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Abstract

The aim of this study was to determine the influence of the application of different types of
essential oils in the preparation of white brine cheese, with the addition of essential oils in
different concentrations, on the organoleptic, physicochemical and biochemical indicators
and assessment of the fat fraction. White brine cheese was obtained by the standard method
and six concentrations of essential oils were used to determine the optimal dose of the
additive. The organoleptic indicators of the cheese have the best ratings at 0.75 and 1% mint
oil, 0.5 and 0.75% thyme, 0.5 and 0.75% oregano, 0.75% rosemary, 0.5% lemon balm, 0.5%
basil and 0.75% turmeric and black pepper oil /3:1/. The use of essential oils increases the
fat and protein content in the brine cheese at 24 h, but after ripening and storage for 6 and
12 months the influence of the ongoing lipolysis and proteolytic changes is established, as a
result of which both indicators decrease. The use of different types of essential oils in six
concentrations reduces the antioxidant activity of white brine cheese by 8 to 10 times, while
the total polyphenols increase by 4-5 times. Saturated fatty acids decrease with the addition
of mint, oregano, rosemary, lemon balm, and basil to 1.5% (p < 0.001), and increase with
thyme and turmeric with black pepper (p < 0.001) at the expense of unsaturated /mono
and polyunsaturated/fatty acids (p < 0.001).

Keywords: antioxidants; polyphenols; fatty acids

1. Introduction

Functional food products have been the most promising area in the dairy industry in
the last decade. Products of this type take into account the balanced nutrition of different
population groups and are able to satisfy the physiological needs of energy and essential
substances [1,2].

In addjition to traditional cheeses, new functional types of cheese are being produced
to respond to new lifestyles, increase economic income and also for religious reasons [3-6].
In this regard, milk is mainly used for new cheese productions and so far innovations in
its production include the addition of fruit and vegetable by-products to obtain functional
cheeses [7,8], natural food colours to produce more attractive coloured products [9], and
the inclusion of cereals as prebiotics to support the development of probiotic bacteria in
the intestine [10]. Studies on the physicochemical and biochemical changes in white brine
cheese with plant additives are scarce and incomplete but are of interest to science [11-13].

The judicious use of herbal extracts and oils in dairy products can lead to an increase in
their nutritional and medical parameters and provide an opportunity for the development
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of the quality of dairy products. Enriching dairy products with aromatic plant oils would
allow for the production of high-quality functional dairy products and an increase in their
consumption [13]. The antimicrobial and antioxidant properties of these oils allow them
to be applied as preservatives [14-20]. Mint, lemon balm, thyme, basil and rosemary are
aromatic plants widely used in traditional Bulgarian cuisine, as well as their application in
the form of infusions, herbal teas and oils. Their use in dairy products can improve human
health status.

The use of essential oils in milk and dairy products is not well studied; therefore,
in-depth research is required during technological processing. Essential oils are secondary
metabolites that provide them with effective protection against bacteria, fungi, insects and
herbivores. They are a natural source of protection against pathogenic microorganisms,
which is why they are applied in milk and dairy products, but the mechanisms of interac-
tion are not yet known [21]. Peppermint is used in the treatment of the upper respiratory
tract and bronchitis. It has antiseptic and analgesic properties [22-26]. In folk medicine,
peppermint was a suitable herb for the treatment of dizziness, insomnia, headache, depres-
sion, epilepsy, colds, coughs, sinusitis, fatigue, shock, nervous tension, skin rashes, bruises,
boils and menstrual disorders. It is widely used in the food and confectionery industry,
for the production of soft drinks, and in cosmetics for perfumes, soaps, toothpastes and
mouthwashes and aroma therapy.

Thyme has been used since ancient times for its culinary, aromatic and medicinal
properties [16]. Rosemary is an aromatic plant with applications in the food, pharmaceutical
and cosmetic industries, which has antitumor, antioxidant and antimicrobial activities [18].

A number of studies have been carried out on the use of essential oils for the preserva-
tion of milk and dairy products and the extension of their shelf life [27-30].

Duckova et al. [31] studied the addition of thyme and thyme essential oil to yogurt,
and found that the fermentation process was prolonged due to a decrease in the number of
lactic acid bacteria, as well as consumer preference for low concentrations of the addition—
0.45% salt, 0.25% thyme and 0.004% thyme essential oil. According to Guirguis and
Meleka [32], thyme essential oil is a food additive that replaces synthetic ones due to its
ability to preserve foods due to its antimicrobial activity. The addition of thyme oil to
yogurt production changes the reducing and acidifying activity of starter cultures, which
changes the fermentation time and product quality, but improves sensory qualities and
inhibits pathogenic bacterial and fungal strains. The use of thyme essential oil to obtain
fresh cheese with a concentration of 10 mL/kg increases the fat content compared to the
control cheese, and lowers the pH, and the protein content is unchanged during storage
but higher compared to the control cheese [33].

Rosemary is an aromatic plant with applications in the food, pharmaceutical and
cosmetic industries, which has antitumor, antioxidant and antimicrobial activities [34].
Kamel et al. [35] added 0.5 and 0.7% essential oil of oregano to yogurt, where they found an
increase in fat without change during storage for 16 days, that treatable acidity increased,
except at 0.7% on day 16, that total solids decreased after 8 days to 16 days in all variants,
and variation in protein during storage, with high values being found on days 4 and 12.
Olmedo et al. [36] applied essential oil of rosemary and oregano in a concentration of
0.2% to cream cheese and monitored storage from 0 to 35 days. Smeti et al. [37], when
adding rosemary to sheep feed, found a decrease in milk yield, protein and fat content and
polyunsaturated fatty acids.

The combination of turmeric and black pepper in warm milk was recommended for
sore throats, coughs, colds and other acute respiratory infections. Turmeric contains the
lipophilic bioactive compound curcumin with antioxidant and anti-inflammatory proper-
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ties [38]. Idowu-Adebayo et al. [39] studied the effect of turmeric addition to soy milk and
hibiscus drink on organoleptic properties and consumer acceptability.

Idowu-Adebayo et al. [40] investigated the nutritional value and antioxidant activity of
soy milk and hibiscus drink with turmeric addition. Idowu-Adebayo et al. [41] investigated
the effect of adding turmeric paste to soy milk with and without heat treatment, which
increased the nutritional and chemical value of all variants and reported an increase in
protein, iron, zinc, TPC (total phenolic content) and antioxidant activity.

Dosoky and Setzer [42] reviewed the literature on turmeric essential oil and found
that it was characterized by anti-inflammatory, anticancer, antiproliferative, hypocholes-
terolemic, antidiabetic, antihepatotoxic, antidiarrheal, carminative, diuretic, antirheumatic,
hypotensive, antioxidant, antimicrobial, antiviral, insecticidal, larvicidal, antivenom and
antithrombogenic properties.

Avango et al. [43] found antioxidant, antifungal and antimycotoxigenic effects of C.
longa essential oil on F. Verticillioides and that the oil can be applied as a food preservative
and would increase the shelf life of agricultural products. In addition, the oil can reduce
lipid peroxidation and other processes mediated by post-harvest free radical formation.

Rodrigues et al. [44] in their literature review present black pepper essential oil as
a reliable source for preserving and improving food quality, as it was characterized by
antioxidant, antimicrobial and anti-inflammatory properties based on the content of the
substance piperine, which inhibits the development of pathogenic microflora. They found
an increase in the total content of saturated fatty acids depending on the added amount
of black pepper essential oil in chicken paté and a variation in the content of mono- and
polyunsaturated fatty acids compared to the control group.

The aim of this study is to determine the influence of the use of different types of
essential oils in the preparation of white brine cheese, with the use of essential oils in
different concentrations, on the organoleptic, physicochemical and biochemical indicators
and assessment of the fat fraction.

2. Materials and Methods

Bulk tank milk from highly productive Bulgarian Rhodope cattle cows was used,
collected every month for one year from Research Centre of Stockbreeding and Agriculture,
Smolyan. The milk was pasteurized (4 L) and technologically processed into cheese in
6 batches—n = 6 (Figure 1), with the addition of aromatic plant additives in the form of
essential oils—mint (EOP), thyme (EOT), oregano (EOO), rosemary (EOR), lemon balm
(EOLB), basil (EOB) and a combination of turmeric and black pepper in a ratio of 3:1
(EOCBP)—obtained by cold extraction by the company “Buzhdak” LTD, village Father
Paisievo, Bulgaria, in concentrations of 0%—control (C)and 0.5%, 0.75%, 1%, 1.5%, 2% and
2.5%. The homogenization of each sample was performed manually after adding the starter
culture, enzyme and essential oil.

The technological scheme is presented in Figure 1.

An organoleptic evaluation of the white brine cheese and the cheese with the additives
in different concentrations was carried out to determine the most appropriate concentration
based on the sensory perceptions of consumers (10 pcs.). The sensory evaluation in this
study was designed as a descriptive screening test and not as a consumer acceptance study.
It was conducted in accordance with the guidelines for ethical and nutritional research set
by the European Union [45], which included a minimum of 10 participants with a five-point
rating of 5 indicators. The panel consisted of trained assessors with previous experience in
sensory evaluation of milk and dairy products. All panellists were affiliated with the Food
Technology Department and had previous experience in descriptive sensory evaluation
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of milk and dairy products. The panel included four male and six female assessors aged
39-63 years.

[ Raw cow’s milk ]

Starter culture
(Lactobacillus delbrueckii: Streptococcus

( )
Pasteurization thermophiles, 1:1)
(85°C, 25 min)
\§ J
s N Calcium chloride
Cooling 50% solution
(30-34°C)
\ Y,
Coagulation of milk 30-34°C, 60 min Rennet
Additive 1:10 000
Cutting

Prisms in size (2 cm x 2cm x 2cm)

Pressing
(3-3.5 hour, load with weights 20-40 kg)

Cutting
Prisms in size (11.8 cm x 11.8cm)

Packaging (10 % solution
NaCl)

[ Ripening (10-12°C, 45 day) J

v

[ Storage (2-4°C, 12 month) ]

Figure 1. Technological scheme for obtaining cheese with additives.

The appearance, texture, smell, aroma and taste were examined with ratings from 1 to
5, where 1 was extremely disliked and 5 was extremely liked.

The physicochemical and fatty acid composition of the control and treated cheese were
carried out on the 45th day of ripening.

Total protein—ISO 9622, BDS EN ISO 8968-1:2002

Fats—BDS EN ISO 1211:2002, ISO 9622

pH—with pH meter model MW102-FOOD

The extraction of total lipids was carried out according to the methods of Roese and
Gottlieb and Bligh and Dyer. Fatty acid methyl esters (FAMEs) were analysed using a
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Shimadzu-2010 gas chromatograph (Shimadzu Corporation, Kyoto, Japan) equipped with
a flame ionization detector and an automatic injection system (AOC-2010i). The analysis
was performed on a CP 7420 capillary column (100 m x 0.25 mm i.d., 0.2 pm film, Varian
Inc., Palo Alto, CA, USA). Hydrogen was used as the carrier gas, and as a make-up gas—
nitrogen. Four-step furnace mode was programmed—the column’s initial temperature was
80 °C/min, maintained for 15 min, then increased by 12 °C/min to 170 °C and maintained
for 20 min, followed by a further increase of 4 °C/min to 186 °C for 19 min and up to
220 °C with 4 °C/min until the process is complete. The qualitative assessment of the
fat fraction of the resulting samples includes the following: lipid preventive score (LPS),
atherogenic index (Al) and thrombogenic index (TI) [46,47], the ratio between hyper- and
hypocholesterolemic (h/H) fatty acids-

LPS = FAT + 2 x SFA — MUFA — 0.5PUFA,

Al=12:0 + 4 x 14:0 + 16:0/[EMUFAs + PUFA n-6 + PUFAn-3]

TI = (14:0 + 16:0 + 18:0)/[0.5 x XMUFAs + 0.5 x PUFAn-6 + 3 x PUFAn-3 + PUFAn-3/PUFA n-6]

h/H = (C18:1n-9 + C18:1n-7 + C18:2n-6 + C18:3n-3 + C18:3n-6 + C20:3n-6 + C20:4n-6 + C20:5n-3 +

C22:4n-6 + C22:5n-3 + C22:6n-3)/(C14:0 + C16:0).

Preparation of samples for analysis of total phenolic content and antioxidant activity

White brine cheese was extracted with 95% ethanol at a sample: extracting ratio of 1:5
(w/v) for 6 h at room temperature and in the dark. All samples after centrifugation (10 °C,
2060 g/4000 rmp/, 10 min) and filtration (Whatman No 4 paper, Merck KGaA, Darmshtad,
Germany) were stored at (—20) °C for subsequent analyses.

