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Annomauusn. Beedenue. [lens. Obocnosamb 3PHekmusHoCms UCIOIb306AHUSL  TMEXHOIOSUU
0bpabomku nuwedvlx npooykmos evicokum oasneruem (High Pressure Processing (HPP)) nooasnenue u
VHUUMOICEHUE NAMO2EHHbIX MUKPOOp2anusmos. Mamepuanvt u memoovl. B xode uccredosanus
6030eticmeust mexnonoeuiit HPP 0ns unaxmueayuu u yHuumodiceHus MuKpOOpeaHu3mMo8 8 NPU2OmoGIeHHbIX
060WHBIX canamax, OblLIU NPOGedeHbl IKCHNePUMEHmbl 1O  00pabomKe 6bICOKUM OABIEeHUEM C
ucnonvzosanuem cucmemsl «lluwesou cuopocmam, modenv 600 MIla/30 1». Ombop obpasyos u oyenka
UX KQuecmea OCYyueCmeIsIUCh 8 COOMBEMCMBUY C YCMAHOGIEHHLIMU Memooamu ¢ HcnvimamenvHom
nabopamopnom yeumpe (Pedepanvroe 61001cemuoe yupedicoerue 30pagooxpamnenus «Llenmp eucuenvt u
snudemuonocuu 6 Ceeponogckoll obaacmuy), a MUKpooOuoso2uyeckue ucciedos8anuss nposoOUTUCH 6
Hezagucumot aabopamopuu OO0 «Keorumu Medy. Pezynsmamul u oécyycoenue. Ilpu ucnonvsosanuu
ceepxevicoxoco Oasnenusi (High Pressure Processing (HPP) 6 npoyecce obpabomku, ynaxosammwvie
NPOOYKMbL NOMEWAIOMC 8 CHEeYUAIbHble KOHMEUHepyl, HOIHOCMbIO NOZPYICEHHbIE 6 800V, 20e OHU
n008epearomecs PaGHOMEPHOMY Cocamuio co 6cex cmopoH. Ilpoyecc 6vicokozo eudpocmamuueckoeo
0asneHusi OCHOBAH HA NPUMEHeHUlU 0aBNeHUsl 00 HECKOMbKUX MbICAY Oap, Ymo NO36045en YHUYNOICUMb
Namo2eHuvle MUKPOOPSAHUIMbL, COXPAHSSL NPU IMOM NUMAmMenbHble Geujecmea U OpeaHOIenmudecKue
ceolicmea nPoOyKmos. Dmom mMemoo Oelcmseyem HA NPoOyKmbl PAGHOMEPHO U MEHOBEHHO NO GCEMY
00veMy, He3a8UCUMO Om UX Popmbl U pasmepd, He umess oepanuyenul. TIposedennvie ucciedo8amus.
20MoB0U NPOOYKYUU NO 3A6EPULEHUU MEXHOLO2UYECK020 RpoYecca NOKA3AMU NOJHOE COOMEENCmeue
yemanoenennomy cmandapmy onsa nokasamens KMADAuM (5x10° KOE/z). B npoyecce xpanenus 060ux
obpaszyoe obpabomanuvix HPP canamos ommeuaemcs yeenuuenue o00wjeco YpoeHs MUKPOOHO20
3aepazuenus. OOHaxo oasice nocie 7-OHe6HO20 XPAaHeHUs 8Cce UCCIe008aHHble 00PA3YbL COOMBEMCME08ANU
ycmanoeneHnHviM Kpumepuam 015 0anno2o nokazamens (6 suavenusx lg KOE/z ne npeeviuanu 5x10°
KOE/cM®), 6 mo epems kax yposens KMADAuM 6 obpasye carama 6e3 obpabomiu 6bicOKUM OaBIeHUEM
npesviuan nopmamug 6 10 pas nocie 7 ouetl. 3axnouenue. Obpabomra 8blCOKUM OAGIeHUEM ABNAEeMC S
ahpexmueHvIM MemoOom Oist NPOONEHUsL CPOKA XPAHEHUsE 20MOo6biX K ynompebaenuto caiamos. Ona
NO36045€M 3HAYUMETbHO CHUZUMD YPOBEHb NAMOLEHHOU MUKPOOUOMBL U COXPAHUMb QUIUKO-XUMUYECKUE
xapaxmepucmuku npooykmos. I[lepcnexmuewl npumenenus HPP omkpvlearom Hogbie 603MONCHOCIU 0I5
Vayuuenus 6€30nacHOCU U Ka4ecmaea 20MosblX 08OUHBIX CANAMO8, YIMO 0COOEHHO AKMYalIbHO 8 YCIOBUSX
COBPEMEHHO20 PLIHKA NUMAHUSL.
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Abstract. Introduction. The aim. To substantiate the effectiveness of the use of High Pressure
Processing (HPP) technology for food processing suppression and destruction of pathogenic
microorganisms. Materials and methods. In the process of studying the impact of HPR technologies for
the suppression and destruction of microorganisms in ready-made vegetable salads, high-pressure
processing studies using the "Food Hydrostat, model 600MPa/30L" were conducted. Sampling and quality
assessment were carried out in accordance with standard methods on the basis of a Testing laboratory
Center (FBUZ Center for Hygiene and Epidemiology in the Sverdlovsk Region), microbiological indicators
on the basis of an independent laboratory of Quality Med LLC. Results and discussion. When using high
Pressure Processing (HPP) in the processing process, packaged products are placed in special containers
completely immersed in water, where they are subjected to uniform compression from all sides. The process
of high hydrostatic pressure is based on the application of pressure up to several thousand bar, which
makes it possible to destroy pathogenic microorganisms, while preserving the nutrients and organoleptic
properties of the products. This method acts on products uniformly and instantly throughout the entire
volume, regardless of their shape and size, without restrictions. The conducted studies of finished products
at the end of the technological process showed full compliance with the established standard for the
KMAFAnM indicator (5%10° CFU/g). During the storage of both samples of HPR-treated salads, an
increase in the overall level of microbial contamination is noted. However, even after 7 days of storage, all
the studied samples met the established criteria for this indicator (in lg CFU/g values did not exceed 5x10*
CFU/cm’), while the level of CMAFAnM in a salad sample without high-pressure treatment exceeded the
standard 10 times after 7 days. Conclusion. High pressure treatment is an effective method for extending
the shelf life of ready-to-eat salads. It allows you to significantly reduce the level of pathogenic microbiota
and preserve the physico-chemical characteristics of products. The prospects for the use of HPR open up
new opportunities to improve the safety and quality of ready-made vegetable salads, which is especially
important in the conditions of the modern food market.

