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TUE-SSS-BFT(R)-01

STUDYING THE EFFECTS OF FOOD ADDITIVES ON THE HUMAN
MICROBIOME — A REVIEW!

Tsvetomira Boneva, Student

Department of Chemistry, Food and Biotechnologies,
University of Ruse “Angel Kanchev”, Razgrad Branch
E-mail: s222611@stud.uni-ruse.bg

Prof. Stanka Damyanova, DSc

Department of Chemistry, Food and Biotechnologies,
University of Ruse “Angel Kanchev”, Razgrad Branch
E-mail: sdamianova@uni-ruse.bg

Abstract: The human microbiome is essential to maintaining health, influencing digestion, immunity, and even
neurological functions. Modern diets increasingly include food additives—substances added to enhance flavor, texture,
preservation, and appearance. This review explores how exposure to food additives may impact the human microbiome. It first
outlines the importance of the microbiome, then discusses the nature and types of food additives, and finally presents current
studies on the interactions between additives and microbial communities. Understanding these effects is crucial for public health
and dietary recommendations.

Keywords: Microbiome, Food additive, Health
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TUE-SSS-BFT(R)-02

ACTIVE PACKAGING: INNOVATIONS AND
APPLICATION DIRECTIONS?

Dipl. Eng. Ivelin Dimitrov, PhD Student
Machine Tools & Manufacturing Department
“Angel Kanchev” University of Ruse

E-mail: idimitrov(@uni-ruse.bg

Abstract: Active packaging represents a modern approach that not only protects products but also actively interacts with
their contents to extend shelf life, preserve quality, and enhance safety. Current developments include the use of natural additives,
intelligent monitoring systems, and biodegradable materials. This review presents the current approaches and trends in the
development and application of active packaging, focusing on biodegradable materials and natural compounds of plant and
marine origin that possess antimicrobial and antioxidant properties.

Keywords: Active packaging, Natural extracts, Biopolymers, Food preservation, Intelligent packaging

INTRODUCTION

Active packaging is a key innovation in modern food packaging technologies. Unlike traditional
passive packaging, which serves only as a barrier, active packaging interacts with the food or its
surrounding environment to extend shelf life, preserve sensory and nutritional qualities, and ensure food
safety (Jridi, M., Souissi, N., Mbarek, A., Zammel, A., Elabbassi, A., & Nasri, M, 2023); (Mlalila, N., Swai,
H., Kalombo, L., & Hilonga, A., 2018).

Active systems can be classified into several groups: those that absorb undesirable substances
(oxygen, moisture, ethylene), those that release beneficial compounds (antioxidants, antimicrobial agents),
and intelligent systems that monitor the product's condition (freshness, temperature, or spoilage) (Schmid,
M., & Miiller, K., 2012).

The growing demand for safe and natural preservation methods, as well as environmental protection
regulations, are stimulating innovations in this type of packaging (Marsh, K., & Bugusu, B., 2007).

EXPOSITION

The development of active packaging is driven by the search for sustainable and effective solutions
in the food industry.

» Natural sources of active agents

Some of the most commonly used sources of active agents are natural ones. Natural agents are highly
attractive for active packaging due to their broad-spectrum antimicrobial activity and perceived safety.
Examples include essential oils from oregano, thyme, and clove, and extracts from green tea, grape seed,
and rosemary (Jridi, M., Souissi, N., Mbarek, A., Zammel, A., Elabbassi, A., & Nasri, M., 2023). These
compounds inhibit microbial growth by damaging bacterial cell membranes and disrupting oxidative
pathways.

One of the key biopolymers extracted from the shells of crustaceans is chitosan, which has
antimicrobial and antifungal properties. He has emerged as a prominent biopolymer due to its film-forming
ability and inherent antimicrobial and antifungal activity. Its effectiveness increases when combined with
phenolic compounds or essential oils (Schmid, M., & Miiller, K., 2012).

Additionally, some research has reported that combinations of active natural substances exhibit
improved antimicrobial activity when embedded in polymer matrices, as they delay microbial adaptation

2 JlokmagbT € TPEACTaBeH Ha CTyAEHTCKaTa HaydHa cecusi Ha Pycenckm yHuBepcuteT ¢mmman - Pasrpam ma 09.05.2025r. B
CEeKIUS ,,BUOTEXHOJIOTUH U TEXHOJIOTHS Ha XpaHUTE C OPUTMHAIHOTO CH 3arjaBue€ Ha aHIJIMICKU €3UK.
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and resistance. The antimicrobial efficacy also depends on the polarity and solubility of the agents, which
determines their interaction with microbial membranes and packaging materials.

Recent advances also include the use of marine-derived compounds, such as fucoidans and
carrageenans from algae, which provide natural bioactivity and improved film properties. These are gaining
popularity due to their renewability and safety for food contact.

Another used active agent is propolis. It's a natural antimicrobial agent and, at the same time, is one
of the most promising natural substances for use in active packaging. This resinous substance, collected by
bees, has potent antimicrobial, antioxidant, and antifungal properties, making it an excellent natural
preservative (Segueni, N., Boutaghane, N., Asma, S. T., Tas, N., Acaroz, U., Arslan-Acaroz, D., Shah, S.
R. A., Abdellatieff, H. A., Akkal, S., Penalver, R., & Nieto, G., 2023).

The integration of propolis into packaging materials can significantly improve their barrier
properties against oxygen, moisture, and microorganisms. To overcome the limitations associated with its
characteristic bitter taste and strong aroma, which hinder its use as a food additive, technologies like
nanoencapsulation are used (El-Sakhawy, M., Salama, A., & Mohamed, S. A. A., 2023); (Zelca, Z., Merijs-
Meri, R., Krumme, A., & Bernava, A., 2023).

For instance, propolis encapsulated in nanoemulsions can be added to edible films and coatings for
fresh produce without altering their sensory qualities (Stefanowska, K., Bucher, M., Reichert, C. L., Sip,
A., Wozniak, M., Schmid, M., Dobrucka, R., & Ratajczak, 1., 2024). Films made from biopolymers like
chitosan and starch with added propolis show high efficacy against pathogens such as Listeria
monocytogenes and Bacillus subtilis (Suriyatem, R., Auras, R. A., Rachtanapun, C., & Rachtanapun, P.,
2018). Such coatings also reduce food dehydration and slow spoilage, thereby significantly extending shelf
life. For example, coatings with propolis on cherries and tomatoes delay spoilage and preserve the quality
of the fruits (Segueni, N., Boutaghane, N., Asma, S. T., Tas, N., Acaroz, U., Arslan-Acaroz, D., Shah, S.
R. A., Abdellatieff, H. A., Akkal, S., Pefialver, R., & Nieto, G., 2023).

> Biodegradable polymers and film formation

Biodegradable polymers used in active packaging not only reduce environmental impact but also
serve as effective matrices for incorporating active agents. Polymers like PLA, PHA, and starch-based
blends are widely studied for their compatibility with both lipophilic and hydrophilic compounds (Siracusa,
V., Rocculi, P., Romani, S., & Rosa, M. D., 2008).

So-called complex systems are also used combining proteins (e.g., whey, zein) with polysaccharides
(e.g., alginate, pectin) create composite films with improved mechanical and barrier performance. These
films can be tailored to specific foods-for instance, fish, dairy, or bakery items-by adjusting the
hydrophobicity and permeability (Siracusa, V., Rocculi, P., Romani, S., & Rosa, M. D., 2008).

To improve functionality of the bioplymers, researchers are also exploring active multilayer
structures and nanocomposite materials (Bhargava, K., Conti, D. S., da Rocha, S. R. P., & Zhang, Y ., 2020).
The incorporation of nanoclays and cellulose nanocrystals enhances gas barrier properties and mechanical
strength. Such films are particularly effective for applications where extended shelf life and moisture
sensitivity are critical, such as in dried meat or cheese packaging.

» Nanoencapsulation and controlled release

Nanoencapsulation is an innovative technology that involves encapsulating active substances in
nanoscale capsules in order to protect them and control their release. Nanoencapsulation technology has
enabled more precise delivery and protection of volatile or sensitive active substances. Liposomes,
cyclodextrins, and nanoemulsions are common carriers, ensuring sustained release, improved solubility,
and better interaction with microbial targets (Bhargava et al., 2020).

Based on this, thyme essential oil encapsulated in zein nanoparticles showed enhanced antimicrobial
activity against Listeria monocytogenes when incorporated into gelatin films. Controlled release from
nanoformulations reduces the need for higher concentrations and maintains food flavor profiles (Bhargava,
K., Conti, D. S., da Rocha, S. R. P., & Zhang, Y., 2020).

Other release strategies involve environmental triggers such as temperature or humidity, which
activate the diffusion of the bioactive agent. This selective release ensures that compounds act only when
required, enhancing both efficacy and cost-effectiveness.
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Additionally, polymeric nanoparticles are being developed for heat-sensitive ingredients to ensure
stability during processing and transport, particularly important for global food logistics.

» Antioxidants and Barrier Mechanisms

Active packaging also aims to prevent oxidative processes. Natural antioxidants like tocopherols,
ascorbic acid, and flavonoids are incorporated into films to limit fat oxidation. They scavenge free radicals,
preserving taste and nutritional value. Combining them with oxygen absorbers or a modified atmosphere
contributes to a significant extension of shelf life.

» Integration of intelligent components

Smart packaging elements, including time-temperature indicators (TTIs), gas sensors, and
biosensors, are increasingly integrated into active systems. These allow real-time assessment of freshness
and safety without opening the package, improving traceability and reducing unnecessary waste (Kuswandi,
B., Wicaksono, Y., Abdullah, A., Heng, L. Y., & Ahmad, M., 2011).

Colorimetric indicators that change color in response to pH changes, CO: concentration, or microbial
growth have been successfully tested on perishable foods such as poultry and seafood (Marsh, K., &
Bugusu, B., 2007). These systems often use natural dyes or metal complexes immobilized on polymer films.

For this reason some commercial systems already implement smart indicators for CO: detection in
vacuum-packed meat and intelligent barcode labels linked to cold chain data. Such systems improve
consumer confidence and reduce the risk of consuming unsafe or spoiled foods.

» Economic and environmental impact

Active packaging may reduce spoilage-related economic losses, especially in high-value products or
export food sectors. While initial production costs are higher, savings from extended shelf life, reduced
recalls, and enhanced product appeal can offset the investment.

From an environmental standpoint, the development of compostable, recyclable, or marine-
degradable active films aligns with the growing pressure to eliminate persistent plastic waste (Bachev, H.
2022); (Lopez-Rubio, A., Gavara, R., & Lagaron, J. M., 2004).

Additionally, life cycle assessment (LCA) methods are increasingly employed to quantify the
environmental impact of various packaging alternatives. These studies help identify the trade-offs between
material choices, shelf life gains, and overall resource use.

