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Biofilmovi predstavljaju sveprisutan izazov u razliCitim industrijskim
aplikacijama i okruZzenjima, ali predstavljaju jedinstvene rizike i komplikacije
u pivarama. S obzirom na preciznu prirodu pivarstva, uspostavljanje i
postojanost biofilma moze ugroziti integritet finalnog proizvoda, dovesti do
neefikasnosti procesa, pa Cak i rezultirati znacajnim finansijskim gubicima.
Ovaj esej pruza sveobuhvatnu diskusiju o formiranju biofilma u okruzenju za
proizvodnju piva, ispituju¢i mikrobioloske, fizi¢ko-hemijske i operativne
faktore koji doprinose njihovom razvoju. Nadalje, razgovaratemo o
savremenim strategijama za prevenciju i kontrolu, procenjujué¢i njihovu
efikasnost i implikacije na industriju. Biofilmovi, skupovi mikroorganizama
zatvoreni u matrici ekstracelularnih polimernih supstanci (EPS), formiraju se
na razliitim povrSinama, ukljucujuéi nerdajuéi celik, staklo i plastiku —
materijale koji se obi¢no koriste u infrastrukturi pivara. S obzirom na to da se
proces proizvodnje piva oslanja na preciznu kontrolu mikrobnih populacija,
upravo kvasca koji se koristi za fermentaciju, stvaranje nezeljenih biofilma
predstavlja zna¢ajnu opasnost. Mikroorganizmi koji su uobi¢ajeno ukljuceni u
formiranje biofilma u pivarama pripadaju pretezno rodovima Lactobacillus,
Pediococcus i Acetobacter. Ovi mikroorganizmi mogu da prianjaju na
poviSine 1 lu¢e EPS, stvaraju¢i kompleksne zajednice koje se odupiru
standardnim procedurama ¢iéenja i sanitacije. Stavise, polimikrobna priroda
biofilma ih ¢ini veoma prilagodljivim, olakSavaju¢i prezivljavanje u
neoptimalnim uslovima kao §to su niska dostupnost hranljivih materija i
visoke koncentracije alkohola. Nekoliko fizicko-hemijskih faktora doprinosi
formiranju biofilma u pivarama, ukljucujué¢i pH, temperaturu i dostupnost
hranljivih materija. Nerdaju¢i celik, koji se Siroko koristi u pivarama,
generalno je otporan na koroziju, ali ipak moze da obezbedi dovoljnu
hrapavost povrSine za mikrobnu adheziju. Fizicka svojstva okruzenja u pivari,
kao S§to su protok tecnosti i mehani¢ka naprezanja, mogu dalje da modulisu
formiranje biofilma. Operativni faktori kao S$to su procedure ciS¢enja,
ucestalost dezinfekcije 1 upotreba sredstava protiv kamenca mogu uticati na
razvoj biofilma. Sistemi ¢iS¢enja na mestu (CIP), koji se obi¢no koriste u
pivarama, mogu biti neadekvatni u potpunom uklanjanju uspostavljenih
biofilma, S§to zahteva alternativne strategije za efikasno iskorenjivanje
biofilma. Formiranje biofilma u pivarama je sloZzeno pitanje na koje uticu
mnogi faktori. ReSavanje ovog izazova zahteva visestruki pristup koji integrise
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mikrobioloska, fizicko-hemijska i operativna razmatranja. Trenutne strategije
kontrole nude ograni¢enu efikasnost protiv robusnih, zrelih biofilma,
naglaSavajuci potrebu za teku¢im istrazivanjem i tehnoloskim inovacijama u
ovoj kriti¢noj oblasti.

Kljuc¢ne recdi: biofilm, pivarstvo, ¢iS¢enje, formiranje.
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Biofilms present a ubiquitous challenge across various industrial applications
and settings, but they pose unique risks and complications in breweries. Given
the meticulous nature of brewing, the establishment and persistence of
biofilms can compromise the integrity of the final product, lead to process
inefficiencies, and even result in significant financial loss. This essay provides
a comprehensive discussion on biofilm formation in brewing environments,
examining the microbiological, physicochemical, and operational factors
contributing to their development. Furthermore, we will discuss contemporary
strategies for prevention and control, assessing their efficacy and implications
for the industry. Biofilms, assemblages of microorganisms enclosed in a
matrix of extracellular polymeric substances (EPS), form on various surfaces,
including stainless steel, glass, and plastic—materials commonly used in
brewery infrastructure. Given the reliance of the brewing process on the
precise control of microbial populations, precisely the yeast used for
fermentation, the establishment of unwanted biofilms constitutes a significant
hazard. The microorganisms commonly implicated in brewery biofilm
formation belong predominantly to the genera Lactobacillus, Pediococcus, and
Acetobacter. These microorganisms can adhere to surfaces and secrete EPS,
establishing complex communities that resist standard cleaning and sanitation
procedures. Moreover, the polymicrobial nature of biofilms makes them highly
adaptive, facilitating survival under suboptimal conditions such as low nutrient
availability and high alcohol concentrations. Several physicochemical factors
contribute to biofilm formation in breweries, including pH, temperature, and
nutrient availability. Stainless steel, widely used in breweries, is generally
resistant to corrosion but can still provide sufficient surface roughness for
microbial adhesion. The physical properties of the brewery environment, such
as fluid flow rates and mechanical stresses, can further modulate biofilm
formation. Operational factors such as cleaning procedures, sanitization
frequency, and the use of anti-scaling agents can influence biofilm
development. Cleaning-in-place (CIP) systems, commonly used in breweries,
can be inadequate in entirely removing established biofilms, necessitating
alternative strategies for effective biofilm eradication. Biofilm formation in
breweries is a complex issue influenced by many factors. Addressing this
challenge requires a multifaceted approach integrating microbiological,
physicochemical, and operational considerations. Current control strategies
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offer limited effectiveness against robust, mature biofilms, underscoring the
need for ongoing research and technological innovation in this critical area.

Keywords: Biofilm, Brewing, cleaning, formation.
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