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ABSTRACT

The purpose of this study was to determine the Mim Inhibitory Concentration (MIC) of pure or mixed
chemicals foifSaccharomyces cerevisiaad Lactobacillus fermenturm the samples isolated from distilleries with
serious bacterial contamination problems. The hiesi which showed the best results were: 3,4,4°
trichlorocarbanilide (TCC), tested at pH 4.0 (MIC3:12 mg/l), TCC with benzethonium chloride (CBepH 6.0
(MIC = 3.12 mg/l) and TCC mixed with benzalkoniuntodde (CBa) at pH 6.0 (MIC = 1.53 mg /l). If CBeas
used in sugar cane milling in 1:1 ratio with TCC8aimes reduction of CBa was possible. This foatiuh also
should be tested in fermentation steps since itmae difficult for the bacterium to develop reaiste to biocide.
There was no inhibition db. cerevisiaeand there were only antibiotics as an option tatkaal control of fuel
ethanol fermentation b$. cerevisiae.
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INTRODUCTION fermentation process, Gram-positive bacteria are
the main agents of contamination, especially
Currently, bioethanol is considered an importantactobacillusspp. (Galo 1989; Oliva-Neto 1990).
recycled fuel and an alternative to fossil fuefs. | The antagonism betweeh. fermentumand S.
Brazil, it is produced by fed-batch or continuouscerevisiaeis due to organic acids produced by the
fermentation process from sugar cane usinfacterial cells (Oliva-Neto and Yokoya 1994,
Saccharomyces cerevisia® cell recycles. In this 1996). Furthermord,. fermentums a contaminant
process, the microbial contaminants are alsagent responsible for yeast flocculation, which is
recycled. Bacterial contamination is anassociated with corrosion and obstruction of
aggravating factor associated with severapumps and centrifuges and a decrease in antibiotic
problems such as the consumption of sugagffectiveness and fermentation yield (Oliva-Neto
alcohol and other medium components, reductioand Yokoya 1991; Ludwig et al. 2001).
in ethanol yield (Oliva-Neto and Yokoya 1994,In the fermentation process, antibiotics are added
1996); release of toxins and organic acids in th&o control bacterial contamination, but use of éhes
work, and decrease in the viability of yeast cellcompounds is limited. This method of control is
(Maiorella et al. 1983, Essia-Ngang et al. 1989limited to a few products. Currently, HJ Kamoran
Dorta et al. 2007). It is well known that in theis widely used in Brazilian distilleries, but at a
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high cost. Thus, the discovery of new product€ollection of the Laboratory of Industrial
with antimicrobial activity againdt. fermenturmis  Biotechnology, S&o Paulo State University
necessary. Inhibitory action against the growth ofUNESP), Assis — Brazil. Yeast strains were
L. fermentum has been determined for acidactivated and maintained in nutrient medium
penicillin V (MIC 0.10-0.20 mg/L), clindamycin consisting of (%, w/v) 2 sucrose, 0.5 yeast ex{ract
(MIC 0.05-0.40 mg/L), sulphite (MIC 10-40 0.1 (NH,),SQO, 0.114 KHPO,.3H,O, 0.0017
mg/L), thiocianate (1.2-5.0 mg/L), formaldehydeMnSGO,.7H,O, 0.0028 ZnSQ7H,O, 0.024
(11.5-23 mg/L), cephamandole(0.26-1.45 mg/L)MgSQ,.7H,O and distilled water. All the cultures
bromophenate (9-18 mg/L), were incubated at 30°C for 24-48h.
methyldithiocarbamate (2.5 mg/L), copper

sulphate (75-300 mg/L) and N-alkyl dimethyl- Minimum inhibitory concentration (MIC)