»> Regulatory framework and legal considerations

In the European Union, active packaging is regulated under Regulation (EC) No 450/2009, requiring
rigorous risk assessment of active substances and migration limits to ensure consumer safety. All substances
must be authorized and listed in the EU’s specific materials register.

A key challenge remains harmonizing innovation with regulatory acceptance. Many promising
natural agents still lack official clearance for widespread commercial use due to limited toxicological data
(Jridi, M., Souissi, N., Mbarek, A., Zammel, A., Elabbassi, A., & Nasri, M., 2023).

The complexity of global supply chains also necessitates standardized testing protocols and mutual
recognition agreements to streamline cross-border packaging solutions. Research into safe daily intake
levels, material interactions, and degradation by-products continues to expand.

» Market applications and challenges

Active packaging is increasingly applied in modified atmosphere packaging (MAP), vacuum-packed
meat, ready-to-eat meals, bakery products, and fresh-cut produce. The food industry highly values these
systems for preserving taste, color, and microbial safety.

However, challenges persist, such as consumer perception of “active” additives, compatibility of
actives with various foods, and industrial-scale reproducibility. Continued investment in public
communication, regulatory support, and standardized testing is vital.

Another barrier is the integration of active components into existing packaging lines. Tailored
solutions and pilot-scale validation are often required. Collaboration between materials engineers,
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metrologists, food specialists, and marketing teams can accelerate implementation while ensuring safety
and consumer trust.

Further developments in this domain also include the incorporation of multifunctional components
that not only extend shelf life but enhance the product experience. For instance, edible coatings that serve
dual roles as preservatives and carriers of vitamins or probiotics are under investigation. These coatings
offer an additional marketable benefit - enhanced nutritional profiles beyond food preservation alone.

The expansion of e-commerce in food distribution requires even more reliable packaging solutions
to ensure stability during long-distance transport. Active systems that absorb oxygen and control moisture
under variable temperatures and humidity are crucial for maintaining quality. The ability to demonstrate
this reliability can become a competitive advantage for manufacturers and retailers.

Finally, trends toward personalization and premium products are driving demand for smart
packaging features that inform and engage consumers. Integration with mobile apps, freshness-indicating
sensors, or feedback channels can transform packaging from a protective barrier into an interactive
communication tool.

These changing requirements highlight the dynamic nature of the active packaging sector and the
need for interdisciplinary innovation to fully realize its commercial and sustainable potential.

Active packaging is used in MAP, vacuum-packed meats, ready meals, bakery products, and fresh
fruits and vegetables. The industry seeks a balance between effectiveness, consumer perception, and
production applicability.

In addition to existing active systems and based on a thorough analysis,, several innovative solutions
can be proposed:

-To develop and research edible coatings that not only preserve but also enrich food with nutrients
such as vitamins, probiotics, or fibers (so-called value-added edible coatings).

-To implement the integration of sensors into packaging that change color depending on the freshness
of the product or the presence of bacteria.

-To use zein nanoparticles or other biodegradable nanomaterials as carriers for antimicrobial agents
and flavors (so-called multifunctional nanocomposites).

CONCLUSION

Based on the review and the resulting analysis, some key conclusions can be drawn to initiate fruitful
scientific research aimed at achieving desired and optimal results:

- Active packaging offers a promising strategy for improving food safety and sustainability. The use
of natural substances, smart indicators, and biodegradable materials is shaping the new generation of
packaging technologies.

- Despite the known properties of packaging treated with propolis and other active sources, and last
but not least, their nanoencapsulation, it is still urgent to conduct a study on how they would affect the
quality of food

- A thorough scientific study is needed to establish the interrelationship (correlation) between the
active agents. At the same time, the synergistic effects between different natural compounds should also be
investigated, as it is urgent to develop and implement safer active packaging.

- From a technological and metrological point of view, it is necessary to select the appropriate
processes for applying coatings to the used packaging, but also to propose methods and means for ensuring
metrological traceability of the results.
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Abstract: Food waste presents a significant ethical, economic, and environmental challenge within the Furopean Union.
Vast quantities of edible food are lost across all stages of the supply chain—from primary production and processing to retail,
food services, and households. The majority of food waste originates in households, driven by factors such as poor planning,
misinterpretation of food labelling, packaging issues, and behavioural habits influenced by marketing practices. Addressing this
issue is critical for achieving the EU'’s sustainability objectives, including those aligned with the Sustainable Development Goals.
The EU has implemented a range of initiatives, including standardized measurement methods, guidance for food donation,
strategic frameworks promoting sustainable food systems, and proposed binding reduction targets across the supply chain. These
efforts are supported by evolving consumer preferences towards healthier and more environmentally conscious diets. Reducing
food waste is a key step towards building a more resilient, equitable, and sustainable food system in Europe. This article aims
to present the problem, its causes, and the main initiatives for prevention adopted by the EU over the last decade, with a focus
on policies, methodologies, objectives, and regulatory instruments.
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BbBBEJAEHUE

B EBpornelickust ¢b103 TOAUIIHO c€ TeHepupaT HaJ 59 MUiIMOHA TOHA XpaHUTEIHU oTrnaabiu (132
KI'/’)KUTEI), KaTO ChOTBETHATA Ma3apHa CTOMHOCT ce OlleHsABa Ha 132 Muimapaa eBpo.

Pasnpenenenne Ha XpaHUTETHUTE OTIAIBIM 110 CEKTOPHU:

- NomakuncTBa: 32 Munnona Tona (54%);

- [IpepaboTka u mpon3BoacTBO Ha XpaHu: 11 muinona Tona (19%);

- PecTopanTu u 3aBefieHus 3a xpaHeHe: 7 muiimona ToHa (11%);

- TpproBus Ha gpeOHO U AUCTpUOYLUsA: 5 MuIoHA ToHA (8%);

- [I'spBUYHO MPOM3BOACTBO (CETICKO CTONMAHCTBO): 5 MunnoHa ToHa (8%) (Eurostat, 2024).

Oxkono 10% ot xpanara, kosITo ce npeiara Ha norpeburenu ot EC, ce u3xpbpis. B cbimoro Bpeme
noseye oT 37 muinoHa nymu B EC He MoraT peloBHO Jia CH ITO3BOJISAT KAYECTBEHO U IIBJIHOLIEHHO XPaHEHE
(EBpomneiicku mapnament, 2024).

Pa3xuinennero Ha XpaHa € HE caMO €TUYeH U UKOHOMUYECKH IpobieM, HO U U34YepIBa OKOJHATa
cpena OT OrpaHUYEHH NIPUPOJIHU PECYpPCH. EBPOIENCKHUS CBhIO3 € MOe aHTaXKUMEHT Aa nocturHe Len 12.3
ot llenuTte 3a yCcTOIHYMBO pa3BUTHE, a MIMEHHO HaMajsiBaHEe HAIOJIOBMHA HA XPAaHUTEITHUTE OTHAABIHU Ha
IJIaBa OT HACEJIEHUETO B CBETOBEH Mallad Ha HUBO ThProBus Ha JpeOHO u morpedutenu ao 2030r. u
HaMaJsiBaHe Ha 3aryOuTe Ha XpaHa [0 BEpUTUTe 3a MPOU3BOJCTBO U JOCTaBKa HA XpaHH, Upe3 HamMallsiBaHe
Ha 3aryouTe u pazxuiieHueTo Ha xpana. (United Nations, 2015).

HamansBaneTro Ha XpaHUTETHUTE OTHAXBIM € M3KIIOUUTEIIHO BaKeH AaclekT B Oopbarta ¢
M3MEHEHHETO Ha KJIMMaTa, 3all0TO T€ OTIOBAPSAT 3a 0K0JIO 16% OT MapHUKOBUTE ra30Be OT XpaHUTEIHATA
npomunuieHocT B EBporneiickus cpio3 (Scialabba, N., 2015).

3 JIoKaamT € MpejCTaBeH Ha CTY/EHTCKAaTa HayyHa cecus Ha PyceHcku yHuBepcuter (uiman - Pasrpan na 09.05.2025r. B
CeKIIUA ,, BUOTEXHOJOTHU W TEXHOJIOTHS Ha XPaHUTE “‘C OPUTHHAIHOTO CH 3arjaBue Ha Obirapcku e3uk: ,,XPAHUTEJIHU
OTITAABIU B EBPOITEMCKUA CbhIO3 - IPEBAHTUBHU MEPKH*“
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O6moTo renepupanute oTmanbim B EC (¢ W3KIIOYEHHWE HA OCHOBHHTE MHHEPAIHHU OTIAIbBIIN)
IPObJIKABA JIEKO Jia Ce yBeIMuYaBa, BbIIPEKH Y€ HHTEH3UTEThT Ha oTnagbuute crpsimo BBII nocrenenno
HamaisBa. [Tangemusita or COVID-19 nonust moBeue Ha TCHICHIIMUTE B OTMABIIUTE U TOTPEOJICHHUETO,
OTKOJIKOTO Ha MOTEHIIMAIIHUTE MEPKH 3a MPEAOTBPATIABAHE HA OTIAbIIUTE.

Ot 2010 T. HacaM reHepuUpaHETO HAa OUTOBH OTMAIBIM KATO ISUIO JIEKO CE € YBEIWYWIO, JOKATO
OCTaThUYHUTE OTMAIBIM HAMAJSABAT MOPaJM HAMAJICHOTO JeNOoHHpaHe. Bbhnpexku monuTudeckus (Qokyc
BBPXY IMOBTOpPHATA YIOTPeOa U PEMOHTUPAHETO, PacTeka B KPbroBara MKOHOMHKA, PEIUKIUPAHETO BCE
ollle Jajied HaJBUIIaBa MpeqoTBpaTsiBaHeTo. EMucuuTe Ha MapHUKOBU ra3oBe OT YIPABIEHUETO Ha
OTIAIBIINTE IOCTOSTHHO HAMAJISIBAT, KOETO OTPa3siBa MPEAMMHO TOJ00OPSBAHETO HA YIPABICHUETO HA Kpast
Ha OKU3HEHUS LUKBJI, a HE Ha NPENOTBPaTABAHETO Ha OTMNAIbIMTE, BBIPEKU Y€ YCHIUATA 3a
Mpe0TBpATABaHE MMAT 3HAYMTEJIEH MOTEHIMAT 3a CMEKYaBaHE Ha BB3JIEUCTBUETO BHPXY kiaumara. Ha
durypa 1 ca mpeacrtaBeHH AaHHU 32 TEHACHUUUTE MPHU OTHAABLIUTE, KaTO C€ BUXKAA MOBMILIEHUE HA
oTmaabIyTe OT Xpanu ¢ 3% 3a nepuoaa 2020-2022 roguna (European Environment Agency, 2025).

