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Poplar bud extracts of various poplar species are implemented in traditional medicine for wound healing due to 
their astringent and antiseptic properties. In recent years, poplar trees have been cultivated for the purpose of 
wood biomass production, whereas side shoots and buds are discarded and used as fuel. On the other hand, lactic 
acid bacteria (LAB) are widely used in producing fermented and functional food products, for their probiotic 
properties and ability to produce enzymes, acids, and other bioactive compounds. The aim of this study was to 
examine the chemical composition of prepared poplar bud extracts before lactic acid fermentation, as well as the 
effect the extracts had on the viability of LAB cells. Due to abundance and high availability, buds of cultivated 
poplar species Populus x euramericana  (Dode) Guinier I-214 were utilized in this research. 
Maceration and ultrasonic extraction were the selected methods for extracting poplar buds, while 50% (v/v) 
ethanol was used as a solvent. The obtained liquid extracts were evaporated using a rotary vacuum evaporator. 
The chemical composition of poplar bud extracts was examined by high-performance liquid chromatography 
(HPLC), while their antimicrobial activity was assessed using the agar well diffusion method. Fermentation of 
prepared extracts was carried out using Lacticaseibacillus rhamnosus ATCC 7469, Ligilactobacillus salivarius 
ATCC11741, and Lactiplantibacillus plantarum 299v as model microorganisms. The potential antimicrobial 
activity of extracts was assessed against Escherichia coli, Bacillus cereus, Staphylococcus aureus and Candida 
albicans. To analyze the effect of extract concentration on the fermentation process and cell viability, two 
different concentrations of extracts were prepared, by dissolving the extracts in 3% DMSO and sterile water. 
After 24 hours of fermentation, the number of viable LAB cells and the pH of the extracts were measured.  
The results of the HPLC analysis demonstrated that the poplar bud extract obtained by ultrasonic extraction (UE) 
had an overall higher concentration of polyphenolic compounds than the macerate (M). Notably, UE mainly 
contained phenolic acids (caffeic and rosmaric acid), while M was predominantly comprised of flavonoids 
(pinocembrin, chrysin, and pinostrobin). The number of viable LAB cells after extract fermentation showed that 
prepared poplar bud extracts were not suitable for the cultivation and survival of examined bacterial species. 
Consequently, only a certain number of L. plantarum cells were viable after fermentation in the UE extract, 
which contained 8 mg/ml of dry extract. The agar well diffusion test revealed that the prepared extracts exhibited 
antimicrobial activity towards Staphylococcus aureus and Bacillus cereus, but did not show inhibitory effects 
against Escherichia coli and Candida albicans. Furthermore, the decrease in the pH value of the extracts after 24 
hours of fermentation indicated biotransformations by the examined LAB species. 
In conclusion, in order to better understand the transformations that occur during fermentation, it is important to 
analyze the chemical composition of the extracts after fermentation. Additionally, alternative extraction methods 
and solvents should be explored to obtain extracts with improved solubility.  
Keywords: poplar, extraction, polyphenols, microbial transformation, lactic acid bacteria 
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Ekstrakti pupoljaka različitih vrsta topole se u tradicionalnoj medicini koriste za zarastanje rana, zbog svog 
adstrigentnog i antiseptičnog delovanja. Topole se danas gaje u cilju proizvodnje drvne biomase, a mladi bočni 
izdanci sa pupoljcima se odsecaju i najčešće koriste za ogrev. Sa druge strane, bakterije mlečne kiseline (BMK) 
imaju široku primenu u proizvodnji funkcionalne i fermentisane hrane, kao probiotici i proizvođači enzima, 
kiselina i drugih biološki aktivnih jedinjenja. Cilj ovog istraživanja bio je određivanje hemijskog sastava 
pripremljenih ekstrakata pupoljaka topole pre mlečno-kiselinske fermentacije, kao i ispitivanje uticaja ekstrakata 
na vijabilnost ćelija BMK. Kao biljna sirovina u ovom istraživanju, korišćeni su pupoljci gajene topole vrste 
Populus x euramericana (Dode) Guinier I-214. 
Ekstrakti su pripremljeni maceracijom i ultrazvučnom ekstrakcijom, pri čemu je kao rastvarač korišćen 50% 
(v/v) etanol. Dobijeni tečni ekstrakti su upareni do suva pomoću rotacionog vakuum uparivača. Analiza 
hemijskog sastava izvršena je tečnom hromatografijom visokih performansi (HPLC), dok je antimikrobna 
aktivnost ispitana agar difuzionom metodom. Kao model mikroorganizmi za fermentaciju pripremljenih 
ekstrakata korišćeni su Lacticaseibacillus rhamnozus ATCC 7469, Ligilactobacillus salivarius ATCC11741 i 
Lactiplantibacillus plantarum 299v. Potencijalna antimikrobna aktivnost ekstrakata ispitivana je prema 
Escherichia coli, Bacillus cereus, Staphylococcus aureus i Candida albicans. U cilju analize uticaja 
koncentracije suvog ekstrakta na proces fermentacije i vijabilnost ćelija BMK, pripremljene su dve koncentracije 
ekstrakata, rastvaranjem odgovarajuće mase ekstrakta u 3% DMSO i sterilnoj vodi. Nakon 24 sata fermentacije, 
utvrđen je broj vijabilnih ćelija BMK i pH vrednost ekstrakata. 
Rezultati HPLC analize pokazali su da ekstrakt dobijen ultrazvučnom ekstrakcijom (UZ) sadrži višu 
koncentraciju polifenolnih jedinjenja u poređenju sa maceratom (M). Ekstrakt UZ dominantno sadrži fenolne 
kiseline, pri čemu su najzastupljenije kofeinska i rozmarinska kiselina. Sa druge strane, uzorak M se pretežno 
sastoji od flavonoida, poput pinocembrina, hrizina i pinostrobina. Broj vijabilnih ćelija BMK ukazao je da 
pripremljeni ekstrakti pupoljaka topole nisu pogodni za rast posmatranih bakterijskih vrsta. Rast i preživljavanje 
pokazale su jedino bakterije vrste L. plantarum, u uzorku UZ koncentracije suvog ekstrakta 8 mg/ml. Agar 
difuzionim testom utvrđeno je da pripremljeni ekstrakti pokazuju antimikrobnu aktivnost prema Staphylococcus 
aureus i Bacillus cereus, ali nisu delovali inhibitorno na ćelije Escherichia coli i Candida albicans. Smanjenje 
pH vrednosti ekstrakata nakon 24 sata fermentacije može biti pokazatelj biotransformacija koje su nastale usled 
dejstva BMK.  
U cilju boljeg razumevanja biotransformacija koje su se odvile u ekstraktima, neophodno je izvršiti hemijsku 
karakterizaciju ekstrakata nakon fermentacije. U daljem radu bi trebalo ispitati mogućnost implenetacije 
alternativnih metoda ekstrakcije ili primene drugačijeg rastvarača, kako bi se dobili ekstrakti pogodnijih 
karakteristika, prevashodno u pogledu rastvorljivosti. 
Ključne reči: topola, ekstrakcija, polifenoli, mikrobne transformacije, bakterije mlečne kiseline 
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