Keywords: vegetable salads, ready-made culinary products, high pressure, shelf life

For citation: Bagmut YuN, Pastushkova EV, Chugunova OV, Kostin KB. The effect of high-pressure
treatment on the shelf life of ready-to-eat salad. Modern Science and Innovations. 2024;(4):73-80.
https://doi.org/10.37493/2307-910X.2024.4.7

Introduction. The use of the latest technological developments allows not only to solve
the problems of hunger and access to essential nutrients, such as vitamins, but also to create new
challenges for the human body, which it and its offspring may face both in the near future and in
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the long term. In the modern world, where the pace of life is becoming increasingly fast, it is
important to ensure the safety and security of food products. The development of technologies that
allow extending the shelf life of finished culinary products, including salads, is an urgent task from
the point of view of consumers, producers and the environment [2].

Ready-to-eat salads are becoming increasingly popular due to their convenience and
variety. However, despite their high demand, they have a limited shelf life. Salads can lose their
taste and safety in a short period of time, which necessitates the development of methods to extend
their shelf life.

In today's world, it is important to use innovative approaches to extend the shelf life of
food products, and one of the effective methods is the use of non-thermal physical preservation
methods. These methods are based on the use of various physical processes that can reduce the
activity of microorganisms and increase the shelf life of products, while significantly reducing the
use of preservatives [3]. The development of new technologies for extending shelf life contributes
to the development of the prepared food industry, allowing to expand the range of products and
improve storage and transportation conditions.

One of the promising methods is high pressure processing ( HPP ) , which allows
disinfecting products without the use of chemical preservatives. In this article, we will consider
the effectiveness of HPP in relation to the natural microflora of ready-made salads and its effect
on the physicochemical properties [4].

HPP is a method based on the effect of pressure up to 600 MPa on products. This method
allows to destroy pathogenic microorganisms and slow down the growth of unwanted microflora
without significant damage to the organoleptic properties of the product.

Advantages of NRR :

Preservation of vitamins and minerals — high blood pressure does not impair the content of
nutrients;

Improved safety — reducing the number of pathogenic bacteria reduces the risk of
foodborne infections;

Extending shelf life — by neutralizing microorganisms, the shelf life of the product can be
increased [5,6].