benzyl ammonium chloride or benzalkoniumThe following chemicals were tested for MIC at 1-
chloride (MIC 8.0 mg/L) (Oliva-Neto and Yokoya 40 mg/l: nalidixic acid (Sanofi-Synthelabo Ltda.),
2001). Polymixin B sulphate showed MIC of 64pipemidic  acid (Zambon  Pharmaceutical
mg/L againstL. fermentumwhich was more than Laboratories Ltda), phenazopyridine
1024 mg/L for other species bhctobacillusspp. hydrochloride (Blanver Farmoquimica Ltda.),
(Flores et al. 2008). The MIC of gentamicinmetronidazole (Aventis Pharma Ltda.),
against L. plantarum was 128 mg/L, but this nitrofurantoin (Laboratory Teuto Brasileiro S/A),
antibiotic did not perform well against othersulphasalazine (Apsen Farmacéutica S/A),
species ofLactobacillusspp. (Rojo-Bezares et al. sulphamethoxazole/ trimethoprim (Roche
2006). According to Danielsen and Wind (2003)Chemicals and Pharmaceutical Products S.A),
metronidazole was not effective in inhibiting sulphadiazine silver (Pharma Nostra), gentamicin
Lactobacillus spp. (MIC> 200 mg/L). The sulphate (Lab Duct Pharmaceutical Industry Ltda),
surfactants sodium lauryl sulphate, benzethoniuraulfacetamide  sodium (Henrifarma)  and
chloride and benzalkonium chloride were alsgolymyxin B sulphate (American Farmasa
evaluated for inhibiting the growth ofL. Laboratory of pharmacotherapy SA). Pipemidic
fermentumand S. cerevisiagSilva et al. 1997). acid and nitrofurantoin were formulated with
The 3,4,4' trichlorocarbanilide demonstrated aodium dodecyl sulfate (SDS) (3:1 and 1:1, w/w)
selective inhibition against.. fermentumand to evaluate the synergistic effect with this
Leuconostoc mesenteroidegOliva-Neto and compound. The other tested chemicals were at
Yokoya 1998). 250—- 4000 mg/L tartaric acid and sodium
In this work,in vitro antimicrobial activity (MIC) gluconate, and at 0.78-125 mg/L 3,44
against L. fermentum and S. cerevisiaewas trichlorocarbanilide (TCC), benzethonium chloride
determined for several antimicrobial compound¢Cbe), benzalkonium chloride (Cba), cetyl
aiming to find new alternatives for the control oftrimethyl ammonium chloride (CTA) and Hj
bacterial contamination in fuel ethanol production.Kamorarf (the antibiotic Monensin — Quimica
Real - Ribeiréo Preto - SP - Brazil). The products
Cbe, Cba, tartaric and gluconate acids were
MATERIALS AND METHODS dissolved in distilled water. TCC was dissolved in
Microorganisms acetone. All the chemicals were autoclaved

The bacterial cultures used in this study were (121°C/15 min) or microfiltered (0.22 um
fermentumCCT 1396, isolated from an alcohol Meémbrane Millipore - EUA). _
distillery by Oliva-Neto and Yokoya (1994), and The MIC of these _chem|cals was determined by
L. fermentum CCT 0559, obtained from the a@dapted macrodilution broth method (Jones et al.
Tropical Culture Collection (CCT), Campinas —1985). Assays were performed in the tubes
Brazil. Both the strains were activated and-ontaining 6.0 mL medium. The inoculum was
maintained in Man Rogosa, Sharpe mediunstandardized according to MacFarland 0.5
(Difco) at pH 4.5. The yeast strains used w8re _standard in aseptic condltlo_ns. Th_e cultures were
cerevisiaeCCT 4370, obtained from the Tropical incubated at 3 for 24 h in an incubator and
Culture Collection, and. cerevisiad"CLA M26, bacterial growth was aseptically measured by
also isolated from an alcohol distillery (Oliva-Ket @bsorbance at 600 nm wavelengthogAby using

et al. 2004) and obtained from the Culture® SPectrophotometer (Spectronic 1100 Pharmacia -
USA). The MIC was defined as the minimum
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concentration able to inhibit at least 90% the 107 —q X

microbial growth and performed in triplicate. The 2| |- S :SS

growth reduction was calculated as [1 — A = n N X

24 h with antimicrobial compound —s# Oh with & - \ N\

antimicrobial compound)/(éo 24 h control — Ao~ 3 &’ \ N

Oh control)]] x 100 and expressed in %. £ w N A

Tartaric acid showed a MIC of 2000 mg/L f6r § jg o N :SS

cerevisiae CCT 2652) and 4000 mg/L fos. o L SR o B 2 ‘ P

cerevisiaeM26 (Table 1). For sodium gluconate, a e e o2t s 18

MIC more than 2000 mg/l was found for all the (CTAC) mglt

strains tested. These values of MIC, therefore =~ "Scewisel SScaeizes BLfamemmi AL famenum?

were not recommended for bacterial control, _ . .

because the industrial dosage of biocides arniggure 1 -Effect of cetyl trimethyl ammonium chloride
Gl s . . o . i 0,

antibiotics used in Brazilian distilleries have bee (CTAC) on growth reduction (%) of

10-20 mg/L, and 3-4 mg/L, respectively SagchFaéirxyCQZGce(r;;wsm@d?_T 2%52.”(1)

’ L2 ' an , andLactobacillus
Furthermore, the;e products inhibited the yeasts as fermentunCCT 0559 (1) and CCT 1396 (2).
well as the bacteria.

