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STUDY OF PHYSICAL, CHEMICAL AND MICROBIOLOGICAL INDICATORS OF HAM FROM
THE MEAT OF CULLED COWS, ENRICHED WITH SELENIUM AND ZINC

Abstract: The effective utilisation of meat from culled cows presents a significant technical challenge
for the meat industry due to the variability of its functional and processing properties. The aim of this study was
to evaluate the combined effect of the probiotic culture Lactobacillus sakei and fortification with the trace
elements selenium (Se) and zinc (Zn) on the quality, oxidative stability and microbiological safety of meat
products made from culled cows. The effect of Lactobacillus sakei in combination with a 50% reduction in
sodium nitrite levels on the microbiological parameters of raw meat during maturation was investigated. The
use of L. sakei significantly reduced the total microbial count (from 6.4 to 5.6 log CFU/g) and inhibited the
growth of spoilage-causing microorganisms, including Enterobacteriaceae, Pseudomonas spp. and
Brochothrix thermosphacta. Pathogenic microorganisms (Escherichia coli, Staphylococcus aureus, Listeria
monocytogenes and Salmonella spp.) were not detected. Samples of meat products containing L. Sakei and
enriched with L-selenomethionine (0.525 mg/kg) and zinc citrate (150 mg/kg) were examined for their
physicochemical and organoleptic properties. The peroxide value was assessed whilst the samples were
stored in a refrigerator (4 °C, 30 days). Enrichment with micronutrients reduced lipid oxidation: after 30 days,
the peroxide values were lower than in the control samples. The pH values (5.76-5.82) and water activity
(0.958-0.962) remained stable, whilst water-holding capacity increased by 4% in the experimental samples.
Sensory evaluation showed comparable quality between the control and experimental samples in terms of
color, taste and appearance, whilst the texture and tenderness of the experimental samples were improved.
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The results demonstrate that the combined use of Lactobacillus sakei and micronutrient fortification (Se and
Zn) can improve the oxidative stability and processing properties of meat products made from culled cows,
whilst maintaining microbiological safety and sensory quality.

Key words: Lactobacillus Sakei, selenium, zinc, peroxide value, water-holding capacity,
microbiological safety.

Introduction

The processing of meat from culled cows into ham-type products is one of the most promising
areas for improving the efficiency of raw material use in the meat industry. This raw material is
characterized by variability in its functional and technological properties, which requires the use of
technological and biotechnological solutions to stabilize the structure, increase yield and ensure the
microbiological safety of finished products.

The mineral composition of beef has been extensively described from a nutritional
perspective; however, trace elements also play a crucial role in determining meat quality through
their involvement in redox processes [1].

An imbalance of trace elements adversely affects the health status and productive
performance of farm animals. Insufficient dietary intake of essential trace elements contributes to
the development of various metabolic disorders and pathological conditions [2].

Fortification of meat products with essential trace elements (Se, Zn) is considered an
approach to increasing nutritional value. In this case, the indicators of oxidative stability of the lipid
phase and sanitary and microbiological safety criteria are technologically significant. Lactic acid
bacteria, including Lactobacillus Sakei, are described as promising bioprotective cultures for meat
products and are capable of suppressing undesirable microflora under refrigerated storage
conditions [3].

Lactobacillus Sakei is capable of colonizing many different habitats. It is often isolated from
plant-based products such as various types of flour, sourdough starters, or fermented cabbage, but
it is systematically associated with meat products and often with seafood [4].

For ham-type products, lipid oxidation and microbiological stability are critical during storage;
recent reviews on lipid oxidation in meat and meat products justify the need to monitor primary
oxidation products (including peroxide value) [5]. The use of protective cultures is considered an
effective approach to improving the microbiological stability of meat products without the use of
additional preservatives [6].

The novelty of this study lies in the fact that, for the first time, ham produced from culled cows
was evaluated as part of a comparative study involving two enrichment variants (Se and Zn) under
identical biotechnological conditions — the use of Lactobacillus sakei during the curing and
maturation stages. A comprehensive evaluation was carried out, including oxidative stability
(peroxide value), physicochemical parameters (water-holding capacity, water activity and pH), and
organoleptic parameters in the finished products, and the effect of Lactobacillus sakei on
microbiological parameters in the raw material was investigated. Despite the relevance of the
research, there is little information and few experiments in the literature describing the use of the
bio-protective culture Lactobacillus sakei in beef from culled cows, used to produce meat products
enriched with minerals. The results obtained provide a scientific basis for the use of Lactobacillus
sakei in combination with micronutrient fortification to improve the stability, quality and safety of ham
produced from raw materials with reduced processing suitability.

