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Abstract

Bacterial cellulose (BC) is a promising biodegradable substrate for the development of active food
packaging materials due to its high purity, mechanical strength and ability to retain large amounts of
water. In this work, we focused on the design of BC-based systems combining pH-sensitive fluorescence
and antimicrobial functionality for potential application as absorbent pads in meat packaging.

Carbon dots (CDs) were synthesized via a hydrothermal treatment of cellulose precursors in an autoclave
and subsequently integrated either into BC or nanocrystalline cellulose matrices. Spectroscopic studies
revealed a clear pH-dependent change in fluorescence intensity of the obtained CDs, confirming their
suitability as optical pH indicators in aqueous media. In parallel, silver and zinc-based nanoparticles
were synthesized and characterized to determine their hydrodynamic size distribution and colloidal
stability.

The combination of pH-responsive carbon dots with metal nanoparticles embedded in a bacterial
cellulose network is expected to provide a dual-function platform enabling real-time monitoring of
product freshness together with antimicrobial protection. The obtained results demonstrate the
feasibility of tailoring optical and colloidal properties of the synthesized nanomaterials for their further
integration into BC films aimed at intelligent and active food packaging systems.
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AHHOTaNUsA

Bakrepnanpnas temtono3a (BLl) sBiuseTcs mepcrneKTUBHBIM OHWOpasiiaraéMbiM CyOCTpaToOM IS
pa3pabOTKM aKTUBHBIX YITAKOBOYHBIX MATEPUAIIOB JIJISI ITUIIEBIX MPOIYKTOB OJaroapsi CBOeH BEICOKOM
YUCTOTE, MEXAHMYCCKOW MPOYHOCTH W CIIOCOOHOCTH YICPKHBATh OOJIBIIOE KOJHUYECTBO BOABI. B
JTaHHOW paboTe MBI COCPENOTOUYMIIMCh Ha pa3paboTke cucreM Ha ocHOBe blI, coderarommx
YyBCTBUTENbHYI0 K PH QuyopecueHnnio u aHTUMUKPOOHBIE CBOHCTBa, M MOTEHIMAIBHOTO
MIPUMEHEHUS B KauecTBe a0COPOUPYIOIINX MPOKIIAZ0K B YITAKOBKE MsICa.



VYraepoxnbie ToukH (YT) ObITH CHHTE3UPOBAHBI ITyTEM THAPOTEPMHUUCCKONH 00paObOTKY IEILTIOI03HBIX
NPEKYpCOPOB B aBTOKJIABE M BIIOCIIECJICTBIH WHTETPUPOBAHBI JIHO0 B Marpuilsl bLI, mubo B MaTpuiist
HaHOKpucTayumueckoi 1emtrono3sl (HKI). CrnekTpockonmuyeckue UCCIEAOBaHUS BBISBIIIA UYETKOEC
W3MEHEHUE NHTCHCUBHOCTH (DIIyOpeCleHIINH NoJyYeHHbIX YT B 3aBUCUMOCTH OT PH, moaTBepkaas ux
MPUTOJHOCTh B KayeCcTBE OMNTHUYSCKHX WHIUKATOpoB PH B BoaHBIX cpenax. [lapamiensHo ObLTH
CUHTE3UPOBAHBI U 0XapaKTEPHU30BaHbI METOJIOM JHHAMHYECKOTO paccesaus cBeta (JIPC) HaHouacTHIIBI
Ha OCHOBE cepeOpa U IUHKA JIS ONIPEICICHUS UX THAPOIUHAMHYECKOTO paclpeeicHus 10 pa3Mepam
Y KOJUTOMTHOM CTaOWIIEHOCTH.

