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We hypothesized that rosemary essential oil would inhibit or reduce lipid oxida-
tion in plant oils due to the antioxidative properties. The aim of this study was to inves-
tigate the content of 2-thiobarbituric acid reactive substances (TBARS) in the various
plant oils (rapeseed oil, olive oil, rice oil) with the use of rosemary essential oil (Etja,
Elblag, Poland) as antioxidant agent by monitoring the lipid peroxidation during one
month storage period.

The effect of the interaction of the addition of REO and storage time on TBARS
value in the rapeseed oil.

Lipid oxidation increased significantly (p<0.001) during storage, particularly in
the control sample (the rapeseed oil), which showed the highest increase at 8 days (19-
fold increased) and at 40 days (14.4-fold increased). The REO decreased lipid
oxidation compared to the control sample by 23.9 % (p<0.05) at 8 days and by 9.4 %
(p>0.05) at 40 days. At 15 days, the TBARS values reached approximately 22.31
umols-mL-1, corresponding to a lipid oxidation increase of approximately 33.8%
(p>0.05) for samples enriched by REO.

The rosemary essential oil decreased lipid oxidation in the rapeseed oil com-
pared to the control sample by 23.9 % (p<0.05) at 8 days and by 9.4 % (p>0.05) at 40
days. Addition of rosemary essential oil to olive oil increased significantly TBARS val-
ues only at 8 days of the storage. The reduction of the lipid oxidation was the highest at
40 days as compared to the start of the study. Rosemary essential oil added to rice oil
induced the increase of TBARS level at 8 days (by 23.7 %, p<0.05) and 0 days (by
64.4 %, p<0.05), respectively. Lipid peroxidation retarding capacity of rosemary essen-
tial oil was found obviously promising. These antioxidant activities seem to be attribut-
ed to antioxidant compounds present in the rosemary essential oil.

Consequently, rosemary essential oil could be successfully added to various
plant oils as a natural antioxidant source for feeding animals. The knowledge of extent
and mode of inhibition of specific compounds, which are present in plant essential oils,
may contribute to the successful application of such natural preservatives in foods since
certain combinations of second metabolites provide a high antioxidant activity.

Keywords: rapeseed oil, olive oil, rice oil, rosemary essential oil,

2-thiobarbituric acid reactive substances, lipid peroxidation.

Rosemary (Rosmarinus officinalis L., Lamiaceae) is a woody perennial herb, na-
tive to the Mediterranean region, but is now cultivated all over the world as an orna-
mental and aromatic plant [2]. The leaves of rosemary are commonly used for flavoring
foods as a condiment, but this plant has also been widely used for different medicinal
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purposes [17]. R. officinalis can promote several pharmacological effects due to the in-
teraction between the molecules of the plant and the organic systems. The effects
demonstrated by this plant include 1) ability to attenuate asthma, atherosclerosis, cata-
ract, renal colic, hepatotoxicity, peptic ulcer, inflammatory diseases, ischemic heart dis-
ease; 2) antioxidant and anti-inflammatory actions of rosmarinic acid; 3) control of hy-
percholesterolemia and oxidative stress and relief of physical and mental fatigue;
4) myocardial blood pressure reduction with rosmarinic acid; 5) antiulcer action; 6) li-
pid peroxidation reduction in heart and brain; 7) antiangiogenic and neuroprotective ef-
fects of carnosic acid and carnosol; 8) prevention of problems related to atherosclerosis;
9) anticancer and antiproliferative effects; 10) antiviral; and antimicrobial actions;
11) hepatoprotective, nephroprotective and radioprotective-antimutagenic capacities;
12) glycemia reduction; 13) muscle relaxant and treatment for cutaneous allergy;
14) ability to treat depressive behavior [5].

Essential oils are complex mixtures of volatile compounds with a strong odor
that are synthesized in several plant organs and exert diverse ecological functions [17,
21]. The essential oils have been reported to be useful in food preservation, fragrance
industry and aromatherapy [7, 17]. Rosemary essential oil (REO) is a colorless or pale
yellow liquid, with the characteristic odor of the plant, and consists mostly of monoter-
penes such as 1,8-cineole, camphor, and a-pinene [1]. Due to its antioxidant and antimi-
crobial activity [4, 15], REO is capable to extend the shelf-life of food products and
maintain their quality during storage. Therefore, it has already being used as a preserva-
tive in the food industry [13, 17].