Materials and methods

The study involved two groups of samples. The first group comprised control samples (100%
NaNO,) and test samples (L. sakei — 0.01% + NaNO, — 50%) intended for analyzing the effect of
Lactobacillus sakei on the microbiological parameters of the raw material. The effect of the bio-
protective culture Lactobacillus sakei on the microbiological indicators of meat samples from culled
cows (NMAFAM, coliforms/E. coli, Listeria monocytogenes, Staphylococcus aureus, sulphite-
reducing clostridia) was analysed after the maturation stage.

The second group of samples comprised control samples (Control + L. sakei) and test
samples (L. sakei + Se, L. sakei + Zn), intended for the investigation of the physicochemical and
organoleptic properties of the finished product. The samples were prepared in accordance with the
method described in [7]. Fortification was carried out during the mince preparation stage by adding
trace elements to the mince. Selenium was added in the form of L-selenomethionine (an organic
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form of selenium) at a dose of 0.525 mg per 1 kg of raw material, and zinc in the form of zinc citrate
(an organic zinc salt) at a dose of 150 mg per 1 kg of raw material.

Some of the samples were vacuum-packed and stored in a refrigerator at 4 °C for 30 days at
a relative humidity of 85%, to determine the peroxide value on days 0, 20 and 30. At each time point,
samples were collected aseptically from the packaged products and analyzed according to the
respective standard methods. The second set of samples was examined for physicochemical and
organoleptic parameters immediately after preparation. Test conditions were: temperature 21°C,
relative humidity 64%.

The following methods were used in the study:

— Microbiological indicators in control and test samples of meat raw materials were
determined in accordance with GOST 10444.15-94 (NMAFAM), GOST 31747-2012 (Escherichia coli
group bacteria), GOST 32031-2012 (Listeria monocytogenes), GOST 31746-2012 (Staphylococcus
aureus), GOST 8558.1-2015 (Residual sodium nitrite), GOST 1SO 15214-2013 (Lactic acid bacteria
(LAB), GOST ISO 21528-2-2013 (Enterobacteriaceae), GOST ISO 13720-2013
(Pseudomonasspp.), I1SO 13722:2017 (Brochothrix thermosphacta), SO 6579-1:2017
(Salmonella spp.) [8].

— The peroxide value of fat was determined in accordance with GOST 34118-2017 [9].
Determined using a spectrophotometric method based on the oxidation of hydroperoxides with Fe**
ions to Fe3". Fe®*" interacted with thiocyanate (SCN-), forming a colored complex, the intensity of
which was measured at a wavelength of 507 nm. Experimental samples were analyzed at predefined
storage times: day 0, day 20, and day 30 for peroxide value;

— The pH of the control and test samples of the finished products was determined using the
potentiometric method in accordance with GOST R 51478-99 [10]. The method is based on
measuring the difference in electrical potential between a glass electrode and a reference electrode
placed in the product sample. The ham sample was first minced by passing it through a mincer twice,
after which it was thoroughly mixed. A sample quantity sufficient for immersing the electrodes was
taken for analysis. The pH meter was pre-calibrated using a buffer solution with a known pH value
at a temperature of (20 + 2)°C. The electrodes were inserted into the prepared sample and
measurements were taken until stable readings were obtained. The pH value was recorded with an
accuracy of £0.05 units. Three parallel measurements were carried out on each sample, after which
the arithmetic mean was calculated and taken as the final result.

— The water activity (aw) in the control and test samples of the finished products was
determined in accordance with the requirements of GOST R ISO 21807-2012 [11]. The method is
based on measuring the equilibrium water vapor pressure above the product sample in a closed
measuring chamber using a water activity analyzer. Prior to measurement, the instrument was
calibrated using standard salt solutions with known water activity values. Sample preparation was
carried out without homogenization to avoid heating and moisture loss. The sample was placed in
the instrument’s measuring chamber, maintaining a constant temperature of 25 °C. The water activity
value was determined after equilibrium had been established between the water vapor of the sample
and the chamber atmosphere. Measurements were taken both on the surface and within the bulk of
the product to account for a possible water activity gradient.

