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Abstract: The growing consumer demand for the development of functional foods with a number
of benefits for the consumer has led to a considerable increase in the studies focused on examining
different natural agents to be included in the composition of newly developed functional foods. The
chemical compositions of the essential oils (EOs) of lavender (Lavandula angustifolia Mill.), peppermint
(Mentha piperita L.), raspberry seed (Rubus idaeus L.), and ylang-ylang (Cananga odorata (Lam.)) were
determined using gas chromatography with a mass selective detector (GC-MS). The antibacterial and
antifungal activities of these EOs were examined using a high-throughput 96-well microplate bioassay
procedure and the MICs of each EO against each test microorganism were determined. The results
indicated significant antimicrobial activity against Escherichia coli ATCC 25922, Staphylococcus aureus
ATCC 6538, Salmonella abony NTCC 6017, Pseudomonas aeruginosa NBIMCC 1390, Bacillus subtilis ATCC
19659, Penicillium chrysogenum ATCC 28089, Fusarium moniliforme ATCC 38932, Aspergillus niger ATCC
1015, and Aspergillus flavus ATCC 9643. To explore their potential applications in food preservation,
model chocolate mousse food emulsions were prepared that incorporated EOs and/or selected
probiotic lactobacilli strains in both free and encapsulated forms. The inclusion of EOs and/or
probiotic lactobacilli resulted in enhanced microbial safety and an extended shelf life. Furthermore,
the chocolate mousse variants that were biopreserved with the inclusion of probiotic lactobacilli
maintained a high viable lactobacillus cell concentration throughout the storage period. As a result,
these products would not only be suitable as functional probiotic foods but also as effective delivery
vehicles for probiotic lactobacilli.

Keywords: essential oils; lavender; peppermint; raspberry; ylang-ylang; probiotic lactobacilli;
biopreservation; chocolate mousse; functional food
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1. Introduction

According to the definition, “tailor-made foods” are foods that are produced for a
special target group of consumers. These foods have different functional characteristics,
that are given both by the raw materials that are used for food production and by the
production methods [1,2]. To obtain this type of food, four main stages are followed; the
identification of the chemical, physical, biological, nutritional, and other characteristics
of the main ingredients [3] is the first one. Another important stage in the production of
this food type is the application of so-called minimal-processing technologies to ensure
their quality. This means applying minimal steps to preserve the product in order for
the product to retain more of its functional properties [4–7]. One of these methods is the
so-called hurdle technologies—the combination of separate types of hurdles to prevent
microbial spoilage via the application of physical and biological factors [5]. The first step
towards combining two types of biological hurdles, those of microbiological origin and
biomolecules (EOs) with an emphasis on the chemical composition and biological value of
the EOs, has been studied in the present manuscript.

Essential oils (EOs) are aromatic liquids derived from various plant materials, such as
leaves, flowers, roots, and fruits. They serve as alternatives to commonly applied antibiotics
and are used as food biopreservatives [8–14]. These oils are typically obtained via water
distillation [15–17] and contain a complex mixture of volatile secondary metabolites with
small molecular mass, which contribute to their distinct and specific aroma [18,19]. Humans
have employed these plant compounds for thousands of years, not only as ingredients
in perfumes or food additives but also as alternative medicines due to their biological
properties, including antimicrobial and antioxidant activities [15–17,20,21]. These prop-
erties are closely related to their components, which mostly include terpene derivatives
and oxygen-containing compounds [1,11,16–18]. Each component of an EO offers spe-
cific benefits to the body, with monoterpenoids exhibiting analgesic, insecticidal, diuretic,
antiviral, antimicrobial, antioxidant, anti-inflammatory, immunomodulatory, and other
actions [22–24]. EO composition is influenced by the plant variety and the pedoclimatic
conditions in which it is grown [22].

Due to their antimicrobial properties, EOs are being used as alternatives to antibiotics
and in combination with them to combat multidrug-resistant bacteria. They exhibit a
broad spectrum of antimicrobial activity, affecting various microorganisms such as bacteria,
viruses, yeasts, and fungi [25]. The increase in antibiotic resistance among microorgan-
isms poses a significant threat to human health, partly due to the widespread and often
improper use of antimicrobial chemicals and the excessive use of chemical preservatives in
food, leading to undesirable consequences such as dysbiosis and anaphylactic shock [25].
Consequently, the search for new antimicrobial agents without adverse effects on the body
has led to the application of EOs from plants with antimicrobial activity in recent years.
Notable examples include lavender, peppermint, raspberry, ylang-ylang, and others [26,27]
and their potential application in food biopreservation strategies. The inclusion of EOs
in the composition of foods ensures the microbial safety of the resulting product but very
high EO concentrations are actually detrimental to the product’s sensory qualities. Thus,
biopreservation strategies with the inclusion of EOs actually address the balance between
food safety and preservation and improvement of the food sensorial characteristics. It has
been established that EOs can be included in food formulations at concentrations up to 1%
without negatively affecting the organoleptic characteristics of the resulting product [28].

Lavandula (common name lavender) is a genus of plants belonging to the Lamiaceae
family. Among the various species, Lavandula angustifolia Mill. (formally Lavandula officinalis)
is the most widely utilized. Lavender EO’s color is yellow-green. This EO possesses a robust
and distinct aroma, albeit slightly different from the fragrance of the flowers themselves.
The composition of lavender EO includes notable compounds such as linalyl acetate,
linalool, geraniol, borneol, cineole, pinene, camphor, and coumarin. Of particular value is
the presence of linalyl acetate, which can range from 30% to 60% depending on the growing
conditions. Lavender EO finds widespread usage in culinary, cosmetic, and medicinal
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applications because of its soothing, antiseptic, antidepressant, and anti-inflammatory
properties [29,30].

Raspberry (Rubus idaeus L.) is a perennial bushy plant, both wild and cultivated,
belonging to the Rosaceae family. Raspberry seed oil is rich in vitamin E, with significant
amounts of α-tocopherol (12.6 mg/100 g) and γ-tocopherol (19.4 mg/100 g). It also contains
carotenoids, which help prevent UV damage and promote cell regeneration, and essential
fatty acids (linoleic acid (Ω-6) and α-linolenic acid (Ω-3)). Among the highly volatile
components, the main compounds found in raspberry EO are α-pinene (25.3–27.0%),
sabinene (17.6–19.6%), myrcene (12.3–14.4%), limonene, and terpinen-4-ol. This EO finds
applications in both the food industry and medicine because of its potent anti-inflammatory
properties [31–33].