Among the assortment of bioactive compounds in the essential oils, p-cymene,
thymol, eugenol, carvacrol, isothiocyanate, cinnamaldehyde, cuminaldehyde, linalool,
1,8-cineol, a-pinene, a-terpineol, y-terpinene, citral, and methyl chavicol are most fa-
miliar. These terpenes (monoterpenes and sesquiterpenes) and phenolics (alcohols, es-
ters, aldehydes, and ketones) have been extracted from culinary herbs such as oregano,
rosemary, basil, coriander, cumin, cinnamon, mint, sage, and lavender as well as from
trees such as myrtle, fir, and eucalyptus [14].

In addition to acting as an antioxidant agent, the essential oil isolated from
rosemary possesses various health benefits and therapeutic effects [17]. According to
the recommendation of European Medicines Agency (EMA) from 2010, REO can be
used for treating dyspepsia and mild spasmodic disorders of the gastrointestinal tract, as
well as an adjuvant in the relief of minor muscular and articular pain and in minor pe-
ripheral circulatory disorders [6, 17]. REO contains many important bioactive com-
pounds, such as monoterpene hydrocarbons (camphene, verbenene, a-pinene, B-pinene,
limonene), oxygenated monoterpenes (1,8-cineole, linalool, camphor, borneol, verbe-
none) and sesquiterpenes (B-cariofillene) [12].

Essential oils or natural extracts of R. officinalis are known to possess antimi-
crobial and antioxidant activities, and some applications of these extracts in food active
packaging systems were reported in the literature [18]. As an example, rosemary active
packaging was the most effective method to protect pork meat from the lipid oxidation
compared to oxygen scavenger packaging [3]. Sirocchi and co-workers (2013) investi-
gated the beneficial effects of REO in poultry against the proliferation of bacteria re-
sponsible for the formation of biogenic amines, and the way in which these systems
contribute to the increased shelf life of fresh meat was studied, along with the preserva-
tion of its important nutrients [20].

One of the strategies in the food industry is to use antioxidants to inhibit lipid
oxidation. Although synthetic chemicals like tertiary butylhydroquinone (TBHQ), bu-
tylated hydroxyanisole (BHA), and butylated hydroxytoluene (BHT) have been widely
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used in various food products as efficient antioxidants, consumers are demanding anti-
oxidants from natural sources [16]. Rosemary extract is one of the most popular natural
antioxidants on the market [24]. In addition, rosemary extract containing carnosol and
carnosic acid has been reported to have antiproliferative and anti-inflammatory activi-
ty [22]. Rosemary extract would provide potential extra functional values in the food
products as a natural antioxidant [11].

Thus, it is interesting to study the progress of lipid oxidation in plant oils under
the same conditions with and without the addition of rosemary extract as antioxidant.
We hypothesized that rosemary essential oil would inhibit or reduce lipid oxidation in
plant oils due to the antioxidative properties of the essential oil. In addition, contents of
the lipid peroxidation marker in the plant oils were monitored during the storage period
to investigate if lipid oxidation or food composition can have effects on the fate of bio-
active compounds in the plant oils during storage.The aim of this work was to investi-
gate the content of 2-thiobarbituric acid reactive substances (TBARS) in the various
plant oils (rapeseed oil, olive oil, rice oil) with the use of rosemary essential oil (Etja,
Elblag, Poland) as antioxidant agent by monitoring the lipid peroxidation during one
month storage period.

Materials and methods. Preparation of samples. The plant oils (rapeseed oil,
olive ail, rice oil) was obtained from local shops. The plant oil samples (5 mL) were in-
cubated with 0.1 mL of rosemary essential oil (Etja, Elblag, Poland) (final concentration
was 20 ng/mL) at 25 °C for 40 days. This reaction mixture was shaken gently while be-
ing incubated for a fixed interval at 25 °C. Samples were removed at 0, 8, 15, and
40 days of storage for analysis. The rapeseed oil, olive oil, and rice oil were used as the
control samples.