— Water-holding capacity was determined using the Vartanyan method [12]. The method is
based on pressing a weighed sample between filter papers under a standardized load and
measuring the amount of water released. A representative sample (approximately 0.3 g of minced
meat) was accurately weighed. The sample was placed in the center of a pre-weighed filter paper
and covered with a second filter paper. The assembly was positioned between two glass plates. A
standardized load (typically 1 kg) was applied for 10 minutes at room temperature. After pressing,
the sample was removed. The filter paper with the absorbed moisture was weighed to determine
mass loss. Water-holding capacity (WHC) was determined by the Vartanyan pressing method and
calculated as:

WHC (%) = =2+ 100
m, — sample mass before pressing (g);

m,— sample mass after pressing (g).
The mass loss during pressing (my—m;) corresponds to the released moisture.
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— The organoleptic evaluation of the control and experimental samples of the finished
products was carried out in accordance with the requirements of GOST 9959:2015 [13]. The
evaluation was performed by a tasting panel comprising at least five specialists with experience in
assessing meat products. The tasting was conducted in a specially equipped room free from
extraneous odors at an air temperature of (20 £ 2)°C and relative humidity of (70 + 5)%, under
uniform lighting of at least 500 lux. Prior to analysis, product samples were coded with three-digit
numbers and served at a temperature corresponding to their intended consumption conditions. The
assessment was carried out individually by each taster, with the results recorded on tasting sheets.
Organoleptic characteristics were first determined on the whole product, then on a cross-section.
The following characteristics were assessed in sequence: appearance, color, smell (aroma), taste,
texture and tenderness of the product.

Appearance and color were assessed visually; odor was assessed on the surface of the
product and, where necessary, deeper inside using a metal needle. Texture was assessed by
pressing and chewing the sample, whilst taste and aroma were assessed by tasting slices of the
product. Quality was assessed on a 5-point scale, where 5 points corresponded to excellent quality,
4 to good, 3 to satisfactory, 2 to unsatisfactory and 1 to very poor quality. The final score was
calculated as the average of the scores across all indicators. The study complied with the ethical
principles for research involving human participants outlined in the Declaration of Helsinki [14].

All measurements were performed in triplicate. Results are presented as mean + SD, where
SD denotes the standard deviation. Means within groups were compared using one-way analysis of
variance, followed by Duncan’s multiple range test (p < 0.05). Statistical analyses were performed
using SPSS software (version 24.0; SPSS Inc., Chicago, IL, USA).

Results and Discussion

In the first stage of the experiment, the effect of the Lactobacillus sakei probiotic culture on
the microbiological parameters of meat samples from culled cows was investigated.

The Lactobacillus sakei probiotic culture was added to the experimental beef samples (meat
from older animals) for maturation at a temperature of +4°C for 18 hours. Sodium nitrite was added
to the control samples in accordance with GOST 8558-2015 «Sodium Nitrite. Specifications» [15].
For the experimental samples, a reduced dosage (50% NaNO,) was used, with the active L. sakei
culture added simultaneously at a concentration of 0.01%.

Table 1 — Microbiological parameters of raw materials following ripening using L. sakei

No Parameter Unit Control _ Experiment
(100% NaNO,) (L. sakei — 0.01% + NaNO, — 50%)

1 | NMAFAM log CFU/g 6,4+0,2 56+£0,1]
2 | Lactic acid bacteria (LAB) log CFU/g 4,0+0,3 6,3£0,21
3 | Enterobacteriaceae log CFU/g 3,2+0,3 1,8£0,2
4 | Pseudomonas spp. log CFU/g 29+04 1,6£0,2
5 | Brochothrix thermosphacta log CFU/g 24+0,3 1,4£0,2]
6 | Escherichia coli (BI'KIT) CFU/g <10? <10

7 | Staphylococcus aureus CFU/g <10? <10

8 | Listeria monocytogenes in25¢g Not found Not found
9 | Salmonella spp. in25r Not found Not found
10 | Residual sodium nitrite mg/kg 522+4 255+3]

The results of the study of the microbiological parameters of the raw material after ripening,
following a 50% reduction in the sodium nitrite dose and the use of Lactobacillus sakei, showed a
statistically significant reduction (p < 0.05) in the total microbial count (CFU/g) in the experimental
batch from 6.4 £ 0.2 to 5.6 + 0.1 log CFU/g. This indicates a pronounced antagonistic effect of L.
sakei on the level of microbiological spoilage. The growth of lactic acid bacteria reached 6.3 + 0.2
log CFU/g, indicating the active development of the introduced L. sakei and its ability to dominate
the meat microbiocenosis under conditions of moderate pH, ranging from 6.0 to 6.3 [16].