Ylang-ylang (Cananga odorata (Lam.)) Hook.f. & Thomson belongs to the Anonaceae
family. Ylang-ylang EO contains: geraniol, terpineol, nerol, limonene, ylangol, linaloac-
etate, linalool, eugenol, caryophyllene, geranyl acetate, germacrene, p-cresyl methyl ether,
benzyl benzoate, methyl benzoate, benzyl acetate, sesquiterpenes, monoterpenes, phenyl-
propanoids. The main aroma components of ylang-ylang oil are linalool, benzyl ac-
etate, methyl benzoate, and p-cresyl methyl ether [34]. Ylang-ylang is used in herbal
medicine, cosmetics, and medicine to treat malaria, stomach diseases, asthma, gout, and
rheumatism [34,35].

Mentha is a genus of perennial herbaceous plants that is part of the Lamiaceae family. It
is primarily found in the northern temperate zone. Mentha piperita L. (peppermint) contains
around 1–3% EO, which includes components such as menthone, terpenes, isovaleric acid
esters, and menthol (comprising 45–65% of the oil composition). Other constituents found
in peppermint EO include amyl alcohol, aldehydes, tannins, enzymes, resins, ursolic acid,
carotenoids, hesperidin, mineral salts (such as calcium, magnesium, and iron), and carotene.
Notably, perillyl alcohol, a phytonutrient and monoterpene, is abundant in this herb oil.
High-quality peppermint oils typically contain 50–60% menthol, with approximately 20% in
ester form. The key constituents necessary for oil quality include the ketones jasmone and
menthone, limonene, menthofuran, neomenthol, isomenthol, pulegone, pinene, piperitone,
and cineole [36–38]. Peppermint also contains other beneficial substances such as L-carvone,
flavone glycosides, vitamin C, vitamin B5, manganese, folate, and dietary fiber. The leaf
mass of peppermint contains tannins (approximately 6–12%), bitter substances, flavonoids,
nicotinic acid, and nicotinic acid amide. Peppermint finds applications in the food industry,
as well as in pharmacy and medicine. It is an ingredient in various medicines, cosmetics,
and disinfectants. Peppermint is used for many different conditions and diseases, including
atherosclerosis, angina pectoris, heart attack, cough, bronchitis, indigestion, stomach pains
and spasms, colds, cholecystitis, chronic pancreatitis, cardiovascular diseases, depression,
epilepsy, diarrhea, fatigue, muscle pain, physical trauma, and chronic colitis [36–38].

Probiotic bacteria, specifically lactobacilli and bifidobacteria, have gained significant
attention in recent years for their potential in food preservation. Probiotics are defined
as live microorganisms that, when administered in adequate amounts, confer health ben-
efits to the host. While their primary application is in promoting gut health, probiotic
bacteria have also shown promise in extending the shelf life and improving the safety of
various foods. Lactobacilli and bifidobacteria are commonly used probiotic strains due to
their ability to survive and thrive in different food matrices [28,38]. These bacteria have
been studied extensively for their antimicrobial properties, which are attributed to the
production and accumulation of organic acids, bacteriocins, and hydrogen peroxide. These
antimicrobial compounds inhibit the growth of spoilage microorganisms and foodborne
pathogens, thereby preserving food quality and safety. Besides their antimicrobial activity,
lactobacilli and bifidobacteria can also exhibit other functional properties that contribute to
food preservation [28,39]. For example, they can produce exopolysaccharides, which en-
hance food product texture and stability. Probiotic bacteria can also exert antioxidant effects,
reducing oxidative damage and extending the shelf life of foods. Various foods have been
successfully preserved using probiotic bacteria. These include dairy products, fermented
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vegetables (like sauerkraut and kimchi), fermented meats, and even baked goods [40,41].
The incorporation of probiotic bacteria into these foods not only provides health benefits
but also contributes to their preservation by inhibiting spoilage and pathogenic microor-
ganisms. It is worth noting that the successful application of probiotic bacteria for food
preservation depends on several factors, including the strain selection, viability during
processing and storage, compatibility with the food matrix, and sensory acceptance by
consumers [42]. Additionally, regulatory considerations and quality control measures need
to be implemented to ensure the safety and efficacy of probiotic-containing foods. Overall,
probiotic bacteria, particularly lactobacilli and bifidobacteria, offer promising potential as
natural preservatives in a number of foods. Their ability to inhibit spoilage microorgan-
isms, improve food safety, and provide health benefits makes them an attractive option for
enhancing food shelf life and quality [40–42].

Lactobacillus helveticus 2/20 has a number of proven probiotic properties. Lactobacil-
lus helveticus 2/20 has demonstrated high antimicrobial activity against Salmonella abony,
Escherichia coli, Staphylococcus aureus, Proteus vulgaris, Listeria monocytogenes, and
Enterococcus faecalis. It has exhibited resistance to many antibiotics applied in clinical
practice, suggesting its inclusion in the composition of probiotics and further application
in complex therapy. Lactobacillus helveticus 2/20 has demonstrated a high survival rate in
model conditions of the gastrointestinal tract, retaining a high living-cell concentration
(more than 1013 cfu/g). Lactobacillus helveticus 2/20 has allowed the conduction of batch
processes, resulting in concentrates with a high viable cell content (1013 cfu/cm3) [43].

The aim of the present study was to examine the chemical compositions and an-
timicrobial activities of lavender, peppermint, raspberry seed, and ylang-ylang EOs and
their application in combination with probiotic Lactobacillus helveticus 2/20 cells (free or
encapsulated cells) for chocolate mousse biopreservation. This is the first step towards
researching hurdle technologies for the production of chocolate mousse without any chem-
ical preservatives, and some of the highlights for such production are commented on in
the conclusion.