Assay of 2-thiobarbituric acid reactive substances (TBARS). Lipid oxidation
was evaluated by 2-thiobarbituric acid reactive substances (TBARS) according to the
method described by Kamyshnikov (2004) with some modifications. Briefly, 0.1 mL of
sample was added with 2 mL of distilled water, 1 mL of 20 % trichloroacetic acid and
1 mL of 2-thiobarbituric acid in a test tube and, the tube content was immediately vor-
texed. Following water bath treatment at 100 °C for 15 min, the tube content was cooled
rapidly down to room temperature and centrifuged at 1000 x g for 10 min. Then, ab-
sorbance was measured at 540 nm with a spectrophotometer (Specol 11, Carl Zeiss Je-
na, Germany) against blind (2.1 mL distilled water and 2 mL TCA-TBA solution).
TBARS were calculated as pmoles malonic dialdehyde (MDA) per L of the sample [8].

Statistical analysis. Results are expressed as the mean. All variables were tested
for normal distribution using the Kolmogorov-Smirnov test (P>0.05). Significance of
differences in the lipid peroxidation biomarker in the samples (significance level at
p<0.05) was examined using the Kruskal-Wallis test by ranks according to
Zar (1999) [25]. All statistical calculations were performed on separate data from each
sample with STATISTICA 8.0 software (StatSoft, Krakow, Poland).

Results and discussion. The TBARS assay measures the secondary oxidation
products responsible for oxidative rancidity [23]. The effect of the REO on oxidative
stability of the various plant oils (rapeseed oil, olive oil, rice oil) was evaluated
throughout 40 days of storage. The inclusion of the REO in plant oils and storage time
significantly affected TBARS values (Figs 1-3).

The effect of the interaction of the addition of REO and storage time on TBARS
value in the rapeseed oil was presented in Fig. 1.

Lipid oxidation increased significantly (p<0.001) during storage, particularly in
the control sample (the rapeseed oil), which showed the highest increase at 8 days (19-
fold increased) and at 40 days (14.4-fold increased). The REO decreased lipid oxidation
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compared to the control sample by 23.9 % (p<0.05) at 8 days and by 9.4 % (p>0.05) at
40 days. At 15 days, the TBARS values reached approximately 22.31 pmols-mL™, cor-
responding to a lipid oxidation increase of approximately 33.8 % (p>0.05) for samples
enriched by REO (Fig. 1).

Fig. 2 illustrates the interaction effect of REO and storage time on the malonic
dialdehyde (MDA) concentration in olive oil samples during 40 days of storage. Addi-
tion of REO increase significantly TBARS values only at 8 days of the storage. The
highest TBARS value was determined in control samples at 15 days of the storage. The
reduction of the lipid oxidation was the highest at 40 days as compared to the start of
the study (Fig. 2).

Rapeseed oil Orapeseed oil

Brapeseed oil + rosemary EO
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Fig. 1. The effect of the addition of rosemary essential oil and storage time on
TBARS value (a biomarker of lipid peroxidation)in the rapeseed oil.
* means with different superscripts are significantly different (p<0.05).
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Fig. 2. The effect of the addition of rosemary essential oil and storage time on
TBARS value (a biomarker of lipid peroxidation)in the olive oil.
* means with different superscripts are significantly different (p<0.05).

26



T
HayKoso-mexuiunuii broremens 191 HAAH - No121 I-\.’{i‘

An important observation is that the mean TBARS values of rice oil samples at
the end of the storage (40 days) were at the same level (0, 8, and 15 days). REO added
to rice oil induced the increase of TBARS level at 8 days (by 23.7 %, p<0.05) and 0
days (by 64.4 %, p<0.05), respectively (Fig. 3).

As shown in Figs 2 and 3, the increase of TBARS levels in rice and olive oils
samples enriched by REO during 8 days demonstrated that oxidative reactions took
place during storage. On the other hand, treatment by REO was significantly effective to
decrease the TBARS concentration in the rapeseed oil at 8 days of the storage period

(Fig. 1).
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Fig. 3. The effect of the addition of rosemary essential oil and storage time on
TBARS value (a biomarker of lipid peroxidation)in the rice oil.
* means with different superscripts are significantly different (p < 0.05).