The number of bacteria of the Enterobacteriaceae family decreased by more than 1.5 log
(from 3.2 to 1.8 log CFU/g), confirming the inhibitory effect of LAB due to competition for nutrient
substrates and the formation of organic acids. A similar trend was observed for Pseudomonas spp.
and Brochothrix thermosphacta, with a reduction in their numbers of 1.3 and 1.0 log, respectively.
These microorganisms are known to be the primary causes of spoilage in chilled meat; therefore,
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their suppression is an important indicator of microbiological stability [17]. No Escherichia coli,
Staphylococcus aureus, Listeria monocytogenes or Salmonella spp. were detected in either sample.

In the experimental samples, the residual sodium nitrite content fell to 21 £ 3 mg/kg, whereas
in the control sample it was 42 + 4 mg/kg, and the amount of NaNO, was reduced by a factor of two.
This is explained by the nitrite-reducing activity of L. sakei and the enzymatic reduction of nitrite to
nitrosamines, which contribute to colour stabilisation. This is confirmed by the results of the
organoleptic evaluation of the finished meat products, where the colour score of the experimental
samples was rated on a par with the control. The data obtained are consistent with the results of
Wang X.H. et al. which describe a rapid decrease in residual nitrite during the fermentation of meat
systems in the presence of lactic acid bacteria [18].

Thus, the use of Lactobacillus sakei culture, combined with a 50% reduction in the sodium
nitrite dose, ensures the microbiological safety and stability of the raw materials during the
maturation stage without increasing the risk of contamination.

In the next stage of the experiment, following the production of the finished products in
accordance with the method described in [7], the control sample (Control + L. sakei) and the test
samples (L. sakei + Se, L. sakei + Zn) were analysed for their physicochemical and organoleptic
properties.

The control samples did not contain any trace element additives. The meat products were
heat-treated to a core temperature of 2 70 °C and subsequently smoked.

To characterize the oxidative stability of ham during storage, the peroxide value of fat in
control and experimental samples (with Se and Zn) was determined on days 0, 20, and 30. The
values obtained were used to compare the dynamics of the accumulation of primary oxidation
products (Table 2).

Tabnuua 2 — Dynamics of the peroxide value of fat during storage

Storage period Indicator, unit of measurement Control + L. sakei | L. sakei+ Se | L. sakei +Zn
0 Peroxide value (mmol O,/kg fat) 0,64a £ 0,05 0,55b £ 0,05 | 0,52b £ 0,05
20 Peroxide value (mmol O,/kg fat) 0,89a £ 0,07 0,72b £ 0,06 | 0,68c + 0,05
30 Peroxide value (mmol O,/kg fat) 1,25a + 0,09 0,98b + 0,08 | 0,93b + 0,07

values are shown as mean * SD; letters (a—c) represent significant differences at p < 0.05.

Table 2 shows a reduction in the peroxide value (PV) in the test samples, reflecting the
antioxidant effect of L-selenomethionine and zinc citrate, which inhibit both primary and secondary
lipid peroxidation.

The indicators of lipid peroxidation demonstrate a pronounced antioxidant effect of
micronutrient fortification. In the control samples, the peroxide value (PV) was 0.64 + 0.05 mmol
O./kg fat, corresponding to a moderate level of primary oxidation products. Upon the addition of L-
selenomethionine and zinc citrate, the PV decreased to 0.52—0.55 mmol O,/kg. This indicates the
inhibition of lipid hydroperoxide formation due to the activation of enzymatic antioxidant systems, in
particular glutathione peroxidase (Se-dependent) and superoxide dismutase (Zn-dependent) [19].

An increase in PO, values was observed during storage, which may be linked to the
development of lipid oxidation processes. However, in all fortified samples, this increase occurred at
a significantly slower rate than in the control samples. After 30 days of storage, the PO_2 value in
the control reached 1.25 mmol O,/kg, whereas in the samples containing L-selenomethionine and
zinc citrate, it was 21% and 26% lower, respectively.

Similar results were also reported in studies by Abilmazhinova N. et al., where a decrease in
the peroxide value was observed in the experimental samples during the storage of semi-finished
meat products [20].

To evaluate the technological properties, microbiological stability and shelf life of the meat
product, the water-holding capacity (WHC), pH and water activity were determined in the control and
experimental samples (containing Se and Zn). The results are presented in Table 3.