2. Materials and Methods
2.1. Plant Materials

In the present study, the plant materials were purchased from “Pimenta Bulgaria” Ltd.
(Sofia, Bulgaria) Lavender, ylang-ylang, raspberry seed, and peppermint EOs were obtained
from the dried flowers of Lavandula angustifolia Mill. (0.0174 g EO/g DW) and of Cananga odorata
(Lam.) Hook.f. & Thomson (0.0278 g EO/g DW), dried seeds of Rubus idaeus L. (0.0162 g EO/g
DW), and dried leaves of Mentha piperita L. (0.0178 g EO/g DW). A total of 250 g of each plant
material was weighed, ground, and passed through a 0.5 mm sieve. The moisture content
analyzed using AOAC 934.06 (AOAC, 2007) was established to be 1.6% for lavender, 1.7% for
raspberry seed, 1.6% for peppermint, and 1.8% for ylang-ylang [44].

2.2. Microorganisms

The Lactobacillus helveticus 2/20 probiotic strain was used in the experiments on the
biopreservation of the chocolate mousse food emulsion. The strain is part of the cultural
collection of the Department of Microbiology at UFT-Plovdiv.

Test microorganisms used for the examination of EO antimicrobial activity:
Salmonella abony NTCC 6017, Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 6538,
Pseudomonas aeruginosa NBIMCC 1390, Saccharomyces cerevisiae ATCC 9763,
Bacillus subtilis ATCC 19659, Aspergillus niger ATCC 1015, Aspergillus flavus ATCC 9643,
Penicillium chrysogenum ATCC 28089, Fusarium moniliforme ATCC 38932.

2.3. Extraction of EOs

The contents of EOs were determined using water distillation in the laboratory glass
apparatus of the British pharmacopoeia, modified by Balinova and Dyakov, % (v/w) [45].
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2.4. Determination of Chemical Composition of EOs

The compositions of the EOs were determined using GC-MS in accordance with [28].

2.5. Determination of the Minimum Inhibitory Concentration (MIC) of EOs to Bacteria

The MIC of each EO against bacteria was determined using the CLSI method [46]. The
EOs were subjected to serial two-fold dilutions in Mueller-Hinton broth (Merck, Germany)
using a 96-well microtitration plate. Then, each well was inoculated with a microbial suspen-
sion at a concentration of 5 × 105 cfu/cm3. After mixing, the plates were incubated at 30 ◦C
for 24 h for the bacilli and at 37 ◦C for 18 h for the rest of the bacteria. After incubation, the
optical density of the suspension was determined at λ = 600 nm (OD600). The MIC is the
lowest concentration of EO which completely inhibits the test-microorganism growth.

2.6. Determination of the Minimum Inhibitory Concentration (MIC) of EOs to Yeasts

The MIC of each EO against bacilli and yeasts was determined using the CLSI
method [47]. The EOs were subjected to serial two-fold dilutions in RPMI 1640 broth
with glutamine, without bicarbonate and with an indicator (Sigma Aldrich, St. Louis, MO,
USA), using a 96-well microtitration plate. Then, each well was inoculated with a microbial
suspension at a concentration of 5 × 105 cfu/cm3. After mixing, the plates were incubated
at 30 ◦C for 24 h. After incubation, the optical density of the suspension was determined at
λ = 600 nm (OD600). The MIC is the lowest EO concentration which completely inhibits
the growth of the test microorganism.

2.7. Determination of the Minimum Inhibitory Concentration (MIC) of EOs to Filamentous fungi

The MIC for each EO was determined using the CLSI method [48]. The EOs were
subjected to serial two-fold dilutions in RPMI 1640 broth with glutamine, without bicar-
bonate and with an indicator (Sigma Aldrich, USA), using a 96-well microtitration plate. A
spore suspension at a concentration of 5 × 104 cfu/cm3 was then inoculated into each well.
After mixing, the plates were incubated at 30 ◦C for 48 h. After incubation, the plates were
examined visually. The MIC is the lowest EO concentration which completely prevents any
test-microorganism discernable growth.

2.8. Determination of the Antimicrobial Activity of EOs against Probiotic Strain Lactobacillus
helveticus 2/20

The serial dilution method was used for determining the EO antimicrobial activity
against the probiotic strain Lactobacillus helveticus 2/20 [9].

2.9. Encapsulation of Lactic Acid Bacteria in Emulsion

The encapsulation of lactic acid bacteria in emulsion was performed according to [28,49].
The encapsulated cells were then mixed with 1–2 cm3 of saline solution and added to the
respective chocolate mousse variants (defined below).

2.10. Preparation of the Chocolate Mousse Variants

The chocolate mousse (CM) was made from chocolate (52% cocoa content) and whip-
ping cream. An amount of 400 g of chocolate was melted in a water bath at 65 ◦C, stirring
periodically. Meanwhile, 600 cm3 of cream was whipped using a mixer. The cooled choco-
late (temperature around 45 ◦C) was added to the beaten cream in small portions with
continuous stirring until the desired consistency was achieved. Then, the CM was divided
into 50 g portions; there was one control sample, and the pre-selected EOs and/or free or
encapsulated probiotic Lactobacillus helveticus 2/20 cells according to the following scheme
were added to the rest of the portions:
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Sample

Control (CM (50 g) without any EOs or any Lactobacillus helveticus 2/20 cells)

CM (50 g) + 0.25 cm3 free Lactobacillus helveticus 2/20 cells

CM (50 g) + 0.25 cm3 encapsulated Lactobacillus helveticus 2/20 cells

CM (50 g) + 0.25 cm3 peppermint EO

CM (50 g) + 0.25 cm3 peppermint EO + 0.25 cm3 free Lactobacillus helveticus 2/20 cells

CM (50 g) + 0.25 cm3 peppermint EO + 0.25 cm3 encapsulated Lactobacillus helveticus 2/20 cells

The changes in the pH and the viable cell concentration as well as the specific micro-
biological indicators of the CM samples were monitored during refrigerated storage for
20 days.

2.11. Determination of Microbiological Indicators of Chocolate Mousse

- Mesophilic aerobic and facultative anaerobic bacteria, in accordance with
ISO 4833:2004 [50];

- Filamentous fungi and yeasts in accordance with ISO 21527-2:2011 [51];
- Escherichia coli in accordance with ISO 16649-2:2001 [52];
- Enterobacteriaceae in accordance with ISO 21528-2:2017 [53];
- Salmonella sp. in accordance with ISO 6579:2003 [54];
- Coagulase-positive staphylococci in accordance with ISO 6888-1:2005 + A1:2005 [55].