£
N
Waste intensity for GDP
2010-2022 2020-2022
o 2 -13% -8% skl
anf Le U
g Municipal waste generation
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20202022 20102022  2020-202
+3% +2% +2% -1%
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EU-27
F e 4/&\ (c\
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GHG emissions per capita
2010-2022 0-2022 2010-2022 2020-2022
-20% -2% %zﬁ -16% -4%
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28

Food waste per capita

+3%

®ur. 1. Tlokazarenu 3a uszxomnute otnanabiy B EBpomeilickust Cvio3 (European Environment
Agency, 2025)

NPUYNHU 3A HAINYUETO HA TOJEMHU KOINYECTBA XPAHUTEJHHU
OTHHAABIU U 3AT'YBH

3ary0ata u pa3xMILEHUETO Ha XpaHa ca pe3yJTaT OT ChbBKYITHOCT OT €KOJIOTMYHU, MKOHOMUYECKH U
CHUCTeMHHM (aKTOpH, MpPOSBSABAIIM C€ Ha pa3IMYHU €Talnu OT XpaHUTenaHata Bepura. OT cTpaHa Ha
II'bPBUYHOTO IPOU3BOACTBO, OCHOBHUTE ITPUYMHU BKJIFOUBAT HAMaJACHUS OT BPEINUTEIH, Pa3POCTPAHEHHE
Ha 0OJIECTH TO pacTeHUsATA, HEOJArONMPUATHU KIMMATHYHU SIBICHUS U HECTAaOMJIHM MAa3apHU YCJIOBUS,
KOUTO BB3NPENATCTBAT epeKTUBHATA pealn3alysi Ha IPOAYKIHITA.

IToBeneHYECKUTE U COLMAIHU ACIIEKTU UTPAsT ChIIECTBEHA POJISA B PA3XUILEHUETO HA XPaHU HA HUBO
noMmakuHcTBa. Cpesl KIIIOUOBUTE (PaKTOpU Ce€ OTKpOsSBAT JMICAaTa HAa CHUCTEMAaTHYHO IUIAaHUpaHE IpH
nasapyBaHe M XpaHEHE, CKJIOHHOCT KbM HMMITYJICUBHH TOKYIKH, Y€CTO MOJOYACHH OT MAapKETHHTOBU
CTpaTeruy U MpOMOIMH, KAaKTO U HEAOCTAaThUHO pa3OupaHe Ha 0003HAUYECHHUATA 32 CPOK HA TOJJHOCT, KOETO
BOJY J10 U3XBBPJISIHE HA HAIBJIHO TOJHU 32 KOHCYMAalUs IPOAYKTH.

OrpaHvYeHNnTe KyJIMHAPHU YMEHHUS W JINIICATA HA MPAKTUKH 3a U3IO0JI3BAHE HA OCTAaThIU OT XpaHa
JOTIpUHACAT 3a JONBIHUTENHU oTnagblu. CTaHIapTU3MpaHU IOPLUU B 3aBEICHUATA 3a XpaHEHE U
3aTpyJAHEHUS B MPOTHO3UpPAHE HA THPCEHETO CBIIO BOAAT J10 3HAauUMTeNHU 3aryOu. Ecrermueckure
CTaHJapTH M MU3MCKBAaHUS KbM BBHIIHMS BHUJ Ha NPOAYKTUTE, KaKTO M HEYAOOHUTE WU MPEKOMEPHO
rOJIEMHU ONAKOBKH, IOIBIHUTEIHO OTPAHNYABAT BH3MOKHOCTHUTE 32 ITBJIHOLIEHHO MOTpeOIeHHE.
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Ha cucremHo paBHuie, neUIMTH B JOTUCTHKATa, HEC()EKTHUBHO YIpaBIIEHWE HA CKJIAJ0BU
HAJUYHOCTH, KAKTO M HECHOTBETCTBHE C THPIrOBCKHUTE CTAHIAPTH, BOAAT N0 HM3KJIIOYBAHE HA TOJHU
MNPOJYKTU OT BepUrara Ha JocTtaBka. CBPBXIIPOU3BOIACTBOTO M MPOU3BOACTBEHUTE HECHOTBETCTBUSA Ca
CBINO cpea (pakTopuTe, BOJACIIH 10 OTIIAIBIIH.

Huckara uHQOpMHPAHOCT OTHOCHO €KOJOTHYHUTE U COIMATHO-MKOHOMHYECKHUTE IOCIICIUI OT
XPAHUTEIIHUTE OTIIAIbIIN, KAaKTO U TMOJIIICHIBAHETO HA CTOMHOCTTA HA XpaHaTa, IIPEICTaBIIsIBaT CEPUO3HU
Oapuepu Tpell YCTOMYMBOTO mOTpebieHue. J[OMBbIIHUTENCH HATHCK OKa3BaT WHTCH3WBHUAT HAYWH Ha
JKUBOT, MHANBUIYAJTHUTE XPAHUTEITHU IPEAMOYNTAHUS U KOHKYPHUPAIIUTE CE MPUOPUTETH B €KETHEBUETO
Ha nomakuHcTBar (EBpomnelicku mapnament, 2024, European commission, 2025). @yrypa 2 npencrass
nanau Ha EBpocrtar ot 2022r., KOUTO ONPENEAT CPEIHO KOJIMYECTBO Ha XPAHUTEITHUTE OTIAIbLH OT 132
Kr Ha kuTen Ha EC roauiiiHo, KaTo Hall-roMsiM JsUT OT T€3U OTMaAbLU Ce TeHepUpaT OT JOMAaKMHCTBATa.

132 KI' XPAHUTEJTHU OTNAADBLU

HA XKXUTEJ1 B EC TrOaULLIHO
10 kr

Mpoussogurenn
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Ape6Ho n
AOCTaBYMUM HA
XpaHu

72 kr

HomakuHcTBa

15 kr
PectopanTtu n
XPaHUTENHU
yenyru

25 kr
Mpoussogutenu Ha
XpaHMTeNHN NPOAYKTH s
W HaNUTKn Z

]

z EBponeticku
==
i napAaMeHm

qenvmre Katerop

@ur. 2. Pasnpenenenue Ha xpanutennure otrnaabiu B EC Ha sxuten 3a 2022 r. (Eurostat, 2022)

INPEBAHTUBHU MEPKHU 3A CIIPABSIHE C OTHHAABUUTE OT XPAHU

XpaHUTETHUTE OTHAABLMU IPEICTABISABAT CEPUO3EH EKOJIOTMYEH, MUKOHOMUYECKHM M COLMAIICH
npobnem B EBpomeiickusi cpro3. B orroBop Ha mnpemmsBukatenctBoro, EC mpeanpuema pemuna
KOOpJMHHUPAHU JEHCTBUS W BBBEXKJAa HOPMATUBHHU, CTPATETUYECKH U JOOPOBOJIHHM MEXaHU3MH 32
OTpaHWYaBaHE Ha XPAHUTEIHUTE 3aryOH 1O IsJ1aTa XpaHUTEITHA BEpUTa.

Ha ¢urypa 3. ca mpenctaBeHM NpEeBaHTUBHUTE MEPKU, IMPWJIaraHU OT CTpaHHe YJICHKH Ha
EBponeiickusi ¢pt03, KIaCUPUIIMPAHU 110 HIKOJIKO KPUTEpPUS — TUIl TPWIATaHU MOJUTUKU, W3IOI3BAHU
WHCTPYMEHTH 3a IMOCTUTaHe Ha 1enauTa u kareropus crupsimo PJIO (PamkoBa nupekTrBa 3a OTIABINTE).
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Figure 2.4 Percentage of prevention measures per type of policy instrument and
WFD Article 9(1) category for all EU-27 WPPs
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@ur. 3. Mepkure 1o TUIIOBE Ha MOJIMTUKUTE, HHCTPYMEHTUTE U KaTeropusra cupsimo PamkoBara
TUPEKTHUBA 3a oTnaabuurte, WieH 9(1) 3a Bcuuku “TIporpamMm 3a mpemoTBpaTsBaHE Ha OTMAAbLUTE” Ha
crpanute wienku (EU-27 WPPs) (European Environment Agency, 2025).

Tpure Hali-uecTo BKJIIOUYBAaHU Mepku 1o wieH 9(1) ot ,, PamkoBata /lupexkTuBa 3a oTnagbuure’ B
IUITAHOBETE 3a IPOM3BOJCTBO Ha XpaHu Ha crpanure ot EC-27 ca: ,,HackpuaBaHe Ha aeliHOcTUTE 1O
MOBTOpHA ynoTpeba U peMOHT (BCUUKH IUIAHOBE 3a IIPOM3BOJCTBO HA XpaHM), CIE€IBaHU OT ,,Moenu 3a
ycToiuuBo notpediienue’ u ,,PazpadborBane u noaxkperna Ha UHGOPMAIIMOHHM KaMIIaHUU 3a MOBUIIIaBaHE
Ha OCBEJJOMEHOCTTA". Besika oT Te3u MepkH € BKitoueHa B 96% oT miaHoBeTe 3a IPOU3BOJCTBO HA XPaHH.

3aenHo ¢ ,,HamansBaHe Ha reHEPUPAHETO HA XPAaHUTEIHU OTHAIBIM “, TE3U MEPKHU MPEICTaBIIsABAT
MIOBEYETO MpHUJIaranu nonutuiecku nacTpymerTu (European Environment Agency, 2025).

B®B Bpb3Ka ¢ IpeOTBpaTABAHETO Ha XPAHUTEIHU OTHAABLU Ca MHTEIPUPAHU MHCTUTYLMOHAIHU
wiaThopMH U KIFOYOBH JOKYMEHTH, Kato npe3 2016 r. EBpomnelickata komucus cp3aasa [lnatdopmara Ha
EC 3a 3ary6ure u oTnaabiure oT XpaHu — GopyM 3a 0OMsHaA Ha TOOpH MPAKTUKH U KOOPAMHALIUS MEXKIY
MHCTUTYLMUTE, UHIyCcTpusita U TpaxnaHckus cektop (European Commission, 2024). Ilpe3 2019 r.
iatdopmara myOoJaMKyBa KIIFOUYOBH MPEMOPBKU 3a IEHCTBHSI, HACOUYCHHU KbM PA3IMUYHUTE YYACTHUIIM BHB
BEpHUraTa Ha JIOCTaBKM Ha XpaHHU, BKIIOYUTEIHO (QepMepH, NnpepadoTBaTeNl, ThPrOBIM, 3aBElICHUS 3a
obmiectBeHo xpaHeHe u morpeburenu (European Commission, 2019). D'paxnanckust nmaHen kbM EC
JOTIpUHACS C JOMBJIHUTEIHHU TPEAJIOKEeHUs B NOJKpena Ha ycuiusta Ha EBpomelickara KOMUCHS U
J'bp>KaBUTE YWICHKH, O JUepTaBaliki B)KHOCTTA Ha 00pa30BaHUETO, aHTAKUPAHETO Ha MECTHU OOIHOCTH
U JIOCThIIA JI0 sICHa MH(pOpMAIHs 3a €TUKETHpaHeTo U cbXxpaHeHuero Ha xpanu (Citizens' Panel on Food
Waste, 2023).