Determination of antioxidant activity by DPPH

The antioxidant capacity of the samples was assessed by determining the 1,1-diphenyl-
2-picrylhydrazyl (DPPH, Merck KGaA, Darmshtad, Germany) radical scavenging capacity
according to the method of Brand-Williams et al. [48] with a slight modification: 0.6 mL
of a 0.2 mM solution of DPPH in methanol was mixed with 0.9 mL of methanol and 0.5
mL of the corresponding sample dilution. The absorbance was measured after standing
(60 min) at room temperature in the dark with a UV-Vis spectrophotometer (Onda V-10
PLUS, Giorgio Bormac S.r.1.,, Carpi, Italy), at 517 nm against methanol. In the control, the
sample solution was replaced with 0.5 mL 80% methanol. The antioxidant activity was
calculated against a Trolox standard curve (1.0 to 15.0 pg-m™) and expressed as Trolox
equivalents—pg TE-g~!.

Different concentrations of Trolox were used as standards for calibration, and the
results were expressed as milligrams of TE per 100 g of sample.

Determination of total phenolic content

For the quantitative determination of total phenolic content (TPC), the method of
Singleton et al. [49] was used with the modification of Valyova et al. [50]. Briefly, 3.0 mL of
distilled water and 0.25 mL of Folin-Ciocalteu reagent were added to 0.5 mL of the sample
(with the appropriate dilution). After a 2 min stand, 0.75 mL of 20% sodium carbonate
solution and 0.5 mL of distilled water were added to the mixture. The absorbance was
measured at 765 nm (UV-Vis spectrophotometer, Onda V-10 PLUS, Giorgio Bormac S.r.L,
Carpi, Italy) after a 120 min stand in the dark at room temperature. TPC was calculated
from the standard gallic acid line and expressed as gallic acid (GA) equivalents in mg/100
g fresh sample (FW)—(mg GA /100 g of FW).

Statistical analysis. The results of the studies were analysed using ANOVA for Excel
and the Student test. Data are presented as means (X) + standard deviation (SD).
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3. Results
3.1. Organoleptic Parameters

The organoleptic study conducted with consumers provides us with information on
the change in five indicators when using different types of aromatic plant oil additives.
White brine cheese in its pure form received the highest score. The odour indicator has
the highest score when adding 0.75% and 1% mint essential oil, 0.75% thyme essential oil,
0.75% and 1% oregano essential oil, 0.75% rosemary essential oil, 0.5% lemon balm and
basil essential oil and 0.75% and 1% turmeric and black pepper essential oil (p < 0.001).
In terms of taste, the addition of 0.5% basil oil ranked first, followed by 0.75% turmeric
and black pepper, 0.75% oregano and 0.75% mint, and 0.75% thyme and rosemary, and the
lowest rated was 0.75%, 1%, and 1.5% lemon balm (p < 0.01). The aroma of the white brine
cheese was highest when 0.5% basil oil was added and lowest with 0.75%, 1%, and 1.5%
lemon balm. The consistency of the white brine cheese with 0.5% basil essential oil was
highest and equal to that of the base cheese, while at 0.5% and 1.5% it received the lowest
rating from consumers. The colour as an indicator does not undergo significant changes
and it is evident from Table 1 that it is well evaluated in all experimental variants when
using the different types of essential oils.

Table 1. Organoleptic evaluation of white brine cheese with the addition of essential o0il, 7 = 10.

Smell Taste Aroma Consistency Colour
Parameter X £SD X +SD X +SD X +SD X +SD
Control 4.0 +1.0 44 +0.5 4.2 +0.8 4.6 +0.5 44 +0.9
0.50% 34a* +0.9 34a* +0.9 32a* +1.1 3.8 a*** +0.8 4 a*** +1.0
0.75% 3.8 b*** +0.8 4.2 b** +0.8 4 bH* +1.0 4.2 b +0.8 4.2 b+ +0.8
Peppermint 1.00% 3.8 *** +0.8 4 +0.7 3.8 ¢*** +0.8 4 +1.2 4.2 ¢ +0.8
1.50% 3.2d* +0.4 3.6 d** +0.5 3.4d* +0.5 3.6 d** +1.1 3.4d* +0.5
2.00% 2.8 e* +0.6 3.1e* +0.4 3.0e* +0.2 32e* +0.9 3.4e* +0.6
2.50% 2.5 f* +0.8 3.0 f* +0.25 2.7 f* +0.9 3.0f* +0.7 32f* +0.8
0.50% 3.6a** +0.9 3.8 a*** +0.9 3.6a** +1.0 4 a*** +0.8 4.1 a*** +0.9
0.75% 3.8 b*** +0.8 4.1 b*** +0.8 3.9 b*** +0.9 4.1b*** +1.0 42 b*** +0.8
Thyme 1.00% 3.5¢ +0.6 3.8 ¢+ +0.6 3.6 c** +0.7 3.8 ¢+ +1.2 3.8 ¢+ +0.7
1.50% 34d* +0.7 3.7 d** +0.7 3.5d* +0.8 3.8 d*** +1.0 3.7 d¥** +0.7
2.00% 32¢e* +0.5 3.5e** +0.8 3.3 et +0.5 3.6 e** +1.3 3.5e** +1.0
2.50% 3.0f* +0.8 3.3 f** +0.9 3.1 f* +0.6 3.4 f** +1.2 3.8 f** +0.9
0.50% 34 a* +0.9 3.4a* +0.9 3.2a* +1.1 3.8 a*** +0.8 4.0 a*** +1.0
0.75% 3.8 b*** +0.8 4.2 b*** +0.8 4.0 b*** +1.0 4.2 b*** +0.8 4.2 b*** +0.8
Oregano 1.00% 3.8 ¢*** +0.8 4.0 ¢ +0.7 3.8 ¢ +0.8 4.0 ¢*** +1.2 4.2 ¢ +0.8
1.50% 3.24d* +0.4 3.6 d** +0.5 3.4 d** +0.5 3.6 d** +1.1 4.4 d*=* +0.5
2.00% 3.0e* +0.6 34 e +1.0 34e** +0.9 3.4 e** +0.9 4.2 +0.6
2.50% 2.8 f* +0.7 3.2 +0.8 3.2 f* +0.7 3.2 +1.3 4.0 f* +0.9
0.50% 3.6a* +0.9 3.8 a** +0.9 3.6a* +1.0 4.0 a*** +0.8 4.1a** +0.9
0.75% 3.8 b*** +0.8 4.1 b*** +0.8 3.9 b*** +0.9 4.1 b** +1.0 4.2 b+ +0.8
Rosemary 1.00% 3.5c* +0.6 3.8 ¢*** +0.6 3.6 c** +0.7 3.8 ¢*** +1.2 4.3 ¢ +0.7
1.50% 3.4d* +0.7 3.7 d* +0.7 3.5 d* +0.8 3.8 d*** +1.0 4.3 d** +0.7
2.00% 32e* +0.8 3.5e** +14 29e* +0.6 3.6e** +1.1 4.2 e +0.9
2.50% 3.0f* +0.5 3.3 f** +1.5 2.8 f* +0.5 3.4 f** +0.9 4.0 f** +1.0
0.50% 35a* +0.7 3.6 a** +0.7 34 a* +0.8 3.9 a* +1.1 4.1 a*** +0.8
0.75% 34b** +0.5 3.7 b*** +0.6 3.5 b*** +0.6 3.8 b*** +1.2 4.3 b*** +0.6
1.00% 33 ¢ +0.5 3.7 ¢ +0.6 3.5 +0.6 3.7 ¢ +1.2 4.3 ¢ +0.6

Lemon balm

1.50% 3.5d* +0.7 3.7 d** +0.7 3.5 d*** +0.7 3.9 d*** +1.1 4.2 d*** +0.7
2.00% 3.3 e** +0.9 3.5 e¥** +1.2 3.3 e* +0.9 3.7 e¥** +0.9 4.0 ex** +0.9
2.50% 2.9 f* +1.1 3.3 f** +13 31f +1.1 3.5 f** +0.8 3.8 f+** +1.1
0.50% 4.0 a*** +1.0 4.4 a*** +0.5 4.2 a*** +0.8 4.6 a™* +0.5 4.4 a*** +0.9
0.75% 3.4 b** +0.9 3.4 b** +0.9 3.2b* +1.1 3.8 b*** +0.8 4.0 b*** +1.0
Basil 1.00% 3.8 ¢*** +0.8 4.2 ¢ +0.8 4.0 c*** +1.0 4.2 c*** +0.8 4.2 ¢t +0.8
1.50% 3.8 d*** +0.8 4.0 d*** +0.7 3.8 d*** +0.8 4.0 d*** +1.2 4.2 d*** +0.8
2.00% 3.6 e** +0.9 3.8 e +0.9 3.6 e** +0.7 3.7 % +1.3 4.0 e*** +0.7
2.50% 3.4 £** +1.1 3.6 £** +1.1 3.2 +0.6 3.5 f** +1.0 3.8 f*** +0.9
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Table 1. Cont.
P Smell Taste Aroma Consistency Colour
arameter X +SD X +SD X +SD X +SD X +SD
0.50% 3.4a* +0.9 3.4 a** +0.9 3.2 a* +1.1 3.8 a*** +0.8 4.0 a*** +1.0
0.75% 3.8 b*** +0.8 4.2 b*** +0.8 4.0 b*** +1.0 4.2 b¥** +0.8 4.2 b*** +0.8
Curcuma/ 1.00% 3.8 ¢*** +0.8 4.0 c*** +0.7 3.8 ¢*** +0.8 4.0 c*** +1.2 4.2 ¢t +0.8
Black pepper 1.50% 3.2d* +0.4 3.6 d** +0.5 3.4 d* +0.5 3.6 d** +1.1 4.4 ¥+ +0.5
2.00% 2.8 e* +0.6 3.8 e¥** +0.9 32e* +0.6 3.4 e** +0.9 4.3 ¥+ +0.9
2.50% 2.6 f* +0.8 3.4 +0.7 2.8 f* +0.8 29 f* +0.7 4.2 f** +0.6

1—unacceptable; 2—acceptable; 3—I like it; 4—I really like it; 5—I like it very much; the comparison
was made based on the concentration of the essential oil compared to the control group: a—0.50%/C;
b—0.75%/C; c—1%/C; d—1.5%/C; e—2%/C; £—2.5%/C; * p > 0.05; ** p > 0.01; *** p > 0.001.

3.2. Physicochemical Composition
3.2.1.pH

The white brine cheese at 24 h has a pH of 6.65 and the technological processing
of milk to cheese with the addition of essential oils reduces its active acidity, with the
exception of the cheese with the addition of 2% lemon balm—7.37, and 2.5% turmeric with
black pepper—6.62. After 45 days of ripening, the pH decreases to 5.80 and increases again
during storage for 6 and 12 months, respectively, to 6.90 and 6.82. The active acidity in the
preparation of white brine cheese changes minimally when essential oils are added in a
low concentration in the range of 0.05 to 0.1%, as a result of which the lactic acid cultures
develop normally and the fermentation process proceeds as usual. In the application of
a concentration of essential oils from 0.5 to 2.5%, in the production of a cheese with the
strong antibacterial properties of the oils, the fermentation process of lactose is slowed
down due to the suppression of lactic acid bacteria, as a result of which the pH slowly
decreases during ripening. During the ripening process, hydrolysis of phospholipids and
triglycerides occurs in white brine cheese and free fatty acids are released, which increases
acidity [51]. Lipid oxidation is associated with the formation of peroxides from secondary
oxidation reactions including aldehydes, ketones and epoxides [52,53].