2.12. Organoleptic Evaluation of the Chocolate Mousse Variants

The chocolate mousse variants were evaluated by 10 experts in the field of Food Science
according to 6 parameters ranging from 0 (worst rating) to 9 (best rating): appearance,
characteristic smell, sweetness, taste, aftertaste, and texture.

2.13. Statistical Analyses

Data from triplicate experiments were processed using MS Office Excel 2010 soft-
ware version 14.0, using statistical functions to determine the standard deviation and the
maximum evaluation error at levels of significance of ά < 0.05.

3. Results and Discussion
3.1. Determination of the Chemical Compositions of Lavender, Raspberry Seed, Peppermint, and
Ylang-Ylang Eos

The chemical compositions of lavender, peppermint, raspberry seed, and ylang-ylang
EOs were determined (Tables 1–4).

Table 1. Chemical composition of lavender EO.

№ Compounds RT % Area

1 Camphene 4.09 0.07

2 β-Pinene 4.54 0.5

3 o-Cymene 5.35 0.26

4 Limonene 5.43 3.11

5 Eucalyptol 5.53 2.09

7 Linalool 6.86 35.43

8 3-Pinanol 7.34 0.25

9 Cyclopentanol, 3-isopropenyl-1,2-dimethyl-1-cyclopentanol 7.63 0.56

10 d-2-Bornanone 8.26 3.75
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Table 1. Cont.

№ Compounds RT % Area

11 endo-Borneol 8.81 1.9

12 Terpinen-4-ol 8.96 3.08

13 Terpineol 9.33 0.4

14 Linalyl acetate 10.45 42.01

15 Lavandulol acetate 11.29 1.28

16 Isopulegol acetate 11.41 0.26

17 2,6-Octadien-1-ol, 3,7-dimethyl-, acetate 13.78 0.3

18 Caryophyllene 15.01 0.6

19 cis-β-Farnesene 15.59 0.37

20 Germacrene D 16.41 0.21
RT—Retention Time; Area %—Peak area.

Table 2. Chemical composition of peppermint EO.

№ Compounds RT % Area

1 cis-3-Methylcyclohexanol 4.04 0.17

2 Camphene 4.09 0.13

3 3-Methylcyclohexanone 4.2 0.48

4 L-(1,2-Dimethyl-cyclopent-2-enyl)-ethanone 4.33 0.03

5 Sabinene 4.39 0.67

6 β-Pinene 4.54 3.80

7 2-Ethyl-1-hexanol 5.29 0.32

8 o-Cymene 5.35 0.42

9 D-Limonene 5.43 18.43

10 Eucalyptol 5.53 1.16

11 L-Menthone 8.37 12.55

12 Isomenthone 8.61 5.42

13 Levomenthol 8.67 3.39

14 Menthol 8.87 30.80

15 Isopulegol 8.96 1.18

16 Terpineol 9.33 0.27

17 cis-Dihydrocarvone 9.45 0.34

18 Carvone 10.64 16.33

19 Piperitone 10.9 0.50

20 Menthyl acetate 11.58 2.26

21 Caryophyllene 15.02 0.58
RT—Retention Time; Area %—Peak area.
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Table 3. Chemical composition of ylang-ylang EO.

№ Compounds RT % Area

1 p-Methoxytoluene 5.32 1.13

2 Benzyl alcohol 5.62 2.11

3 Linalool 6.83 12.07

4 Methyl benzoate 7.36 12.59

5 Benzyl acetate 8.49 15.63

6 Citronellol 9.92 0.96

7 Geraniol 10.54 1.05

8 Eugenol 13.35 0.20

9 Geranyl acetate 13.77 3.42

10 Ylangene 13.83 1.26

11 Caryophyllene 15.01 16.08

12 Humulene 15.87 1.25

13 γ-Muurolene 16.23 0.15

14 Germacrene D 16.41 1.03

15 α-Farnesene 16.7 0.92

16 δ-Cadinene 17.09 0.81

17 Benzoic acid, 2-hydroxy-, 2-methylbutyl ester 17.43 1.44

18 Amyl salicylate 18.14 3.09

19 Diethyl Phthalate 18.39 17.72

20 cis-Isoeugenol 18.66 1.08

21 α-Cadinol 19.45 0.14

22 Cedryl acetate 20.81 1.34

23 Benzyl Benzoate 20.89 7.16

24 Phenylacetic acid, 2-methylphenyl ester 21.47 1.43

25 Benzoic acid, 2-hydroxy-, phenylmethyl ester 21.72 4.47
RT—Retention Time; Area %—Peak area.

Table 4. Chemical composition of raspberry EO.

№ Compounds RT % Area

1 Limonene 5.43 1

2 9-Octadecenal 22.31 14.23

3 Tetradecanal 22.42 25.13

4 Methyl linolelaidate 23.04 25.13

5 Pentadecanal 23.35 3.74
RT—Retention Time; Area %—Peak area.

Twenty compounds were identified in the lavender EO, eight of which were over 1.00%
and the remaining twelve below 1.00%. Monoterpene and sesquiterpene hydrocarbons
predominated. The main representatives of the monoterpene hydrocarbons were linalool
(35.43%), linalyl acetate (42.01%), limonene (3.11%), lavender acetate (1.28%), terpin-4-ol
(3.08%), and eucalyptol (2.09%); that of the sesquiterpene hydrocarbons was caryophyllene
(0.06%) (Table 1).

Twenty-one components were identified in the peppermint EO, 10 of which were over
1.00% and the remaining 11 below 1.00%. The oil was dominated by monoterpene hydro-
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carbons and monoterpene oxygen derivatives. Monoterpene hydrocarbons were mainly
represented by menthol (30.80%), D-limonene (18.43%), carvone (16.33%), L-menthone
(12.55%), isomenthone (5.42%), levomenthol (3.39%), β-pinene (3.8%), methyl acetate
(2.26%), and eucalyptol (1.16%) and the sesquiterpene hydrocarbons by caryophyllene
(0.58%) (Table 2).