[Ipenmonaraercsi, 4To cOYETAaHUE YTIICPOAHBIX TOYEK, pearupyrommx Ha PH, ¢ MeTauMuecKuMu
HAHOYACTHIIAMH, BHEJIPCHHBIMU B CETh OAKTEPHATIBHOM IIEIUTFOJIO3bI, 00SCIICUUT IIaTGOpMy ABOWHOTO
HA3HAYEHHS, TTO3BOJIIONIYIO OCYIIECTBIISITh MOHUTOPUHT CBEXECTH MPOAYKTa B PEXXHME PEATbHOTO
BPEMCHH W OJHOBPEMEHHO O0CCIeUMBATh AHTUMHUKPOOHYIO 3ammry. [lonydeHHBIC pe3ysIbTaThl
JIEMOHCTPUPYIOT BO3MOKHOCTH LIEJICHAIIPABICHHOTO U3MEHEHHUS ONITUYECKUX U KOJUTOMIHBIX CBOMCTB
CHHTE3UPOBAHHBIX HAHOMATEPHAIIOB U WX JalbHEHIIeH WHTETpalvy B TUIGHKA U3 OaKTepHAIbHOU
[EJUTION036], MpeJHa3HAuYeHHbIE TSI WHTEJUIEKTYAIbHBIX M aKTHBHBIX CHCTEM YIMAKOBKH ITHIIEBBIX
MIPOTYKTOB.
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The quality and safety of fresh meat products strongly depend on storage conditions and
the effectiveness of the packaging system. Standard plastic-based absorbent pads in meat trays
only passively retain exudate and do not provide either information on product freshness or any
additional local antimicrobial effect, while accumulated meat juice forms a favorable medium
for spoilage and pathogenic microflora. Existing intelligent and active packaging solutions
often involve synthetic polymers, printed indicator labels or multilayer coatings, which
complicates processing, increases cost and may be associated with issues of migration and
recyclability. In this context, BC is considered as a promising biodegradable substrate with a
nanofibrillar structure and high water-holding capacity, capable of acting simultaneously as an
absorbent and as a carrier for functional nanomaterials. The proposed approach is based on the
integration of pH-responsive fluorescent carbon dots and antimicrobial metal nanoparticles into
the BC network to obtain a dual-function pad for meat packaging [1,2,3].

The problem addressed in this work is the development and experimental evaluation of
BC-based pads that combine optical indication of changes associated with meat spoilage and
local antimicrobial activity in the exudate zone. Carbon dots are synthesized by a hydrothermal
method in an autoclave from cellulose-based precursors and introduced into BC and
nanocrystalline cellulose matrices. Their pH-sensitive fluorescence is characterized by
spectrofluorimetry in aqueous model media with controlled pH values, allowing the
dependence of emission intensity on acidity to be established and the working range relevant
to meat storage to be identified. Silver and zinc-containing nanoparticles are obtained by
aqueous chemical reduction/precipitation routes, and their hydrodynamic diameter and size
distribution are measured by dynamic light scattering (DLS), which makes it possible to select
particle sizes suitable for incorporation into polymer matrices without pronounced aggregation.
The stability of fluorescence of BC-based samples in the hydrated state, as well as the
preservation of colloidal stability of nanoparticles in conditions close to real packaging, is
evaluated in model experiments.

The main result of the present stage of the study is the demonstration that bacterial
cellulose can serve as a platform for immobilization of pH-responsive carbon dots while
preserving their fluorescent properties in the hydrated state. The obtained data show that the
fluorescence of the synthesized carbon dots is sensitive to pH changes (30%) in model aqueous
media that simulate conditions relevant to meat products, which confirms the possibility of
using them as optical indicators of changes in the medium. In addition, metal-based
nanoparticles with nanometer-scale sizes have been synthesized and characterized as potential



antimicrobial fillers suitable for incorporation into bacterial cellulose-based materials,
providing a basis for the future creation of pads with combined indicator and antimicrobial
functions.

Also, bacterial cellulose films modified with carbon dots were obtained and dried under
controlled conditions, after which their resistance to leaching of the fluorescent component into
aqueous media was evaluated. The washout tests demonstrated that a significant fraction of the
carbon dots remains immobilized within the bacterial cellulose network upon contact with
water, while retaining a detectable fluorescence signal. This indicates the possibility of using
bacterial cellulose as a carrier for pH-responsive fluorescent nanomaterials without their rapid
loss into the surrounding medium. Further stages of the study will be focused on the
optimization of film preparation parameters, the introduction of antimicrobial metal
nanoparticles into the bacterial cellulose matrix and the assessment of their antimicrobial
activity in conditions relevant to meat packaging.
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