3.2.2. Fat and Protein

The total fat content in the analysed white brine cheeses at 24 h and after ripening
remains relatively constant, but after 6 m storage increases to 15.75% and 12 m decreases to
14.67%. The application of additives of various types of essential oils during the techno-
logical processing of white brine cheeses increases their fat content with few exceptions
at 24 h, such as 1.5% and 2% oregano, 0.5%, 2 and 25% rosemary, 0.5%, 0.75% and 2.5%
lemon balm, 0.5%, 1.0%, 1.5%, 2% and 2.5% basil and 0.5% turmeric and black pepper oil
(Table 2). After the ripening process of the white brined cow’s milk cheese for a period of
45 days, the fat content was found to be preserved in the control group of cheeses, while
when using different types of essential oils, we do not have a constant relationship between
the concentration of the added additive and its type. The application of 0.5%, 1% and
2% EOP during ripening of the cheese decreased the amount of fat, while that of protein
decreased with the exception of 0.75% added oil. During storage for 6 months, an increase
in the amount of fat was found with the exception of the cheese with 1.5% addition of mint
essential oil and a decrease in protein with the exception of the cheese with 2.5% addition
of mint essential oil. It was found that during storage, the fat content increased and the
protein content decreased. The results obtained for the physicochemical analysis of the
brined cheeses with the addition of essential oils are not statistically reliable (Table 2).
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Table 2. Physicochemical evaluation of white brine cheese with the addition of essential o0il, 1 = 6.
pH Fat, %
Parameter 24h 45d 6m 12m 24h 45d 6m 12m
X+ SD X+ SD X 4+ SD X+ SD X+ SD X 4+ SD X+ SD X+ SD
Control 6.65 +0.26 5.80 +0.13 6.90 +0.02 6.82 +0.26 12.38 +0.55 12.55 +0.33 15.75 +1.27 14.67 +0.35
0.50% 6.54a™*  +0.21 6.33a* +0.18 6.80a™*  +0.25 7.14 +0.02 13.06 +0.14 12252 +0.41 17.45 +1.09 19.23 +1.53
0.75% 6.49b**  +£0.13 590b**  £0.03 6.80b**  £0.01 6.89 +0.30 13.51 +0.16 14.09 +1.00 19.69 +1.52 18.33 +0.30
Peppermint 1.00% 6.06¢c*  +0.09 581c**  +0.14 6.64c**  +0.02 6.97 +0.33 12.86 +0.79 11.88c*  +0.74 16.11 +0.18 15.49 +0.52
1.50% 6.14d*  +0.07 5.77d**  +0.08 6.50d**  +0.03 6.93 +0.03 13.10 +0.46 13.85 +2.55 12.18 +0.09 15.45 +0.02
2.00% 6.51e™*  £0.22 5.80e™*  +0.11 6.59e**  £0.01 6.65e**  £0.21 14.40 +2.05 13.33 +1.00 14.34 +0.60 13.17 +1.42
2.50% 6.24f*  +0.07 6.12 +0.07 6.41 f** +0.03 6.75F* 4031 13.15 +1.32 15.39 +0.98 16.64 +0.17 19.64 +1.69
0.50% 6.43a**  +0.26 6.03 +0.06 6.62a%*  +0.22 6.67a™*  +0.31 14.16 +2.52 14.13 +0.09 18.35 +0.72 15.46 +0.10
0.75% 6.23b*  +0.06 5.94 +0.07 6.90 +0.03 6.86 +0.43 16.83 +0.59 15.94 +0.36 19.20 +7.14 2147 +0.58
Thyme 1.00% 6.43c**  +0.08 5.98 +0.07 7.07 +0.06 5.84 c* +0.07 19.60 +0.20 15.79 +2.45 20.38 +0.50 17.75 +0.49
1.50% 6.26d*  +0.03 6.16 +0.05 7.02 +0.02 6.18d*  +0.12 16.96 +0.81 14.11 +2.70 12.52 +0.86 13.24 +0.99
2.00% 6.19e*  +0.06 572" £0.19 6.91 +0.01 6.28e**  +0.09 15.98 +1.08 11.16 +0.31 13.70 +0.49 12.30 +0.17
2.50% 647 £+ 40.18 579 £  +0.12 7.08 +0.04 6.73F**  40.07 13.79 +0.71 11.81 £  +0.32 14.69 +1.23 13.76 +0.41
0.50% 6.02a*  +0.16 5.90 +0.06 6.90 +0.36 6.52a**  +0.24 15.88 +0.07 11.70a*  40.38 13.85 +0.65 14.60 +0.07
0.75% 6.11b*  40.06 5.62b**  40.10 6.57b**  +0.03 6.85 +0.30 13.76 +0.97 14.35 +0.94 16.66 +0.47 17.04 +0.35
Oregano 1.00% 6.30c*  £0.07 5.86c**  +0.13 6.91 +0.02 6.99 +0.13 12.02¢** 4046 13.11 +0.19 15.18 +0.22 16.04 +0.41
1.50% 6.43d**  +0.14 6.16 +0.07 6.76 +0.03 7.09 +0.08 12.40 +0.51 13.65 +0.52 16.42 +0.71 17.45 +0.36
2.00% 6.34e**  +0.03 6.29 +0.16 6.82 +0.01 7.25 +0.21 1222+ 40.59 13.98 +0.47 16.13 +0.17 17.36 +0.39
2.50% 654  £0.01 6.37 +0.10 6.81 +0.01 7.39 +0.19 12.95 +1.02 14.19 +0.94 10.77 +0.26 7.69 +0.48
0.50% 6.52a**  £0.02 555a**  40.07 6.60a**  £0.01 5.63a* +0.17 12.19a**  40.10 13.13 +0.31 10.58 +0.46 7.35 +0.21
0.75% 6.37b*  40.05 5.72b**  40.12 7.04 +0.08 5.85b* +0.34 13.41 +0.05 11.05b* 4021 10.69 +0.31 7.04 +0.31
Rosemary 1.00% 6.43 ¢ +0.08 5.89 +0.04 7.26 +0.03 5.92c* +0.21 15.54 +3.68 10.48 +3.68 11.26 +1.06 18.15 +1.15
1.50% 6.55d=*  +0.15 5.82 +0.08 6.60d**  £0.11 5.85d* +0.08 16.05 +0.20 11.31d*  +0.79 12.03 +0.23 12.78 +0.84
2.00% 6.39e**  +0.23 5.83 +0.02 6.77 e +0.04 6.84 +0.10 11.90e**  +2.09 13.24 +1.43 18.05 +1.00 11.74 +0.40
2.50% 631 %  £0.17 5.85 +0.07 6.77 f**  £0.22 6.63 £ £0.02 10.69 +0.31 12.69 +1.27 13.05 +1.61 10.44 +0.47
0.50% 6.49a**  +0.16 5.67a**  +0.09 6.59a*  £0.01 5.77 a* +0.09 10.83 +0.04 12.07a**  +1.44 15.50 +0.74 16.42 +0.99
0.75% 6.30b*  £0.18 547b**  £0.03 6.91 +0.03 6.08b**  +0.06 10.51 +0.52 13.24 +0.72 16.99 +0.67 17.60 +0.60
1.00% 6.46c*  +0.10 558 ¢ +0.01 7.07 +0.03 620c*  +0.10 13.43 +3.58 18.21 +0.50 20.96 +0.95 21.95 +0.93
Lemon balm 1.50% 6.38d*  +0.17 5.60d**  +0.08 7.13 +0.19 6.28d*  +0.20 13.48 +1.30 15.71 +0.71 16.08 +0.57 16.82 +0.67
2.00% 7.37 +0.10 6.23 +0.03 7.48 +0.02 6.54e™*  +0.14 13.06 +1.02 14.09 +0.14 14.73 +0.67 15.06 +0.67
2.50% 654 F*  +0.24 6.57 +0.06 7.33 +0.03 6.42 %  +0.04 10.64 +0.20 12.42 +0.37 12.98 +0.87 13.66 +0.87
0.50% 6.49a**  +0.26 543a*  £0.03 7.13 +0.02 6.08a*  +0.04 10.73 +0.26 10.76 +0.44 10.81 +1.02 11.15 +0.85
0.75% 6.36b**  +0.18 5.61b**  £0.09 7.22 +0.03 6.73b**  +0.03 14.23 +1.31 16.25 +0.46 17.94 +0.66 17.35 +4.26
. 1.00% 6.58c**  +0.30 5.83 +0.05 7.52 +0.10 6.95 +0.05 11.76 c**  42.06 14.42 +0.59 15.13 +0.79 15.98 +0.79
Basil 1.50% 6.35d**  £0.13 5.66d**  £0.06 7.13 +0.04 6.57d**  £0.10 11.60d*  +0.12 16.21 +0.91 17.40 +0.85 17.98 +0.85
2.00% 6.34e**  +0.03 5.69e**  +0.04 7.00 +0.02 6.61e**  +0.14 12.30 +1.53 12.10e**  +0.15 17.02 +0.71 18.11 +0.71
2.50% 6.38f**  £0.08 571  £0.06 6.75 +0.03 631F*  +0.19 1113 4037 16.41 +0.64 17.77 +0.49 18.28 +0.49
0.50% 6.54a**  +0.09 5.87 +0.09 6.83 +0.09 651a*  +0.08 11.83a**  +1.30 12.58 +1.14 12.90 +0.22 15.62 +0.57
0.75% 6.29b*  40.05 552b***  +0.11 6.60b**  +0.01 6.81 +0.04 15.62 +0.57 17.72 +0.12 14.51 +0.42 15.19 +3.71
Curcuma/ 1.00% 6.57c**  +0.03 6.02 +0.04 6.11c*  +0.05 5.84 c* +0.14 12.34 +0.99 12.57 +0.27 12.97 +0.40 13.40 +0.63
black pepper 1.50% 6.34d**  40.03 5.99 +0.06 6.54d**  40.03 6.95 +0.48 13.76 +0.54 15.25 +0.31 16.25 +0.63 16.89 +0.31
2.00% 6.40e**  +0.02 6.22 +0.09 6.75e**  +0.01 7.05 +0.09 12.35 +0.67 14.65 +0.49 15.65 +0.31 16.03 +0.57
2.50% 6.62f**  £0.03 6.43 % £0.04 6.81f**  +0.04 6.71f**  £0.21 15.22 +0.36 13.17 +1.62 14.17 +0.57 23.41 +1.22
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Table 2. Cont.

Protein, %

Parameter 24h 45d 6m 12m
X + SD X + SD X + SD X + SD
Control 1655 11047 1727 41020 10.86 £10.09 9.56 11093
0.50% 1815 11029 16.14a* +10.18 16.12 £10.18 16.12 11018
0.75% 16,57 11014 17.35 11093 10.60 b+ 11032 10.87 11132
Peppermint 1.00% 15.42 11001 1018 +10.63 10.68 c*+* £10.23 1034 £10.05
1.50% 1557 d* 11064 12.66 £10.17 11.87 £10.14 11.08 £10.10
2.00% 16.81 11014 11.82 £10.04 1147 11014 11.12 11025
250% 17.66 $10.09 1173 £10.07 1324 11026 10.69 11019
0.50% 19.09 £10.20 18.78 £10.04 15.00 £10.39 1026 11013
0.75% 19.59 £1055 16.02b* +£10.06 14.26 £10.07 10.65 11018
Thyme 1.00% 1851 £10.00 16.61 c** 11018 14.72 £10.06 1035 11040
1.50% 1673 11005 17.20 4039 1122 $0.09 17.18 1031
2.00% 19.72 11035 18556 +0.11 15.04 $0.07 1251 $0.01
2.50% 18556 $10.01 1622 f* $0.09 1491 +0.04 15.65 +0.09
0.50% 20.35 £1056 18.56 £0.01 1622 +0.09 1491 +0.04
0.75% 19.56 +10.17 19.53 +0.40 18.00 1048 13.27 1018
Oregano 1.00% 19.39 11035 19.56 10.17 1350 1025 1147 1025
1.50% 20.61 $1031 17.05 40.29 1350 1028 12.42 $0.44
2.00% 17.97 11002 15.08 $0.17 12.19 1032 1038 10.12
2.50% 1533 11035 13.26 4035 1118 £0.36 11.19 1092
0.50% 20,81 11023 19.28 +0.14 1858 +0.34 12.0 1021
0.75% 21.27 11011 21.27 +0.11 1633 $1.08 12.49 $0.38
Rosemary 1.00% 2155 $10.25 19.60 40.06 14.07 +1.81 12.20 $0.34
1.50% 21.82 $10.39 17.93 £0.00 15.96 $0.10 1214 $0.10
2.00% 19.98 £1021 18.08 £0.05 13.93 £0.16 1126 £0.18
2.50% 18.13 11002 15.81 £0.00 13.01 $0.06 1021 $021
0.50% 21.08 £10.08 21.05 +£0.24 17.38 +£0.03 9.88 +0.04
0.75% 2135 +038 16.60 b** 1023 14.23 £0.16 11.85 +0.09
1.00% 18.86 +0.18 14.90 £0.15 1291 10.13 10.93 10.12
Lemon balm 1.50% 1636 1£0.02 1424 40.09 1318 £0.13 12.12 1017
2.00% 19.79 $0.13 16.97 e** 4048 1556 10.65 14.15 1083
250% 2322 1027 19.81 +0.15 18.11 $0.08 16.40 +0.02
0.50% 16.90 +£0.02 1432 £0.04 13.04 40.05 1175 40.05
0.75% 1652 1024 14.47 £0.05 12,50 +0.17 9.48 b+ +£0.02
. 1.00% 17.21 $0.16 16.68 c* +0.07 1578 1052 14.88 10.96
Basil 1.50% 1791 $0.08 15.54 4026 14.35 $0.34 13.16 1043
2.00% 17.48 10.07 13.67 £0.05 11.76 £0.05 9.86 +0.04
2.50% 17.06 +0.05 1473 40.13 1357 10.18 12.41 1022
0.50% 17.82 40,05 14.63 +0.33 13.03 +0.46 1143 40.60
0.75% 1859 10.15 11.89 1023 11.94 £0.19 830b* 10.34
Curcuma/ 1.00% 17.98 $0.11 12.15 40.10 15.04 $0.07 6.31 $0.09
black pepper 1.50% 17.37 $0.07 12.16 10.14 17.37 $0.07 6.95 1021
2.00% 17.03 $0.11 11.67 40.10 17.20 4038 6.31 +0.09
2.50% 16.86 £0.49 1123 £0.29 11.95 £0.50 5.60 £0.09

The comparison was made based on the concentration of the essential oil compared to the control group: a—0.50%/C; b—0.75%/C; c—1%/C; d—1.5%/C; e—2%/C;
f—2.5%/C; *p > 0.05; * p > 0.01; *** p > 0.001.
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Oregano and rosemary oils have been shown to inhibit lipid oxidation and fermen-
tation in high-fat cheeses [54,55]. Low doses of EO in the range of 0.1-0.2% lead to stable
fat and protein content. Concentrations above 0.75% used in the milk matrix reduce the
amount of protein and fat in it [56]. The addition of EO (e.g., from mint or thyme) has been
shown to increase the levels of volatile fatty acids and soluble nitrogen during storage. This
stimulates the specific lipolytic and proteolytic profile of the cheese [56].