N3paboTeHu ca chIllo Taka HOPMATUBHU M JOOPOBOJIHU MEXaHU3MHU, Kato ,,Hacoku 3a napsBaHe Ha
xpana“. IIpe3 2017 r. Komucusra nyoaukyBa Hacoku OTHOCHO JapsiBaHETO Ha XpaHa, KOUTO LEIAT Ja
yJIecHAT 0€30IacHOTO ChOMpaHe M pas3NpeiielieHne Ha XpaHU 3a HyXKJaeluTe ce, 0e3 Ja HapyliaBaT
cTanaapTute 3a 6ezonacHocT u otueTHOCT (European Commission, 2017).

BbBenena e meToauka 3a uU3MepBaHe Ha XpaHuTenHuTe oTnaabiy. Ilpe3 2019 r. e mu3paboreHa
METO/IMKa 32 U3MepBaHe Ha xpaHutenHure otnaasuu EC npuema nenerupana nupextusa (EC) 2019/1597,
BbBEX/Iala O00Illa METOJNOJIOTHSI 3a M3MEpBAHE Ha XPAHUTEIHUTE OTHAAbLM HAa BCHUYKH €Tamu OT
XpaHHUTeIHaTa Bepura. ToBa Mo3BoJIsIBA CPABHUMOCT HA JAHHUTE MEXKIY IbPKABUTE WIEHKU U 10-100p0
npocneasBane Ha Hanpeabka (European Commission, 2019). B ceoTBeTcTBHE ¢ 1IenuTe Ha CTparerusita
,»OT Qepmara o Tpanesata’, mpe3 2021 r. ce BpBexna Koaekc 3a noenenue Ha EBpomeiickust cbio3,
OTHOCHO OTTOBOPHHM ITPAKTHKHU B OM3HEca ¢ XpaHHU U MapkeTuHra. KosekehT e J0OpoBoJIeH, HO CIIy>KHU KaTo
[IEHEH MHCTPYMEHT 3a HachpuaBaHe Ha ycroitunBu 6usHec moaenu (European Commission, 2021).

Cpen mnpeanpueTuTe NPEBAaHTUBHU MEPKHM Ca CBILNO IIOCTABSIHTO HAa ABITOCPOYHM LEIU U
3akoHonaresHu npepioxenns. [Ipes3 ronmu 2023 r. EBporneiickara KOMHCHUSI TpeACTaBd NPEAJIOKEHHUE 3a
npepasriexaane Ha J(upekTuBaTa 3a ynpaBi€HHE Ha OTIAbLIMTE, BKIIOUBAIIO 3aJbJDKUTEIHM LIETH 32
HaMaJISIBaHE HAa XPAHUTETHUTE U TEKCTUIIHUTE OoTHaAbIu 10 2030 r., 1earuTe BKIOYBAT: HAMAJIEHUE C TTIOHE
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10% Ha XpaHUTEIHUTE OTMATBLIM B IPOU3BOACTBOTO U MpepadboTKaTa; HaMmaneHue ¢ nmoxHe 30% B cekTopa
Ha THPTrOBUATA HA IPeOHO, 3aBEACHUATA 32 XpaHeHe U JoMakuHcTBarta. [Ipe3 mapt 2024 r. EBponelickusT
MapJIaMeHT MPEIOKU M0-aMOMIIMO3HM 1e — cbOTBETHO 20% u 40% HamalieHHe 3a ChIIUTE CEKTOpHU
(European Commission, 2024). ITocneqnoto chobmenne ot 19 mapt 2025 1., MOTBBPK/1aBa IOCTABEHUTE
npe3 2024r. nemu (Council of the EU, 2025).

ITpe3 2020 roauHa e mpeacTaBeHa crparerusTa ,,OT pepmara 10 Tparnes3aTa‘“, TS OCHOBEH €JIEMEHT Ha
EBpomneiickus 3eJeH MakT ¥ 00eTUHIBA MEPKUTE 3a YCTOMUMBO 3eMe/eNine, HaMallsiBaHe Ha OTIAIbLUTE U
yJIEeCHsIBaHE Ha JOCTBHIA JO 3/PaBOCIOBHA U €KOJOrH4YHO 4ncTa xpaHa (European Commission, 2020).
Crparerusta € MHTETpHpaHa C APYTH NOJUTHUKH, BKIIOYUTETHO Ta3W 3a OMOpPa3HOOOpA3MeTO W HOBUTE
npasuiia 3a O611aTa ceICcKOCTONaHCKa MOJIMTHKA Ha EBponeiickus chro3.

3AK/IIOYEHHUE

3arybara W pa3XUIIEHUETO Ha XpaHa NPEACTaBIsABAT MPOOJEM C MHOTOIUIACTOB XapakTep,
oOxBalal eKoJOTMYHN, MKOHOMUYECKH U COLIMAIHU n3MepeHus. Te3u sBIeHus ce MposIBsIBAT Ha BCUYKU
HUBa Ha XpaHUTEJIHAaTa BEpUra — OT MPOM3BOACTBOTO JO MOTPEOJIEHUETO — U MPOM3THYAT KAKTO OT
CTPYKTYPHH OCOOEHOCTH, Taka U OT IOBEACHYECKM MOJIeNM Ha WHAMBUIYAIHO U MHCTUTYLMOHAIHO
paBHume. PemaBanero Ha mpoOieMa W3MCKBA KOOPAWHUPAHU YCHJIUS B HIKOJIKO HAIpPaBICHUS:
noJo0psiBaHe Ha YNPABICHHUETO B arpOXpaHUTEIHUTE CHCTEMH, HachbpuyaBaHEe Ha KPBIOBU IPAKTUKH,
o0Opa3oBaHHe 3a NOTPEOUTEIUTE U Ch3JaBaHE Ha KYyJTypa Ha YCTOMYOBO H3IMOJI3BAaHE Ha XpaHara.
JbIArocpoyHMAT ycex npearnosiara He IpocTo HOpMaTUBHA IPOMSIHA, a TpaHC(OpMalLUs Ha LIGHHOCTUTE U
MOBE/IEHNUETO, CBBP3aHU C XpaHaTa — OT [IPOU3BOJICTBO JI0 Tpare3aTa.
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FREEZING POINT OF AQUEOUS ENGINE COOLANT?*
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Abstract: This test method covers the determination of the freezing point of an aqueous engine coolant solution in the
laboratory. Freezing point- the temperature at which crystallization begins in the absence of supercooling, or the maximum
temperature reached immediately after initial crystal formation in the case of supercooling, or the temperature at which solid
crystals, formed on cooling, disappear when the temperature of the specimen is allowed to rise. The freezing point of an engine
coolant indicates the coolant freeze protection and may be used to determine the approximate glycol or glycerine content,
provided the glycol type is known.

Keywords: engine coolant, ffreezing point

BbBEJIEHUE

Oxnaxnaama Te4HocT (aHTU(PH3)- € eHA BaKHA TEYHOCT, KOSTO IMOMara 3a peryjupaHe Ha
TeMIIepaTypara Ha qBuratelis. Ts IpeIoTBpaTsBa MperpsiBaHe Ha JBUTATENS 110 BPEME Ha eKCIIOATaIUs 1
3aMpb3BaHE Ha cUCTeMara 3a oxjaxnaane mpes3 3umarta (ASTM, Philadelphia, PA, 1989). OcurypsiBa u
3amuTa OT PHXKIAa W KOPO3US HAa METATHUTE MOBBPXHOCTH, CHBMECTHM C INIACMAcH W KaydyKOBH
ymursTHeHHS (Rowe, L. C., 1971; Rowe , L. C., 1973).

JlHenHuTE MOIEPHH, TIO-MAJIKH, HO TIO-MOIITHYU JBUTATEIH ca KOHCTPYHPAHHU TaKa, 4e MOCTABST MPE]]
aHTU(pHU3a MHOTO U3NCKBAHHUSI.

KbM Hacrosimius MOMEHT Te ce (opMmynHpaT Ha OCHOBaTa Ha €TUJIEH M MPOMWIEH TIIUKOIH U
OalaHCUpPaHU MAKETU MPUCATKH.

B MomeHTa Ha ma3apa ce mpejiaraT OCHOBHO J1Ba BUa aHTU(PU3H:

» (dopMynupaHu ¢ HEOPraHHUYHU 100aBKU OopatH, hocdaru, HUTPUTH

» ¢ 100aBKH HA OpraHMYHA OCHOBA

W nBara Buaa mMpoayKTH TPsOBa 1a ce GopMyITUpaT Taka, Y€ Ja yIBOJICTBOPSIBAT U3UCKBAHUSI KbM
TAX.

Hemoaxomsmoro chOTHOIICHWE HA BOJATA M CTHJICH TJIMKOJIA MOXKE JIa JTOBEJNE JI0 BJIONIaBaHE HA
OTBEXKJAHETO U MPErpsBaHeTO Ha cucTemarta. ETo 3a1o KoaTu4ecTBOTO €THIICH TIIMKOM U BojIa TpsiOBa 1a e
nobpe OanmancupaHo. B chIoTo BpeMe He TpsOBa /1a ce yBeInvaBa U KOJIMYECTBOTO HA BOJA, Thil KaTo B
TO3U CIIy4ad HsMa JIa C€ TIOCTUTHE JOCTaThYHA 3al[UTa Ha TEYHOCTTA OT 3aMpPBh3BaHE.

C moBuIIaBaHEeTO Ha e(EeKTHBHATA MOIHOCT Ha JIBUTATENsA, W OTYACTH IOPaJaW TOBHINABAaHE HA
TeMIeparypara My, BCE MO-TOJSIMO KOJMYECTBO TOIUIMHA € HeoOXoaumo Ja Oble OTBEXKIAHO OT
oxmaguTenHara cucrema (Hannigan , H. J., 1968; Beynon, E., Cooper, N., & Hannigan, H., 1971).

JIOMBTHATETTHO OXJIaXKIaHE MOXKE J1a C€ OCUTYPH Upe3 MOBUIIIABAaHE HA HAISATAHETO B OXJIaXamaTa
CHUCTEeMa W KaTo Ce IO03BOJM Ha aHTU(pH3a Ja IUPKYJIHpa TPH KOJKOTO € BB3MOXHO TO-BHCOKH
MaKCHMAaJTHHU TeMIIePaTypH.