Lipid oxidation is a very complex process initiated by peroxidation of the un-
saturated fatty acid in phospholipid membranes to form primary oxidation products, hy-
droperoxides. The hydroperoxides decompose into further secondary oxidation prod-
ucts, such as aldehydes, ketones, alkenes and alcohols that cause off-flavors and odors
in meat, which negatively affect the acceptability and overall quality of food prod-
ucts [10].

Essential oils play multiple, crucial roles as antioxidants, food pathogen inhibi-
tors, shelf-life enhancers, texture promoters, organoleptic agents and toxicity-reducing
agents. For their versatility, they appear promising as food preservatives. Several re-
search findings in recent times have validated their potential as functional ingredients in
meat and fish processing [14].

For example, Saoudi and co-workers (2016) have improved the oxidative stabil-
ity of soybean oil by using aromatic plants. Soybean oil flavored with rosemary (ROS)
and soybean oil flavored with thyme (THY) were subjected to heating for 24h at
180 °C. The samples were analyzed every 6h for their total polar compounds, anisidine
values, oxidative stability, and polyphenols content. The tocopherols content was de-
termined and volatile compounds were also analyzed. After 24h of heating, the incorpo-
ration of these plants using a maceration process reduced the polar compounds by 69 %
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and 71 % respectively, in ROS and THY compared to the control. Until 6h of heating,
the ROS kept the greatest oxidative stability. The use of the two extracts preserves ap-
proximately 50 % of the total tocopherols content until 18h for the rosemary and 24h for
the thyme flavored oils. Volatile compounds known for their antioxidant activity were
also detected in the formulated oils [19].

In the study of Bozin and co-workers (2007), the essential oils of rosemary
(Rosmarinus officinalis L.) and sage (Salvia officinalis L.) were analyzed by means of
gas chromatography-mass spectrometry and assayed for their antimicrobial and antioxi-
dant activities. Antimicrobial activity was tested against 13 bacterial strains and 6 fungi,
including Candida albicans and 5 dermatomycetes. The most important antibacterial
activity of both essential oils was expressed on Escherichia coli, Salmonella typhi,
S. enteritidis, and Shigellasonei. A significant rate of antifungal activity, especially of
essential oil of rosemary, was also exhibited. Antioxidant activity was evaluated as a
free radical scavenging capacity (RSC), together with the effect on lipid peroxida-
tion (LP). RSC was assessed by measuring the scavenging activity of essential oils on
2,2-diphenyl-1-picrylhydrazyl (DPPH) and hydroxyl radicals. Effects on LP were eval-
uated following the activities of essential oils in Fe**/ascorbate and Fe®*/H,0, systems
of induction. Investigated essential oils reduced the DPPH radical formation (ICsp =
3.82 pg/mL for rosemary and 1.78 pg/mL for sage) in a dose-dependent manner. Strong
inhibition of lipid peroxidation in both systems of induction was especially observed for
the essential oil of rosemary [4].

Lipid oxidation of fish oil enriched cow milk and soy milk supplemented with
rosemary extract stored at 2 °C was studied by Qiu and co-workers (2018). Both perox-
ide value and volatile secondary lipid oxidation products were determined to monitor
the progress of lipid oxidation. Rosemary extract inhibited lipid oxidation in fish oil en-
riched cow milk. In contrast, soy milk samples having much higher unsaturated fatty
acid content showed higher lipid oxidation stability compared to cow milk. Reduction in
the content of chlorogenic acid during storage suggested that this compound may con-
tribute to the lipid oxidation stability of fish oil enriched soy milk product. Total carno-
sic acid and carnosol concentration declined much faster in soy milk than in cow
milk [16].

Rosemary essential oil contains bioactive having antioxidant and antimicrobial
properties. Sirocchi and co-workers (2017) have investigated the effect of REO com-
bined with modified atmosphere packaging conditions (MAP), aerobic vacuum or
high O, to extend the shelf life of beef. Beef slices were wrapped in special three-layer
sheets of packaging material, some with a coating of REO (active packaging, AP), and
some without REO (nonactive packaging, NAP), and stored at 4°C for 20 days. Micro-
biological analysis of the meat showed that the counts of Psychrophilic, Bro-
chothrixthermosphacta, Enterobacteriaceae and Pseudomonas spp. bacteria were lower
in AP meat than in NAP meat, especially in high-O, conditions. Packaging with REO
and high-O, conditions proved to be the best form for prolonging the shelf life of beef,
extending it until day 15. Moreover, the use of REO in combination with different at-
mosphere conditions also had a positive influence on the color parameters, in particular,
the redness a*. The results obtained lead to conclude that the combination of REO and
MAP could have important applications in the food packaging industry for prolonging
the shelf life of fresh meat [20].