From the pure cationic surfactants (Table 1)

available, only cetyl trimethyl ammonium chloride pyre TCC presented an MIC of 6.25 mg/L for the
- CTAC (Fig. 1) inhibitedL. fermentumwith a  tested bacterium at pH 6.0 and 3.12 mg/L at pH
MIC between 3.12-6.25 mg/L. However, these4 0 (Table 1). The latter pH was similar to
values were close f@&. cerevisia¢MIC 6.25-12.5 industrial conditions. This compound was
mg/L). Autoclaved or microfiltered Cha or Cbeeffective against Gram positive bacteria. For
showed higher values (MIS 6.25 mg/L) than example, an MIC agains$taphylococcus aureus

CTAC for bothL. fermentumand similar MIC for of 0.078 mg/|_ has been reported by Hamilton

S. cerevisiae These results showed that purg1971) and TCC action againkt mesenteroides
cationic surfactants (Cbe, Cba and CTAC) coulgmIC = 0.5 mg/L) andL. fermentum(0.5-2.0
not be not recommended for the control ofmg/L) has been reported by Oliva-Neto and
bacterial contamination in the fermentationyokoya (1988), which were similar to the levels
process of fuel ethanol 1. cerevisiae However, reported in the present work. TCC did not inhibit
Cba is currently used in cane milling steps of fuek, cerevisiagrowth in concentrations similar to
ethanol production to bacterial control, mainly forfermentum(MIC= 12.5 mg/L). An MIC higher to
the control of Leuconostoc mensenteroidesd 200 mg/L againsS. cerevisiahas been reported
Lactobacillus sp at 10-20 mg/L. Ammonium py Oliva-Neto and Yokoya (1988).
quaternary (QA) compounds, dithiocarbamate antthe synergism between TCC and cationic
halogenated phenols have been used in Braziliafyrfactants CBe and CBa inhibited bacterial
distilleries (Cereda et al. 1981) Sanitizationhwit growth_ A formulation with a mixture of these
QA compounds has been performed and has save@mpounds was justified because TCC was not
as much as 60% of sugar loss from lactic aciyater soluble and pure ammonium quaternary
bacteria contaminants in the sugar industrtompounds inhibited yeast growth. The
(Tilbury et al. 1977). N alkyl-di-methyl-benzyl combination of TCC and CBe (1:1 w/w) showed a
ammonium chloride (Cba) showed a similar MICdecrease in the MIC of TCC agaitstfermentum
(8.0 mg/L) forS. cerevisiaglL. fermentumandL.  compared to pure TCC (Table 2). This
mesenteroidesin fuel bioethanol diSti”erieS, microfiltered formulation was more effective
therefore, it would not be a practical additive for(mI|C 3.12 mg/l) than the autoclaved (MIC = 6.12
alcoholic fermentation process, since yeast cellg/L). Nevertheless, the TCC/CBe formulation did
could also be inhibited by this compound at theyot inhibit S. cerevisiagMIC >12.5 mg/l) in the
dosage necessary for bacterial growth inhibitioRested concentrations, which was an important
(Oliva-Neto and Yokoya 1998). condition for the application of this product on an
industrial scale for fuel ethanol production.
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Table 1 - Minimum Inhibitory Concentration (MIC) for severahemicals againstactobacillus fermentunand
Saccharomyces cerevisjas 32C for 24 h.

MIC (mg/L) Cultures

Chemicals S. cerevisiae 1 S.cerevisiae 2 L. fermentum 1 L. fermentum 2

CCT 2652 FCLA M26 CCT 0559 CCT 1396
Tartaric acid 2000 4000 > 4000 > 4000
Sodium gluconate >2000 >2000 >2000 >2000
Acetone >12.5 >12.5 >12.5 >12.5
CBé€' >12.5 >12.5 >12.5 >12.5
CBd >12.5 12.5 12.5 12.5
CcB& 12.5 6.25 >12.5 12.5
CTA! 12.5 6.25 6.25 3.12
TCC >12.5 >12.5 12.5 125
TCC? >12.5 >12.5 6.25 6.25
TCC >12.5 >12.5 3.12 3.12

Symbols: TCC - 3,4,4" trichlorocarbanilide, CBe - nbethonium chloride, CBa - benzalkonium chloride, CFAetyl
trimethyl ammonium chloride!- autoclaved product, culture of pH 6.0 forfermentum? — microfiltered product, culture of
pH 6.0 forL.fermentum 2 — microfiltered product, culture of pH 4.0 forfermentum

Table 2 -Minimum Inhibitory Concentration (MIC) for differéfiormulations of TCC and ammonium quaternary
compounds and Hj Kamoran® agairsictobacillus fermenturandSaccharomyces cerevisjas 32C for 24 h.