JlocTta mmo-BHiCOKaTa TeMIlepaTrypa Ha KHAIIeHe Ha €THUJICH TJIMKOJIA CIIPSMO Ta3d Ha BOJaTa € MHOTO
Ba)KHa, THhI1 KaTO C€ HaMaysIBaT 3aryOuTe OT M3MapeHue, KaBUTALMUTE MO0 BOJHATA MOMIIA, IPHYMHSIBAHU

4 JloknaabT € TpeacTaBeH Ha CTyJIEHTCKAaTa HayvHa cecus Ha PyceHcku yHuBepcuter (uiman - Pasrpan na 09.05.2025t. B
CeKIus ,,XUMUYHA TEXHOJIOTHMH C OPUTHHAIHOTO CH 3arjaBue Ha Obarapcku esuk: ,,[OUKA HA 3AMPLB3BAHE HA
OXJTAXKIAIIATA TEHHOCT 3A IBUT'ATEJIA®.
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OT MUTHOBEHOTO M3MapsiBaHe (KUIICHE) OT BCMyKaTeIHaTa CTpaHa Ha MOMIIAaTa U MOCIEIBAIIOTO KHUIICHE,
MPUYMHEHO OT OCTaTbyHATa TOIUIMHA NMpU W3KItouBaHe Ha nsuratens (SAE International Information
Report, 2023; SAE International Information Report, 2018)

HeoOxomumo e f1a ce Thpcu 6alaHc MeXAy ChbOTHOLICHHETO BOJA - TIMKOJ. ToBa ChOTHOIICHUE €
Haii-uecto 1:1 3a HammuTe reorpadcku paiionu. [Ipu Hero ce mocTura Temmeparypa Ha Hadajlo Ha
kpuctanuzamus -37°C.

KOHTpOTBT Ha CHOTHOIICHUETO HA BOJIA - €THJICH TJIUKOJI CE TapaHTHpa 4pe3:

» UW3MepBaHE Ha IUTBTHOCTTA HA TOTOBUS aHTU(PHU3;

» TemIeparypa Ha Ha4ajo Ha KHIICHE;

» TemIeparypaTta Ha HauyaJio Ha KPUCTaIM3aIlns;

MATEPUAJIN U METOIH

N3nutBane Ha TeMIiepaTypa Ha KPUCTAIM3AIKS BB BOJICH Pa3TBOP Ha OXJIAXK/IAIU Ha TEYHOCTH 32
asromoOwm- ASTM D 1177

Amnaparypa

» Oxnaxpjam@a BaHa - B KOSATO € IOMECTEH OXJIATUTENAT (XJIAIMIHUAT areHr), ChCTOsIAa Ce OT
crangaptHa [roapoBa (Dewar) konba. Kombata moxe ma e mocpeOpeHa WM Ja HE € mocpedpeHa u e
3aKperneHa B IUTbTHO NMpWiisrail cbJl (KoHTeHep). Ha 1pHOTO Ha K0J10aTa € MOoCTaBeH TaMIIOH OT CThKJICHA
BaTa, 3a Jia s Mpe/a3Ba OT CYYNBaHE OT BbpPXa Ha OXJIAXKAIlATa enpyBETKA.

» Oxnaxpgama enpyBeTka - cberosima ce oT 200 mL, HeBakyymupana u HerocpeOpeHa J[roaposa
kos0a. EnpyBeTkaTa ce 3aTBapsi ¢ KOPKOBA 3aMyIllaiKa, B LIEHThpPa Ha KOSITO MMa OTBOP 3a TePMOIBOMKATa
WIH CBIPOTHUBUTEIICH TEPMOMETHP M BTOPH OTBOpP, PA3MOJIOKCH B €IHATA CTPAaHA 3a IOCTaBSHE Ha
npbukaTa Ha ObpKankaTa, U TPETH OTBOP 3a MPOMYIIBaHE Ha TenTa 3a oOpa3yBaHe Ha KpPUCTAIHUTE B
IO IXOJISATINS. MOMEHT.

» Mexanu3bpM 3a pa30bpPKBaHE - CHCTOSI CE€ OT ObpPKAJKa C MET CIHPalId, HAPaBEHH OT TEJN OT
HepbKJlaeMa cToMaHna ¢ guameTsp 1.6 mm. Crimpanute ca pa3rnonoKeHu Taka, 4e Ipu eKCTPEMHOTO TOPHO
MOJIO’KEHHE 0 BpeMe Ha padoTa, Ja HsAMa CIHpald HaJ MOBBPXHOCTTA Ha mMpobaTta. bbpkankara ce
3JIBIDKBAa C TIOMOIITa HAa OOMKHOBEH MOTOpP 33 YMCTA4YKU WJIU JPYT 3aJBHKBAI MOTOp, paboTemr ¢
MOMOIITa Ha MOAXOJISAIIN BPB3KH, 32 JIa OCUTYpsBa TUHEHHO IBUKEHHE Ha ObpKaikaTta. /[bKuHaTa Ha

X0/Ja C€ peryJjinpa Taka, 4c€ crmgpajara Jia ce HpI/I6J'H/DKaBa A0 IBbHOTO Ha CIIpyBETKaTa, HO oe3 JaTro 10KOCBa,
B Hall-HMCKaTa TOYKa Ha JBHXKEHUETO CH HaaoJy.
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H3mepBaHe Ha TeMnepaTypaTa

Moxe na ce M310J3Ba ChIPOTHUBUTEIEH TEPMOMETHD WM TEPMOABOMKA OT MEJ-KOHCTAHTAHT C
HOJIXOAIIH YPEIH 32 U3MEPBaHe, IIPH YCIOBHE, Y€ OCUTYPSABAT 00IIa 4yBCTBUTEIHOCT OT +0.2°C

XMaJuIIHUAT areHT TpsiOBa /1a ce ChbCTOU OT TBBPJ BBIVIEPOJACH JUOKCU B alIKOXOJ WIU B APYTH
HOJIXOASAIIN TEYHOCTH 3a BaHU. [10 BpeMe Ha onpeAessiHeTO U B 3aBUCUMOCT OT M3IIOJI3BaHATa TEYHOCT 3a
BaHAaTa, Ha JIbHOTO WJIM OTIOPE Ha OXJIaXKAalaTa BaHa TpA0OBa Ja ce oIbpiKa 10U OT CyX Jief, ¢ Ae0ennHa
noxe 13 mm.

IIpouenypa:

Armapatypara ce criio0siBa KakTo € moka3aHo Ha ¢wur.1, 6e3 HUKakBa XJaJMIHa TEYHOCT U Mpoda 3a
U3MHATBaHE Ha MACTOTO UM. [IpoBepsiBa ce paboTaTa Ha ObpKaJKaTa Clie]] MOHTaXa, 3a Ja ce yoeaum, ue
BCUYKH JICTalIN pabOTAT CBOOOIHO.

HanwnBame [lroapoBara kosba, KOSITO 00rpaxaa oxXJaxkaaliara enpyBeTKa, ¢ XJIaJIuiIHa TeYHOCT,
TEUYEH a30T WM KaTo J00aBsTe MapyeHIa CyX BBIJIEPOJICH TUOKCH OT BpeMe HaBpeMe, 3a Ja MOIIbpKaTe
ycioBusaTa. BpeMeHHO Maxame 3amylnaikara Ha OXJaxiallara enpyBeTka v moctaBere 75 mL mo 150
mL(2.65 oz no 5.1 oz) npoba. IIpobata Moke ma € mpeaBapHTENIHO oXJanaeHa 1m0 ¢ okoso 8°C Hanx
O4YaKBaHaTa TeMIIepaTypa Ha 3aMpb3BaHE MPEIU J1a 51 BHECETE B OXJIAXalllaTa ernpyBeTKa.

[Tyckame Obpkankara u s perynupame aa pabotu Ha 60 no 80 xona (yaapa) B MHHYyTA.

Koraro ouakBaHara TemrepaTtypa Ha 3aMpb3BaHe HAOIMKU, TE3U BPEMEBH HHTEPBAJIN TPsiOBa 1a ca
or 10 mo 15s. IIpu ouakBaHata TemmepaTypa Ha 3aMpbh3BaHe TPsAOBA Ja 3alOYHE MHHUIIMUPAHETO HA
KpUCTaIU3alMiTa, 32 Ja HE HACTHIM Npeoxyiaxkaane. ToBa ce mocTura 4ype3 BHACIHETO Ha Tell, KOATO UMa
MaJIKO KOJHMYECTBO OT M3MHTBAHATa TEUHOCT 3aMPbB3HAIO MO Bbpxa cu. Hail-ynoOHO € ma ce 3ampasu
TEYHOCTTA B MaJIKa €MpyBETKa, MOCTAaBEHA AMPEKTHO B oXJjaxjamiata BaHa. CKOpPOCTTa Ha OXJIaXKIaHE
TpsiOBa aa e mox 1°C/MuHyTa B MOMEHTA, B KOWTO CE BHECE TelTa 3a 3all04YBaHE Ha KPUCTAIM3AIMITA HA
npobara.

Karo temneparypa Ha 3aMpb3BaHEe c€ B3eMa XOPU30HTATHOTO IUIATO HA KpHUBaTa OT rpadukara Ha
TeMIlepaTypara CIpsiMo BPEMETO.

CHemaHeTO Ha MOKa3aHMATAa HAa TEMIEpaTypaTa Ha PEAOBHM HMHTEpPBAIM MPOABIKAaBa MOHE 5
MUHYTH CJIe]l TeMIIepaTypara Ha 3aMpbh3BaHe.

IIpoBeixknane Ha aHaM3a:

N3cnensanu ca e npoOu aHTUDPU3:

» Ilpo6a 1- Aatudpus Long Life konmentpar

3a na ce mpoBejie M3MUTBAHETO € HeoOXoauMO mpobara Jia ce pa3pequ ¢ JecTWIMpaHa Boja 10
nocturane Ha 50 o6emuu % anTudpu3 B pa3TBOpA.

Pesynrarure ca npeacrasenu B Tabnuua 1 u ¢urypa 2.
ITocsiBka Ha kpucrtan Ha -34,00°C; TemnepaTypa Ha kpuctanusanus: -37,32°C.

» IIpo6a 2- Autudpus Long Life ready for use (rotos 3a ynmorpeba)
3a ;1a ce mpoBeJIie H3MUTBAHETO IPo0daTa ce 3aperk/ia JUPEKTHO O3 pa3perkIiaHe.

Pesynratute ca mpencraBeru B Tabnuia 2 u ¢purypa 3.
ITocsiBka Ha kpucrtan Ha -34,20°C; TemnepaTtypa Ha kpuctanuzanus: -37,54°C.

PE3YJITATHU U OBCBHX/JIAHE

[IpoBeneHo e u3cnenBaHe Ha BE MPoOH aHTH(PH3, KaTO eHATa € KOHIIEHTPAT, a BTOpaTa € T0TOBa
3a ynorpeba. Pe3dyntatute oT MpoOBEACHUTE U3MUTBAHUS ca IMPEJICTaBeHU TabmuuHo (Tabn. 1 u 2) u
rpaduyno (¢ur. 2 u 3).

27



PROCEEDINGS OF UNIVERSITY OF RUSE - 2025, volume 64, book 10.3.