The effects of an alginate-based edible coating containing natural antioxidants
(rosemary and oregano essential oils) on lipid oxidation, color preservation, water loss-
es, texture and pH of beef steaks during 14 days of the display were studied by Vital
and co-workers (2016). The essential oil, edible coating and beef antioxidant activities,
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and beef consumer acceptability were also investigated. The edible coatings decreased
lipid oxidation of the meat compared to the control. The coating with oregano was most
effective (46.81 % decrease in lipid oxidation) and also showed the highest antioxidant
activity. The coatings significantly decreased color losses, water losses, and shear force
compared to the control. The coatings had a significant effect on consumer perception
of odor, flavor and overall acceptance of the beef. In particular, the oregano coating
showed significantly high values (approximately 7 in a 9-point scale). Active edible
coatings containing natural antioxidants could improve meat product stability and there-
fore have potential use in the food industry [23].

The treatment with basil and rosemary essential oils (EOs), as natural bio-
preservative compounds, could present a high-potential application in the seafood in-
dustry. Karoui and Hassoun (2017) have evaluated the impact of rosemary and basil
EOs on the quality of Atlantic mackerel fillets stored at 2 °C up to 15 days. Atlantic
mackerel (Scomberscombrus) fillets were periodically evaluated to assess their textural,
color, physicochemical, and spectral characteristics. The results indicated that rosemary
and basil treatments were effective for inhibiting the formation of total volatile basic
nitrogen (TVB-N) and lipid oxidation products during storage. The shelf life of Atlantic
mackerel fillets treated with rosemary and basil EOs was extended by 2 and 5 days, re-
spectively, compared to the control group. Similar results were obtained with 2-
thiobarbituric acid-reactive substance analysis, which demonstrated an extended shelf
life of Atlantic mackerel immersed with rosemary and basil EOs of 2 and 3 days, re-
spectively, compared to the control group. The factorial discriminant analysis applied
on the concatenated first five principal components corresponding to the physicochemi-
cal, textural, color, and fluorescence measurements allowed clear discrimination of the
three groups because a correct classification rate of 93.3 % was obtained [9].

Conclusions. In the present study, the content of 2-thiobarbituric acid reactive
substances (TBARS) in the various plant oils (rapeseed oil, olive oil, rice oil) with the
use of rosemary essential oil (Etja, Elblag, Poland) as an antioxidant agent by monitor-
ing the lipid peroxidation during one month storage period were evaluated. Lipid perox-
idation retarding capacity of rosemary essential oil was found obviously promising.
These antioxidant activities seem to be attributed to antioxidant compounds present in
the rosemary essential oil. The rosemary essential oil decreased lipid oxidation in the
rapeseed oil compared to the control sample by 23.9 % (p<0.05) at 8 days and by 9.4 %
(p>0.05) at 40 days. Addition of rosemary essential oil to olive oil increased significant-
ly TBARS values only at 8 days of the storage. The reduction of the lipid oxidation was
the highest at 40 days as compared to the start of the study. Rosemary essential oil add-
ed to rice oil induced the increase of TBARS level at 8 days (by 23.7 %, p<0.05) and
0 days (by 64.4 %, p<0.05), respectively. Consequently, rosemary essential oil could be
successfully added to various plant oils as a natural antioxidant source. The knowledge
of extent and mode of inhibition of specific compounds, which are present in plant es-
sential oils, may contribute to the successful application of such natural preservatives in
foods since certain combinations of second metabolites provide a high antioxidant activ-

ity.
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BIIMAHUE O®UPHOI'O MACIJIA PO3MAPHUHA HA IHEPEKHCHOE
OKUCJIEHUE JIUTTHU]]OB B PA3JINYHBIX PACTUTEJIbHBIX MACJIAX

