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GENERAL ABSTRACT 

Lactic acid bacteria are common contaminants in the bioethanol industry. Some 

treatments have been used to reduce bacterial contamination in fermentation, but their 

uses are limited due to high cost, bacterial resistance, toxicity to yeast, regulations and 

environmental aspects. This research aimed to study new products (chemically 

synthesized and natural) with antimicrobial properties, free or immobilized on natural 

supports, in order to replace or improve the efficiency of the molecules currently used in 

the industry for the control of Limosilactobacillus fermentum. The in vitro antimicrobial 

activity tests determined the Minimal Inhibitory Concentration (MIC) of 0.8 to 0.9 mg L-

1 of Sodium Monensin (SM) and 150 mg L-1 to 230 mg L-1 of Chlorine Dioxide (CD), 

some of the main molecules currently used. The dyes Gentian Violet (GV) and Methylene 

Blue (MB) were also studied as an alternative and showed antibacterial action at 20 mg 

L-1 and 60 mg L-1, respectively. Furthermore, GV and SM can act synergistically with 

MICs of 10 and 0.5 mg L-1. Tests with MB and CD showed synergy with MIC of 40 mg 

L-1 for MB and 125 mg L-1 for CD. Immobilization of GV in Alginate/Avocado seed 

beads (Al/Av) showed 100% inhibition at 100 mg L-1 of GV Al/Av beads after 48 h of 

incubation at 37 °C in MRS medium. This technique was not effective in adsorbing MB, 

which easily detached from the gel during the incubation process. The GV Al/Av beads 

showed efficacy in 42 recycle, proving their stability and efficacy. Some free-cells culture 

of the yeasts Sporobolomyces japonicus, Sporidiobolus pararoseus, Rhodotorula 

mucilaginosa and Saccharomyces cerevisiae were tested, which showed no inhibition of 

L. fermentum under the conditions testesd. In screening of the plant extracts, Eucalyptus 

urograndis inhibited L. fermentum and Agave americana extract inhibited S. cerevisiae, 

both at concentrations of 10,000 mg L-1. Eucalyptus extract was no toxic to S. cerevisiae, 

however there was a partial inhibition of L. fermentum in mixed culture with S. cerevisiae 

in Fed-batch fermentation. Rosemary essential oil showed antibacterial action with MIC 

of 103 g L-1 in Fed-batch process in mixed culture after 5 recycling, with high ethanolic 

yield, suggesting that this oil should be further studied for industrial applications. 

 

Keywords: Lactobacillus fermentum; Inhibition; Bacterial Contamination; Lactic Acid 

Bacteria; Alcoholic Fermentation.  



 

 

RESUMO 

As bactérias ácido láticas são contaminantes comuns na indústria do bioetanol. Alguns 

tratamentos têm sido utilizados para reduzir a contaminação bacteriana na fermentação, 

porém seus usos são limitados devido ao alto custo, resistência bacteriana, toxicidade para 

a levedura, regulamentações e aspectos ambientais. Essa pesquisa teve como objetivo 

estudar novos produtos (de síntese química e natural) com propriedade antimicrobiana, 

livres ou imobilizados em suportes naturais, a fim de substituir ou melhorar a eficiência 

das moléculas atualmente utilizadas na indústria para o controle de Limosilactobacillus 

fermentum. Os testes de atividade antimicrobiana in vitro determinaram a Concentração 

Inibitória Mínima (CIM) de 0,8 a 0,9 mg L-1 de Monensina Sódica (MS) e 150 mg L-1 a 

230 mg L-1 de Dióxido de Cloro (DC), algumas das principais moléculas utilizadas 

atualmente. Os corantes Violeta Genciana (VG) e Azul de Metileno (AM) também foram 

estudados como alternativa e demonstraram ação antibacteriana em 20 mg L-1 e 60 mg L-

1, respectivamente. Além disso, VG e MS podem atuar sinergicamente com CIM de 10 e 

0,5 mg L-1. Testes com AM e DC mostraram sinergia com CIM de 40 mg L-1 para AM e 

125 mg L-1 para DC. A imobilização de VG em grânulos de Alginato/Semente de Abacate 

(Al/Av) apresentou 100% de inibição a 100 mg L-1 de corante, após 48 h de incubação a 