3.3. Biochemical Composition
3.3.1. Antioxidant Activity and Total Polyphenols

The results obtained for the antioxidant activity and total polyphenols are presented
in Table 3.

White brine cheese at 24 h has an antioxidant activity of 17.01 TE mg/100 g product
and after ripening for 45 days it decreases to 10.87 TE mg/100 g product. After storage for
6 months, an increase to 14.38 TE mg /100 g product was found and it increased by 7.65 times
after 12 m of storage. The same trend of variation was found for total polyphenols as for
the antioxidant activity. At 24 h, total polyphenols in the control group were 555.71 GAE
mg/100 g product and decreased during ripening for 45 days to 168.44 GAE mg/100 g
product, after which their increase to 442.41 GAE mg/100 g product was observed after
6 m of storage and twice after 12 m of storage. The addition of essential oils to white brine
cheese reduces its antioxidant activity at 24 h; after ripening and storage for 6 and 12 months
compared to the control, many times, depending on the type of additive. On the other
hand, the amount of total polyphenols is maintained or increases at 24 h, and increases after
ripening and storage for 6 and 12 months, which is an indicator of interactions between
essential oils and cheese components.

The use of EPO reduces the antioxidant activity in white brine cheese at 24 h (1.20-2.03 TE
mg/100 g product), decreases 2 to 10 times after ripening (0.16-0.38 TE mg/100 g product)
and increases after 6 months (1.21-2.00 TE mg/100 g product) with a tendency to maintain
after 12 months of storage (1.41-1.84 TE mg/100 g product). The results obtained for
total polyphenols at 24 h and after cheese ripening and storage for 6 and 12 months are
identical. The highest content of total polyphenols was achieved with the addition of
1% mint oil at 24 h, at 2.5% after ripening, at 1% after 6 months of storage and at 1.5%
after one year, which gives reason to believe that a concentration of up to 1.5% is optimal
for enriching the cheese with total polyphenols. The use of oregano oil at 24 h and after
ripening provokes low antioxidant activity of the resulting cheeses, but after storage for
6 months it increases between 3 and 4 times, and it decreases after one year of refrigerated
storage. The use of oregano at 24 h (1.49-2.10 TE mg/100 g product) and after ripening
(1.10-1.75 TE mg/100 g product) gives the best results for antioxidant activity, after storage
of 6 months with the addition of basil oil (2.08-2.40 TE mg/100 g product) and 12 months
with 0.5% basil—5.00 TE mg/100 g product. The addition of turmeric and black pepper
essential oils leads to the highest values for total polyphenols at 24 h (527.65-716.38 GAE
mg/100 g product), of thyme after ripening (520.83-1035.87 GAE mg/100 g product), of
0.5% basil after 6 months of storage (1872.57 GAE mg/100 g product) and 2% thyme after
12 months of storage (2491.43 GAE mg/100 g product, Table 3). The results obtained are
probably due to structural changes caused by the ripening and storage process associated
with oxidation, polymerization or isomerization, which in turn leads to a decrease in the
DPPH scavenging capacity and an increase in phenolic compounds [56,57].
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Table 3. Antioxidants ant total polyphenols evaluation of white brine cheese with the addition of essential oil, 1 = 6.
DPPH, TE mg/100 g Product TPC, GAE mg/100 g Product
Parameter 24h 45 Day 6 Month 12 Month 24h 45 Day 6 Month 12 Month
Control 17.01 +4.27 10.87 +1.97 14.38 +141 10721 +2.23 555.71  +5.48 16844  +3.87 44241 +453 763.05  +2.93
0.50% 2.03 +0.08 0.26 +0.01 1.22 +0.05 147 +0.01 42317  +3.53 17352  +1.77 29835  +1.25 23594  +0.88
0.75% 1.99 +0.01 0.38 +0.01 1.26 +0.05 141 +0.01 290.83  +2.20 44619  +15.14 1516.83  +10.78 871.78  +9.12
Peppermint 1.00% 1.20 +0.04 0.30 +0.01 121 +0.07 1.61 +0.08 48270  +4.99 130.03  +20.72 159540  +14.68 94400  +9.21
1.50% 1.94 +0.01 0.19 40.01 2.00 +0.06 1.64 40.04 44857 4240 279.08  +17.56 152079  +12.67 1117.65  45.70
2% 1.94 +0.05 0.32 +0.04 1.49 +0.08 1.75 +0.03 47971 £349 23289  +9.60 1193.02  +8.60 70810  +1.80
2.50% 1.57 +0.03 0.16 +0.05 1.23 +0.01 1.84 +0.07 52000  +0.59 47859  £0.29 457.88  +041 43717  £0.29
0.50% 0.44 +0.02 043 +0.02 1.93 +0.06 1.24 +0.04 57829  +647 1035.87  +0.31 1013.84  +0.94 110432 +1.28
0.75% 0.46 +0.02 043 40.04 2.01 +0.02 1.36 +0.01 45257  +147 556.86  +4.54 99337  +7.95 151444 4891
Thyme 1.00% 0.55 +0.08 0.49 +0.24 2.02 +0.05 1.49 +0.04 537.46  +0.24 52083  +6.15 955.75  +4.77 907.49  +0.68
1.50% 0.66 +0.01 078 +0.03 2.22 +0.02 1.58 +0.14 495.02  +0.62 538.84  +4.18 83432  +13.69 1844.60  +14.29
2% 0.72 +0.01 0.84 +0.01 2.25 +0.03 1.81 +0.05 562.89  +4.45 877.65  +10.06 1589.05  +12.76 249143  +16.18
2.50% 0.88 +0.04 0.87 +0.01 2.31 +0.02 1.85 +0.01 52895  +2.54 884.63  +2.95 1639.05  +9.50 226048  +1557
0.50% 1.49 +0.04 1.10 +0.05 1.02 +0.02 143 +0.05 24698  +6.09 61622 42251 120810  +15.98 129321  +12.94
0.75% 1.58 +0.04 1.14 +0.03 1.04 +0.08 1.49 +0.06 21921  +6.14 643.60  +4.55 70416  +4.12 1107.65  +1.08
Oregano 1.00% 1.90 +0.02 141 +0.04 1.07 +0.11 1.55 +0.03 23670  +8.80 65045  +10.65 72635  +8.85 122000  +6.19
1.50% 2.00 +0.02 1.53 +0.01 1.42 +0.03 1.60 +0.05 26603  +6.20 653.87  +8.12 77797 +10.48 138276 +4.86
2% 2.01 +0.02 1.74 +0.02 1.69 +0.03 1.75 +0.01 54381  +1.51 65729  +8.79 885.87  +9.04 145154 41031
2.50% 2.10 +5.01 1.75 +0.06 1.79 +0.03 1.97 +0.03 657.87  +6.99 67098  +7.99 868.76  +14.24 152032 412.09
0.50% 0.97 +0.05 0.38 +0.13 2.30 +0.02 1.93 +0.03 27273 +13.89 76146  +11.45 1573.97  +8.95 973.07  +6.58
0.75% 1.07 +0.02 0.25 +0.08 2.18 +0.03 1.10 +0.01 299.40  +6.44 599.06  +6.26 1289.64  +0.46 95695  +8.32
Rosemary 1.00% 1.80 +0.03 0.36 +0.08 2.11 +0.06 0.68 +0.02 36581  +£9.27 50225  +7.72 1123.73 4471 940.83  +6.21
1.50% 1.78 +0.04 0.29 +0.03 2.05 +0.08 0.26 +0.03 395.62  +5.43 436.67  +5.14 100532 40.51 93936  +2.75
2% 1.81 +0.03 033 +0.03 1.94 +0.08 047 +0.05 42543  +8.44 389.40  +7.53 957.81  +2.61 921.78  +3.89
2.50% 1.82 +0.03 0.27 +0.01 1.82 +0.03 057 +0.03 458.89  +6.92 33543  +6.57 91622  +091 851.78  +4.56
0.50% 1.12 +0.09 0.19 +0.06 2.01 +0.06 1.97 +0.06 39279 £154 45333 £1.95 40723 £557 396.74  +3.50
0.75% 1.32 +0.02 0.65 +0.04 1.50 +0.01 1.75 +0.03 305.17  +145 207.81  +1.06 36112  +6.18 340.15  +2.76
1.00% 0.33 +0.09 0.06 +0.02 0.78 +0.01 127 +0.01 32756 +0.62 22559  +4.18 51443  +3.69 47249 +429
. 1.50% 2.08 +0.05 0.36 +0.11 2.08 +0.05 1.22 +0.08 39424  +147 71286  +4.54 115254  +7.95 98478  +891
2% 2.02 +0.02 0.11 +0.05 2.02 +0.02 121 +0.02 42249  £024 45400  £6.15 80327  +4.77 71939 +0.68
2.50% 1.96 +0.04 1.92 +0.02 1.72 +0.03 1.19 +0.04 44257  +£094 51048  +0.31 1592.22  +6.47 125670  +1.28
0.50% 1.55 +0.01 1.29 +0.06 2.40 +0.10 5.00 +1.00 33111 +1.90 1101.84  +14.96 187257  +12.28 99133  +12.46
0.75% 0.30 +0.10 0.17 +0.06 2.08 +0.00 234 +0.10 389.24  +1.35 23670  +2.20 175422 41253 87298  +12.46
) 1.00% 0.04 +0.02 0.26 +0.04 224 +0.05 2.67 +0.45 34511  +0.90 217.97  +1.38 1695.05  +14.25 813.81  +1246
Basil 1.50% 1.81 +0.02 0.52 +0.04 2.16 +0.03 1.50 +0.18 28154  +0.63 265.10  +0.60 163587  +13.30 754.63  +12.46
2% 0.21 +0.05 0.69 +0.04 2.20 +0.04 0.51 +0.11 47098  £2.24 629.24  +3.05 923.05  +3.88 77614 +2.08
2.50% 0.24 +0.11 0.60 +0.04 2.18 +0.03 1.01 +0.12 709.08  +1.34 614.16  +0.80 81606  +0.42 621.70  +0.49
0.50% 0.17 +0.13 0.26 40.04 0.24 +0.05 0.25 +0.04 60590  +0.31 44940 4094 1635.00  +1.28 76150  +1.47
0.75% 0.28 +0.10 0.18 40.01 2.02 +0.02 0.13 +0.01 629.87  +0.54 40590  +191 167635  +2.95 820.83  +1.24
Curcuma/ 1.00% 0.13 +0.04 0.20 +0.04 1.13 +0.03 0.31 +0.03 527.65  +1.15 42765  £077 1655.67  +1.68 86432 +0.62
black pepper 1.50% 0.32 +0.02 0.19 +0.03 1.57 +0.03 0.22 +0.01 531.30  +3.18 41678  +1.69 1666.01  +4.29 84257  +145
2% 0.26 +0.07 0.19 +0.03 1.35 +0.03 0.26 +0.02 63638  +4.06 42221 +1.18 1660.84  +2.76 853.44  +1.54
2.50% 0.30 +0.04 0.19 +0.03 1.46 +0.03 0.29 +0.11 71638  +1.62 41950  +1.95 166343  +5.57 848.01  +2.50
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3.3.2. Fatty Acids Composition

Saturated fatty acids in the control group of white brine cheese at 45 days of ripening
were 70.01 g/100 g fat, decreased slightly to 69.53 g/100 g fat and increased to 71.82 g/100 g
fat during storage in refrigerated conditions (p > 0.001), which is due to lipolytic processes
in the product and oxidation of unsaturated fatty acids to saturated ones. Monounsaturated
fatty acids increased from 23.63 g/100 g fat at 45 days to 25.58 g/100 g fat at 6 months
of storage and decreased again after 12 months of storage to 24.34 g/100 g fat, which is
probably caused by the isomerization of fatty acids under the action of lactic acid bacteria.
A steady increase was found in polyunsaturated fatty acids from 3.79 g/100 g fat at day 45
to 4.22 g/100 g fat after 12 months of storage (p > 0.001, Figure 2).