The fortification of meat products with Se (L-selenomethionine) and Zn (zinc citrate) had no
significant effect on the pH value, which ranged from 5.76 to 5.82 in all variants, indicating that
optimal conditions for moisture binding and the stability of the protein-water system were maintained.

Water activity values (aW = 0.958-0.962) remained virtually unchanged, ensuring the
microbiological stability of the product.
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Table 3 — Determination of the physicochemical quality parameters of meat products fortified

with trace elements

. . Test samples
Indicator Control + L. sakei L sakei + Se L sakei+ Zn
pH 5,78b + 0,05 5,82a+0,04 5,76b + 0,04
aw (water activity) 0,962a + 0,005 0,958b + 0,004 0,959b+ 0,004
WHC, % 69,0c+ 1,2 718a+1,1 70,90 +1,0

values are shown as mean * SD; letters (a—c) represent significant differences at p < 0.05.

The results obtained are consistent with the findings of Arihara K., who noted that the addition
of functional ingredients and trace elements to meat products generally does not lead to significant
changes in pH and water activity when traditional production technology is maintained [21]. Similar
conclusions are presented in the works of Pogorzelska-Nowicka E. et al., where no significant
changes in pH and aW values were observed when meat products were enriched with biologically
active components [22].

The most pronounced differences were observed in water-holding capacity (WHC): upon the
addition of L-selenomethionine and zinc citrate, WHC increased by 2.7-4.0% relative to the control.
This indicates an improvement in structural and mechanical properties and the formation of a denser
protein-fat matrix due to the interaction of Se®” and Zn?* ions with the functional groups of proteins.
A similar trend is described in the studies by Xu Y. and Xu X., who showed that the addition of
mineral components and antioxidant compounds can enhance the interaction of metal ions with the
functional groups of muscle tissue proteins, contributing to the formation of a more stable protein-fat
matrix and an increase in the water-holding capacity of meat systems [23].

To complement the instrumental analysis, sensory evaluation was performed. The results are
presented in Figure 1.

w=@== Control+L. Sakei Q== sakei + Se Q== L. sakei + Zn

Taste

Consistency - Aroma
R 5

Tenderness\i) P > Appearance

v
Color

Figur 2 — Sensory evaluation of ham samples (5-point scale)

The organoleptic evaluation of the control and experimental samples was carried out in
accordance with GOST 9959-2015, «Meat and meat products. General conditions for organoleptic
evaluation» [13]. The maximum score for the assessment was 5. Three samples from each group
were selected for the organoleptic assessment. The tasting panel consisted of representatives from
the academic staff of the Department of Food Technology. The sensory assessment was carried out
with the voluntary participation of trained academic staff. All participants were informed of the aims
of the study and gave their verbal informed consent before the assessment began. The study did
not involve any medical procedures, and no personal data was collected. The study complied with
the ethical standards applicable to research involving human subjects [14].

Based on the tasting panel’s responses, as shown in Figure 2, it can be concluded that there
is a negligible difference between the control and experimental samples. The experimental samples
L. sakei + Zn and L. sakei + Se outperformed the control sample in two parameters — consistency
and tenderness — whilst criteria such as taste, aroma and colour were close to those of the control
sample. Figure 2 presents the results of the average scores for all parameters. Similar results are
described in the work of Absalimova et al., where the addition of a protein-carbohydrate composition
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as an enhancer and filler in minced meat semi-finished products had a positive effect on the
consistency of the products [24].

Conclusion

The results of this study demonstrate the technological potential of combining the
bioprotective culture Lactobacillus sakei with micronutrient fortification for the production of ham from
meat of culled cows. The application of L. sakei during the maturation stage, together with a 50%
reduction in sodium nitrite, contributed to the suppression of spoilage microflora and ensured
microbiological safety of the raw material without the detection of pathogenic microorganisms.
Fortification of the ham with selenium (L-selenomethionine) and zinc (zinc citrate) improved oxidative
stability during refrigerated storage, as indicated by significantly lower peroxide values compared
with the control samples. At the same time, the introduction of micronutrients did not adversely affect
the key physicochemical parameters of the product, as pH and water activity remained within the
optimal range for meat products. An increase in water-holding capacity in fortified samples indicates
improved structural and technological properties of the meat system. Sensory evaluation confirmed
that micronutrient fortification did not reduce product acceptability and even contributed to improved
texture and tenderness. Overall, the combined use of Lactobacillus sakei and micronutrient
enrichment represents a promising approach for improving the quality, stability, and safety of ham
produced from culled cow meat, thereby enhancing the efficient utilization of this raw material in the
meat industry.
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XACbI ¥NIFAUFAH CUbIP ETIHEH OAWBLIHOANFAH, CENEH XXOHE MbIPbILUMNEH BEAUbITHINFAH
BETYAHAHbIH ®U3UKA-XUMUATIBIK XKOHE MUKPOBUONOIMANbIK KOPCETKILUTEPIH 3EPTTEY

