunb. pseudo-fruit were used in the study,
for which the antagonistic activity against Staphylococcus spp. was tested. The tested ex-
tracts, with a concentration of polyphenols ranging from 0.156 to 0.625 mg/mL, effectively
inhibited the growth of the tested Staphylococcus bacteria. The research group of Yi et al. [48]
investigated the antimicrobial potential of rose extracts (sourced from British Columbia
(Canada)). The extracts inhibited the growth of gram-positive bacteria Enterococcus faecalis,
Bacillus subtilis, S. aureus ATCC 25923, and methicillin-resistant clinical staphylococcal
isolates. The studies of Yi et al. [48] showed that rose hip extracts demonstrate selective
antimicrobial activity. The mean zone of inhibition of growth (including the diameter of
the disc (6 mm)) of S. aureus ATCC 25923 bacteria was in the range of 9–15 mm in the case
of whole extracts and in the range of 11–18 mm in the case of pericarp extracts (with the
addition of 20 µL of extract per filter paper disc). Cendrowski et al. [21] studied the antibac-
terial properties of extracts made from the Rosa rugosa pseudo-fruit. For this purpose, they
prepared various types of extracts (aqueous, ethanolic, supercritical, and enzymatic). The
aqueous extracts showed antimicrobial activity against gram-positive bacteria such as Bacil-
lus cereus or S. epidermidis and against gram-negative species (Escherichia coli). Interestingly,
the minimum inhibitory concentration (MIC) of the tested aqueous extracts for S. aureus was
over 128 mg/mL. Ethanol extracts strongly inhibited the growth of Bacillus subtilis bacteria,
but only at a concentration of 32 mg/mL did they limit the growth of S. epidermidis (the
MIC for the aqueous extracts was 16 mg/mL). Cendrowski et al. [21] did not determine the
concentration of the Rosa rugosa ethanol extracts, which would have a bacteriostatic effect
on staphylococci (the MBC exceeded the range of tested concentrations at 128 mg/mL). In
contrast, the MIC of the enzymatic and supercritical extracts for S. aureus ATCC 25923 was
64 mg/mL. In the research conducted by the authors of the present work, two different sol-
vents were used to extract polyphenols from rose pomace: ethanol and acetone. The highest
concentration of polyphenols used was 2.5 mg/mL. Thus, it was the concentration in the
case of ethanol extracts that turned out to be insufficient for limiting the growth of only one
of the tested strains (S. epidermidis R1A). It should be noted, however, that the concentration
of polyphenols of 2.5 mg/mL corresponded to the concentration of the ethanol extracts
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at the level of 8–30 mg/mL (depending on the degree of purification). Thus, the result
obtained by the authors of the study is comparable to the anti-staphylococcal properties of
rose extracts determined by Cendrowski et al. [21]. In the analyses by Adwan et al. [50],
the effect of plant extracts on the growth of microorganisms was also investigated. One of
the extracts was made from damask rose. The influence of the extract on the growth of the
gram-positive bacteria S. aureus was analyzed. The ethanol extract of damask rose showed
stronger bactericidal activity against staphylococci than the other extracts tested: lemon
balm, mint, and marshmallow (MIC: 0.395–0.780 mg/mL). It should also be noted that rose
extracts sometimes show stronger bactericidal properties compared with extracts prepared
from other plants. The results obtained by Mishra et al. [51] showed that extracts (pre-
pared with methanol and ethyl acetate) obtained from various parts of Rosa indica (leaves,
stem, and flowers) also showed bactericidal activity against microorganisms considered
pathogenic. All methanol extracts showed anti-staphylococcal properties against S. aureus.
The greatest zone of inhibition of growth was recorded after the application of methanolic
extract from flowers and stems (16–17 mm). The leaf extracts showed a lower antagonistic
property: a growth inhibition diameter of 13 mm. Thus, the MIC of each of the Rosa indica
extracts was 4.5 mg/mL. It is worth mentioning that the method of extracting polyphenols
has a decisive influence on the antagonistic properties of Rosa spp. fruit extracts. Two
solvents were used in this research: ethanol and acetone. The extracts were further puri-
fied by column chromatography on Amberlite XAD 1600 N. Stronger anti-staphylococcal
activity was observed in the extracts obtained with the use of acetone and the purified
extracts. Interestingly, according to the literature data, the ethanol extracts showed a higher
antimicrobial potential. Halawani [52] not only investigated the antimicrobial properties of
Rosa damascena extracts but also tried to determine the effect of the extraction solvent on
the antimicrobial properties of the extracts (water, methanol, ethanol, and hexane). Their
research showed that the highest anti-staphylococcal properties were obtained in the case
of ethanol extracts (growth inhibition zone in the range of 27–30 mm; MIC: 62.5 µg/mL). A
similar antimicrobial activity was observed in water (MIC: 62.5–125 µg/mL) and methanol
(MIC: 62.5–250 µg/mL) extracts. The weakest antimicrobial property was observed in
extracts prepared with the use of hexane. Shohayeb et al. [53] used many popular solvents
to prepare Rosa damascena flower extracts (water, hexane, and ethanol and alcoholic extracts
were suspended in chloroform, butanol, and ethyl acetate). Then, the bactericidal properties
of the extracts against Streptococcus pyogenes, B. subtilis, and S. aureus were examined. The
MIC value for the S. aureus strain ranged from 0.125 to 2.0 mg/mL. Nevertheless, the
methanol and acetone extracts of Rosa damascena prepared by El-Shouny et al. [54] also
demonstrated anti-staphylococcal properties. The antagonistic activity of the extracts at
a concentration of 100 mg/mL resulted in the formation of zones of growth inhibition of
S. aureus isolates at the level of 11–18 mm for the methanol extract and 14–18 mm for the
acetone extract.