80.00 70.01 69.53 71.82
60.00
40.00 23.63 25.58 o434
20.00 379 382 2

0.00

45 day 6 month 12 month
control
e=@==SFA MUFA PUFA

Figure 2. Saturated (SFA), monounsaturated (MUFA) and polyunsaturated (PUFA) fatty acids, g/100
fat in the control group.

Saturated fatty acids in white brine cheese with the addition of mint essential oil
decreased at 45 days of ripening to 69.38 g/100 g fat at 0.5% (p > 0.001); 69.69 g/100 g fat at
0.75% (p > 0.001); to 67.73 g/100 g fat at 1.5% (p > 0.01); 69.11 g/100 g fat at 2% (p > 0.001);
and to 57.40 g/100 g fat at 2.5%, while at 1% an increase to 70.31 g/100 g fat was found
compared to the control cheese group (p > 0.001, Figure 3). The storage of cheese with
additives leads to variations in the content of saturated fatty acids within narrow limits,
except for the variant with the addition of 2.5%, in which a decrease to 42.69 g/100 g of
fat was found after 6 months of storage and an increase to 63.03 at 12 months of storage,
which is probably due to interactions between the added essential oil and milk fat. The
addition of 0.5 and 0.75% of peppermint essential oil reduces saturated fatty acids. The use
of peppermint essential oil stabilizes the content of monounsaturated fatty acids depending
on the concentration, except for the variants with 1, 2 and 2.5% addition. After 45 days
of ripening, the white brine cheese significantly increased compared to the control at 0.50,
0.75, 1 and 1.50%, respectively, to 26.28, 26.65, 24.96 and 26.20 g/100 g fat (p > 0.001), and
increased to 31.51 g/100 g fat at 2.5% addition and decreased at 2.0% addition to 20.96
g/100 g fat. Higher MUFA content was achieved after 6 months of storage compared to
the control group of cheeses only at 1% addition of mint essential oil, while at 0.5 and
0.75% they were maintained compared to the original cheese and decreased at the other
concentrations. PUFAs in brine cheese with the addition of mint essential oil were at a
lower concentration after ripening at 0.5 and 1.5% compared to the control and were higher
in the other variants. During storage for 6 months, only with 1% addition, the amount
of polyunsaturated fatty acids was lower compared to the control group, while during
storage for 12 months, their decrease was found, with the exception of cheeses with the
addition of 2 and 2.5% essential oil. Depending on the applied concentration and during
storage of brine cheese with the addition of mint essential oil, relatively stable content of
polyunsaturated fatty acids was found, with the exception of cheeses enriched with 2 and
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2.5%, in which higher values were found after 45 days of ripening—5.26 and 8.87 g/100 g
of fat, decreasing at 6 months to 4.50 and 4.79 g/100 g of fat and after 12 months of storage
at 2% it decreased to 4.46 g/100 g of fat, while at 2.5% it increased to 7.03 g/100 g of fat.

80.00  69.3869.0269.2069.6969.8069.9170.3170.6469.98 ¢ 73 70-8169.2769.1169.7371:37
70.00

60.00
50.00
40.00
26.2825.5325.9026.6525.47 94 2924.96 26.15 53 76 26.2025.1225.66 25.1124.69 o 24.82
30.00 -~ _ - e 20.96 \
=00~ 5=—C ~ O=—r— 0 gy 1689 9
20.00 , 887 N""7.03
1000 317 444 3380 4.15 4.14 4.14 391 373 4.10 3.35 4.00 3.67 526 450 446 479
0.00
> < < > < < > < < > < < > < < > < <
\O o~ \O o~ \O o~ \O o~ \O o~ \O o~
i i i i i i
0,50% 0,75% 1,00% 1,50% 2,00% 2,50%
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Figure 3. SFA, MUFA and PUFA, g/100 fat in cheese with addition of peppermint essential oil.

Saturated fatty acids in white brine cheese with the addition of thyme essential oil
decreased depending on the amount of the additive and compared to the original cheese at
45 days of ripening, with the exception of 0.5% additive, in which the variation increased
(p > 0.001) compared to the control cheese and after storage for 6 and 12 months (p > 0.001).
After storage for 6 months and 12 months, the cheese with the addition of thyme showed
a decrease in saturated fatty acids at all concentrations compared to the control and to
the lowest concentration. The addition of thyme oil led to a decrease in the content of
monounsaturated fatty acids at the expense of an increase in polyunsaturated fatty acids
depending on the concentration and compared to the control cheese. An increase in
polyunsaturated fatty acids was found from 3.79 g/100 g of fat in the control group after
ripening to 4.98 g/100 g of fat at 0.5% addition of thyme essential o0il, by 1.95 times at
0.75%, by 2.6 times at 1%, by 2.49 times at 1.5%, and by 3 times at 2.5%, while at 2% it was
3.94 g/100 g of fat. After storage of the cheese for 6 months, PUFAs in the brined cheese
with the addition of thyme essential oil decreased compared to the cheese at 45 days at
all concentrations and decreased at storage for 12 months, except for the variant with 2%
addition of essential oil (Figure 4).

Saturated fatty acids in white brine cheese with the addition of oregano essential
oil decreased at 45 days of maturation compared to the control group of cheese, at 0.5%
and 1.5% by 1.21 times, at 2% by 1.16 times and at 2.5% by 1.40 times, while at 0.75 and
1% they were close to those of the original cheese. The lowest concentration of saturated
fatty acids was found at 2.5% addition at 45 days, 6 and 12 months of storage with an
increasing trend (Figure 5). At 6 and 12 months of storage, saturated fatty acids decreased
compared to 45 days at 0.75—65.45 and 63.98 g/100 g of fat; 1.0—67.65 and 57.93 g/100 g
fat; and 259.94 and 57.36 g/100 g fat; while at 0.5—68.46 and 67.48, and 1.5—62.45 and
58.51 g/100 g fat, the addition of oregano essential oil increased them at 6 months and
decreased them again after 12 months of storage. The decrease in saturated fatty acids
was accompanied by an increase in mono- and polyunsaturated fatty acids in brine cheese
with the addition of oregano essential oil. Monounsaturated fatty acids have the highest
concentration on day 45 with the addition of 2.5% essential oil of oregano—35.72 g/100 g
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fat, followed by white brine cheese with 0.56% addition—35.20 g/100 g fat; at 1.5 and
2% they are 34.67 and 34.71 g/100 g fat, respectively, and at 1% and 0.75% the lowest
concentrations were established. From the presented graph it is evident that at 0.5, 1.5
and 2.5% addition of essential oil after 6 months of storage MUFAs decrease and increase
again after 12 months, while at 0.75 and 1% they increase, and at 2% they decrease during
storage. Polyunsaturated fatty acids have a higher content compared to the control cheese
during the period under consideration. The application of oregano essential oil in different
concentrations gives relatively low variations in their concentration after storage. The use
of 0.5, 1.5 and 2.5% additives reduces the content of polyunsaturated fatty acids in brine
cheese, as follows, from 5.06 to 4.32 g/100 g fat, from 5.05 to 4.79 g /100 g fat and from 6.49
to 5.09 g/100 g fat, while at the remaining concentrations an inverse correlation is observed
and the highest content of polyunsaturated fatty acids is recorded at 1% after 12 months of
storage—5.91 g/100 g fat (Figure 5).
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Figure 4. SFA, MUFA and PUFA, g/100 fat in cheese with supplementation of thyme essential oil.
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Figure 5. SFA, MUFA and PUFA, g/100 fat in cheese with addition of oregano essential oil.

Saturated fatty acids in white brine cheese with the addition of rosemary essential oil
decreased at 45 days of ripening compared to the control group of cheese, at 0.5% by 1.27
times, at 0.75% by 1.30 times, at 1% by 1.24 times, at 1.5 and 2% by 1.26 times and at 2.5%
by 1.12 times. During storage, an increase in the content of saturated fatty acids was found,
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due to the occurrence of lipolytic oxidation. The highest concentrations of saturated fatty
acids during storage of 12 months were found with the addition of 0.5% and 2.5% rosemary
essential oil, respectively, 69.30 and 68.16 g/100 g of fat. Their content was relatively stable
at 1% addition after ripening, 6 and 12 months storage—56.29, 56.95 and 56.73 g/100 g
fat. The decrease in saturated fatty acids is accompanied by an increase in mono- and
polyunsaturated fatty acids in brine cheese with the addition of rosemary essential oil.
The application of 1% rosemary oil addition is with a relatively stable concentration of
mono- and polyunsaturated fatty acids after 45 days of ripening, 6 and 12 months storage,
respectively, 37.65, 37.27 and 37.11 g/100 g fat and 4.31, 4.90 and 4.89 g/100 g fat. The
results obtained for monounsaturated fatty acids show a decrease at 0.5% and 1.5%, an
increase at 0.75%, and an increase after 6 months and a subsequent decrease after 12 months
storage at 2 and 2.5% (Figure 6). Polyunsaturated fatty acids decrease during storage of
6 and 12 months at 0.5%, and 2 and 2.5% addition, while at 0.75 they are preserved after
6 months storage and decrease after 12 months, and at 1.5% rosemary essential oil they
increase from 5.69 to 6.92 g/100 g of fat.
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Figure 6. SFA, MUFA and PUFA, g /100 fat in cheese with supplementation of rosemary essential oil.

Saturated fatty acids in white brine cheese with the addition of lemon balm essential
oil generally decrease after 45 days of ripening and storage for 6 and 12 months compared
to the control cheese. It was found that the variations in their content are weakly expressed
at high concentrations of 1.5-2.5%, while at low concentrations their amount increases
during storage, due to lipolytic processes (Figure 7). Monounsaturated fatty acids increase
insignificantly with the addition of lemon balm essential oil compared to the control group
of white brine cheese (Figures 2 and 7). The use of 1 and 1.5% concentration of the additive in
the cheese shows the least variation in their content with a tendency to decrease, respectively,
from 38.25 to 35.47 g /100 g of fat and from 36.94 to 36.14 g/100 g of fat. Polyunsaturated
fatty acids were higher in content than in the control cheese during the period under
consideration. The application of lemon balm essential oil in different concentrations gave
relatively low variations in their concentration after storage and the highest content was
found at 2.5% addition at 45 days—6.95 g/100 g fat, at 1%—6.29 g/100 g fat after 6 months
of storage and at 2.5%—6.08 g/100 g fat after 12 months of storage (Figure 7).
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Figure 7. SFA, MUFA and PUFA, g/100 fat in cheese with addition of lemon balm essential oil.

The application of basil essential oil as an additive in white brine cheese reduces the
content of saturated fatty acids at 45 days of ripening at all applied concentrations, the
lowest being at 0.75%—54.98 g /100 fat, after 6 months of storage at 0.5%—49.23 g /100 fat
and after 12 months of storage at 0.5% additive—53.47 g /100 fat compared to the control
(Figures 2 and 8). The fluctuations at 1 and 1.5% basil addition in terms of saturated and
mono- and polyunsaturated fatty acids in white brine cheese are the least pronounced. The
application of 2 and 2.5% basil oil addition increases the content of saturated fatty acids
and reduces that of unsaturated ones (Figure 8).
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Figure 8. SFA, MUFA and PUFA, g/100 fat in cheese with supplementation of basil essential oil.

The application of turmeric essential oil with black pepper in a ratio of 3:1 as an addi-
tive in white brine cheese reduces the content of saturated fatty acids at 45 days of ripening
to 67.49 g/100 fat; after storage for 6 months it increases to 73.88 g/100 fat and again
decreases to 68.54 g/100 fat at 0.5% compared to the control. The remaining concentrations
increase the content of saturated fatty acids after ripening and during storage for 6 months,
but after 12 months of storage a lower content is established compared to the control (Fig-
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ures 2 and 9). The presented results show a decrease in monounsaturated and an increase
in polyunsaturated fatty acids. The use of turmeric essential oil with black pepper does not
have a positive role on the fatty acid composition of white brine cheese. The highest content
on day 45 for monounsaturated fatty acids was found at 0.5% addition—27.60 g/100 fat;
after 6 months of storage at 0.5% addition—22.92 g /100 fat; and after 12 months of storage
at 2.5% addition—29.29 g/100 fat. Similarly for polyunsaturated fatty acids after 45 days
it was at 1.5% addition of turmeric essential oil with black pepper—5.11 g/100 fat; after
6 months of storage at 1% addition—5.34 g/100 fat; and after 12 months of ripening at
0.75%—8.09 g /100 fat (Figure 9).
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Figure 9. SFA, MUFA and PUFA, g/100 fat in cheese with addition of curcuma and black pepper
essential oil.