XKacbl ynralraH cubip emiH muimOi naddanaHy OHbIH (DYHKUUOHArNObIK XOHE MEeXHOI02USbIK
KacuemmepiHiH e3eepmerinieiHe 6alnaHbicmbl em ©HEpKacibi ywiH MaHbI30bl MeXHOM0_USAMbIK MiHOem
6osbin mabsinadsi. Ocsl 3epmmeydiH Makcamabl Xachl yrFaliraH cubip emiHeH 0alibiHOanFaH em eHiMOepiHiH
carnacblHa, mombify MypakKmblfibifbIHa XOHE MUKPOBUOIo2usbiK KayincizdiciHe GUOKOopraywbl Kynbmypa
Lactobacillus sakei meH mukpoanemeHmmep — cerneH (Se) xoHe MbipbiwineH (Zn) 6alibimydbiH KeuweHOi
acepiH baranay 60n0bl. [licin-xeminy npoueci kesiHde WukKi emmiH MUKpObUOI02usifibIK KepcemkilumepiHe
Lactobacillus sakei kondaHy xeHe Hampul Humpumi menwepiH 50 % memeHdemy apKblribl 0napObiH
bipneckeH ocepi 3epmmendi. L. sakei KondaHy xannbl MUKpoopaaHu3mOep caHblH alimaprbikmad
memeHOemmi (6,4-meH 5,6 log KOE/e deliiH) xoHe eHiMHIH 6y3binybiH myObipambiH MUKpoopaaHu3moepOiH,
coHbiH iwiHOe Enterobacteriaceae, Pseudomonas spp. xoHe Brochothrix thermosphacta ecimiH mexedi.
lNMamozeHdi mukpoopeaaHusmOep (Escherichia coli, Staphylococcus aureus, Listeria monocytogenes xoaHe
Salmonella spp.) aHbikmarnraH xokK. L. sakei kocbinraH xoHe L-ceneHomemuoHuHmeH (0,525 melke) xoHe
Mbipbiw  yumpamsbiveH (150 wme/k2) 6alibimbiiraH em ©HIMOepIHiH yrzinepi hu3uka-xumMusifiblK XoHe
opzaHornienmukarnbiK Kacuemmepi 6olbiHwa 3epmmendi. Ynzinepdi moHa3bimkbiwuma cakmay kesiHoe (4°C,
30 kyH) nepokcud caHbl 3epmmendi. MukpoHympueHmmepmeH 6albimy nunudmepdiH mMombifybiH
memeHdemmi: 30 KyHHEH KeliH nepokcudmik caH Kepcemkiuimepi 6akbinay yrneinepiHe KaparaH0a memMeH
60n10b1. pH maHOepi (5,76-5,82) xxoHe cy bernceHdiniai (0,958-0,962) mypakmbi 605161 Kandbi, an maxipubersik
yneinepde cy ycmay kabinemi 4 %-ra apmmabi. CeHcopribik baranay bakblnay xeHe maxipubenik yneinepdiH
myci, 0emi XoHe CbipMmKbl Mypi Kepcemkiwmepi 6olibiHWa canackl YKcac eKeHiH kepcemmi, an maxipubersik
yreinepdiH mekcmypachl MeH XyMcaKmblfbl xakcapfraHbl balikanosbi.
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3epmmey Hamuxenepi kepcemxkeHdel, Lactobacillus sakei KkondaHy meH MUKPOHymMpueHmMmMepMeH
(Se xoHe Zn) b6alibimydbiH biprieckeH acepi xacbkl yriralraH cublp emiHeH dalbiHOanFaH em OHIMOEPIHIH
mombiFy mypakmbifbifbiH XXOHE MEXHOM02US/IbIK KacuemmepiH Xakcapmbir, COHbIMEH Kamap onapobiH
MUKpOBUOIocUsAbIK Kayircidliei MeH CeHCopIibIK canachkliH cakmad asadsbl.