37 °C em meio MRS. Esta técnica não foi eficaz na adsorção do AM, que se desprendeu 

facilmente do gel durante o processo de incubação. Os grânulos de VG Al/Av mostraram 

eficácia em 42 reciclos, comprovando sua estabilidade e eficácia. Foram testados os 

sobrenadantes delevurados do cultivo das leveduras Sporobolomyces japonicus, 

Sporidiobolus pararoseus, Rhodotorula mucilaginosa and Saccharomyces cerevisiae M-

26, que não mostraram inibição de L. fermentum nas condições testadas. Na triagem dos 

extratos vegetais, Eucalyptus urograndis inibiu L. fermentum e o extrato de Agave 

americana inibiu S. cerevisiae, ambos nas concentrações de 10.000 mg L-1. O extrato de 

eucalipto não foi tóxico para S. cerevisiae, no entanto houve inibição parcial de L. 

fermentum em cultura mista com S. cerevisiae em fermentação Fed-batch. O óleo 

essencial de alecrim mostrou ação antibacteriana com CIM de 103 mg L-1 em processo 

de Fed-batch em cultura mista após 5 reciclagens celulares, com alto rendimento etanólico 

e sem efeito contra S. cerevisiae, sugerindo que esse óleo deve ser mais estudado para 

aplicações industriais.  

 

Palavras-chave: Lactobacillus fermentum; Inibição; Contaminação Bacteriana; Bactérias 

Ácido Láticas; Fermentação Alcoólica.  
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1 GENERAL INTRODUCTION 

 

Climate change, toxic substances from the use of fossil fuels and high energy 

demand had intensified the search for greener alternatives of fuel sources (KHAN et al., 

2021). Thus, the importance of ethanol as a renewable biofuel, economically viable and 

less polluting source is given (KARP et al., 2021). In addition, ethanol can be used in the 

manufacture of paints, varnishes, solvents, among other products (CONAB, 2021; 

SANTOS, 2016). 

In response to these needs, ethanol production is expanding steadily around the 

world, driven by significant investments. Studies show that for large-scale ethanol 

production, biological synthesis is more viable and adopted in almost every industry in 

the sector, especially where biomass is available (LOPES et al., 2016; VENTURA, 2015). 

Plant sources rich in carbohydrates continue to outperform all other alternatives in terms 

of productivity and efficiency at the desired scales (KIM et al., 2018). 

As a tropical country, Brazil can be considered one of the largest producers of 

residual biomass energy and precursors in the policy of alternative forms of renewable 

fuels for its energy matrix. A large industry emerged from this initiative and today holds 

the most economically viable process for the production of bioethanol (MENDONÇA; 

LEAL JUNIOR, 2010). Sugarcane is one of the main raw materials for obtaining ethanol 

and the southeastern region concentrates the largest share of production (58.11% of the 

total produced in the country) (CONAB, 2017). In the 2018/2019 harvest, production 

reached a record 33.14 billion liters and an important factor that supports high production 

is the practically instantaneous flow of sales that increases cash flow more quickly 

(CONAB, 2020). 

Agricultural processes generate residues rich in sugars, being an alternative for 

the production of bioethanol by yeast (SHARMA et al., 2007). Sugars are complex and 

difficult to access in this waste. Ethanol from these materials does not compete with the 

food industry and, for this reason, is known as second generation ethanol (NASSAR; 

MOREIRA, 2013). Ethanol production on an industrial scale is conducted by yeasts, more 

commonly Saccharomyces cerevisiae. The fermentation process is the most critical stage, 

where yeasts convert sugars into ethanol and presents a unique fermentation niche in 

which the substrate is unsterile and the conditions are not aseptic. The rich medium and 

favorable conditions encourage contaminating bacteria to grow and produce metabolites 
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that significantly decrease the fermentation yield (AMORIM et al., 2011; LOPES et al., 

2016). 

Among the factors that interfere with ethanolic fermentation, bacterial 

contamination stands out, as the quality of biofuel and alcohol yield can significantly 

decrease and the demand for chemicals and antimicrobials can increase, generating 

additional costs (AMORIM; BASSO; LOPES, 2009; OLIVA-NETO et al., 2012). It is 

estimated that 108 bacteria/mL decrease ethanol production by about 10,000-30,000 L a 

day in a distillery able to produce one million liters a day (AMORIM et al., 2011). The 

fermentative process may be monitored to indicate the potential source of contamination 

and the factors further aggravating it, in that way we can devise a strategy to control the 

bacterial growth (BASSO et al., 2008; COSTA; CERRI; CECCATO-ANTONINI, 2018) 

but sometimes it may not be totally effective, and may also affect the starter yeast culture 

and compromise the fermentation performance.  