The trans isomers of oleic acid after cheese ripening are 9.24 g/100 g fat and a decrease
is found after 6 months of storage to 8.91 g/100 g fat (p > 0.001) and a significant increase
to 10.85 g/100 g fat (p > 0.01) after 12 months of storage. The cis isomers of C:18:1
after 6 months of storage increase to 13.15 g/100 g fat (p > 0.05) and decrease again to
11.35g/100 g fat (p > 0.05), but are significantly higher than the results obtained after
45 days of ripening (p > 0.001, Figure 10).

The trans isomers of oleic acid when using mint essential oil at all used concentrations
and storage varied in the group, with the highest values being after ripening at 1.5%—9.91
g/100 g fat (p > 0.001); after storage of 6 months at 1.5%—10.46 g/100 g fat (p > 0.001);
and a significant increase to 11.40 g/100 g fat (p > 0.01) after 12 months of storage in the
group and compared to the control cheese. The cis isomers of C:18:1 when adding mint
essential oil in different concentrations increase compared to the control white brine cheese
after ripening, with the highest content being found at 2.5% addition—18.95 g/100 g fat;
after 6 months of storage at 0.75%—14.16 g/100 g fat; and after 12 months of storage at
0.5% addition—12.88 g /100 g fat (Figure 11).

The trans isomers of oleic acid when using thyme essential oil after ripening are
highly significantly lower compared to the control cheese (p > 0.001) and the highest
content was found at 2.5% addition—8.06 g/100 g fat (p > 0.001), after storage for 6 months.
They vary significantly in the group and compared to the control cheese, with the highest
content being found at 2%—10.80 g/100 g fat (p > 0.001), and significantly decrease after
storage for 12 months, compared to the control cheese and depending on the concentration,
with the highest content obtained at 1%—10.63 g/100 g fat (p > 0.01) after 12 months
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storage. The cis isomers of C:18:1 when adding thyme essential oil after ripening and 6
months of storage decreased depending on the applied concentration and compared to
the control cheese (p > 0.001; Figures 10 and 12). After 12 months of storage, a decrease
was found in the low concentrations from 0.5 to 1% and an increase in the remaining
variants, probably predetermined by the interaction between milk fat and essential oil and
the lipolytic processes occurring during ripening. The white brine cheese with 0.5% thyme
essential oil added had the highest content of cis isomers of oleic acid after ripening and
6 months of storage—13.16 and 12.70 g/100 g of fat, and after 12 months of storage with
2.5% addition—13.24 g /100 g of fat (Figure 12).
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Figure 10. Sum of 18:1Trans-fatty acids (STFA) and sum of 18:1Cis-fatty acids (SCFA), g/100 fat in
the control group.
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Figure 11. STFA and SCFA, g/100 fat in the cheese with addition of peppermint essential oil.
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Figure 12. STFA and SCFA, g/100 fat in the cheese with supplementation of thyme essential oil.

The application of oregano essential oil reduces the content of trans isomers of oleic
acid at 0.5%, 0.75 and 1% addition after ripening compared to the control group of cheeses
and one to another (p > 0.001), and when using 1.5, 2 and 2.5% of the addition they increase
by 1.58, 1.5 and 1.43 times, respectively, compared to the control cheese (Figures 10 and 13).
After storage for 6 and 12 months, the content of trans fatty acids in the analyzed cheeses
increases depending on the concentration and compared to the starting cheese, with
the exception of white brine cheese with 0.5% oregano oil, where a decrease was found
compared to the control cheese (p > 0.001). In the course of natural interaction processes as
a result of which trans fatty acids increase after ripening and storage, the best results were
found with 1.5% addition of oregano essential oil (Figure 13). The cis isomers of C:18:1 with
the addition of oregano essential oil increase during ripening and 6 months and 12 months
of storage depending on the applied concentration and compared to the control cheese
(Figures 10 and 13). The presented results show that the highest concentrations of cis fatty
acids were found with 2.5% addition, respectively, 20.45; 20.07 and 21.09 g/100 g of fat
(Figure 13).

The application of rosemary essential o0il increased the content of trans fatty acids
(p > 0.001) in BSS after ripening, except for cheeses with the addition of 0.75 and 2.5%
(p > 0.001). The application of 1.5% rosemary oil reduced the amount of trans fatty acids
and after storage for 6 and 12 months. The highest content for TFA was found at 1% after
ripening and storage—11.89; 12.58 and 12.54 g/100 g fat (Figure 14). The use of rosemary oil
increased the amount of cis fatty acids depending on the concentration and relative to the
starting cheese, with the best results being obtained at 1%—21.09, 21.08 and 20.99 g/100 g
fat (Figure 14).

The application of lemon balm essential oil at concentrations of 0.5% and 2% is
unsuitable for use due to a decrease in the natural content of trans fatty acids compared
to the control cheese (p > 0.001 Figures 10 and 15), while with increasing concentration,
TFAs in BSS and compared to the original cheese increase. The highest TFA content was
found in 2.5% lemon balm after ripening and storage—12.66, 13.37 and 13.01 g/100 g fat
(Figure 14). The use of lemon balm oil increases the amount of cis fatty acids depending on
the concentration and compared to the original cheese, with the best results being obtained
at 0.75%—24.19, 23.09 and 18.43 g/100 g fat (Figure 15).
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Figure 13. STFA and SCFA, g/100 fat in the cheese with addition of oregano essential oil.
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Figure 14. STFA and SCFA, g/100 fat in the cheese with supplementation of rosemary essential oil.

The addition of basil essential oil in concentrations of 2% and 2.5% is unsuitable for use
due to a decrease in the natural content of trans fatty acids compared to the control cheese by
two times after ripening and storage (Figures 10 and 16), while at the other concentrations
used it increases, and relatively stable changes were found at 0.5% compared to the starting
cheese—15.37, 15.68 and 15.52 g/100 g of fat. The changes in the content of cis fatty acids
are similar (Figure 16).

The addition of turmeric and black pepper essential oil at all concentrations reduced
the natural content of TFA (Figures 10 and 17) compared to the control cheese. The best
results were obtained with the addition of 0.5% of the additive—7.46, 6.82 and 6.96 g/100 g
of fat. The changes in the content of cis fatty acids were similar (Figure 17).
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Figure 15. STFA and SCFA, g/100 fat in the cheese with addition of lemon balm essential oil.
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Figure 16. STFA and SCFA, g/100 fat in the cheese with supplementation of basil essential oil.

Conjugated linoleic acid in white brine cheese varied within narrow limits after 6 and
12 months of storage. The results obtained after 6 months of storage were the lowest,
0.21 g/100 g fat (p > 0.001), compared to cheese after 45 days of ripening and 12 months of
storage. The total CLA content increased during storage from 0.31 g/100 g fat (45 days) to
0.46 g/100 g fat (12 months, Figure 18).

The addition of mint essential oil reduces the CLA content regardless of the concentra-
tion compared to the original cheese after ripening and storage for 6 and 12 months, with
the exception of the 1.5% addition, where it increases to 0.29, 0.26 and 0.28 g/100 g of fat
(Figures 18 and 19).

The total amount of CLA increases compared to the control cheese, with the exception
of the cheese with the addition of 1%, where preservation and reduction are established.
The variations in their amount are least pronounced when adding 0.5%—0.51, 0.59 and

0.55 g/100 g of fat (Figure 19).
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Figure 17. STFA and SCFA, g/100 fat in the cheese with addition of curcuma and black pepper
essential oil.

0.50 0.46
0.45 0.40
0.40
035 0.31
0.30
0.25 L — /
0.20 0.25 0.26
0.15 0.21
0.10
0.05
0.00
45 day 6 month 12 month
control

=@=CLA =@=CLA 9c11t

Figure 18. Sum of conjugated linoleic acid (CLA) and conjugated linoleic acid 9¢,11t (CLA9c,11t)
g/100 fat in the control cheese.

The use of thyme essential oil reduces the CLA content regardless of the concentration
compared to the original cheese after ripening and storage of 6 and 12 months, and the
highest amount is the cheese with the addition of 2.5%—0.33, 0.29 and 0.25 g/100 g of fat
(Figures 18 and 20).

The total amount of CLA increases compared to the control cheese with the exception
of the cheese with the addition of 0.5%, in which a decrease and preservation are found.
The highest content of the total amount of CLA is found in 2.5% thyme with a tendency to
decrease after storage of 6 and 12 months—2.37, 1.42 and 0.48 g/100 g of fat (Figure 20).
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Figure 19. CLA and CLA9c,11t, g/100 fat in the cheese, with addition of peppermint essential oil.
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Figure 20. CLA and CLA9¢,11t, g/100 fat in the cheese with supplementation of thyme essential oil.

The application of oregano essential oil at concentrations of 0.5 and 0.75% decreased the
CLA content at 1% after ripening and increased it after storage for 6 and 12 months, while at
the other concentrations it increased as a result of lipolytic interactions and microbiological
activity. The best and closest results were achieved with 1.5 and 2.5% addition of oregano
essential oil (Figures 18 and 21). The total amount of CLA changed in a similar way.

The application of rosemary essential oil at all concentrations reduces the CLA content
compared to the control cheese during ripening and storage. The highest content was found
at 1% rosemary—~0.39, 0.36 and 0.36 g/ 100 g of fat. The total amount of CLA increases
from 2 (1%) to 7 (0.75%) times after ripening, from 2 (0.5%) to 5.7 (0.75%) times after 6
months of storage and from 1.12 (0.5%) to 2.5 (0.75%) after 12 months of storage compared
to the control group of cheeses, which allows us to assume that lipolytic processes and
interactions between fats occur during ripening and storage (Figures 18 and 22).
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Figure 21. CLA and CLA9c,11t, g/100 fat in the cheese with addition of oregano essential oil.
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Figure 22. CLA and CLA9¢,11t, g/100 fat in the cheese with supplementation of rosemary essential
oil.

Lemon balm essential oil preserves and increases the CLA content in the studied BSS
up to 1.5% concentration, while at 2 and 2.5% it decreases and the best results were obtained
when using 0.75% additive (Figures 18 and 23). The total CLA content is two to three times
higher than in the original cheese. The highest results were achieved with 0.75% lemon
balm additive with a tendency to decrease after storage of 6 and 12 months—1.52, 1.05 and
0.63 g/100 g fat (Figure 23).

Basil essential oil at 0.5% and 0.75% preserves and increases the concentration of
CLA, at 1 and 1.5% it increases and at 2 and 2.5% it decreases compared to the original
cheese during the period considered (Figures 18 and 24). The highest CLA content was
found at 1.5% addition: 0.60 g/100 g fat after ripening, 0.42 g/100 g fat after storage for
6 months and 0.51 g/100 g fat after 12 months of storage. The total CLA content in the
studied BSS is highest when adding 1% of the additive with a tendency to decrease after
storage for 6 and 12 months, as follows: 2.21, 1.56 and 1.10 g /100 g fat (Figure 24). The total
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amount of CLA increases in cheese with additives and varies during storage depending on
its concentration.
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Figure 23. CLA and CLAY9¢,11t, g/100 fat in the cheese with addition of lemon balm essential oil.
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Figure 24. CLA and CLAYc,11t, g/100 fat in the cheese with supplementation of basil essential oil.

Turmeric and black pepper essential oil reduced the CLA content by two times regard-
less of the applied concentration and did not undergo significant changes as a result of
storage (Figures 18 and 25). These changes are probably due to a change in the activity of
the starter culture during ripening and storage, which produces CLA as a result of its vital
activity. The total CLA content increased during storage for 12 months, with the exception
of cheese with an addition of 2.5% compared to the control. Relatively optimal results were
obtained with 1 and 1.5% turmeric and black pepper essential oil, respectively, 0.75 and
1.09 g/100 g fat after ripening, 1.32 and 1.20 g/100 g fat after storage for 6 months and 1.89
and 1.49 g/100 g fat after 12 months of storage (Figure 25).
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Figure 25. CLA and CLA9c,11t, g/100 fat in the cheese with addition of curcuma and black pepper
essential oil.

The content of omega-3 fatty acids in the studied control cheeses decreases twofold
after 6 months of storage and increases twofold after 12 months of storage, while omega-6
fatty acids are relatively stable and increase during storage to 3.76 g/100 g fat after 6 months
(p > 0.001) and to 4.00 g/100 g fat after 12 months of storage (p > 0.001). The ratio between
the two groups of fatty acids follows the course of their change during storage, which is
why an increase of 1.76 times after 6 months of storage and a decrease of 1.38 times after 12
months of storage is established (Figure 26).
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Figure 26. Total content of omega-3 (n-3) and omega-6 (n-6) fatty acids, g/100 fat and their ratio
n-6/n-3 in control cheese.