Twenty-five compounds were identified in the ylang-ylang EO, 19 of which were
over 1.00% and the remaining less than 1.00% (Table 5). Monoterpene hydrocarbons
and aromatic compounds predominated. The main representatives of the monoterpene
hydrocarbons were linalool (12.07%) and geranyl acetate (3.42%). The aromatic compounds
were represented by methyl benzoate (12.59%), benzyl acetate (15.63%), diethyl phthalate
(17.72%), benzyl benzoate (7.16%), benzoic acid (4.47%), benzyl alcohol (2.11%), and amyl
salicylate (3.09%) and the sesquiterion hydrocarbons by caryophyllene (16.8%) (Table 3).
The results obtained were consistent with those of previous studies regarding ylang-ylang
EO composition [34].

Table 5. Minimum inhibitory concentrations (MICs) of peppermint, lavender, raspberry seed, and
ylang-ylang EOs on the growth of Escherichia coli ATCC 25922, Salmonella abony NTCC 6017, Staphy-
lococcus aureus ATCC 25923, Pseudomonas aeruginosa NBIMCC 1390, and Enterococcus faecalis ATCC
29212.

Test Microorganism
MIC, µg/cm3

Peppermint EO Lavender EO Ylang-Ylang EO Raspberry Seed EO

E. coli ATCC 25922 1000 500 >30,000 >30,000

S. abony NTCC 6017 500 15.63 >30,000 >30,000

S. aureus ATCC 25923 1000 2000 >30,000 >30,000

E. faecalis ATCC 29212 500 1000 >30,000 >30,000

P. aeruginosa NBIMCC 1390 500 500 >30,000 >30,000

Five compounds were identified in the raspberry seed EO, and all of them were above
1% (Table 4). The aroma of the raspberry seed EO was due to 9-octadecenal (14.23%),
tetradecanal (25.13%), methyl linolelaidate (25.13%), pentadecanal (3.74%), and limonene
(1%). The EO main components were monoterpene hydrocarbons and monoterpene oxy-
gen derivatives. The results obtained were consistent with those of previous studies on
raspberry seed, lavender, peppermint, and ylang-ylang EO compositions [31–33].

EOs are intricate combinations of volatile compounds extracted from many differ-
ent plants. EO composition varies, primarily consisting of hydrocarbon terpenes and
terpenoids [55]. Many active components of EOs and extracts exhibit antimicrobial and
antioxidant activity.

3.2. Determination of the Antimicrobial Activities of Lavender, Raspberry Seed, Peppermint, and
Ylang-Ylang EOs against Pathogenic and Spoilage Microorganisms

The inhibitory activities of the EOs of peppermint, lavender, raspberry seed, and
ylang-ylang against test pathogenic microorganisms causing food toxico-infections and
intoxications were examined, and their corresponding minimum inhibitory concentrations
(MICs) were determined. The results of the examination of the antimicrobial effects of
EOs of peppermint, lavender, raspberry seed, and ylang-ylang against Gram-negative
bacteria—Escherichia coli ATCC 25922, Salmonella abony NTCC 6017, Pseudomonas aeruginosa
NBIMCC 1390—are given in Figures 1–3, respectively.
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The data shown in Figure 1a,b unequivocally indicated that EOs exhibited significant
antimicrobial activity against E. coli ATCC 25922 and lavender EO had the highest inhibitory
activity (MIC = 500 µg/cm3), followed by peppermint EO (MIC = 1000 µg/cm3). The
antibacterial actions of raspberry seed and ylang-ylang EOs were significantly lower; the
MICs were higher than 30,000 µg/cm3 (Figure 1).

The obtained results indicated that the EOs of peppermint and lavender suppressed the
growth of Salmonella abony NTCC 6017 better than Escherichia coli ATCC 25922. Similarly,
the highest inhibitory activity (MIC = 15.63 µg/cm3) was determined in lavender EO,
followed by peppermint EO (MIC = 500 µg/cm3) (Figure 2a). The antimicrobial action
of the EOs of raspberry seed and ylang-ylang (MIC was higher than 30,000 µg/cm3) on
the growth of Salmonella abony NTCC 6017 (Figure 2b) was significantly lower. The results
obtained are consistent with the research results obtained by Brnawi et al. (2019) [56].

Figure 3a,b indicate that the Pseudomonas aeruginosa NBIMCC 1390 cells were more
sensitive to the action of EOs of peppermint and lavender, with the latter suppressing the
growth of the pathogen to a high extent. The highest inhibitory activity was determined
with peppermint EO and lavender EO (Figure 3a). The antimicrobial action of the EOs of
raspberry seed and ylang-ylang (MIC was higher than 30,000 µg/cm3) on the growth of
Pseudomonas aeruginosa NBIMCC 13923 was significantly lower (Figure 3b).

The inhibitory activity of the peppermint, lavender, raspberry seed, and ylang-ylang
EOs on the growth of Gram-positive bacteria—Staphylococcus aureus ATCC 25923 and
Enterococcus faecalis ATCC 29212—was determined (Figures 4 and 5).
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The results reflected in Figure 4a,b indicate that peppermint and lavender EOs sup-
pressed the growth of Staphylococcus aureus ATCC 25923. The highest inhibitory activity
was determined in peppermint EO (MIC = 1000 µg/cm3). The inhibitory effect of lavender
EO on Staphylococcus aureus ATCC 25923 was lower (MIC = 2000 µg/cm3) (Figure 4a).
The antimicrobial action of the EOs of raspberry seed and ylang-ylang on the growth
of Staphylococcus aureus ATCC 25923 was significantly lower (the MIC was more than
30,000 µg/cm3) (Figure 4b).

The EOs demonstrated significant antimicrobial activity against the pathogenic mi-
croorganism Enterococcus faecalis ATCC 29212; the highest inhibitory activity was deter-
mined in peppermint EO (MIC = 500 µg/cm3), followed by lavender EO
(MIC = 1000 µg/cm3) (Figure 5a). The antimicrobial action of raspberry seed and ylang-
ylang EOs (MIC was higher than 30,000 µg/cm3) on Enterococcus faecalis ATCC 29212 cells
was significantly lower (Figure 5b).
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The minimum inhibitory concentrations (MICs) of the EOs of peppermint, lavender,
raspberry seed, and ylang-ylang were determined based on the studies conducted to
determine the antimicrobial activity of EOs on the growth of Escherichia coli ATCC 25922,
Salmonella abony NTCC 6017, Pseudomonas aeruginosa NBIMCC 1390, and Enterococcus faecalis
ATCC 29212 (Table 5).