MIC (mg/L) Cultures

Chemicals S. cerevisiae 1 S.cerevisiae 2 L. fermentum 1 L. fermentum 2

CCT 2652 FCLA M26 CCT 0559 CCT 1396
TCC+CBé >12.5 12.5 6.25 6.25
TCC+CBé€ >12.5 >12.5 3.12 3.12
TCC+CBé >12.5 >12.5 6.25 6.25
TCC+CBa5:% >12.5 >12.5 6.25 6.25
TCC+CBa 2.5:1 >12.5 12.5 3.12 3.12
TCC+CBa 1:% >12.5 12.5 1.56 1.56
TCC+ CBa 251 >12.5 >12.5 125 12.5
HJ Kamorah >0.312 >0.312 0.156 0.078
HJ Kamorah >0.625 >0.625 0.312 0.156

Symbols: TCC - 3,4,4" trichlorocarbanilide, CBe - nbethonium chloride, CBa - benzalkonium chloride, CFAetyl
trimethyl ammonium chloride. Hj Kamoran — commargroduct (antibiotic Monensin) - autoclaved product, culture of pH
6.0 forL. fermentum,? — microfiltered product, culture of pH 6.0 forfermentum, ® — microfiltered product, culture of pH 4.0
for L. fermentum

The synergistic effect between TCC and CBa wasutoclaved TCC/CBa (2.5:1, w/w) decreased four
also observed. The proportional increase of TC@mes in relation to this microfiltered formulation
in relation to CBe caused an increase in the MI@robably because this formulation was not heat-
againstL. fermentunfTable 2). The MIC observed resistant. However, TCC/CBa formulation showed
with TCC/CBa at 5:1 (w/w) was 6.25 mg/L, buta higher MIC £12.5 mg/L) agains6. cerevisiae
the best MIC was 1:1 (w/w) (1.56 mg/L) for thanL. fermentumIn this work, a ratio lower to
L.fermentumand only 12.5 mg/L fofs. cerevisae 1:1 TCC:CBa was not available, but it was
(Fig. 2). This result was probably observedpossible that the MIC againkt fermentuncould
because the surfactant led a better dilution of TC8e even lower. The improvement in antibacterial
in the broth, which was associated with theaction of TCC when combined with surfactants
inhibitory action of these products. Accordingfollows the same pattern of TCC/Cbe. The
these results, if CBa was used in sugar carsurfactant probably improved the TCC solubility
milling at 1:1 ratio with TCC, it resulted 8 times in bacterial cells, since the MICs of the chemicals
reduction of CBa since this value was the quotienEBa, Cbe, and TCC againkt fermentumwere

of pure CBa and CBa:TCC (1:1) MIC. The MIC of higher than those of the combined products.
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Autoclaved Hj Kamorah presented an average
MIC againstL. fermentum(0.117 mg/L) 13.3
times lower than formulated TCC/CBa (1:1) MIC.
Nevertheless, despite the efficiency of Hj
Kamorarf, the formulation TCC/Cba could be
improved. It would be worth considering that these
types of biocides were usually cheaper than
antibiotics. Furthermore, the biocide mechanism of
o e o bacterial growth inhibition is generally less
(00) malL V ' specific than that of antibiotics, and this factor
may make it more difficult for bacteria to become
the resistant to TCC/CBa.
Figure 2 - Effect of 3,4,4’ trichlorocarbanilide (TCC) Table 3 shows the MICs obtained for
and benzalkonium chloride (CBa) (1: 1 chemotherapeutic  agents. Nalidixic  acid,
w/w) on growth reduction (%) of pipemidic acid, phenazopyridine, sulphadiazine
Saccharomyces cerevisia@CT 2652 (1) silver, sulphasalazine, gentamicin sulfate,
and FCLA M26 (2) , and.actobacillis  gylfamethoxazol/ trimethoprim, sulfacetamide
fermentumCCT 0559 (1) and CCT 1396 gogium and polymyxin B sulphate showed MICs
(2). higher than 40 mg/L again&t fermentum Since
the usual concentrations of antibiotics used it fue