Lactic acid bacteria (LAB) compete for sugars with yeasts and for each glucose 

molecule they consume, two of lactic acid can be produced and two molecules of ethanol 

will no longer be produced. The lactic acid excreted in the environment compromises the 

reproduction, nutrition and synthesis of ethanol and, at a high level can cause the death 

of yeast (DORTA et al., 2005; NARENDRANATH et al., 1997). LAB can also cause cell 

flocculation leading to yeast loss via centrifuge, and increased spending on defoamers. 

For all these reasons, microbiological control is extremely important, ensuring the 

industrial productivity of this biofuel (BASÍLIO et al., 2008; OLIVA-NETO et al., 2013).  

The management of microbial contamination in an industrial environment is 

highly complex, due to the factors that cause the selection and dissemination of 

contaminants (EGUCHI, 2007; OLIVA-NETO et al., 2012). In addition, a serious health 

risk to the workers is the corrosive nature of sulfuric acid that is often used, besides 

making the final disposal of the effluent a costly affair. Antibiotics have also been used 

in distilleries to control bacterial growth but the emergence of drug-resistant strains has 

limited their use. Besides that, the antibiotics are retained in the yeast cell mass that is 

later utilized for livestock and poultry feeds, and it could induce resistance in the animal 

and poultry pathogens (MUTHAIYAN; LIMAYEM; RICKE, 2011). 

The availability of antimicrobials for ethanol production is very limited 

(OLIVA-NETO et al., 2012), either due to the low supply or the toxicity to yeast and its 

possible use as animal feed, which further limits the type of product that can be used 

industrially.  
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In this context, the improvement and discovery of new alternatives of chemical 

and natural products for bacterial control in fuel ethanol industries are strategic for Brazil. 

In the present study a selection of new alternative chemicals for controlling the growth of 

Limosilactobacillus fermentum without causing injury to Saccharomyces cerevisiae was 

evaluated. The synergism between conventional molecules, currently used in the control 

of industrial bacteria, and the new alternatives were also evaluated as immobilized dyes, 

natural ones as plant extracts and essential oils. Besides these, yeast extracts and 

immobilization processes were tested to avoid the waste of compounds with bactericidal 

action, as well the possibility of their reuse in new cyclic batches.  
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29 GENERAL CONCLUSIONS 

 

This research found chemical and natural molecules with great antibacterial 

potential acting in synergy, free or immobilized and in Fed-batch processes. The 

antibacterial potential the dyes gentian violet (GV) and methylene blue (MB) was proven 

to control the growth of Limosilactobacillus fermentum with MIC of 20 and 60 mg L-1, 

respectively. As a new alternative, these same molecules can act in synergy with sodium 

monensin and/or chlorine dioxide. The synergy verified in GV and/or MB with monensin 

and/or chlorine dioxide can drastically decrease the individual chemical dosage required 

on an industrial scale with benefits for its use, since they can inhibit the metabolism of S. 

cerevisiae, especially when the yeast viability is low or when there are some physiological 

stress factors involved. 

From the studies carried out, no antibacterial activity was found in the 

supernatants of the bleached fungi S. japonicus, S. pararoseus, R. mucilaginosa and S. 

cerevisiae against L. fermentum at the concentrations tested. In preliminary tests with 

plant extracts, it was possible to find antimicrobial activity of the extracts of Eucalyptus 

urograndis against L. fermentum and Agave americana against S. cerevisiae, both at 

concentrations of 10,000 mg L-1. Moreover, only the Rosemary essential oil met the 

criteria for application in cyclic Fed-batch fermentation tests at a concentration of 103 mg 

L-1, being the antibacterial action of this oil evidenced in the control of the lactic bacteria 

L. fermentum. 

The immobilization technique of GV in Al/Av beads was efficient and proved 

an antibacterial action against L. fermentum without affecting the viability of S. cerevisiae 

in in vitro cultures. This study shows that the best bacterial inhibition results are obtained 

by GV, both free and encapsulated at pH 5.0-6.0. There was a high potential to reuse these 

gel beads, reducing the cost of the process and applying the GV dye, avoiding chemical 

contamination with dye residues and damage to the environment.  

Finally, the test using Al/Av dye-free beads also inhibited bacteria in the last 

step of the study, demonstrating that industrial tests can be carried out in the future to 

further evaluate the potential of this technique. 
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