The lowest minimum inhibitory concentrations were those in peppermint EO
(MIC = 500–1000 µg/cm3) and lavender EO (MIC = 15.63–2000 µg/cm3). The minimum
inhibitory concentration (MIC) for raspberry seed EO and ylang-ylang EO (MIC being
higher than 30,000 µg/cm3) was too high. Gram-positive bacteria demonstrated greater
sensitivity to the studied EOs, with MIC values in the 500–1000 µg/cm3 range. The studied
Gram-negative bacteria were less sensitive and the MICs were in the 15.63–2000 µg/cm3

range. This was probably due to the difference in the cell wall composition of the two
bacterial groups. The existence of an external membrane in the Gram-negative bacterial cell
wall interferes with the diffusion of extracts through the membrane into the cell cytoplasm,
which results in greater resistance of the cells to the EO action [57].

The EO action mechanism is attributed to their chemical composition and antibacterial
action, which is not always the same [58]. The results obtained in the present research
are consistent with the observations of [57] that EOs have a stronger antibacterial effect
on Gram-positive bacteria (e.g., Staphylococcus aureus) than on Gram-negative bacteria
(e.g., Escherichia coli). This is connected to the differences in the cell wall structure and
composition of Gram-positive and Gram-negative bacteria. Obviously, the damage to
the bacterial cellular membrane obtained is irreversible and the leakage of cytoplasmic
components and ions and the lack of energy substrates lead to bacterial death [59–61].

The inhibitory activities of peppermint, lavender, raspberry seed, and ylang-ylang
EOs on the growth of saprophytes that cause microbial spoilage have been studied, and
the corresponding minimum inhibitory concentrations (MICs) have been determined. The
observed antimicrobial effects of peppermint, lavender, raspberry seed, and ylang-ylang
EOs on the growth of Bacillus subtilis ATCC 19659 are presented in Figure 6a,b.

The data reflected in Figure 6a,b unambiguously indicate that EOs exhibit high an-
timicrobial activity against the saprophytic microorganisms; the highest inhibitory activ-
ity was determined in lavender EO (MIC = 250 µg/cm3), followed by peppermint EO
(500 µg/cm3). The antimicrobial action of raspberry seed and ylang-ylang EOs (MIC
exceeding 30,000 µg/cm3) was significantly lower (Figure 6b).

The inhibitory activities of peppermint, lavender, raspberry seed, and ylang-ylang
EOs on the growth of Saccharomyces cerevisiae ATCC 9763 were investigated (Figure 7a,b).
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The results obtained show that EOs of peppermint and lavender suppressed the
growth of Saccharomyces cerevisiae ATCC 9763 compared to spore-forming bacteria. The high-
est inhibitory activity was determined in peppermint EO and lavender EO
(MIC = 2000 µg/cm3) (Figure 7a). The antimicrobial action of EOs of raspberry seed and
ylang-ylang (MIC being higher than 30,000 µg/cm3) on the growth of
Saccharomyces cerevisiae ATCC 9763 was significantly lower.

The inhibitory activity of peppermint EO, lavender EO, ylang-ylang EO, and rasp-
berry seed EO on the growth of the fungal representatives Penicillium chrysogenum ATCC
28089, Aspergillus niger ATCC 1015, and Aspergillus flavus ATCC 9643 was determined.
Peppermint EO exhibited high antimicrobial activity against the fungal strains Penicillium
chrysogenum ATCC 28089, Aspergillus niger ATCC 1015, and Aspergillus flavus ATCC 9643
(MIC = 500 µg/cm3). Lavender EO exhibited high antimicrobial activity against the growth
of the fungal strains Penicillium chrysogenum ATCC 28089, Aspergillus niger ATCC 1015,
and Aspergillus flavus ATCC 9643 (MIC = 500 µg/cm3). Ylang-ylang EO suppressed the
growth of the fungal strains Penicillium chrysogenum ATCC 28089, Aspergillus niger ATCC
1015, and Aspergillus flavus ATCC 9643 (MIC = 7500 µg/cm3). The most sensitive were the
spores of Penicillium chrysogenum ATCC 28089 (MIC = 3750 µg/cm3) compared to other
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fungal representatives included in the present study. Raspberry seed EO exhibited less
antimicrobial activity against the growth of the fungal strains Penicillium chrysogenum ATCC
28089, Aspergillus niger ATCC 1015, and Aspergillus flavus ATCC 9643 than the other EOs
included in the present study.

The minimum inhibitory concentrations (MICs) of peppermint, lavender, raspberry
seed, and ylang-ylang EOs against the growth of Bacillus subtilis ATCC 19659,
Saccharomyces cerevisiae ATCC 9763, Penicillium chrysogenum ATCC 28089, Aspergillus niger
ATCC 1015, and Aspergillus flavus ATCC 9643 were determined based on the studies con-
ducted to determine the antimicrobial activity of the studied EOs (Table 6).

Table 6. Minimum inhibitory concentrations of peppermint, lavender, raspberry seed, and ylang-
ylang EOs on the growth of Bacillus subtilis ATCC 19659, Saccaromyces cerevisiae ATCC 9763,
Penicillium chrysogenum ATCC 28089, Aspergillus niger ATCC 1015, and Aspergillus flavus
ATCC 9643.

Test Microorganism
MIC, µg/cm3

Peppermint Lavender Ylang-Ylang Raspberry Seed

Bacillus subtilis ATCC 19659 500 2000 ≥30,000 ≥30,000

Saccharomyces cerevisiae ATCC 9763 2000 2000 ≥30,000 ≥30,000

Asperillus niger ATCC 1015 500 500 7500 30,000

Aspergillus flavus ATCC+ 9643 500 500 3750 30,000

Penicillium chrysogenum ATCC 28089 500 500 7500 30,000

Grapefruit EO (MIC = 125–500 µg/cm3) and lemon EO (MIC = 250–500 µg/cm3), followed
by peppermint EO (MIC = 500–2000 µg/cm3) and lavender EO (MIC = 500–2000 µg/cm3) had
the lowest MICs. The MIC values for raspberry seed and ylang-ylang EOs were higher than
30,000 µg/cm3.