Tabmuua .1 M3mepena temneparypa ciiefl ocsiBKa Ha KpucTai mpe3 uarepsain 15s, [Ipoda 1

[Bpente,min ] Temneparypa, °C
0 min -34,00 -34,56 -34,96 -35,36
1 min -35,66 -35,92 -36,16 -36,36
2 min -36,56 -36,74 -36,92 -37,06
3 min -37,18 -37,26 -37,32 -37,32
4 min -37,32 -37,32 -37,32 -37,38
5 min -37,42 -37,44 -37,52 -37,58
6 min -37,65 -37,72 -37,79 -37,84
7 min -37,90 -38,03 -38,12 -38,20
8 min -38,29 -38,34 -38,43 -38,52
9 min -38,60 -38,68 -38,73 -38,84
[Bpewmes | 05 15 305 4555
Kpuctanusaumnsa Ha Long Life koHueHTpaT
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g 37 wk“*ak
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30 45 60 75 90 105 120 135 150 165

Bpewme, s

®ur. 2 I'paduuHo npesicTaBsiHE TJIATO HA TEMIIepaTypara Ha 3ampb3Bane, [Ipooda 1

180 195 210 225 240 255 270 285 300 315 330 345 360 375 390 405 420 435 450 465 480 495 510 525

Tabnuua 2 V3mepeHa TemmepaTypa ciiel] IocsiBKa Ha KpucTtai rnpe3 uarepsai 15s, [Ipobda 2

[Bpeme,min T Temneparypa, °C

0 min -34,20 -34,58 -34,92 -35,37
1 min -35,63 -35,89 -36,17 -36,35
2 min -36,52 -36,71 -36,82 -36.92
3 min -37,01 -37,16 -37,22 -37,28
4 min -37,32 -37,37 -37,43 -37,48
5 min -37,52 - 37,54 -37,54 -37,54
6 min -37,54 -37,62 -37,75 -37,81
7 min -37,89 -37,99 -38,11 -38,18
8 min -38,26 -38,31 -38,39 -38,44
9 min -38,52 -38,62 -38,72 -38,83
[Bpeme,s T o5 155 305 45s
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Kpuctanuzauuna Ha Long Life ready for use (rotoe 3a ynotpeba)
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Bpeme, s

@ur. 3 I'paduvHO NIpeaCTaBsIHE ILIATO HA TEMIIEpaTypaTa Ha 3aMpb3BaHe, [Ipoda 2

OT mpencTaBeHUTE MTAHHU CE BIXK/A, Y€ KPUTHYHATA TeMIIepaTypa Ha 3aMpb3BaHe MpH mpoda 1 e
37,32°C, a 3a mpoba 2 37,54°C. Ilpu npoba 1 15 Bp3HMKBA 11pH 3,30min u ce 3aabpxka 10 4,45min. [Tpu
npoba 2 TemrepaTypara Ha 3aMpbh3BaHe € B HHTepBaia 5,15 — 6,15min.

Ot npencraBeHUTe JaHHU C€ BUXKJA, Y€ KPUTHYHATA TEMIIEpaTypa Ha 3aMpb3BaHe mpu mnpoda 1 e
37,32°C, a 3a mpoba 2 37,54°C. IIpu npoGa 1 Ts1 Bp3HUKBa 1pu 3,30min u ce 3aabpxka 10 4,45min. [lpu
npoba 2 TemnepaTypaTa Ha 3aMpb3BaHe € B MHTepBania 5,15 — 6,15min.

SAKJIIOYEHHUE

Hpe3 TOOUHUTC U3UCKBAHUSATA KbM CKCIIIOATAIITMOHHUTC CBOﬁCTBa Ha aHTI/I(I)pI/ISI/ITe craBaT agocCTa
MO-CEPHO3HH M CTPOTH W TMPHUYMHA 32 TOBA € CTPEMEXBT KbM HaMalsBaHe Ha OOIIOTO TErJo Ha
ABTOMOOWINTE C OTJIE]] CHI)KaBaHE Ha Pa3XOJHWTE HAa TOPHUBO B PE3yJITaT, HA KOETO C€ BHEIPHXA JICTalIH
OT ATyMUHUH U TUIacMaca, KakTo B KOHCTPYKITUSATA Ha IBUTATels , TaKa U B OXJIaJUTeNHaTa cucrema. Kato
JIOTTBJIHEHHE C 11€71 HaMaJIsiBaHe O0IIOTO TErJIo Oellle HaMalieH U o0eMa Ha U3MOI3BaHus aHTU(PHU3, KOETO
BOJIM JI0 yBelIMYaBaHe CKOPOCTTA Ha JBMKEHHE Ha TEYHOCTTA M0 CUCTeMAaTa U TeMIlepaTypara Ha KOsTO €
MTOJI0KEHA.

B crnenctBue Ha Te3u MpOMEHHM 3ajadaTta Ha aHTU(pPHU3a OT TOBa J1a MPEJOTBpPATABA 3aMPB3BAHETO
BBHB BOJIHOOXJIQINTETHATA CUCTEMa Ha aBTOMOOWJIA CE MPOMEHH U CE€ MPEBbPHA B KOMITJICKCEH MPOIYKT
npelHa3Ha4YeH J1a YIBOJIETBOPH U HAl-CTPOTUTE M CEPUO3HH M3UCKBAHUS KaTO:
EdextuBen TonnooomMeH
[IpenmnasBane OT 3aMpb3BaHe U MPETPsiBAaHE
Hpe):[r[a3BaHe MCTAJIHUTC HOB’I)pXHOCTI/I oT KOpOBI/Iﬂ
CBHBMECTUMOCT C TUTACMAaCH U eTaCTOMEPH
XUMHYeCKHU CTa0WIHA U IPU HUCKU U TIPU BUCOKHU TEMIIEpaTypHu
CbpBMecTHMA C TBBP/A BOJA
Cnabo meHnuBa
Exonornyno yucra U 6€3 TOKCHYHU CBOMCTBA

Benukuy Te3u M3MCKBaHUA c€ YABOJIETBOPSABAT OT pa3pabOTEeHU MHOTOKOMIIOHEHTHH aHTU(PHU3U ChC
CHITBTCTBAIIY MPUCAJIKHU B MPABUJICH OaaHC.

VVVVVVVY

bnazooapuocmu: Cratusita oTpas3siBa pe3yiTraTd oT paborata mo mnpoekt 2025/0P3 - 01,
¢bunancupan ot ¢pouHn ,,Hayunu nscienanusa’ Ha PyceHckust yHUBEpCUTET.
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Abstract: Sinapic acid, a naturally occurring organic compound, is attracting increasing interest in the scientific
community due to its diverse biological activities and potential therapeutic applications. This phenolic acid, belonging to the
hydroxycinnamic acid family, is found in many plant species and is the subject of intensive research aimed at revealing its
mechanisms of action and benefits for human health. In this article, we will examine in detail the sources of sinapic acid, its
chemical structure, as well as the latest discoveries regarding its therapeutic effects.

Keywords: Flavonoids, Sinapic, plant organicsubstances chemical structure.

BbBBEJEHUE

CunanoBata KHCEINHA, €CTECTBEHO CpelaIlo ce OpraHU4HO ChEIMHEHHUE,
NpUBIMYA  HApacTBalll MHTEPEC B  HayyHara OOLIHOCT MOpagd  CBOUTE  pa3HOOOpa3HU
OMOJIOTUYHM AaKTHUBHOCTH M MOTEHIMAIHU TepaneBTUYHM NpuiokeHus. Ta3u ¢eHonHa KHUCEIHHA,
IIpUHAJIeKaIIa KbM CEeMENCTBOTO Ha XUAPOKCUIITHAMEHUTE KHUCEJINHH, ce
ChIbpXKa B MHOXECTBO pPACTUTETHM BUAOBE U € OOEKT Ha UWHTEH3MBHM M3CIE/IBAHUS,
HAacCOYeHM KbM  pa3KpuBaHE Ha  HelHMTe  MexaHM3MU Ha  JeiicTBMe M MOI3U 32
YOBELIKOTO 3/1paBe. CHHANOBaTa KUCEJIMHA CE U3M0JI3Ba B HAYYHU U3CIICABAHUS U IPUIIOKECHUSI, CBbP3aHU
C XpaHUTEJIHAaTa UHAYCTpUSI U MeaulrHata. VHTepechT KbM Ta3u KHCEIMHA C€ ABJDKH, Y€ € €CTECTBEH
AQHTUOKCH/IAaHT C MOTEHLMAIHU MOJ3u3a 3apaBeTo. B Ha crosmiara cratus Iie pasriieaMe MmoJpoOHO
M3TOYHUIIMTE HAa CUHANOBA KWJINHA, HEWHAaTa XUMUYHA CTPYKTYpa, KAKTO U Hall-HOBUTE OTKPUTHS OTHOCHO
HEHHUTE TeparneBTUYHU €PEeKTH.

N3TOYHHUIIN HA CUHAIIOBA KUCEJIMHA

CuHamoBaTa KHCEIMHA C€ Cpellla €CTeCTBEHO B MHOIO pAacTeHMs: OpU3, CEMEHa W Macjia OT
CHHAI,3bPHEHU KyJITypH (TIIEHHIA, PBXK, OBEC), II0A0BE (OOPOBUHKH, TPO3JEe, SOBIKHU), 3EICHUYIH
(crianak, Opokoisn), Kade, 4ail U HIKOU MOANPABKHU. T € OCHOBEH KOMIIOHEHT Ha KJIEThUYHUTE CTEHH Ha
pacTeHuATa, KbAETO y4acTBa B U3TPakJaHETO HA JINTHUHA.

5 JIOKJIaabT € Ipe/ICTaBeH Ha CTy/IeHTCKaTa Hay4yHa cecus Ha PyceHcku ynuBepcutet ¢uiman - Pasrpan va 09.05.2025r.
B CEKIUS ,,XUMUYHU TEXHOJOTMH C OPWUTHHAIHOTO cH 3arjaBue Ha Owirapcku esuk: ,,CMHAIIOBA KUCEJIMHA -
N3TOYHULI, XUMHUYHA CTPYKTYPA N TEPAIIEBTUYHMU ITOJI3N “.
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CuHanoBaTta KHCEJIMHA € OpPraHUYHO (PEHOJHO ChEAMHEHHE, KOETO MOXe Ja Obje M3BJICYCHO OT
pacTeHusATa Mo Pa3jIudyHU METOIU — EKCTPAKIUS C pa3TBOPUTEINN, eH3UMHA XUPOJI03a, XUMUYEH CUHTE3 B
naboparopus 4pe3 pa3iudyHU XMMUYHM PEaKLMU — HalpuMmep upe3 peakuus Ha [lepkuH, npu KosATo ce
KOHJCH3UPAT alJIeXU] U aHXHUJIPUJI B IPUCHCTBUETO HA OCHOBEH KaTanuzarop. M300pbT Ha METO] 3aBUCH
OT JKe€JIaHaTa YUCTOTAa Ha CHUHAINIOBAaTa KMCEJIMHA U OT HAIMYHUTE pecypcH. EkcTpakuusara ¢ pa3TBOpUTENn
€ MO-TPOCT METOJ], HO MOXKE J1a JI0BEeJle 10 MO-HUCKA YhcToTa. EH3UMHATa XUIposn3a € no-crenupudexH
METO/J] , HO U3MCKBA M3I0JI3BAHETO HAa €H3UMH. CHHTE3bT € Hail-CII0)KHUAT METOJI, BOAU 10 Hal-BHUCOKa
YHCTOTA U C€ U3IO0JI3Ba CaMo 3a J1a00paTOPHU LIEJIH.