There are also reports in the literature examining the antimicrobial potential of roses
as a by-product in the food industry. An example of a product that is waste from the
production of fruit juices is pomace. The work investigated extracts made of frozen Rosa
rugosa Thunb. pseudo-fruit pomace resulting from the production of natural juices. Ren
et al. [55] also used an extract from Rosa rugosa Thunb. var. plena Regal (by-product
of production of rose tea or dried rose petals; Fragrant Rose Biological Technology Co.,
LTD in Pingyin) for testing antimicrobial properties. The total content of the compounds
in the extract was divided into phenolics (0.31 mg/mL) and flavonoids (0.43 mg/mL).
The three main components of the extract are hyperoside, kaempferol-3-O-rutoside, and
rutin. Rosa rugosa Thunb. var. plena Regal extract showed antimicrobial properties against
Cutibacterium acnes (called Propionibacterium acnes by Ren, et al. [55]) and S. aureus (MIC:
125 µg/mL). For the remaining bacteria (e.g., Listeria ivanovii, Salmonella Enteritidis, or E.
coli) the MIC value of the tested extract exceeded 250 µg/mL.

Lactic acid produced as a result of fermentation makes LAB bacteria antagonistic to
pathogenic microorganisms that pollute not only food but also other ecological niches [56].
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The selection of an appropriate carbohydrate in the medium may increase the acidify-
ing activity. Therefore, the addition of polyphenols from Rosa rugosa Thunb. pseudo-fruit
pomace extracts in a concentration below 0.156 mg/mL does not affect the metabolic
processes leading to acidification of the environment by the tested LAB bacteria. Yoon
et al. [57] also proved that lowering the pH of LAB cultures is an obvious consequence of
metabolic processes. The pH of Lactobacillus casei (Lacticaseibacillus casei) cultures decreased
from 5 to 3.4, while in the case of Lactobacillus plantarum (Lactiplantibacillus plantarum) and
Lactobacillus delbruecki subsp. delbruecki, the pH of the environment decreased from 5.8 to
3.6.