The functional mechanism of EO antibacterial action is attributed to their chemical
composition and antibacterial action, which are not always the same [57]. In many studies,
the effect of EOs on the construction of the cell wall has been reported. The results we
obtained are consistent with the Liang et al. (2011) [56] observation that EOs have stronger
antibacterial effects on Gram-positive bacteria (for example, Staphylococcus aureus) than on
Gram-negative bacteria (for example, Escherichia coli). This is attributed to the differences
in the cell wall structure and composition of Gram-positive and Gram-negative bacteria.
The irreversible damage to the bacterial cell membrane causes the leakage of cytoplasmic
substances and ions and this, combined with the lack of energy substrates, leads to bacterial
death. Due to the complex EO chemical composition, the mechanisms of their effects are
also diverse, which makes it difficult to accurately determine the path of molecular action.
It is also possible to suggest that each EO component has its own action mode [58–60].

Peppermint, lavender, raspberry seed, and ylang-ylang EOs exhibited suppression of
the growth of pathogens causing gastrointestinal diseases and saprophytes. These results
are important for food production, since, by introducing EOs, additional contamination
with pathogens and saprophytes will be prevented and the growth of the accompanying
microflora will be suppressed, which is important for food production.

3.3. Determination of the Resistance of Lactobacillus helveticus 2/20 to Different Concentrations of
EOs of Lavender, Peppermint, Raspberry Seed, and Ylang-Ylang

The resistance of the probiotic strain Lactobacillus helveticus 2/20 to different con-
centrations of EOs of lavender, peppermint, raspberry seed, and ylang-ylang was also
investigated. The experimental data indicate that the growth of Lactobacillus helveticus 2/20
was not affected by EOs at concentrations of up to 1%. This demonstrates that the selected
probiotic strain can be introduced into food emulsions, together with the EOs of lavender,
peppermint, raspberry seed, and ylang-ylang.
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3.4. Biopreservation of Chocolate Mousse

Biopreservation is a method for preserving food quality and prolonging food shelf
life via the introduction of substances of plant origin, animal origin, or microbial origin
(metabolic substances with antimicrobial activity or living microorganisms (most commonly
lactobacilli and bifidobacteria) that produce metabolites with high antimicrobial activity).

CM variants with free or encapsulated Lactobacillus helveticus 2/20 cells and pepper-
mint EO were prepared. According to Bulgarian State Standards, the resulting CM variants
should have a shelf life of 6 months in the frozen state and 3 weeks under refrigerated
conditions (Figure 8a–f).

Appl. Sci. 2023, 13, x FOR PEER REVIEW 15 of 21 
 

probiotic strain can be introduced into food emulsions, together with the EOs of lavender, 
peppermint, raspberry seed, and ylang-ylang.  

3.4. Biopreservation of Chocolate Mousse 
Biopreservation is a method for preserving food quality and prolonging food shelf 

life via the introduction of substances of plant origin, animal origin, or microbial origin 
(metabolic substances with antimicrobial activity or living microorganisms (most 
commonly lactobacilli and bifidobacteria) that produce metabolites with high 
antimicrobial activity). 

CM variants with free or encapsulated Lactobacillus helveticus 2/20 cells and 
peppermint EO were prepared. According to Bulgarian State Standards, the resulting CM 
variants should have a shelf life of 6 months in the frozen state and 3 weeks under 
refrigerated conditions (Figure 8a–f). 

The changes in the pH and the microflora of the CM variants were monitored during 
the storage period of up to 20 days. The changes in the pH values during the storage 
process of the CM were slight (Figure 8a–f). The pH was maintained almost constant in 
the CM variants biopreserved with EOs, and the pH slightly decreased in the CM 
biopreserved with Lactobacillus helveticus 2/20 cells and EOs. Throughout the storage 
period, the probiotic strain retained a high concentration of viable cells (105 cfu/g) (Figure 
8a–f). 

  
(a) (b) 

  
(c) (d) 

Appl. Sci. 2023, 13, x FOR PEER REVIEW 16 of 21 
 

  
(e) (f) 

Figure 8. Biopreservation of CM. (a) control sample–pH. (b) biopreserved sample with peppermint 
EO–pH. (c) biopreserved with encapsulated lactobacilli cells sample–pH and viable cells. (d) 
biopreserved with free lactobacilli cells sample–pH and viable cells. (e) biopreserved with free 
lactobacilli cells and peppermint EO sample–pH and viable cells. (f) biopreserved with 
encapsulated lactobacilli cells and peppermint EO sample–pH and viable cells. 

With regard to pathogenic microorganisms, the CM variants met the standard 
requirements, and the number of active cells of mesophilic aerobic and facultatively 
anaerobic microorganisms, fungi, and yeasts was up to 102 cfu/g (Table 7). The number of 
viable E. coli cells in all CM variants from the 1st to the 20th day of storage was below 10 
cfu/g. The number of viable S. aureus cells in all CM variants from the 1st to the 20th day 
of storage was below 100 cfu/g. No Salmonella sp. cells were found in any of the CM 
variants from the 1st to the 20th day of storage. The unwanted microflora in the CM 
variants biopreserved with lactobacilli and EO gradually decreased during the storage 
period, and no viable cells of pathogenic or saprophytic microorganisms after the 20th 
day were determined (Table 7). This could be explained by the demonstrated 
antimicrobial activity of the probiotic strain Lactobacillus helveticus 2/20 against mesophilic 
aerobic and facultatively anaerobic microorganisms, fungi, and yeasts, as well as the 
beneficial effect of peppermint EO. 

Table 7. Microflora of biopreserved chocolate mousse variants during refrigerated storage (0 ± 4 °C). 
TBA–total bacterial abundance. FY–Fungi and yeasts. * according to the method of analysis (in 
accordance with ISO 21527-2:2011 [50]) the value of this parameter exceeded the limits set in the 
Standard, but the exact number of FY was not important. 