XUMHNYHA CTPYKTYPA HA CUHAITIOBA KUCEJIMHA

O

H.CO
3 X-"N0H

HO
OCHj

@ur. 1 CtpykrypHa ¢popmyna Ha CuHanoBara kucenuna (Sinapic acid)

CunanoBarta kucenuHa (Sinapic acid) u3BecTHa ollle KATOCUHATMHOBA KHCETUHA WU 4-XUIPOKCH-
3,5-AMMETOKCHIIMHAMOBA KHCEIWHA € (EHONHAa KHCEIMHA, KOSITO NPWHAAJICKHM KbM TpylaTa Ha
XUJIpOKCUIIMHaMoBHUTe KucenuHu.HelHata xumuuna OpytHa ¢opmyna e CiiHi20s. Crpykrypara Ha
CHHAINoOBaTa KMCeJInHa BKIII0UBa O€H3eHOB IpbeTeH ¢ Tpu Xxuapokcu(-OH) u enna merokcu (-OCH3) rpyny,
KaKTO M MpOINeHOBa KucennHHa ctpannyHa Bepura (-CH=CH-COOH) — nBoiiHata Bpb3Ka B Ta3u Bepura
Moske 1a uma 1uc(Z) unu tpanc(E) kondurypanus. (Georgiev V., Marchev A., Berkov S., Pavlov A.,2013). o
TO3M HAUWH, CHMHAIOBaTa KUCEJIMHA MOXe Ja Ce CpellHe B JBE M30MepHU (opMu, IbIDKAIM ce Ha
reoMeTpusTa Ha JBOWHAaTa Bpb3ka B cTpaHumyHara Bepura — (E)-cuHamoBa kucenumHa(TpaHC-CHHAIIOBA
KHcelnHa) U (Z)-cuHamoBa KuceluHa(LlMC-CHHANoOBa KUCENWHa). B nombiHeHMe KbM T€3W OCHOBHHU
u30MepHU (HOpMHU , CHHANOBAaTa KMCEIMHA MOXKE Ja yd4acTBa B 00pa3yBaHETO HA MO-CIOKHU CTPYKTYpH,
KaTo HaIpUMep:

Ectepu — B pacreHusATa cHHamoBaTa KUCEJIMHA YECTO €€ Cpella ecTepuduimpaHa ¢ pasinyHU
3axapy WU Ipyrd OMOMOJIEKYJIH.

Jlumepu U OIMrOMepH — B KJIETHYHHUTE CTEHU Ha pacTeHHsSTa (PEHOJHUTE NMPBCTEHU HA HAKOJKO
MOJIEKYJIM CMHAIOBa KUCEJIMHA MOTaT J1a C€ CBbP3BaT NOMEXKIY CH Ype3 OKMCIUTEIIHN pEaKLuu, BOACIIU
710 00pa3yBaHETO Ha AUMEPH U MO-TOJIEMU OJINTOMEPHH CTPYKTYPH.

Kontoratu — cuHamoBaTa KHCEIMHAa MOXKE J1a Ce CBbp3Ba U C JAPYrd OMOAKTUBHU ChEAMHEHUS,
MPOMEHSANKH TEXHUTE CBOICTBA U OMOJIOTUYHA AaKTUBHOCT.

TEPAINIEBTUYHMU MMOJI3U OT CUHAIIOBATA KUCEJIMHA

W3cnensanusita Moka3BaT, ue CHHANOBATa KHCEJIMHA MOXKE Jla MPEJIOCTaBH PEIUlla OTCHIIMATHA
TEPANeBTHYHH TTOJI3H:

» AuntnokcujgantHa akTuBHOCT: CHHAIIOBAaTa KHCEIHMHA € MOIIEH aHTHOKCUIAHT, KOWTO MOXKE Ja
MIOMOTHE 3a Tpe/la3BaHe Ha KJIETKMTE OT OKCHIATHBEH CTPEC, KOWTO € CBbP3aH ¢ MHOTO XPOHHYHH
3a00JISIBaHMS;

» TIpOTHBOBB3MANIMUTEIIHO ICHCTBHE: M3CICABAHMS MTOKA3BaT, Y€ CHHAIIOBATA KHCEINHA MTOITHCKA
BB3MAIUTEIHUTE MTPOIECH B OPraHU3Ma;
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» TIpoTHMBOpPaKOBM CBOWMCTBA: HSIKOM M3CICABAHUS in VItrom BBPXY XHBOTHH IMPEAIOJAraT, ue
CHHAINoOBaTa KMCeJIMHa MOKe J1a UMa IMPOTUBOPAKOBO JIEHCTBUE KATO MHXUOUPA pa3Texka Ha PAKOBH KIIETKU;

» HeppomnpoTekTuBHO aeiicTBue: nscneaanus nokassat (Brown JE, Khodr H, Hider RC, Rice-
Evans, Biochemical Journal, 1998), ye cuHamoBara KHCEIWHA MOXE Jla MOMOTHE 3a Ipeara3BaHe OT
HEBPOJIETeHEepaTUBHY 3a00JIsIBaHMsI KaTo OojectTa Ha Anxaiimep u [TapkuHCOH;

» KapauonporekTuBHO JIeiiCTBHE: HAKOU MPOYYBAHMS ITOKA3BAT, Y€ CHHAIOBATA KUCEITMHA MOXKE
Ja uMa OmaromnpusiteH eeKT BBPXY ChPJSYHO-CHIOBATA CHCTEMa, KaTO Momara 3a TOHMIKaBaHE Ha
KPBBHOTO HaJsiraHe, MoJo0psiBaHE Ha JIMMUIHUS MPOo(UI U Mpela3BaHe OT YBPEkKIAaHE HA ChbPACUHUS
MYCKYI;

» XemnaTrompoTEeKTUBHO JICHCTBHE: H3CIECABAHUS BBPXY J>KMBOTHU IIOKa3BaT, Y€ CHHAIOBaTa
KHCEJIMHA MOKe J]a Tpe/na3Ba YepHus Apo0 OT yBpekKAaHEe, IPUUUHEHO OT Pa3INdHU TOKCHHH,

» PeHONpOTEeKTHUBHO JACHCTBHE: MOJOOHO HA XEMANPOTEKTUBHHUTE €(PEKTH, HIKOM W3CIICIBAHUS
MpeJoiarar, 4e CHHANoBaTa KICelIMHA MOXE J1a UMa 3alIuTeH e()eKT BhpXy OBOpenuTe;

» AmnxtuauabetHo neiicrBue: mpoyuBanus nokassar (Dyrek, K., & Kaszycki, P., 2015), 4e
CUHAIOBAaTa KUCEIIMHA [ToMara 3a peryJMpaHe HuBaTa Ha KpbBHATA 3aXap U MOA00psSBaHEe HA MHCYJTMHOBATA
YYBCTBUTEIHOCT;

» AHKCHOJUTHYHO JCHCTBHE: MMa JaHHH, Y¢ CHHAIOBATa KHCEIMHA MOXE Jla NMa YCIIOKOSBAIIl
e(eKT U 1a HaMalsiBa TPEBOKHOCTTA;

» AuTHOAKTEpUAIHO JCHCTBHE: HAKOW HM3CIICJABAHMS IMOKA3BaT, ue CHHAIIOBATa KHUCEIMHA HUMa
aHTHOAaKTepuaTHa aKTUBHOCT CpEIIly OIpe/IeJIeHH BII0BE OaKTepuu;

CunaneHaTa KHCeJIMHA ce cpfiia B pa3/IMUHU TCPAIICBTUYHU BCIICCTBA, Hali-Bede B TC3U, GaSI/IpaHI/I
Ha CHHAICHO CEME U CHHAIIEHO Maciio. ETo HIKOHM OT TAX:

* 3a OOJIKM B MYCKYJIUTE U CTABUTE.
* Ipu peBMaTHU3bM U apTPUT.
* 3a CTUMYJIUpaHe Ha KPbBOOOPAIIEHUETO.
* 3a JleyeHue Ha pecUpPaTOPHU IPOOIEMHU.
* 3a JledeHue Ha Kocomnal ¥ MpoOJieMu ¢ Kocara.

®ur. 1 Cunarneno mMacio

* V3n0:13Ba ce KaTo CPECTBO 3a CTUMYJIMpPaHe HAa XPAaHOCMUJIAHETO.
* [lpunara ce npu 3arex.
* V3m0;13Ba ce KaTo OTXPAyBallo CPEACTBO.
* M3non3Ba ce Mpu HACTUHKU U TPUII.

®ur. 2 CunaneHo ceme

#

[ToBeuero OT Te3u H3CHEABaHMS ca MPOBEACHM In Vitro (B J1aOOpaTOPHHU YCIOBUSA) WU BBPXY
*HUBOTHU. HeoOxoauMu ca moBeue KIMHUYHU HM3CIEBaHHMS BBPXY XOpa, 3a Ja ce MOTBBPAAT Te3U
NOTEHLIMAIHU TEpaleBTUYHU IOJI3M M Jla ce ompeaenu edekThBHAaTa M Oe3omacHa JO3MpPOBKA Ha
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CUHAIOBaTa KUCEIHWHA 3a pa3nuuHu cberosHus. (Georgiev V., Marchev A., Berkov S., Pavlov A., 2013)
BeIlpekn ToBa HAJWYHHUTE JaHHM IPEAINOJaraT, 4ye CHHAIoOBaTa KHCEJIWHA ¢ O0CIaBamio MPUPOIHO
ChEeIMHEHHUE C MOTSHIINAN 3a TT0J00psBaHe Ha 3/IPaBETO U JICUCHUE HA PA3IMYHU 3a00JIsIBaHU.

Buaaropapuoct: ToBa nscnensane e punancupano ot EBponeiickus cpio3 NextGenerationEU, upes
HannonanHus miaH 3a Bb3CTaHOBSIBaHE W ycToWuMBOCT Ha PemyOmuka bwarapus, npoexkt Ne BG-RRP-
2.013-0001
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Abstract: In order to obtain high temperature ceramic pigmehts using colorless stable crystal carcasses turns out to be
quite suitable in the case of mullite and their coloring. In the paper presented experiments have been carried out on synthesis of
mullite pigments with the participation of chromophore element - Cu. The technology of sol-gel have been applied for their
obtaining. Pure grade raw materials such as TEOS - Si(OC2Hs)4 and nitrate of Cu’" have been used for the synthesis. Series of
mullite ceramic pigments were synthesized via sol-gel method and sintering at 1000, 1100 and 1200°C. The resulting ceramic
pigments were studied by powder X-ray diffraction, infrared spectroscopy, electron microscopy, electron paramagnetic
resonance. The ceramic pigments obtained by sol-gel method mainly contain mullite, which crystallizes even at 1000°C. The
color of the ceramics is determined and presented with color coordinates. The best pigments have been added to white faience
glaze and tested as a pigment for sanitary ceramics.