The aim of the study is to substantiate the effectiveness of using High Pressure
Processing (HPP) technology to suppress and destroy pathogenic microorganisms.

Materials and research methods. In the process of studying the impact of high-pressure
technologies on reducing the number of microorganisms in ready-made salads, experiments were
conducted using the "Food hydrostat, model 600MPa/30L" in the tolling center of RAS
Technologies Group LLC together with the M.N. Mikheev Institute of Metal Physics of the Ural
Branch of the Russian Academy of Sciences, strength laboratory.

The ready-to-eat salads were packed in innovative skin packaging to ensure freshness
during storage and were subjected to high pressure treatment using HPP technology. This process
involved pressure treatment of 3000 and 5500 MPa, lasting 300 seconds at a stable temperature of
21 £ 3°C. The HPR (High Pressure Reactor) equipment is equipped with a high-pressure vessel
with a diameter of 200 mm and a length of 2000 mm, capable of providing pressure up to 6000
MPa. In addition, it interacts with a refrigeration system, allowing for precise control of the
temperature of the cooling liquid used to create the required pressure in the process.

Objects of study:

Sample No. 3181 - Vitamin Salad; production date: 21.03.2024; shelf life: 18 hours; batch
size: 10 pcs; packaging: skin packaging;

Sample No. 3185 - Vitamin Salad; production date: 21.03.2024; shelf life: 7 days; batch
size: 10 pcs; packaging: skin packaging, unprocessed,

Sample No. 3186 - Vitamin Salad; production date: 21.03.2024; shelf life: 7 days; batch
size: 10 pcs; packaging: skin packaging. Processed with HPP 3000 MPa, exposure 300 s .
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Sample No. 3187 - Vitamin Salad; production date: 21.03.2024; shelf life: 7 days; batch
size: 10 pcs; packaging: skin packaging. Processed with HPP 5500 MPa, exposure 300 s .

Sampling was carried out in accordance with GOST R 54607.1-2011 "Public catering
services. Methods of laboratory control of public catering products. Part 1. Sampling and
preparation for physical and chemical testing."

Research methods:

GOST 30538-97 "Food products. Methodology for determining toxic elements by the
atomic emission method"

GOST 34151-2017 "Food products. Determination of vitamin C" using HPLC.

GOST R 54607.5-2015 "Public catering services. Methods of laboratory control of public
catering products. Part 5. Methods for determination of fat" p. 7.3.

GOST R 54607.7-2016 "Public catering services. Methods of laboratory control of public
catering products. Part 7. Determination of protein by the Kjeldahl method".

MU 122-5/72 "Methodological guidelines for laboratory quality control of public catering
products." p. 7.4.5.

The studies were conducted at the Testing Laboratory Center (Federal Budgetary
Institution of Health "Center for Hygiene and Epidemiology in the Sverdlovsk Region"),
microbiological indicators were conducted at the independent laboratory of Quality Med LLC.
The equipment used: Vitek MS mass spectrometer analyzer (BioMerieux, France).

Research results and their discussion. "When production products public nutrition, at
manufacturing salads With enlarged term storage is regulated row sanitary and hygienic
operations, V in particular, washing vegetables purified water. However, technology sinks raw
materials used at production culinary products, Not provides achievement standardized
microbiological indicators: contamination microorganisms remains high. IN That same time
microflora recycled vegetable raw materials Very varied: Also possible bacteria, yeast, moldy
mushrooms, pathogenic microorganisms" [7]. For provision hygienic purity prescription
components salad products necessary improve technology their preparation, including through the
use of physical methods of disinfection.

The Vitamin salad was immediately after production packed in skin packaging - a tray
made of polymeric materials for Skin sealing, processed under high pressure and stored at a
temperature of 0-4 ° C for 7 days to conduct physical, chemical and microbiological indicators and
for 10 days to conduct an organoleptic assessment.

When using ultra-high pressure in the processing process, the packaged products are placed
in special containers completely immersed in water, where they are subjected to uniform
compression from all sides. The high hydrostatic pressure process is based on the application of
pressure up to several thousand bars, which allows to destroy harmful microorganisms, while
preserving the nutrients and organoleptic properties of the products. This method acts on the
products uniformly and instantly throughout the entire volume, regardless of their shape and size,
without any restrictions. The results of the influence of HPP on the physicochemical properties of
salads, including during storage, are presented in Table 1.