The content of omega-3 fatty acids in the studied cheeses with the addition of mint
oil is maintained at 0.5% after ripening, decreases at 1 and 1.5% addition and increases
at the other concentrations. After storage for 6 months, omega-3 increases, except for the
cheese with 1% addition. After storage for 1 month, omega-3 fatty acids are maintained
at 0.5 and 2%, increase at 2.5%, and decrease in the other variants. Omega-6 fatty acids
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decrease, with the highest values being found at 2%—4.74, 3.88 and 4.10 g/100 g fat. The
ratio between the two groups of fatty acids follows the course of their change depending
on the concentration. The lowest ratio is found at 2.5% mint addition—2.86 after ripening,
3.20 after 6 months and 3.25 after 12 months storage, which is lower than that in the control
cheese (Figures 26 and 27).
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Figure 27. Total content of omega-3 (n-3) and omega-6 (n-6) fatty acids, g/100 fat and their ratio
n-6/n-3 in cheese with addition of peppermint essential oil.

The content of omega-3 fatty acids in the studied cheeses with the addition of thyme
oil increased at all concentrations of the additive compared to the control cheese (Figures 26
and 28). The highest content was found for them when adding 1% thyme essential oil
after ripening—4.00 g/100 g fat, with a tendency to decrease after 6 months of storage to
2.20 g/100 g fat and 0.39 g/100 g fat after 12 months of storage. The addition of thyme
oil increased the content of omega-6 fatty acids, with the results being highly reliable at
0.5,0.75, 1 and 2% compared to the initial white brine cheese (p > 0.001). The addition of
2% thyme essential oil to the white brine cheese gives the lowest values for omega-6 fatty
acids during ripening and storage, respectively, 3.32, 3.78 and 3.84 g/100 g fat. The ratio
between the two groups of fatty acids is determined by their change after ripening and
storage. The lowest ratio between the two groups was found for the cheese with the
addition of 1% thyme essential oil—1.14 after ripening, 1.97 after storage for 6 months and
10.37 after storage for 12 months, which is 6.75 times lower during ripening and 6.78 times
after storage for 6 months, and exceeds by 7% the ratio of the control white brine cheese
(Figures 26 and 28).

The content of omega-3 fatty acids in the studied cheeses with the addition of oregano
oil increased twofold after ripening, with the exception of the addition of 0.75 and 1%.
After 6 months of storage, their content increased twofold at 0.5, 0.75, 1 and 1.5%, while
at 2 and 2.5% they increased threefold compared to the control BSS (Figures 26 and 29).
After 12 months of storage, the cheese with 0.5 and 0.75% added oregano essential oil had a
similar amount of omega-3 fatty acids as the control, while at the other concentrations, the
content of omega-3 fatty acids was twofold higher compared to the baseline. The amount
of omega-6 fatty acids in the studied oregano addition did not change significantly in
relation to the control group of cheeses and depending on the increase in concentration
(Figures 26 and 29). The ratio of omega-6 to omega-3 fatty acids with the addition of
oregano essential oil decreased compared to the control cheese, except for the variant with
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0.75% addition and after ripening with 1% addition. The use of 1.5 to 2.5% addition reduced
the omega-6/omega-3 ratio by half, which is below 5, making it a balanced and healthy

product (Figure 29).
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Figure 28. Total content of omega-3 (n-3) and omega-6 (n-6) fatty acids, g/100 fat and their ratio
n-6/n-3 in cheese supplementation thyme essential oil.
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Figure 29. Total content of omega-3 (n-3) and omega-6 (n-6) fatty acids, g/100 fat and their ratio
n-6/n-3 in cheese with addition of oregano essential oil.

The content of omega-3 fatty acids in the studied cheeses with the addition of rosemary
oil increased at 0.5 and 0.75% addition from 3 to 5 times compared to the original cheese
(Figures 26 and 30), while at higher concentrations they increased twice. Omega-6 fatty
acids change similarly to omega-3 fatty acids depending on the amount of the additive,
which is why the ratio between omega-6 and omega-3 in all applied concentrations is below
5 and defines it as a balanced and healthy product (Figure 30).
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Figure 30. Total content of omega-3 (n-3) and omega-6 (n-6) fatty acids, g/100 fat and their ratio
n-6/n-3 in cheese with supplementation of rosemary essential oil.

The addition of lemon balm essential oil to white brine cheese increases the amount of
omega-3 fatty acids, with the highest values obtained at 0.5%, with a tendency to decrease
during storage of 6 and 12 months, respectively, 1.23, 0.87 and 0.50 g/100 g of product
(Figures 26 and 31). The amount of omega-6 fatty acids in the investigated variants varies
within narrow limits, but is higher compared to the original white brine cheese (p > 0.001;
Figures 26 and 31). The ratio between omega-6 and omega-3 fatty acids when using lemon
balm essential oil decreases compared to the original white brine cheese and variations
are established depending on their content. The lowest ratio after ripening was obtained
at 0.5% addition—4.50, after storage of 6 months at 5% lemon balm essential oil and after
storage of 12 months at 1.5% addition—D5.5, which is twice lower compared to the control
cheese and is below 5, to be defined as a balanced and healthy product (Figure 31).
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Figure 31. Total content of omega-3 (n-3) and omega-6 (n-6) fatty acids, g/100 fat and their ratio
n-6/n-3 in cheese with addition of lemon balm essential oil.
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White brine cheese with the addition of basil essential oil increased the content of
omega-3 and omega-6 fatty acids at 0.5, 0.75, 2 and 2.5% compared to the control cheese
(Figures 26 and 32). Cheese with the addition of 1 and 1.5% essential oil retained the same
content of omega-6 fatty acids as in the original cheese and this reduced the ratio between
omega-6 and omega-3 fatty acids by 2 to 3 times, which qualifies it as a balanced and
healthy product (Figure 32).
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Figure 32. Total content of omega-3 (n-3) and omega-6 (n-6) fatty acids, g/100 fat and their ratio
n-6/n-3 in cheese with supplementation of basil essential oil.

White brine cheese with the addition of turmeric and black pepper essential oils has
a similar effect on omega-3 and omega-6 fatty acids after ripening and storage as basil
(Figures 26, 32 and 33). Cheese with the addition of 1 and 1.5% turmeric and black pepper
essential oils retains the same omega-6 fatty acid content as in the original cheese and this
reduces the ratio between omega-6 and omega-3 fatty acids by 2 to 3 times, which qualifies
it as a balanced and healthy product (Figure 33).
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Figure 33. Total content of omega-3 (n-3) and omega-6 (n-6) fatty acids, g/100 fat and their ratio
n-6/n-3 in cheese with addition of curcuma and black pepper essential oil.
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Compared to our previous studies, the addition of essential oils to white brine cheese
resulted in higher results for the content of saturated fatty acids, conjugated linoleic acid,
omega-3, omega-6 and their ratio, and lower results for poly- and monounsaturated fatty
acids and trans and cis fatty acids [58].

3.3.3. Qualitative Assessment of the Fat Fraction

The lipid preventive score in the studied white brine cheese after ripening is 26.92 g/
100 g product and increases during storage for 6 months to 33.32 g/100 g product, then dur-
ing storage for 12 months it decreases to 24.02 g/100 g product (Figure 34). The atherogenic
index in the white brine cheese after ripening is 3.08 and decreases to 2.93 after 6 months
of storage and retains its value after 12 months of refrigerated storage. The behaviour
of the thrombogenic index is identical, but with a lower cost. An increase in the hypo-
hypercholesterolemic index is found, increasing to 0.3 after storage for 6 and 12 months in
the control cheese. The results obtained are higher compared to a previous study of white
brine cheese with the addition of aromatic plants in dry form [58]. The atherogenic index
gives the correlation between the sum of the main saturated fatty acids and the unsaturated
fatty acids, the former being considered proatherogenic (favouring the adhesion of lipids
in the cells of the immune and circulatory system) and the second are anti-atherogenic
(inhibit plaque aggregation and decrease levels of esterified fatty acids, cholesterol and
phospholipids, thus preventing the occurrence of micro- and macro-coronary diseases).
The thrombogenic index reflects the tendency to clot formation in blood vessels and is
defined as the ratio between prothrombogenic (saturated) and antithrombogenic (monoun-
saturated and polyunsaturated omega-3 and omega-6) fatty acids [59]. The thrombogenic
and atherogenic indices, as indicators, should not exceed 1.00 while the cholesterol index is
above 1.00 [60].
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Figure 34. Lipid preventive score (LPS, g/100 g product), atherogenic index (AI), thrombogenic index
(TI) and hypo-hypercholesterolemic (h/H) index in control cheese.

The addition of 1% basil essential oil reduces the indicator to 16.43, which is the
lowest recorded value at day 45, 17.17 at 0.75% basil after 6 months of storage and 16.92 at
0.5% basil after 12 months of storage. The atherogenic and thrombogenic index decrease
with the addition of essential oils. The lowest values were achieved with essential oils
of oregano, rosemary and basil in low concentrations, and the highest values for the
hypo-hypercholesterolemic index. Ivanova et al. 2024 [58] in a study of white brine
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cheese with aromatic cheese additives found the lowest value for lipid preventive score
when using 0.05% of the additives thyme, basil and a combination of turmeric with black
pepper, respectively, 16.16, 16.98 and 19.95, which is close to the results obtained with the
application of essential oils, as well as the lowest thrombogenic and atherogenic indices with
0.3% addition of oregano—1.56 and 1.72. The results for the hypo-hypercholesterolemic
index are lower when using essential oils compared to using aromatic plants. The addition
of 1% rosemary oil gives the highest value for h/H 0.64-0.69. Trans fatty acids and saturated
fatty acids increased with the addition of essential oils compared to the control white brine
cheese, with the lowest value found at 1.5% turmeric and black pepper after ripening and
storage, as follows: 0.26-0.72 and 3.16-9.33 g/100 g product.

The lipid preventive score in the studied white brine cheese after addition of mint
essential oil decreased when applying 1 and 1.5% to 18.82 and 24.22 g/100 g product
(Figure 35). The atherogenic index in the white brine cheese after ripening and storage
remained relatively constant at different concentrations of mint essential oil, but at 2.5%
addition it decreased compared to the original cheese, respectively, 1.73, 1.73 and 2.40
(p > 0.001; Figures 34 and 35). The thrombogenic index varied with the addition of mint
essential oil and was lowest at 1% addition—1.65 after ripening, 1.65 after 6 months of
storage and 1.96 after 12 months of storage. The hypo-hypercholesterolemic index is
relatively constant with the addition of the specified concentrations of peppermint oil, but
with a 2.5% addition it increases from 0.32 after ripening to 0.57 after storage for 6 and
12 months and is higher than that of the control cheese (Figures 34 and 35). The results
obtained are higher than in the previous study of white brine cheese with the addition of
aromatic plants in dry form [58].
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Figure 35. LPS, g/100 g product, Al, TI and h/H index in cheese with addition of peppermint
essential oil.

The lipid preventive score after application of the thyme essential oil supplement
increases compared to the control cheese after ripening and storage. Cheese with the
addition of 1.5% thyme oil is the lowest at 45 days of ripening—21.16 g/100 g product
and after 6 months of storage—23.14 g/100 g product, after which it increases to 36.46 g/
100 g product, due to an increase in the content of saturated fatty acids (Figure 36). The
atherogenic index in white brine cheese after ripening and storage decreases compared to
the control cheese, with the exception of white brine cheese with 0.5% supplement. The best
results for Al were achieved with 2.5% supplement—1.67 at ripening, 2.29 after 6 months
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of storage and 1.90 after 12 months of storage. The thrombogenic index follows similar
changes and is lowest with the addition of 2.5% thyme essential oil, respectively, 1.45 after
ripening, 1.94 after 6 months of storage and 1.61 after 12 months of storage (Figure 36). The
hypo-hypercholesterolemic index is relatively constant with the addition of the specified
concentrations of mint oil, but with 2.5% addition it increases to 0.47 after ripening and
decreases to 0.36 after 6 months of storage and increases again after 12 months of storage to
0.42, being higher compared to that of the control cheese (Figures 34 and 35).
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Figure 36. LPS, g/100 g product, Al, TI and h/H index in cheese with supplementation of thyme
essential oil.