Hoyenko A., Konogoo A., benas E., Knumoeuu B., Tpyxan M., Tkauenxo I'., Hn-
cmumym 6uono2uu U oxpaHvl okpyxcarouei cpeost Ilomopckot Axademuu 6 Cuyncke
(Cnynck, Honvwa)

Mot npeononoscunu, umo agpuproe Macio po3mapura 6yoem npensimcmeosamsy
U YMEHbUAMb OKUCIEHUe TUNUO08 68 PACMUMENbHBIX MACAAX U3-30 AHMUOKCUOAHM -
HbIX ceoticm8. [lenb 3mo2o ucciedosanus cocmosna 6 mom, 4moobsl Ucciedo8ams co-
deporcanue sewecms, peaupyrowux ¢ 2-muobapoumyposou kuciomotl (THK-axmuerwiii
NPOOYKM), 8 PA3IUYHBIX PACTUMENbHBIX MACIAX (PANCo8oe MAclo, OIUBKOBOE MACIO,
PUCO8Oe MACI0) C UCNONb308anuem dpupnoeo macia posmapuna (Etja, davbnone,
Ionvwa) 6 kawecmee aHMUOKCUOAHMA NYMeM MOHUMOPUHSA NEPEKUCHO20 OKUCTIEeHUS
JUNUO0B 8 meyeHue 00H020 MeCAYa XPAHEeHUS.

Dghuproe macno pozmapuHa CHUNCALO OKUCTIeHUe TUNUO08 8 PANCOBOM MACe NO
CPasHeHUIo ¢ KOHmMpoabHbIM 00pasyom Ha 23,9 % (p<0,05) uepe3 8 oueti u na 9,4%
(p>0,05) uepes 40 oneii xpanenus. /Jobasnenue 3¢puproco macia po3maputa K 01usKo-
BOMY MACTY 3HAYUMENbHO Yeeauyueano snavenus THK-akmuenvlx npooykmos moabko
yepes 8 owetl xpanenus. CHUdCEHUe OKUCTEHUs. TUNUO08 ObIIO CAMBIM BbICOKUM Yepe3
40 Ouell no cpasHeHUrO ¢ HAYAIOM UCCTEO08aHUsL. DPUpHOe MAcio po3mapuna, 0006ae-
JIEHHOE K PUCOBOMY MACLY, 8bI3bl8aAN0 nosviuieHue ypoeus THK-axmusHbix npooykmos
yepes 8 ouetl (Ha 23,7 %, p<0,05) u 6 nauane sxcnepumenma (na 64,4 %, p<0,05), co-
omeemcmeenno. CnocobHocmv 2QhupHo20 Macia posmapuna 3ameoisims NepeKucHoe
OKUCNIeHUe TUNUO08 OKA3aNACh SI8HO MHO2o0bewarowel cmpameaueli xpanenus. Oma
AKMUBHOCHb, NO-8UOUMOMY, CE53AHA C AHMUOKCUOAHMHBIMU COCOUHEHUSMU, NPUCY M-
CMBYIOWUMU 8 IPUPHOM MACTle PO3MAPUHA.
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Credosamenvho, 3¢pupHoe Macio po3mapurHa MOMICHO 000asIsAMb 8 pa3iuiHble
pacmumenvHvle MACIA 8 Kauyecmee npupooHo20 UCHMOYHUKA AHMUOKCUOAHMO8 8 KOPM-
JIeHUU HCUBOMHBIX. 3HAHUE CMENneHU U Cnoco6a UHUOUPOBAHUSL KOHKPEMHbIX COeOuHe-
HUUl, Komopbvle Npucymcmeyiom 6 dQUpPHuIX MACIaxX pacmeHuld, Modxcem cnocobcmeo-
8amb YCHEWHOMY NPUMEHEHUN) MAKUX HAMYPAlbHbIX KOHCEPBAHMO8 8 NUUEBbIX NPO-
OYKMax, noCKOIbKY OnpeoeieHHble KOMOUHAYUY 6MOPUYHBIX MemaboIumos obecnedum
8bICOKYIO AHMUOKCUOAHMHYIO AKIMUBHOCMb.

Knrouesvie cnosa: pancosoe macno, o1uskogoe Macio, pucogoe macio, 3guproe
MACIO PO3MAPUHA, PeaKkmuenvle eujecmea 2-muooapoumyposoil KUciomsl, nepexuc-
HOe OKUCIeHue TUNUO08.