Tyiin ce3dep: Lactobacillus sakei, ceneH, Mbipbi, nepokcudmik caH, cy ycmay Kabinemi,
MUKpobuornoausinbik Kayinci3oik.
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WCCNEAOBAHME ®U3NKO-XUMUHECKUX U MUKPOBUOJTIOMMYECKUX NMOKA3ATENEWN
BETYMHbI U3 MACA BbIBPAKOBAHHbIX KOPOB, OBOIrALLEHHbLIX CEJIEHOM U LLUHKOM

OpbekmusHoe ucrnonb3oeaHue Msica 6blbpakogaHHbIX KOpoe rpedcmasnsiem cobol 8aXHYH
mexHosio2uYecKyro 3adadvy Onsi MSACHOU MPOMbIWIEHHOCMU 88UGY USMEHYUBOCMU €20 (DYHKUUOHAsbHbIX U
mexHonoau4deckux ceoticms. Llenbto Hacmosiweeo uccrnedogaHusi bbiia OUeHKa KOMBUHUPO8aHHO20
8030elicmeus buoszawumHoul Kynbmypsbi Lactobacillus Sakei u obozawjeHUs MUKPO3IeMeHmamu — CeSTIEHOM
(Se) u uyuHkom (Zn) — Ha Ka4yecmeo, OKUCIUMENbHY0 CcmabunbHOCMb U MUKDPOOUOT02UYECKY0
b6e3onacHocmb MSACHbIX U30enul, U320moeieHHoU U3 Msica 8bibpako8aHHbIX KOpo8. M3y4anoch enusiHue
Lactobacillus Sakei 8 coyemaHuu c¢ 50-MPOUEHMHbLIM CHUXEHUEM YpOBHSI HUmpuma Hampusi Ha
MUKpobuoioau4yeckue rnokasamesiu CbIpo20 Msica 6 rfpouecce co3pesaHus. Mcronb3oeaHue L. Sakei
3Ha4yumersibHO CHU3U/I0 obuee Komu4yecmeo MukpoopaaHudmos (¢ 6,4 0o 5,6 log KOE/2) u nodasuno pocm
MUKPOOp2aHU3MOo8, 8bI3bi8arolux rnop4vy rnpodykmos, eknwyvas Enterobacteriaceae, Pseudomonas spp. u
Brochothrix thermosphacta. MamozeHHble MukpoopeaHu3mbl (Escherichia coli, Staphylococcus aureus,
Listeria monocytogenes u Salmonella spp.) He 6binu 0bHapyxeHbl. Obpa3ybl MsCHbIX u3denud, codepxaujue
L. Sakei u obozaujeHHble L-ceneHomemuoHuHoMm (0,525 ma/ke), yumpamom yuHka (150 me/ke), uccnedosanu
Ha bu3uKO-xUMUYecKkue U opzaHorenmu4yeckue ceolcmea. [lepekucHoe 4qucrno 6biio uccriedoeaHo npu
XpaHeHuu obpasuyos 6 xonodunbHuke (4 °C, 30 OdwHeli). ObozaweHUEe MUKPOHymMpueHmamu CHU3UJIO
okucrieHue nunudos: Yyepes 30 OHel nokasamesu NepeKkUucHO20 YUC/a 0Ka3asucCh HUXE, YeM 8 KOHMPOJsIbHbIX
obpasyax. 3HaqeHusi pH (5,76-5,82) u sodHoul akmusHocmu (0,958-0,962) ocmasanucs cmabusibHbIMU, 8 MO
epemMsi Kak sodoydepxugaroujasi crrocobHocms ygenudunacb Ha 4 % e onbimHbix obpasyax. CeHcopHasi
OueHKa rokasasia cornocmasuMoe Ka4ecmao KOHMPOIbHbIX U OfbimHbIX 06pa3yoe 8 rnokalamerssax uysema,
8Kyca U 8HeWHeeao suda, 8 MO 8PEMS KaK MokKasameJsiu meKcmypbl U HEXXHOCMU OfbIMHbIX 06pa3yos bbiriu
YIyHWeHsbl.