The use of oregano addition in the preparation of white brine cheese increases the LPS
at 0.5% and 0.75%, while the others show a decrease after ripening or storage. Cheese with
1.5% oregano oil addition has the lowest LPS and is lower than that of the control cheese,
respectively, 24.55 g/100 g product after ripening, 25.82 g/100 g product after 6 months
of storage and 20.55 g/100 g product after 12 months of storage (Figure 37). The lowest
atherogenic index was found at 2.5% addition—1.41, 1.47 and 1.46, which is two times
lower than in the control cheese. The addition of oregano essential oil generally reduces AL
The change in Tl in the studied cheeses is identical. The hypo-hypercholesterolemic index
varies during the ripening and storage process, but is higher than the control cheese. The
highest result was obtained with the application of 2.5% additive—0.66 during ripening and
storage of 6 and 12 months, which is twice as high as the control cheese (Figures 34 and 37).

The use of rosemary additive increases the LPS value in all variants of the additive
compared to the control cheese, except for the cheese with 1.5% additive, in which the LPS
decreases compared to the control cheese to 24.91 g/100 g product after ripening, 26.20 g/
100 g product after 6 months of storage and 25.19 g/100 g product after 12 months of
storage (Figure 38). The atherogenic and thrombogenic indices decrease by twofold
with the addition of rosemary essential oil after ripening and storage, while the hypo-
hypercholesterolemic index increases by twofold, with the exception of the cheese after
12 months of storage with the addition of 1.5% additive (Figures 34 and 38).

The use of lemon balm supplement with a concentration of 0.75 to 2.5% reduces LPS,
reduces Al and TI by two times and increases the hypo-hypercholesterolemic index by two
times compared to the control cheese. LPS is lowest at 1.5% supplement, respectively, 16.70,
18.56 and 21.10 g/100 g product; Al is lowest at 0.75% supplement—1.34 after ripening and
6 months of storage, and the thrombogenic index at 2.5% supplement—1.22 after ripening
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and storage for 6 months; and h/H at 0.75% is highest—0.71 after ripening and storage for
6 months (Figures 34 and 39).
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Figure 37. LPS, g/100 g product, Al, TT and h/H index in cheese with addition of oregano essential oil.
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Figure 38. LPS, g/100 g product, Al, TI and h/H index in cheese with supplementation of rosemary

essential oil.

Cheese with basil essential oil addition has low LPS at concentrations of 0.5 to 1.5%
addition, with the lowest values being recorded at 1%—16.43 g/100 g product after ripen-
ing and 19.25 g/100 g product after 6 months of storage. The use of basil addition re-
duces Al and TI in the same range, with the lowest values being found at 0.75% basil
addition after ripening and storage for 6 months, 1.28 and 1.27, respectively. The hypo-
hypercholesterolemic index compared to the control cheese increases twofold when ap-
plying the addition concentration from 0.5 to 1.5%, with the highest values being found at
0.5% addition after ripening and storage—0.49, 0.86 and 0.71 (Figures 34 and 40).
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Figure 39. LPS, g/100 g product, Al, TT and h/H index in cheese with addition of lemon balm

essential oil.
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Figure 40. LPS, g/100 g product, Al, TI and h/H index in cheese with addition of basil essential oil.

Addition of turmeric and black pepper essential oil to cheese reduces LPS at a con-
centration in the range of 0.75 to 2.5% compared to the control. The lowest LPS was found
at 1% addition—18.54 g/100 g product after ripening and 19.26 g/100 g product after
6 months of storage. The use of turmeric and black pepper additives increased Al and TI in
the same range. The lowest values for both indices were found at 0.5% addition, as follows:
2.63,3.56 and 2.93 and 2.21, 2.43 and 2.23. The hypo-hypercholesterolemic index compared
to the control cheese decreased in all variants compared to the control cheese, except for
0.5% addition after ripening and storage—0.40, 0.24 and 0.35 (Figures 34 and 40).

4. Discussion

Cheeses, especially fresh cheeses, undergo biochemical processes such as lipolysis
and proteolysis, and high water activity makes them susceptible to oxidation and micro-
biological deterioration and reduces their shelf life [52,61]. Fresh cheeses are considered
perishable foods and it is recommended that they be stored at temperatures below 5 °C [62].
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The addition of carbonates, citrates, gums, sorbates and propionates to fresh cheeses can
increase their shelf life [8] by reducing water activity, regulating acidity and thus stabilizing
and better preserving the cheese. However, consumers are increasingly looking for cheeses
free from preservatives and chemicals with potential health effects, leading to a search
for natural additives to promote preservation, such as essential oils (EOs) from aromatic
plants. Oregano essential 0il (OEO) has antioxidant and antimicrobial properties that can
slow down oxidation in food, preserving its physicochemical properties, extending its
shelf life and thus improving its acceptance by consumers [52]. To date, very few studies
have been conducted on the use of essential oils (EOs) as preservatives in cheese or dairy
products [62]. Oregano and rosemary essential oils reduce lipid oxidation and fermentation
in cheeses made from high-fat milk [62].

The addition of OEO to organic curd reduces the rate of deterioration of quality
parameters during storage, suggesting its use as a natural preservative in perishable
foods [52]. The use of 0.05 g OEO/L milk in the production of panela cheese did not
significantly affect the physicochemical, textural and sensory characteristics during storage
compared to the control group. In terms of softness, cheeses produced with 0.1 g OEO/L
milk showed the lowest shear strength and hardness values overall. Sensory acceptability
was most consistent for the cheese containing no OEQ, although the acceptability of the
one containing 0.1 g OEO/L milk increased slightly after 15 days of storage. The present
results show that natural alternatives, such as oregano essential oil, can be used in fresh
cheeses to improve storage performance, as long as the levels are controlled to avoid
deterioration of quality parameters [43]. The active acidity when adding additives at
different concentrations is higher compared to the starting white brine cheese, which is
a prerequisite for a more intensive fermentation process during ripening [63]. Cheese
is a dynamic biochemical product that undergoes changes during the ripening process
compared to many processed food products. Mijac¢evi¢ and Bulaji¢ [64] found protein
content of 17%, water content of 55% and dry matter of 45% in cheese after ripening for 30
days. Shahab Lavasani et al. [65] found that the amount of protein decreased during the
ripening process from 15.81 to 11.52%, fat from 15.7 to 13.15%, and dry matter from 40.15 to
13.05% in sheep milk cheese. Bioactive peptides can be released by enzymes derived from
microorganisms or plants [66]. Milk and cheese are an important part of a balanced human
diet with a positive role when consumed in moderation. The demand for high-quality,
healthy dairy products is increasing as consumers become increasingly aware of the link
between diet and health. Avanco et al. [43] found that the antioxidant activity of turmeric
essential oil is most likely the result of synergy between its components. Overall, the main
compounds are responsible for the overall antioxidant activity of the essential oil [67].
The essential oil of C. longa showed a dose-dependent DPPH radical scavenging activity,
indicating that the oil acts as a hydrogen donor antioxidant. The expected IC50 value was
10.03 mg/mL, which is satisfactory compared to the IC50 value of 4.5 mg/mL reported
by Gounder and Lingamallu [68]. This difference is most likely due to the low percentage
of ar-turmerone (12.9%), as reduced ar-turmerone reduces the DPPH radical scavenging
activity of turmeric oil [68].

Antioxidants can delay or inhibit oxidative damage to proteins, nucleic acids and
lipids caused by free radicals that cause oxidative stress [69-71] through autoxidation.
Lipid oxidation leads to undesirable changes in the taste, texture and nutritional value
of foods [72]. Milk proteins are characterized by their ability to absorb reactive oxygen
species or free radicals [73-77] and are used as natural antioxidants in the food industry
due to the fact that they are tasteless and odourless, but nutritious. Phenolic compounds
are widely present in dairy products, but the literature data regarding their study in milk
and dairy foods are scarce. Ertan et al. [78] found an increase in antioxidant activity
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and polyphenol content in milk with increasing fat content in UHT milk. According to
Calligaris et al. [79], the application of different temperature regimes for pasteurization of
milk increases antioxidant activity. Fardet and Rock [80] found that antioxidant activity
in cheese is determined by the production process depending on technological losses and
the ripening time of the cheese during which proteolysis and microbiological activity
processes occur.

Branciari et al. [27], when supplementing sheep with rosemary leaves, found that high
antioxidant activity leads to a decrease in proteolysis and lipolysis in cheese. Oxidation
processes and fermentation stability were studied by Fernandes et al. [28] when adding
essential oils of oregano and rosemary as a natural antioxidant to cream cheese, in which
the acidity is lower and the pH is higher compared to the original cheese and allows
storage for a period of 30 days in refrigerated conditions. A number of studies exist on the
addition of essential oils for the preservation of dairy products and extension of their shelf
life [29,81-83].

Akram et al. [84], after studying the application of essential oils in different types of
white soft cheese, found that the application of EO from the fruits of Schinus terebinthifolius
at a concentration of 20 mg/mL showed a significant inhibitory effect against the natural
microbiota, suggesting its potential as a natural preservative. The use of Origanum vulgare
L. (OEO) at a concentration of 0.02% (v/v) to control toxin-producing mould during
ripening in ‘Minas’ cheese [85] was effective when artificially contaminated with A. flavus,
F. oxysporum and P. Citrinum, while the addition in “Wagashi’ cheese of 800 to 1000 mg/L
Ocimum gratissimum (basil), which contains thymol at a high concentration of 28.1%, and
B-terpinene 21.3% and p-cymene 16.5%, was effective in inhibiting A. flavus, A. tamarii,
P. citrinum, P. griseofulvum, F. poae and F. verticillioides [65]. Treatment of “Iranian white”
cheeses with Zataria multiflora (thyme) at 400 ppm and Syzygium aromaticum (clove) at 150
ppm significantly reduced the growth of Aspergillus flavus, with the etiological extract
of clove being more effective than the etiological extract of thyme [68]. Application of the
etiological extract of Thymus algeriensis up to 0.132 mg/mL in soft cheese inhibited the
growth of P. Aurantiogriseum [81]. Mozzarella cheese was tested with the addition of 200
and 400 ppm Zataria multiflora to control the growth of Penicillium citrinum and citrinin
production, with their numbers decreasing but not suppressing the growth of fungi and
mycotoxin production [86]. Abbas et al. [87], found a reduction in the growth of moulds,
especially A. parasiticus and A. flavus, and improvement in the sensory qualities of the
cheese, which were studied at intervals of 15, 30 and 60 days, when treating soft buffalo
cheese with 0.075% basil essential oil; meanwhile, by treating cheese with oregano essential
oil at 0.34 mg per gram of cheese recipe or dried oregano leaves (10 g/kg cheese), based on
artisanal production practices, Laranjo et al. [88] effectively controlled mould development
and extended the shelf life of soft goat cheese from 6 to 8 days at 5 °C. Foltinova et al. [30]
investigated the use of EOs from cloves, basil, rosemary, dill and thyme to reduce the
growth of G. candidum, which is used as a culture for the production of cheese and some
traditional fermented milks [89] but causes spoilage of specific dairy products, including
unsalted cheese, cream, cottage cheese and butter, and found that EOs from cloves and
thyme had a 100% inhibitory effect on the growth of all strains tested, while EOs from basil,
dill and rosemary had no significant inhibitory effect.

Xiong et al. [90] observed a decrease in the content of saturated fatty acids and an
increase in the content of unsaturated. The atherogenic index gives the correlation between
the sum of the main saturated fatty acids and the unsaturated fatty acids, the former being
considered proatherogenic (favouring the adhesion of lipids in the cells of the immune and
circulatory system) and the second are anti-atherogenic (inhibit plaque aggregation and
decrease levels of esterified fatty acids, cholesterol and phospholipids, thus preventing the
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occurrence of micro- and macro-coronary diseases). The thrombogenic index reflects the
tendency to clot formation in blood vessels and is defined as the ratio between prothrombo-
genic (saturated) and antithrombogenic (monounsaturated and polyunsaturated omega-3
and omega-6) fatty acids [59]. The thrombogenic and atherogenic indices, as indicators,
should not exceed 1.00 while the cholesterol index is above 1.00 [60].

5. Conclusions

The organoleptic indicators of the cheese have the best ratings at 0.75 and 1% mint oil,
0.5 and 0.75% thyme, 0.5 and 0.75% oregano, 0.75% rosemary, 0.5% lemon balm, 0.5% basil
and 0.75% turmeric and black pepper oil /3:1/. The use of essential oils increases the fat
and protein content in the brine cheese at 24 h, but after ripening and storage for 6 and 12
months the influence of the ongoing lipolysis and proteolytic changes is established, as a
result of which both indicators decrease. The use of different types of essential oils in six
concentrations reduces the antioxidant activity of white brine cheese by 8 to 10 times, while
the total polyphenols increase by 4-5 times in all variants.

Saturated fatty acids decrease with the addition of mint, oregano, rosemary, lemon
balm, and basil to 1.5% (p < 0.001), and increase with thyme and turmeric with black
pepper (p < 0.001) at the expense of unsaturated/mono and polyunsaturated/fatty acids
(r <0.001).
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