Key words: mullite, ceramic pigments, sol-gel, CIELab, color measurement

BBBEJIEHUE

Kepamnynu nurmeHTd, 6asupaHu Ha MyJMTOBAa MaTpHlla M JAOTHPAHHU C Pa3IMYHU XPOMO(OPHHU
€JIEMEHTH B Pa3IMYHU KOHIICHTPALIMH, Ca MOJIyYeHH 10 METO/1a Ha TBHPA0(a3HO CIIMYaHE MIPH Pa3THIHH
temneparypu (Dimitrov et al., 2022). OCHOBHUSAT HeIOCTAThK Ha TO3M METOJ] Ha CUHTE3 € M0Jy4yaBaHETOo
Ha CTPaHWYHH MUHEpAIHU (a3, KOUTO CHIIO BIUSAT BBPXY IIBETA Ha IoJlyuyeHara kepamuka. l[lopamau
TOBA Ca U3BBPIIECHU CUHTE3H Upe3 pUjIaraHe Ha 30J1-Tesl TEXHOIOTUATA. 30J1-Tel METOAbT HaMHpa IHIUPOKO
NPUIOKEHNE 3a CHUHTE3 Ha Pa3IMYHM MaTepualid - CTHKIA, CTHKIOKEPaMHKa, KEPAMHUYHU IPaxOBe,
kepamuunu nurmedTH (Eppler R., 2000), (Ganguli D. & M. Chatterjee Cooper, 1997). IIpe3 rogunute
nocra uscnenosarenu kato Eppler, Carda, Monros, Eskribano, Tena, Alarcon (Eppler R., 1987), (Monros
G., M. Tena, P. Escribano, V. Cantavella and J. Carda. 1994), (Eric-Anionic S., L. Kostic-Gvozdenovic, R.
Dimitrijevic, S. Despotovic and L. Filipovic-Petrovic. 1997) ca pabotunu mo cuHTe3 Ha Ke€paMHUYHHU
OUTMEHTH 10 TO3U MeTojl. OCHOBHMTE MPEJUMCTBA 32 IOJyYaBAaHETO HA MYJIMTOBH NMUIMEHTH MO TO3M
METOJI C€ CBBP3BaT C TOBA, Y€ KPUCTAIN3ALUATA HA MYJIUT CE€ OCBHIIECTBSBA MPH TTO-HUCKH TEMIIEPATypy U
ce HabJ0JaBaT Mo-MaJIko KOJTMYECTBO CTPAaHUYHU (a3H.

HN3JIOKEHUE

Hauux Ha NpUroTBsiHe HA CHCTABUTE

[Topanu cunHata ckiaoHHOCcT Ha Tterpaetwioptocunukara (TEOS) kbM  xuzgponusa mpu
HEMPEKbCHATO pa3ObpKBaHE KbM HEro ce mpubaBs 35 M. €TWUJIOB alKoxojl. Hutparute Ha npyrure
OCHOBHH CYPOBHHHU U CHOTBETHUTE XPOMO(DOPHHU €IIEMEHTH CHILO NMPEIBAPUTEIHO CE Pa3TBAPAT B €THIIOB
ankoxoiyl. Cien cMecBaHe Ha pa3TBOPHUTE, CMECTa MHTEH3MBHO c€ pa30bpkBa C MarHUTHA ObpKalika B
npoabKeHne Ha 30 MUHYTH 3a IO-ITBJIHO XoMoreHn3upane. [lomyuenusr 3o npu Temmneparypa 60°C cnen
okoJio 48 Jaca ce mpeBpbIla B reaoo0pa3Ha maca, cie KoeTo ce cymu npu temrneparypa 120°C, a cien

6 JloknaasT € MpeiCcTaBeH Ha CTYJEHTCKAaTa HaydHa cecus Ha PyceHncku ynusepcuter (unman - Pasrpan ma 09.05.2025r. B
CeKIUSA ,, XHMUYHHN TEXHOJOTHH ¢ OPUTHHAIIHOTO CH 3arjiaBue Ha Owarapcku esuk: ,,CUHTE3 U U3CJIEJIBAHE HA CU -
MVYJIMTOBU KEPAMNWYHU ITUTMEHTH, ITOJIYUEHU 110 30JI-I'EJI TEXHOJIOTUATA*.
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toBa ripu 180°C 3a okoHUaTEeNHO OT/ENsIHE HAa HUTpaTtuTe. Clel MbJIHOTO U3CYIIaBaHe IPOOHUTE Ce CTPUBAT
B axaTOB XaBaH M C€ MojjaraT Ha TepMuU4Ha oOpabotka npu temmneparypu 1000°C, 1100°C, 1200°C c
M30TEpPMHUYHA 33]JphXKKa OT 2 Yaca pyu MakcuMaaHaTa TeMieparypa. Ha ¢wur.1 e mokazaHa TeXHOJIOTHYHA
cXeMma 3a CHHTE3 110 METOJIa 30JI-Tell.

3a IMMOJIy4aBaHCTO Ha MYJIMTOBU KCPAMHUYHU IMTUITMCHTHU 110 30JI-TCJIHATA TCXHOJIOTUA Ca U3I10JI3BAHU
cnepguute Marepuanu: Si(OC2Hs)4, AI(NO3)3.9H20, Cu(NO3)2.3H20 u xato pa3TBOpUTEN € M3MOJI3BaH
6e3Boaen CoHsOH.

®wr.1 TexHonornyHa cxeMa 3a CHHTE3 Ha IIMTMEHTHTE I10 30J1-Tell METOJa

PE3VYJITATU U IUCKYCUA

Penmezenoghazoe ananuz

Ha ¢ur. 2 ca npejicraBeHn peHTTCHOTPAMUTE Ha CHHTE3UPAHNUTE MYJTUTOBU ITUTMEHTH TIOJTYUYSHH 110
3071 - Ten TexHonorusaTa. OT MpeJCcTaBeHUTe PEHTIeHOTpaMu ce BIXKAa, ue mpu Temmepatypa 1100°C,
npeoOianaBariara ¢gasa ¢ Myaut. O0pa3yBa ce ChIIO IIMUHE, HO B IO-MaJIKU KojmdecTBa. C MOBUIIABaHE
Ha Temmnepatypata npu 1200°C KoIM4ecTBOTO MYJIUT C€ yBEINYaBa.

Counts
[Aned)

L
e

2Theta (Coupled TwoTheta/Theta) WL=1,54060

@ur. 2 PentrenoBu audpakrorpamu Ha Cu-MyJIUTOBY KepaMHUYHU TUTMEHTH CUHTE3UPAHU TI0 30J1-
rex meroaa mpu 1000 -1200°C
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@ur. 3 UY - cnextpu Ha cuHTe3upanuTe Cu-MyIMTOBU KEPAMUYHU IUTMEHTH T10
texHoziorusTa npu 1000°C u 1200°C

[IpencraBenute Ha ¢ur. 3 Y - cnextpu Ha cuHTe3upanuTe Cu-MyIMTOBU KEPAMUYHU MUTMEHTH
o 3071-rein texHonorusTa npu 1000°C u 1200°C noTBbp:K1aBaT pe3yTaTUTE OT pEHTTeHO(a30BUs aHATU3,

Ha KOUTO € OTOEJA3aHO MOTIIBIIAHETO, ABJIKAILO CE HA MYJIUT.
Ha ¢ur. 4 ca mpencraenn CEM u300pakeHHs Ha TUTMEHTUTE HA OCHOBA MYJIUT C XpoModop

men ripu 1200°C, nostydeHH 1o 3051-rei METOJ

X500 g 10%3 S

20kV
a Ha OCHOBara Ha nuorncus ¢ xpomodop mex mpu 1200 °C,

@ur. 4 CEM u3zobpaxeHne Ha KepaMuK
HOJIy4YEHa 10 30JI-Te] METO]]
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Cnexkmpogomomempuuno uzmepeane Ha yeema Ha CUHMEIUPAHUME RUZMEHMU
B Tabnuna 1 ca mpencraBeHU pe3ysiTaTUTE OT U3MEPBAHETO HA IBETOBUTE KoopauHatu Ha Co -
MYJHMTOBUTE MUT'MEHTH, CUHTE€3UPAHU 110 3011 - el B METOJ1a.

Tabmuna 1. LBetoBu koopauHatu Ha cuHTe3upaHute Co - MYJIMTOBU NMUTMEHTU IpPU Pa3IMYHU
TeMIlepaTypu

Ne Composition T-°C Colour L* a* b *
1 5%Cu 1000 59.1 | -1,5 | 155
) 5%Cu 1100 543 | -1,8 9.8
3 5%Cu 1200 516 | -0.8 7.7

OT mpencTaBeHHWTE JaHHU C€ BHXKJA, Y€ CHHTE3WPAHUTE MUTMEHTH ca Cbe 3eiaeH uBar. C
NOBHUINIABAaHE HA TEMIIEpaTypara Ha H3MHMYaHe MMa TEHACHIMS KbM HaMalsBaHW Ha cBerjoTara L* u
HaMAaJISIBaHE HA CTOMHOCTUTE HA -a* u b*.

N3BOAHN

PesynTatutre OT HACTOSIIOTO HM3CJEIBaHE MOKAa3BaT, Y€ IMPH 30J-Tel MeToja 0Opa3yBaHETO Ha
KeraHata (pa3a MyJIMT CTaBa IIPH NIO-HUCKA TEMIIepaTypa B CpaBHEHHUE C TIOJyYECHUTE MUTMEHTH 110 METO/Ia
Ha TBbpAo(dazHo cnuyane. [Ipu 1100°C cuHTe3upaHUTE MPaxoBe C€ ChCTOAT MOYTH M3ISUIO OT MYJIHUT U
MaJIKO KOJMYECTBO TpuMecH (IIIMUHET), KOUTO HE BKIIOYAT H30MOP(PHO J00aBEHHAT Xpomodop.
L[BeToBeTe ca mo-61eau, B CpaBHEHUE C MOJMyYEHUTE IO METO/Ia Ha TBHPA0(hA3HO CIUYaHe U ca 0-01Iu30
JI0 )KBJITaTa rama, OTKOJIKOTO 710 KadsBara .

Buaaropapuoct: HacTosmoTo u3cnenBase e poBeAeHO ¢ (PMHAHCOBATa IIOMOIL] Ha JI0T. KII-
06-H87/14-2024 r. na ®oHa HayYHU U3CIEBAHMS, 32 KOETO aBTOPUTE U3Ka3BaT 0J1aroapHoCT.
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