The tolerance of LAB to low pH levels is therefore a strain feature. It is worth not-
ing that the intracellular pH of the LAB drops simultaneously with the decrease in the
extracellular pH, which is an individual feature compared to other bacterial cells (e.g.,
pathogenic microorganisms) and may constitute the basis for their antimicrobial activ-
ity [58]. Measurement of the pH of LAB cultures is an indirect method for monitoring the
acidity of the strains used for fermentation. Ren et al. [55] showed that the amount of acid
(pH < 3.7) synthesized by two strains, T30 and S6, was higher than in the case of other LAB
strains, for which the pH value was higher than 3.7 (the tested LAB strains belonged to the
following species: Lactobacillus plantarum, Lactobacillus pentosus, and Lactobacillus paracasei
(Lactiplantibacillus plantarum, Lactiplantibacillus pentosus, and Lacticaseibacillus paracaei)). The
strains of lactic acid bacteria studied by the authors of the present study were characterized
by a much higher antimicrobial potential compared with environmental isolates of the
Staphylococcus genus and reference strains. The observed diameters of growth inhibition
were in the range of 14–50 mm. It should be emphasized that not all lactic acid bacteria
show anti-staphylococcal properties. The tested Levilactobacillus brevis MG 451,814 strain
was not able to inhibit the growth of the following isolates: R1A, R2A, and S2A. How-
ever, in the case of the Lacticaseibacillus rhamnosus ŁOCK 0943 strain and the R1A isolate,
the zones of growth inhibition were not determined either. Karska-Wysocki et al. [59],
during their study of the antimicrobial potential of Lactobacillus acidophilus, Lactobacillus
casei (Lactocaseibacillus casei), and Lactococcus cremoris in relation to 10 isolates of the genus
Staphylococcus (methicillin-resistant strains) and the reference strain of S.aureus ATCC 43300,
did not observe the anti-staphylococcal potential of Lactcoccus cremoris, whereas Mohamed
et al. [60] did not demonstrate the anti-staphylococcal properties of Lactobacillus reuteri
ATCC 55730 (Limosilactobacillus reuteri) (regardless of aerobic conditions).

During the present study, it was decided to create two-component antagonist envi-
ronmental systems. The studies of Fang et al. [61] showed no effect of the base medium
on the antagonistic activity of lactic acid bacteria. Therefore, a commercial MRS Agar
(Merck, Germany) was used for the preparation of systems, which is optimal for the growth
of lactic acid bacteria. LR systems were created by combining polyphenols contained in
extracts of pseudo-fruit pomace Rosa rugosa Thunb. and selected strains of lactic acid
bacteria. Earlier studies have shown that polyphenols at a concentration of 0.156 mg/mL
have a prebiotic effect on the microorganisms used in the study [39]. It is worth noting that
other scientists also looked for plant extracts that would inhibit the growth of pathogenic
microflora while not limiting the growth of lactic acid bacteria. Chan et al. [62] investigated
the potential of spice and herb extracts (e.g., Japanese knotweed, pomegranate peel, and
cloves). The obtained extracts showed the ability to combat five species of pathogenic
bacteria (B. cereus, E. coli, Salmonella enterica subsp. enterica, Shigella flexneri, and S. aureus).
Thus, the extracts showed a prebiotic effect for four LAB species (the prebiotic effect was
tested for the following strains of lactic acid bacteria: Lactobacillus acidophilus, Lactobacillus
casei (Lacticaseibacillus casei), Lactobacillus plantarum (Lactiplantibacillus plantarum), and Lacto-
bacillus rhamnosibus (Lacticaseibacillus rhamnosus)). In our work, we managed to compose
antagonistic two-component antagonist systems based on the culture of selected LAB and
pseudo-fruit pomace extracts from Rosa rugosa Thunb., which effectively limited the growth
of both collection strains and environmental isolates belonging to the genus Staphylococcus
spp.
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5. Conclusions

Test extracts of pseudo-fruit pomace Rosa rugosa Thunb. constitute a valuable reservoir
of compounds with anti-staphylococcal activity. The LR systems developed in the study
showed a high antagonistic potential toward Staphylococcus spp. strains. Nevertheless, it
should be noted that the effectiveness of the LR system depends on the LAB bacterial strain
but above all on the sensitivity of the Staphylococcus spp. The extraction environment and
the level of preparation purification are also important factors.