BITJIUB E®IPHOI OJIII PO3MAPUHY HA IEPEKHCHE OKHCHEHHA
JIIIITIB Y PI3HUX BUIJAX POCJTHHHUX OJITH

HoyenxoA., Konosoo A., bina €., Knumosuu B., Tpyxan M., Tkauenxo I, In-
cmumym 0io1102ii ma 0XOpOoHU HABKOAUUWHBbO2O cepedosuwya [lomopcokoi Axademii 6
Cayncwky (Cnyncewk, [lonvwa)

Mu npunycmunu, wo eipua onis pozmapuny 6yoe nonepeodicysamu abo 3meH-
wysamu nepekucHe OKUCHEHHsl Ninioie 8 pOCIUHHUX ONisAX 3A605KU AHMUOKCUOAHMHUM
eracmugocmam. Mema pobomu nonseana y 00CHiONCeHHi 6MICYy peuoB8UH, Wo peazy-
rome 3 2-miobapoimypoeoi kuciomoro (TBK-axmueni npodykmu) 6 pisHux pociuHHux
onisax (pinaxkosea ois, OAUBKOBA ONisl, pUCO8a OJlisl) NICAs GUKOPUCAHHA eipHOT ol
posmapuny (Etja, Envonone, l[lonvwa ) aK anmuokcuoanmy wisaxom MOHIMOPUHSY ne-
PEKUCHO20 OKUCHEHHS JIINi0i8 Npo008IHC 00HO20 MICAYS 30epieanHsl.

Ed¢ipna onis posmapuny 3uuoicysana okucHenHs 1inioié 8 pinakosiil oii 8 nopie-
HAHHI 3 KOHMPOoAbHUM 3paskom Ha 23,9 % (p<0,05) nicra 8 ouis i na 9,4 % (p>0,05)
nicis 40 ouie 30epicanns. /looasanns eipnoi onii pozmapuny 00 01UK080I 0l 3HAUHO
30inbutysano emicm TBK-axmusnux npooykmie mineku uepes 8 Omig 30epicanus. 3Hu-
JHCEHHsl OKUCHEeHHs Ninidie Oyn0 Hausuwum yepes 40 OHie 6 NOPIBHAHHI 3 NOYAMKOM O0O-
cniodcenns. Egipna onis posmapuny, oooana 0o pucogoi onii, UKIUKALO NiO8UUEHHS
piens THK-axmusnux npodykmis nicis 8 ouie 36epicanusn (na 23,7%, p<0,05) i na no-
yamky excnepumenmy (Ha 64,4 %, p<0,05), gionosiono. 30amuicme egipnoi onii po3-
Mapumy CHOBLIbHIOBAMU NEPEeKUCHe OKUCHEHHs NINidi8 8Us8Unocs 06a2amoodiysoyoro
cmpamezi€io 6 30epicanHi pociuHHux onitl. L{s akmugnicms, mMabyms, nos'szamna 3 au-
MUOKCUOAHMHUMU CHOTYKAMU, NPUCYMHIMU 8 eqDipHILL Olii pOZMAPUHY.

Omorce, eipny onit0 posmMapuny MOdCHA 000a6amu 8 pIi3Hi POCAUHHI ONlii K
nPUpPoOHe 0dcepeno aHmuoKCUOanmie y 200ieni meapun. 3HaHHA CMYNEeHs i cnocooy
iH2I0YBANHHA KOHKDEMHUX CHOYK, KL NPUCYMHI 8 eDIPHUX OLIAX POCIUH MOJHCE CRPUAMU
YCRIWHOMY 3ACMOCY8AHHIO MAKUX HAMYPATbHUX KOHCEPBAHMIE 8 XapYo8ux npooyKmax,
OCKINbKU Ne6Hi KOMOIHaYii 6MopuHHUX Memabonimie 3abe3neuams UCOKY aHMUOKCU-
OaHMHY AKMUBHICTb.

Knrouosi cnosa: pinaxosa onis, onuskosa onis, pucosa onis, eipua onis pozma-
puny, TEK-akmugni npodykmu, nepexucre OKUCHeHHs 1iniois.
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