Pesynbmambl GeMoHCcmpupytom, 4mo coemecmHoe ripumeHeHue Lactobacillus Sakei u obozaujeHus
MUKPOHympueHmamu (Se u Zn) Moxem yryHuwums OKUCITUMESbHY0 cmabusibHOCMb U MexXHoIosu4YecKue
ceolicmea MSICHbIX u30enul, rpou3eedeHHbIX U3 Msca 6blbpakogaHHbIX KOpO8, Mpu 3MOM COXpaHsis
MuKpobuornoaudeckyto 6e3onacHoCmb U CEHCOPHOE Kayecmso.

Knroyeenie cnoea: Lactobacillus sakei, ceneH, UUHK, MepeKkucHoe 4ucro, erazoydepxusaroujasi
crnocobHocme, MUKpobuosioauyeckass 6e3onacHoOCMb.
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BMONOIrnANbIK KOCNANAPObI KONOAHY APKbINbl BAUBIHOANFAH LL¥XKbIK
OHIMAEPIHIH K¥PblIJIbIMAbI-MEXAHUKAIbIK KACUETTEPIH 3EPTTEY

AHOamna: byn makanada 6uonoausinbik 6ernceHdi Kocrnanapobl KOCy apKbiibl 0albiHOanFaH WyXblK
OHIMOEpIHIH KypblibiMObIK-MexaHUKarnblK KacuemmepiHe, biFan balnaHbicmbiprbii KacuemmepiHe, pH
MoHiHe mayendiniei  KapacmbipbinFaH. Kasipai maHOa mamakmaHy MmeH adamdapObiH OeHcayribiK
macesnenepiH xakcapmy ywiH, oHOaraH facbkipnap bolibi abam3ammabiH maburu eciMOIK XoHe xaHyaprnapoaH
anbiHamblH eHiMOepdi, MuHepandbik maburu ke30epdi pauoHandbl KondaHyO0bl KamMmamachki3 emy Maceneci
apKkawaHda e3ekmi 6onbin mabsinadel. Cayammabl maMmakmaHy mananmapbiHa cali keriemiH eHimoepae eH
GipiHwi kesekme opmypri ¢hyHKUUOHanOblK 6arbimmarbl 6HiMOepdi, OHbIH iwiHde maram eHimdepiHe
buornozusnbelK benceHdi Kocnanapdbl xamkbi3yra 6onadsl. byn amanraH 6arbim adam 6anacbiHbiH KyHObI
mamakmaHybIH KaMmamachl3 emyeae, COHbIMEH Kamap aypysapObiH andbiH anyra, adam OeHcaylblfbl MeH
OHbIH eHbekke OezeH KabinemmirnieiH apmbipyra 6arbimmarnfaH.

3epmmey xypeaizy bapbicbiHOa nicipineeH WyXbIK OHIMIHIH KypambiHa eciMOiK oHe xaHyaprapObiH
wukisammapsb! HeeidiHOe xacasnFaH 6uonocusinbiK KocraHbl eHeidydiH menwepi 10 % ekeHdiai Hezi3denoi
XOHe buonoeaussbIK KOcna KOCbIUIFaH Micipin2eH WYXblK eHIMIHIH xaHa peuyernmypachl Kypacmbipbliidbl XoHe
MeXHOI02usiChbl  YCbIHbINObI. TlicipineeH WyXbIK 6HIMIHIH KypambiHa KeweHOi 3epmmeyrnep Xypeisinoi.
KypambiHa ecimOik >xoHe XaHyap meKmec WwuKidammap HeaisiHOe xacanraH buosio2usifiblK KOCMaHbIH
nicipineeH WyxblK 6HIMIHIH marFamObIK XeHe buosiocusbIK KacuemmepiHe oH acep ememiHOiai, COHbIMEH
Kamap ¢byHKUuUoHanbl uHepedueHmmep OalibiH 6HIMHIH canarnbiK KepcemkilumepiH xakKcapmair, cakmay
ke3iHOe oH acep ememiHOiai denendeHOi. [alibiH eHiMHIH bu3uKa-XuMUsIIbIK, KYpblibiMObl — MexaHUKarbiK,
opaaHonienmukarblK KepcemkiwumepiH aHbikmayFfa barbimmarsaH 3epmmey XyMbiCmapbl Xypai3inoi.

Tylin ce30ep: nicipineeH wyxbiK, buonoausnbik 6enceHdi Kocrna, cybeHimOep, 0oHOI Oakbindap,
Kypiw dakblnbl, birFan balnaHbICmbIpfFbil Kabinemmirnik, op2aHonenmukarblK Kepcemkiuumepi.
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