The creation of environmental two-component antagonist systems, in this case con-
sisting of LAB and polyphenols from Rosa spp. (LR system), may therefore represent
the beginning of the development of a new trend in the production of functional food or
cosmetics or in the design of dietary supplements.
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Appendix A

Table A1 shows the antagonistic activity of lactic acid bacteria against Staphylococcus
spp. strains. The tested LABs showed high antagonistic potential against the test bacteria
of the Staphylococcus genus. The mean values of the growth inhibition of Staphylococcus
spp. showed no statistically significant differences. Nevertheless, it should be remembered
that the antagonistic interactions between antagonistic LABs and the Staphylococcus spp.
test strains were highly individual. Table A2 shows the antagonistic properties of the LR
systems.

Table A1. Antagonistic activity of lactic acid bacteria.

Growth Inhibition Zone (mm)

ATCC 25923 DSMZ 3270 R1A R2A R3A S1A S2A

ŁOCK 0928 17.00 ± 0.00 Aa 20.33 ± 0.58 Ab 24.00 ± 1.00 Ac 25.67 ± 0.58 Ad 30.00 ± 0.00 Ee 36.67 ± 0.58 Af 27.00 ± 0.00 ACd

ŁOCK 0943 19.67 ± 0.58 Ba 18.33 ± 0.58 Ba 0.00 ± 0.00 Bb 19.33 ± 0.58 BCa 25.67 ± 0.58 Ac 42.33 ± 1.53 Bd 28.33 ± 1.53 ACc

ŁOCK 0944 19.67 ± 0.58 Babd 17.67 ± 0.58 Bb 27.33 ± 1.53 Cc 21.00 ± 0.00 Bd 28.33 ± 1.53 Ec 37.33 ± 1.15 Ae 28.33 ± 1.15 ACc

ŁOCK 0979 14.33 ± 0.58 Ca 15.33 ± 0.58 Ca 22.33 ± 0.58 ADEbc 20.00 ± 1.00 Bb 23.67 ± 0.58 BCc 38.33 ± 1.53 ADd 24.00 ± 0.00 Bc

ŁOCK 0980 21.00 ± 0.00 Da 18.33 ± 0.58 Ba 20.33 ± 0.58 Da 17.67 ± 1.15 Ca 25.67 ± 0.58 Cbd 41.46 ± 1.53 BDc 28.00 ± 0.00 Cd

ŁOCK 0992 20.33 ± 0.58 BDda 18.33 ± 0.58 Bb 23.67 ± 0.58 AEc 21.00 ± 1.00 Ba 27.67 ± 0.58 Ed 37.67 ± 0.58 Ae 30.67 ± 0.58 Df

MG451814 17.00 ± 0.00 Aa 17.33 ± 0.58 Ba 0.00 ± 0.00 BFb 0.00 ± 0.00 Db 18.00 ± 1.00 Da 50.00 ± 0.00 Cc 0.00 ± 0.00 Eb

Mean 18.43 ± 2.21 17.93 ± 1.39 16.81 ± 10.81 17.81 ± 7.62 25.57 ± 3.64 40.54 ± 4.34 # 23.76 ± 9.87

A, B, C, D, E, F: statistical differences (ANOVA, Tukey’s post-hoc test (p≤ 0.05)) between zones of growth inhibition
within the same strain of Staphylococcus spp.; a, b, c, d, e, f: statistically significant differences (ANOVA, Tukey’s
post-hoc test (p ≤ 0.05)) between the zone of growth inhibition within the same LAB strain; #: statistical difference
between mean values for Staphylococcus spp. strains (ANOVA, Tukey’s post-hoc test (p≤ 0.05). Strains: Lactobacillus
acidophilus ŁOCK 0928, Lacticaseibacillus rhamnosus ŁOCK 0943, Levilactobacillus brevis ŁOCK 0944, Lacticaseibacillus
casei ŁOCK 0979, Levilactobacillus brevis ŁOCK 0980, Levilactobacillus brevis ŁOCK 0992, Levilactobacillus brevis
MG451814, S. aureus ATCC 25923, S. epidermidis DSMZ 3270, S. epidermidis R1A, S. haemolyticus R2A, S. saprophyticus
R3A, S. saprophyticus S1A, and S. aureus S2A.