Table 1 — Changes in physical and chemical parameters of salads during storage

Name of the indicator Unit of Sample No. Sample No. Sample No. Sample No.
measurement 3181 3185 3186 3187
Squirrels % 1.1+0.9 1.1+0.8 1.0+0.9 1.0+0.5
Fats % 1.9+1.0 1.9+1.0 1.6+1.0 1.5+1.0
Carbohydrates g/100g 7.9 7.5 7.9 7.9
pH 5 8.5 5.5 5.5
Vitamin C mr/100r 12.44+2.0 4.4+1.0 12.4+2.9 12.0+1.5

An assessment of the effect of HPP on the physicochemical properties of salads showed
that the treatment resulted in slight changes in pH, but these were most often within acceptable
limits and did not affect the safety or taste of the product. During the storage of vegetable salads,
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a gradual decrease in the vitamin C content was observed. The loss of this vitamin occurs mainly
due to the activity of oxidative enzymes, whose partial renewal leads to an acceleration of the
oxidation process. Violation of the integrity of plant tissue and the release of cell juice also
contribute to this process. Nevertheless, the use of HPP technology made it possible to preserve
the vitamin C content in vegetable salads, giving them freshness and useful properties. The
processes occurring during the treatment of food systems with high pressure are consistent with
the studies of other authors [7-9, 11].

The organoleptic evaluation of salads processed using HPP technology showed that the
salads retained their crispy texture and pleasant taste. This is especially important for consumers
who value freshness and quality of products. In general, the organoleptic evaluation showed that
vegetable salads packed in skin packaging and processed using HPP retain high organoleptic
characteristics for 7 days of storage.

The dynamics of microbiological indicators of vegetable salads during storage are
presented in Table 2.

Table 2 — Dynamics of microbiological indicators during storage

Name of the Permissible level Sample No. Sample No. Sample No. Sample No.
indicator value* 3181 3185 3186 3187
KMAFANM 5x10 *CFU/cm 3 3x103 5x10 3 5x103 8x103
BGKP not allowed Not found Discovered Not found
in0.lg
Salmonella spp. th allowed Not found
n250g
Listeria ngt allowed Not found Discovered Not found
monocytogenes m250g
Staphylococcus | not allowed in 0.1 g Not found
aureus
Proteus spp. not allowedin 0.1 g Not found
E.coli not allowedin 1.0 g Not found Discovered Not found
Yeast no more than 200 0 400 0 0
CFU/g
Molds no more than 50 0 90 0 0
CFU/g

* According to TR CU 021/2011 "On the safety of food products"

HPP treatment has been shown to be effective in reducing pathogenic bacteria such as
Salmonella, E. coli and Listeria monocytogenes. Even short-term exposure (1-3 minutes) at high
pressure can reduce the number of these microorganisms by 99% or more.

HPP technology also affects lactic acid bacteria, molds and yeasts, which allows
controlling the fermentation process and prevents product spoilage, which is consistent with the
data of similar studies [10, 12-14]. Reducing their numbers helps extend the shelf life of vegetable
salads.

During the studies conducted on the finished products after the technological process was
completed, it was found that all samples met the established standard for the QMAFAnM indicator
(5x10 3 CFU/g). During storage of the samples of salads processed with HPP, an increase in the
total microbial contamination was observed. Despite this, even after 7 days of storage, all samples
met the requirements for this indicator (Ig CFU/g does not exceed 5x10 * CFU/cm * ). However,
in the case of a salad sample that was stored without high-pressure treatment, the QMAFAnM
level exceeded the norm by 10 times after 7 days.

Conclusion. High-pressure processing is an effective method for extending the shelf life
of ready-to-eat salads. It allows to significantly reduce the level of pathogenic microbiota and
preserve the physicochemical characteristics of products [15, 16]. The prospects for the use of
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HPP open up new opportunities for improving the safety and quality of ready-to-eat vegetable
salads, which is especially important in the conditions of the modern food market.

The high pressure applied in the HPP process acts at the cellular level, destroying
intracellular vacuoles, cell walls and the cytoplasmic membrane. This treatment method is
uniformly distributed throughout the entire volume of the product without restrictions on size and
shape, without compromising the structural integrity of the product, which prevents its
deformation or rupture.

The experiments conducted confirm that further research in this area can lead to the
optimization of production and storage technologies for ready-to-eat salads, which will increase
consumer satisfaction and reduce food waste. The advantages of using HPP technology include
extending the shelf life of products, preserving their natural taste and texture, and increasing
sterility without changing the organic nature of the products. Due to the comprehensive
compression under high pressure, this processing method becomes a reliable way to ensure the
safety and quality of food products
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