The MIC of autoclaved Hj Kamor&nagainstL. ethanol fermentation were lower than 4.0 mgl/L,
fermentumwas the lowest found in this study these compounds could not be recommended to
(0.078-0.156 mg/L) and higher to the microfilteredcontrol lactic acid bacterial contaminants of
formulation (0.156-0.312 mg/L), probably due toalcoholic fermentation. As for gentamicin, some
its heat-resistance and loss in the microfiltratior@uthors have reported a resistance of 57.7% in
process (Fig. 3). Hj Kamor&n (antibiotic Lactobacillus spp. from the fermented products
monensin) is currently used in bioethanol(Olukoya et al. 1993). Moreover, it has been
distilleries in Brazil and is the most importantShown that the MIC of gentamicin foL.
product for the control of bacterial infections inPlantarumwas almost 128 mg/L and indeed this
industrial alcoholic fermentation. The usual@ntibiotic did not perform well against other
dosage in distilleries was formerly 1.0-3.0 mg/LSPecies of thd actobacillusgenus (Rojo-Bezares
(Oliveira et al. 1996) but has now been increaseft al. 2006). The MIC of polymyxin B sulphate for
to 3.0-4.0 mg/l. This was probably due to arl-- fermenturrhas been reported as 64 mg/l, which

increase in bacterial resistance to the antibiotic. Was higher than 1024 mg/L for other species of
this genus (Florez et al. 2008). An MIC >1024

Grouth reduction %

12.58

O'S cerevisae 1 Scerevisae2 WL fermentuml @ L. fermentum2

100 mg/L for sulphamethoxazole agairstctobacillus
- spp. has also been reported. These results
- confirmed previous reports about the intrinsic
5w resistance presented by the gehastobacillus.
g jz Sulfas are competitive inhibitors of enzymes that
< 5 convert the substrate para-aminobenzoic acid
gzo— (PABA), an essential nutrient used by many
P S =Ml | | ~ bacteria, for use in the synthesis of the coenzyme
03128 0.1568 0.0782 0.0392 0.0192 folic acid (Tortora et al 1998) Lactic acid
(HJ Kamoran) mg/L bacteria, however, do not produce folic acid, and
OSceeisiel OSceaise? WL fermenuml L. fermentum2 so sulfonamides such as sulfamethoxazol and

. . sulfacetamide are inactive againsactobacillus
Figure 3 - Effect of HJ Kamoran® (monensin) on spp. (Katila et al. 2001).
g;’;"t.r;.;Zg‘g}'ozneé(;/")(lg’fiﬁgcgacr&nﬁzeg Resistance to gentamicin is associated with
VISt : membrane impermeability of thé&actobacillus
(2), and Lactobacillus fermentumCCT . . X
0559 (1) and CCT 1396 (2). spp. (Elklns and_ Mulll_s'20_04). With respept t_o
metronidazole, this antibiotic was not effective in

inhibiting either bacterial or yeast growth,
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presenting an MIC > 200 mg/l fdractobacillus concentrations than the antibiotics normally used
spp. Furthermore, it has been reported that 128 fuel ethanol fermentation. The effectiveness of
mg/l metronidazole may actually stimulatenitrofurantoin againstactobacillusspp. has been
Lactobacillus growth (Choi et al. 2003). previously reported (MIC 8.0 mg/l). More
Nitrofurantoin was the only chemoterapeutic agenspecifically, for six strains of.. acidophilus,its

that provided an inhibitory effect againdt. MIC was reported as 2.0 mg/L (Danielsen and
fermentum (MIC= 15 mg/L), but it took higher Wind 2003).

Table 3 - Minimum Inhibitory Concentration (MIC) of severahemotherapeutic agents agaithstctobacillus
fermentumandSaccharomyces cerevisiae.

Minimum Inhibitory Concentration (mg/L)

Antimicrobial Agents Cultures — —
L. fermentum L. fermentum S. cerevisiae S. cerevisiae
CCT 1396 CCT 0559 CCT 4370 FCLA M26
Gentamicin sulphate >40 >40 >40 >40
Metronidazole >40 >40 >40 >40
Nalidixic acid >40 >40 >40 >40
Nitrofurantoin 15 15 >40 >40
Nitrofurantoin+SDS(1:1) 15 15 >40 >40
Nitrofurantoin+SDS(3:1) 15 15 >40 >40
Phenazopyridindydrochloride >40 >40 >40 >40
Pipemidic acid >40 >40 >40 >40
Polymyxin B sulphate >40 >40 >40 >40
Silver sulphadiazine >40 >40 >40 >40
Sulfacetamide sodium >40 >40 >40 >40
Sulphamethoxazole/trimethoprim >40 >40 >40 >40
Sulphasalazine >40 >40 >40 >40
CONCLUSION with surfactants for the improvement of fuel

bioethanol technology.
There was a synergistic effect between 3,44’

trichlorocarbanilide (TCC) and benzethonium

chloride (CBe) or benzalkonium chloride (CBa),ACKNOWLEDMEN TS
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