Appl. Sci. 2022, 12, 4005 19 of 22

Table A2. Antagonistic activity of LR systems: LAB with addition of Rosa rugosa Thunb. pseudo-fruit
pomace extracts.

Extract or LAB AC AP EC EP

Growth inhibition zone (mm): S. epidermidis R1A

ŁOCK 0928 24.67 ± 0.58 Aa* 25.33 ± 1.53 Aa* 28.00 ± 1.00 Ab* 23.33 ± 0.58 Ba*
ŁOCK 0943 24.00 ± 1.00 Aa* 39.67 ± 0.58 Ba* 32.33 ± 1.53 Ab* 34.67 ± 0.58 Ab#

ŁOCK 0944 26.67 ± 0.58 Aa* 34.33 ± 1.53 Ba* 29.00 ± 1.00 Aa# 30.33 ± 0.58 Ab#

ŁOCK 0979 27.33 ± 1.53 Aa* 37.33 ± 0.58 Ba* 31.00 ± 1.00 Ab# 27.33 ± 0.58 Bb*
ŁOCK 0980 18.33 ± 1.53 Aa* 23.33 ± 0.58 Ba* 26.00 ± 1.00 Ab# 21.67 ± 0.58 Ba#

ŁOCK 0992 31.67 ± 0.58 Aa* 36.33 ± 1.53 Ba* 33.00 ± 1.00 Aa# 39.00 ± 1.00 Ba#

MG451814 23.67 ± 1.53 Aa* 30.00 ± 1.00 Ba* 29.67 ± 0.58 Ab* 23.00 ± 1.00 Bb*

Growth inhibition zone (mm): S. haemolyticus R2A

ŁOCK 0928 25.33 ± 0.58 Aa* 27.33 ± 0.58 Ba* 23.33 ± 0.58 Ab# 23.67 ± 0.58 Ab#

ŁOCK 0943 28.33 ± 1.53 Aa* 34.33 ± 1.53 Ba* 33.00 ± 1.00 Ab* 29.33 ± 0.58 Bb*
ŁOCK 0944 34.33 ± 0.58 Aa* 34.67 ± 0.58 Aa* 33.33 ± 1.53 Aa* 30.33 ± 0.58 Bb#

ŁOCK 0979 33.00 ± 1.00 Aa* 33.67 ± 0.58 Aa* 28.33 ± 1.53 Ab# 28.00 ± 1.00 Ab#

ŁOCK 0980 23.67 ± 0.58 Aa* 37.33 ± 0.58 Ba* 21.33 ± 1.53 Aa# 26.00 ± 1.00 Bb*
ŁOCK 0992 34.00 ± 1.00 Aa* 37.67 ± 0.58 Ba* 32.67 ± 0.58 Aa# 33.00 ± 1.00 Ab*
MG451814 23.00 ± 1.00 Aa* 28.00 ± 1.00 Ba* 26.33 ± 0.58 Ab* 21.00 ± 1.00 Bb*

Growth inhibition zone (mm): S. saprophyticus R3A

ŁOCK 0928 28.00 ± 0.00 Aa* 29.00 ± 1.00 Ba* 27.00 ± 0.00 Ab# 26.67 ± 0.58 Ab#

ŁOCK 0943 24.00 ± 1.00 Aa* 25.33 ± 0.58 Ba* 22.33 ± 0.58 Ab# 22.33 ± 0.58 Ab#

ŁOCK 0944 22.67 ± 0.58 Aa* 24.00 ± 1.00 Aa* 25.67 ± 1.53 Ab* 25.33 ± 0.58 Aa#

ŁOCK 0979 23.11 ± 0.58 Aa* 19.67 ± 0.58 Ba* 25.67 ± 0.58 Ab# 22.33 ± 0.58 Bb*
ŁOCK 0980 17.33 ± 0.58 Aa* 22.22 ± 0.58 Ba* 19.67 ± 0.58 Aa# 18.67 ± 0.58 Ab*
ŁOCK 0992 27.67 ± 0.58 Aa* 27.67 ± 0.58 Aa* 27.67 ± 0.58 Aa* 28.00 ± 1.00 Aa*
MG451814 16.67 ± 0.58 Aa* 19.33 ± 0.58 Ba* 16.00 ± 1.00 Aa# 19.67 ± 0.58 Ba#