 1st Day 5th Day 10th Day 15th Day 20th Day 

CM variant 
TBA, 
cfu/g 

FY, 
cfu/g 

TBA, 
cfu/g 

FY, 
cfu/g 

TBA, 
cfu/g 

FY, 
cfu/g 

TBA, 
cfu/g 

FY, 
cfu/g 

TBA, 
cfu/g 

FY, cfu/g 

CM control 20 <10 30 20 40 20 20 10 20 >105 * 
CM with free Lactobacillus 

helveticus 2/20 cells 
<10 <10 <10 <10 <10 <10 <10 <10 <10 <10 

CM with encapsulated 
Lactobacillus helveticus 2/20 cells 

<10 <10 10 <10 <10 <10 <10 <10 <10 <10 

CM with peppermint EO <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 
CM with peppermint EO and 

free Lactobacillus helveticus 2/20 
cells 

<10 <10 <10 <10 <10 <10 <10 <10 <10 <10 

Figure 8. Biopreservation of CM. (a) control sample–pH. (b) biopreserved sample with peppermint
EO–pH. (c) biopreserved with encapsulated lactobacilli cells sample–pH and viable cells. (d) biopre-
served with free lactobacilli cells sample–pH and viable cells. (e) biopreserved with free lactobacilli
cells and peppermint EO sample–pH and viable cells. (f) biopreserved with encapsulated lactobacilli
cells and peppermint EO sample–pH and viable cells.
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The changes in the pH and the microflora of the CM variants were monitored during
the storage period of up to 20 days. The changes in the pH values during the storage
process of the CM were slight (Figure 8a–f). The pH was maintained almost constant in the
CM variants biopreserved with EOs, and the pH slightly decreased in the CM biopreserved
with Lactobacillus helveticus 2/20 cells and EOs. Throughout the storage period, the probiotic
strain retained a high concentration of viable cells (105 cfu/g) (Figure 8a–f).

With regard to pathogenic microorganisms, the CM variants met the standard require-
ments, and the number of active cells of mesophilic aerobic and facultatively anaerobic
microorganisms, fungi, and yeasts was up to 102 cfu/g (Table 7). The number of viable E.
coli cells in all CM variants from the 1st to the 20th day of storage was below 10 cfu/g. The
number of viable S. aureus cells in all CM variants from the 1st to the 20th day of storage
was below 100 cfu/g. No Salmonella sp. cells were found in any of the CM variants from the
1st to the 20th day of storage. The unwanted microflora in the CM variants biopreserved
with lactobacilli and EO gradually decreased during the storage period, and no viable cells
of pathogenic or saprophytic microorganisms after the 20th day were determined (Table 7).
This could be explained by the demonstrated antimicrobial activity of the probiotic strain
Lactobacillus helveticus 2/20 against mesophilic aerobic and facultatively anaerobic microor-
ganisms, fungi, and yeasts, as well as the beneficial effect of peppermint, E.O.

Table 7. Microflora of biopreserved chocolate mousse variants during refrigerated storage
(0 ± 4 ◦C). TBA–total bacterial abundance. FY–Fungi and yeasts. * according to the method of
analysis (in accordance with ISO 21527-2:2011 [50]) the value of this parameter exceeded the limits
set in the Standard, but the exact number of FY was not important.

1st Day 5th Day 10th Day 15th Day 20th Day

CM Variant TBA,
cfu/g

FY,
cfu/g

TBA,
cfu/g

FY,
cfu/g

TBA,
cfu/g

FY,
cfu/g

TBA,
cfu/g

FY,
cfu/g

TBA,
cfu/g

FY,
cfu/g

CM control 20 <10 30 20 40 20 20 10 20 >105 *

CM with free Lactobacillus
helveticus
2/20 cells

<10 <10 <10 <10 <10 <10 <10 <10 <10 <10

CM with encapsulated
Lactobacillus helveticus 2/20

cells
<10 <10 10 <10 <10 <10 <10 <10 <10 <10

CM with peppermint EO <10 <10 <10 <10 <10 <10 <10 <10 <10 <10

CM with peppermint EO and
free Lactobacillus helveticus

2/20 cells
<10 <10 <10 <10 <10 <10 <10 <10 <10 <10

CM with peppermint EO and
encapsulated Lactobacillus

helveticus 2/20 cells
<10 <10 <10 <10 <10 <10 <10 <10 <10 <10

The CM variants were evaluated according to six criteria: appearance, characteristic
smell, sweetness, taste, aftertaste, and texture, with each criterion ranging from 0 (worst
evaluation) to 9 (best evaluation) (Figure 9a–e).

It has been established that the different CM variants have good organoleptic indicators.
The CM variants preserved with free or encapsulated Lactobacillus helveticus 2/20 cells and
their combination with peppermint essential oil received the highest marks (Figure 9a–e).

The results obtained are consistent with those of Mutlu-Ingok et al. (2020) [62] and are
of great importance for food emulsion production, since the introduction of EOs and probi-
otic bacteria would avoid additional contamination with pathogens and saprophytes [63].
Moreover, in addition to biopreservation, the intake of food enriched with probiotic bacteria
ensures the entrance of a significant number of viable cells of probiotic microorganisms
into the gastrointestinal tract.
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Figure 9. Organoleptic evaluation of the CM variants. (a) biopreserved with peppermint EO.
(b) biopreserved with free lactobacilli cells. (c) biopreserved with encapsulated lactobacilli cells.
(d) biopreserved with free lactobacilli cells and peppermint EO. (e) biopreserved with encapsulated
lactobacilli cells and peppermint EO.

4. Conclusions

The component compositions of lavender, peppermint, raspberry seed, and ylang-
ylang EOs have been determined. It has been shown that monoterpene and sesquiterpene
hydrocarbons predominate in the EOs. The imported EO obtained from peppermint
performs biological preservation of nutritional emulsions with preserved organoleptic
characteristics and microbiological safety.
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The introduction of free or encapsulated Lactobacillus helveticus 2/20 cells alone or
jointly with peppermint EO provided biopreservation of the resulting food emulsions,
retaining a high concentration of viable probiotic cells (106–107 cfu/g) under refrigerated
storage process conditions for 20 days. The emulsions thus obtained can be considered as
functional foods since they can be used to deliver probiotic Lactobacillus helveticus 2/20 cells
to consumers.

The obtained results show that the combination of EOs and probiotic bacteria is
suitable for applying hurdle technology principles with two biological hurdles. As a next
stage of the research, we plan to expand our experiments by evaluating the individual and
synergistic influences of these two biological hurdles via the monitoring of the kinetics of
growth and development of individual microbial populations. Experiments related to the
evaluation of the individual hurdles on the quality and functional properties of the final
product are also planned.
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