Growth inhibition zone (mm): S. saprophyticus S1A

ŁOCK 0928 29.33 ± 1.15 Aa* 28.33 ± 1.53 Aa* 27.33 ± 1.15 Ab* 27.00 ± 0.00 Aa#

ŁOCK 0943 24.00 ± 1.00 Aa* 26.00 ± 1.00 Aa* 21.67 ± 0.58 Ab# 22.67 ± 0.58 Ab*
ŁOCK 0944 24.33 ± 0.58 Aa* 25.00 ± 0.00 Aa* 27.33 ± 0.58 Ab# 26.67 ± 0.58 Ab#

ŁOCK 0979 25.67 ± 0.58 Aa* 22.67 ± 1.15 Ba* 23.67 ± 0.58 Aa* 25.00 ± 1.00 Ab*
ŁOCK 0980 17.33 ± 0.58 Aa* 15.67 ± 0.58 Aa* 17.00 ± 0.00 Aa* 17.00 ± 1.00 Aa*
ŁOCK 0992 36.00 ± 0.00 Aa* 27.67 ± 0.58 Ba* 30.33 ± 0.58 Ab# 30.33 ± 0.58 Ab#

MG451814 18.00 ± 1.73 Aa* 19.33 ± 0.58 Aa* 16.00 ± 0.00 Ab* 15.00 ± 0.00 Bb#

Growth inhibition zone (mm): S. aureus S2A

ŁOCK 0928 18.33 ± 1.53 Aa* 14.33 ± 0.58 Ba* 18.00 ± 1.73 Aa# 15.00 ± 0.00 Ba#

ŁOCK 0943 16.67 ± 0.58 Aa* 15.67 ± 0.58 Aa* 14.00 ± 1.00 Aa* 16.00 ± 0.00 Aa*
ŁOCK 0944 16.33 ± 0.58 Aa* 16.33 ± 0.58 Aa* 17.33 ± 0.58 Aa* 17.00 ± 0.00 Aa*
ŁOCK 0979 15.00 ± 0.00 Aa* 13.00 ± 0.00 Ba# 16.67 ± 1.15 Ab* 12.33 ± 0.58 Ba#

ŁOCK 0980 13.33 ± 0.58 Aa* 13.33 ± 0.58 Aa* 14.33 ± 0.58 Ab# 12.00 ± 0.00 Bb#

ŁOCK 0992 19.67 ± 0.58 Aa* 19.33 ± 0.58 Aa* 12.00 ± 0.00 Ab# 12.00 ± 0.00 Ab#

MG451814 13.33 ± 0.58 Aa* 13.33 ± 0.58 Aa* 19.67 ± 0.58 Ab# 17.00 ± 0.00 Bb#

A, B: statistical differences (ANOVA, Tukey’s post-hoc test (p ≤ 0.05)) between acetone extracts and between
ethanol extracts (AC-AP, EC-EP) within the same LAB species; a, b: statistical differences (ANOVA, Tukey’s post-
hoc test (p ≤ 0.05)) between crude and purified extracts (AC-EC, AP-EP) within the same LAB species; *, #: other
statistical differences (ANOVA, Tukey’s post-hoc test (p ≤ 0.05)) between extracts (AC-EP, AP-EC) within one LAB
species. Strains: Lactobacillus acidophilus ŁOCK 0928, Lacticaseibacillus rhamnosus ŁOCK 0943, Levilactobacillus brevis
ŁOCK 0944, Lacticaseibacillus casei ŁOCK 0979, Levilactobacillus brevis ŁOCK 0980, Levilactobacillus brevis ŁOCK
0992, and Levilactobacillus brevis MG451814.
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